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Andrea Armenise, DVM
Ospedale Veterinario Santa Fara, Bari, Italy
The use of ultrasonography (US) for the evaluation of critically ill patients is now widely accepted and used in
human medicine. In the late 80’s, pioneers in the human profession (including Dr. Daniel Lichtenstein) started to
use ultrasound machines previously reserved for radiology and cardiology services, to scan patients that were too
difficult to remove from the ICU. The wide spread use of computed tomography (CT), the gold standard imaging
modality for the assessment of the critically ill patient requires movement of the patient from the ICU and
exposes personal to high radiation levels, rapidly making US the most frequently used ER and ICU diagnostic
imaging tool. Not only is US used in emergency rooms and ICUs, but also in pre-hospital care settings, where other
imaging techniques cannot be utilised. Today, with the improvements of technology, light portable US machines
are now available and the concept of point-of-care US (POCUS) has evolved. The idea of the first pioneers of POCUS
was to evaluate patients based on their presenting complaints looking for circulatory abnormalities; such as
shock and abdominal effusions using cardiac and abdominal POCUS, and breathing abnormalities; such as
pneumothorax, pleural effusion and lung consolidation with thoracic POCUS. Soon after, several protocols were
created to guide clinicians in how to perform POCUS exams. The first was the FAST (Focused Abdominal
Sonography for Trauma) protocol, proposed in 1996 by Rozycki and Shackford. A few years later the acronym
remained in use but was changed to Focused Assessment with Sonography for Trauma. Many other protocols
were proposed, such as the E-FAST (Extended-FAST) protocol which included the thoracic evaluation and the BLUE
(Bedside Lung Ultrasound in Emergency) protocol which provides a rapid classification of the patient’s injuries
through the use of an algorithm.
A limited number of POCUS protocols have been adapted from human medicine to evaluate canine and feline
critically ill patients. The first was the abdominal FAST exam for the evaluation of free abdominal fluid.
The protocol involves both transverse and longitudinal views at the subxiphoid region, the midline position over
the bladder and the right and left flank (gravity-dependent and gravity-independent locations in dogs in left
lateral recumbency).
The TFAST (Thoracic FAST) exam was proposed to diagnose pneumothorax, pleural and pericardial effusion using a
4-point technique; the pericardial and chest tube sites bilaterally. This was recently updated by the same author
to the Vet Blue protocol; a 4-point scan per hemithorax, starting from the chest tube site and then at the perihilar,
middle, and cranial lung lobe regions.
An extended protocol has been recently published, the VetFAST-ABCDE, with consists of a full-body scan of the
traumatized patient, following the ATLS sequence Airway, Breathing, Circulation, Disability and Exposure to allow
for a more complete evaluation of trauma injuries. The VetFAST-ABCDE protocol follows the previously described
human FAST-ABCDE protocol, representing a teaching method for the acquisition of knowledge in critical
ultrasound.
Are protocols useful in veterinary medicine? Should clinicians follow those protocols in the management of their
patients? The answer is yes and no. After initial challenges as a result of US being viewed as a non-essential tool
for the critically ill veterinary patient, similar to human trends, US is now widely used throughout veterinary
emergency rooms and ICUs worldwide. It has also been incorporated in to the teaching curriculums of veterinary
students, interns, and residents of various specialties. So, the answer is yes to both questions. How should POCUS
be performed? In a hypovolemic patient, should the abdomen be evaluated first, followed by the heart and vessels
(caudal vena cava and aorta)?, or should the heart and vessel be scanned first, followed by the abdomen? When I
evaluate a patient with respiratory distress, should I use the TFAST, the Vet BLUE or the VetFAST-ABCDE
approaches? These are important questions to consider.
We have learnt that the evaluation of the critically ill patient should follow the presenting clinical complaint and
the use of US does not change that approach. US should therefore follow the primary survey that we all adhere to
as ECC clinicians, addressing the most life-threatening injury first, with a multiple scan approach. The impact of
this decision-making process can be improved with a full scan of the lungs, with an estimate of volume status
through the evaluation of the heart and abdominal vessels, followed by the evaluation of the abdomen. In a
hypovolemic patient, the use of POCUS can guide fluid therapy by looking at the volume of the left ventricle,
assessing the caudal vena cava collapsibility or the caudal vena cava to aorta ratio alongside a full lung scan,
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In a patient with respiratory distress, the finding of multiple B-lines in all lungs fields is different from the finding
of 2 or 3 positive sites, for instance in ARDS patients, where the distribution of injury is non-homogeneous.
Furthermore, we should not be evaluating the patient’s lungs in isolation, instead it is recommended to correlate
lung US findings with the assessment of the left atrium to aorta ratio, to rule in or out cardiac causes of
respiratory distress.
In conclusion, protocols are definitely useful tools in the management of critically ill patients. However, clinicians
are encouraged to not apply them in isolation, instead they should try to complete all scans in order to obtain as
much sonographic information as possible, allowing for a more extensive patient evaluation alongside, and not
forgetting, the crucial role of a good history and physical examination.
References
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looking for early signs of extravascular lung water accumulation. Point of care ultrasound can therefore provide
us with the opportunity to better assess perfusion status, considering that parameters such as HR and SBP are
not sensitive or specific for hypoperfusion and more invasive cardiac output monitoring, commonly used in
human ICU settings, are not routinely used in the veterinary ICU.

Laura Cole MA VetMB MVetMed Cert VPS Cert AVP(ECC) DACVECC DECVECC MRCVS
Royal Veterinary College
The use of point of care thoracic ultrasound (POCTUS) in non traumatic patients has increased in the last
decade. B lines, laser-like artefacts that extend to the periphery from the pleural-pulmonary interface, have
been shown to be helpful diagnose cardiogenic pulmonary oedema (CPE) in both dogs and cats. However, B lines
are not unique to CPE and interrogation of the pleural line and detection of subpleural abnormalities may be
useful in early detection of other respiratory pathology. This lecture will go beyond the B line and describe other
subpleural abnormalities including subpleural consolidation and associated shred and tissue sign and what
inferences can be made from them.
B lines are best considered to represent alveolar or interstitial disease. The greater the number of B lines the
more likely they are to represent CPE. However, other diffuse alveolar or interstitial disease such as acute
respiratory distress (ARDS) or pulmonary fibrosis can also be represented by diffuse B lines. In human medicine
abnormalities of the pleural line are utilised to help diagnose non cardiogenic causes of B lines. Both pulmonary
fibrosis and ARDS are reported to have an irregular, thickened pleural line compared to a smooth line associated
with CPE. There is no current veterinary literature assessing the pleural line but is likely to be a beneficial tool.
Subpleural consolidations are pleural based hypoechoic lesions. A tissue sign appears as a linear to triangular
deviation from the expected pulmonary pleural interface. The lung in this region is usually void of aeration and
resembles the liver in echogenicity and therefore is commonly termed hepatised lung. Tissue sign can occur
secondary to atelectasis or consolidation. Methods of differentiating the two include assessing the relative crowding
of bronchi, detection of a dynamic air bronchogram, presence of a lung pulse, and detection of significant pleural
effusion. With atelectasis the bronchi are usually in close proximity, dynamic air bronchograms and lung pulses are
absent, and the tissue sign is usually associated with a large volume of pleural effusion. Lung consolidation can
result from inflammatory or neoplastic process and these are difficult to differentiate on POTCUS. However, fine
needle aspiration of consolidated lung is relatively safe and would be indicated in such a case.
Smaller areas of lung consolidation are represented by a hypoechoic area with hyperechoic foci representing
consolidation with some aeration. The irregular junction between a small areas of lung consolidation and the
underlying aerated lung is known as a shred sign. A shred sign, particularly when associated with peri-lesional
B lines, is suggestive of pneumonia but this finding needs to be interpreted in light of the clinical findings.
A nodule sign is a small well-marginated pleural based hypoechoic circular structure with or without distal
enhancement and is thought to represent metastatic pulmonary neoplasia. Despite being more frequently
seen in association with pulmonary neoplasia the nodule sign has been found in a variety of other canine
pulmonary diseases. In humans a triangular/wedge shaped hypoechoic pleural based lesion in absence of
acoustic enhancement with associated pleural effusion is suggestive of a pulmonary embolism. Currently there
is limited veterinary information on the use of POCTUS in detection of pulmonary embolism.
POCTUS detection of subpleural consolidations and other abnormalities is widely used in human medicine by
criticalist with advanced thoracic ultrasound training. The utility of veterinary POCTUS for detection of subpleural
abnormalities is still in its infancy. However, with more studies and development of standardised POCTUS
training hopefully more people will feel more confident to go beyond the B line!
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In human medicine pneumothorax is typically ruled out sonographically by detecting a glide sign, lung pulse
(rhythmic movement of the pleura synchronous with the heart beat), and/or B lines, and ruled in by detecting
the return of a glide sign and/or presence of a lung point. The accuracy of detecting pneumothorax in humans
is very good, while in veterinary medicine, the accuracy of sonographically diagnosing pneumothorax is
reportedly poor. The difference in accuracy between human and veterinary medicine is likely explained by
species differences, operator experience, concurrent pathology, patient positioning, the scanning protocol, and
which criteria are used to diagnose pneumothorax. A novel finding which may increase the sensitivity and
specificity of detecting pneumothorax in veterinary patients includes the detection of abnormal curtains signs.
Sonographically, the curtain sign is a sharply demarcated vertical edge separating aerated lung from abdominal
contents. Veterinary lung ultrasound protocols tend to avoid evaluation of the curtain sign as it is reportedly
difficult to interpret and there is concern that abdominal structures may be confused for lung pathology.
However, abnormal curtain signs have been described in association with a number of pleural space and lung
pathologies in human medicine. A recent veterinary case series describes abnormal curtain signs in six dogs
presenting with pneumothorax. All dogs diagnosed with pneumothorax had two distinctly abnormal curtain
signs: the asynchronous curtain sign and the double curtain sign. All dogs had a normal curtain sign ventrally
and both asynchronous and double curtain signs more dorsally.
It is hypothesized pneumothorax induced abnormal curtain signs occur due to the presence of free air within
and/or cranial to the costophrenic recess. An asynchronous curtain sign may result when the negative pressure
created by expansion of the thorax pulls the costal diaphragm laterally until it contacts the ribcage and pushes
free air cranially, while contraction of the diaphragm displaces abdominal contents caudally. This creates
asynchrony between the vertical edge (curtain sign) moving cranially while the abdominal contents move
caudally. With the double curtain sign it is hypothesized that free air is trapped within the costophrenic recess
(at the ribs), creating multiple pockets of air between the chest wall the diaphragm giving rise to more than
one air/soft tissue (curtain sign). In essence air is present both cranial and caudal to a region where the
abdominal contents are visible creating a double curtain sign.
As abnormal curtain signs are novel findings in veterinary patients, further research is needed to determine the
sensitivity and specificity of abnormal curtain signs for diagnosis of pneumothorax in dogs and cats, and what
role they will play among the current criteria that are used for the diagnosis of pneumothorax.
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Abnormal curtain signs for pneumothorax

Anne-Christine Merveille AC. DMV, PhD, Dip.ECVIM-CA (cardio)
University of Liège
Focused veterinary echocardiography or cardiac Point-of-Care ultrasound (POCUS) is a limited cardiac ultrasound
examination that is performed bedside by a non-cardiologist to answer a speciﬁc question. The aim of cardiac
POCUS is to gather limited but sufﬁcient information to reﬁne a differential diagnosis or guide treatment. This
is in contrast with a Doppler-echocardiography in which the intent is to provide definitive diagnosis and to
refine prognosis of cardiac conditions. Whereas Cardiac POCUS requires minimal theoretical and practical
training, Doppler-echocardiography requires months of training and hundreds of exams performed to achieve
valuable images acquisition and interpretation.
In veterinary medicine, cardiac POCUS is an emerging technique. As in human medicine, it is easy to perform by
a non-cardiologist at the bedside of the patient, and it allows to assess cardiac size and function after only
minimal training. Cardiac POCUS usually consists of four different views: one longitudinal four-chamber view,
two transverse views (trans-ventricular and trans-aortic) and the subxiphoid view. The objectives of cardiac
POCUS should be to answer closed questions regarding presence of pericardial effusion, cardiac chamber
enlargement or significant systolic dysfunction. This approach helps to avoid overinterpretation of results, and
to allow clinicians to focus their attention to specific aspects. Besides these closed questions, cardiac POCUS is
also useful to perform basic quantitative measurements such as left atrial size.
Recognition of left-sided congestive heart failure is sometimes challenging, especially in cats. Cardiac POCUS
has been shown to be useful to detect left-sided congestive heart failure in dogs and in cats but also to rule out
significant cardiac disease in a dyspnoeic patient. Typically, in dogs with left-sided congestive heart failure,
POCUS will reveal the presence of numerous B-lines within the lung parenchyma associated with an enlarged
left atrium on cardiac POCUS (LA/Ao-ratio increased above 1,5-2,0). In cats, left atrial maximal diameter on
longitudinal four-chamber view greater than 16.5 mm in a dyspneic patient indicates a cardiac origin of the
dyspnea. Another example is pericardial effusion where the goal in an emergency setting, is to rapidly identify
the presence of pericardial effusion and cardiac tamponade. Cardiac POCUS could be seen as the first step to
achieve a rapid diagnosis, and allow for immediate stabilization of the patient. After pericardiocentesis, dogs
with pericardial effusion and tamponade ideally still require a full echocardiography by an experienced
clinician to possibly identify underlying causes such as cardiac neoplasia. Besides in the emergency setting,
cardiac POCUS also is useful in the management of hospitalized patient. As an example, in a cat with a heart
murmur requiring intravenous fluid therapy, (cardiac) POCUS allows visualization of left atrial size, caudal vena
cava size and collapsibility and B-lines to assess volume status and detect signs of fluid overload.
Cardiac POCUS does not replace a full-echocardiography. They are however two different and complimentary
techniques. Cardiac POCUS will allow the criticalist to detect cardiac derangements in his patients, improving
their management, often resulting in subsequent complementary examinations performed by a cardiologist.
Cardiologists on their side will be exposed to a larger variety of acute emergencies, seeing more patients. In the
end, this is a win-win situation for both clinicians sharing their different experiences for the benefit of the patient.
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Anne-Christine Merveille AC. DMV, PhD, Dip.ECVIM-CA (cardio)
University of Liège
Focused veterinary echocardiography or cardiac Point-of-Care ultrasound (POCUS) is a limited trans-thoracic
echocardiography (TTE) that is performed at the bedside by a non-cardiologist to answer a speciﬁc question.
The basic cardiac POCUS includes left heart chamber assessment, assessment of left ventricular systolic
function, identification of pericardial effusion and caudal vena cava evaluation. However, with the same basic
views, additional valuable information can be obtained in certain cases.
In human medicine, trained criticalists use advanced cardiac POCUS to assess a variety of cardiac dysfunctions
and to assess hemodynamic status of critically ill patient. For instance, systolic function is usually assessed
quantitatively using left ventricular ejection fraction. However, this parameter does not always reflect myocardial
contractility as it is strongly influenced by a variety of factors including preload, afterload and heart rate. Other
parameters using different echo modalities are used to improve the accuracy of systolic function assessment.
Mitral annular plane systolic excursion (MAPSE) an M-mode derived parameter as well as longitudinal global
strain using either tissue Doppler or Speckle tracking technology can be used to assess systolic function.
Cardiac output can also be assessed using pulsed wave Doppler and left ventricular outflow tract diameter.
Diastolic function is another assessed parameter in some patients using mitral inflow patterns recorded
through pulsed wave Doppler in an emergency setting. Such techniques might prove to be benfifcial in dogs
and cats presented with diastolic failure to improve their management.
Detection of severe right heart chamber enlargement and/or severe right ventricular systolic dysfunction is
also possible with advanced POCUS. This can be particularly useful to detect acute cor pulmonale (i.e. due to
pulmonary thrombo-embolism). Trained clinicians can easily identify parameters such as right heart chamber
enlargement or interventricular septal flattening. These patients are classically presented with signs of systemic
hypotension and, in the absence of cardiac POCUS, tend to be treated with IV fluid boluses in order to improve
systemic cardiac output. Cardiac POCUS identifying the acute cor pulmonale would allow the emergency
clinician to prefer the use of more indicated vasopressors and/or pulmonary arterial vasodilators in such cases.
Another advanced technique is the use of transoesophageal ultrasound (TEE). This technique provides a unique
window to the heart and major vessels. Transoesophageal echocardiography is mostly used in human ventilated
patients. TEE outperforms TTE in critical care patients allowing reproducible and sequential hemodynamic
assessments, predicting fluid responsiveness, improving the accuracy of systolic function assessment and being
less operator-dependent. TEE wil also improve diagnostic accuracy and appropriate treatment in critically ill
patients.
Studies are required to determine the feasibility and the utility of the techniques listed above in companion
animal critical care. Ongoing studies are already assessing the feasibility and the utility of cardiac POCUS to
detect right heart remodeling. Advanced cardiac POCUS will likely be developed and implemented in critical
care of companion animals. However, it will require additional training for criticalists to use advanced
echocardiographic tools and equipment such as Doppler, Tissue Doppler, Speckle tracking or transoesophageal
probes.
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Are advanced heart scans useful in emergency settings?

Maxime Cambournac, Dr Vet, Dip. ECVECC, DIU Assistance respiratoire, DU Réanimation, soins-intensifs,
surveillance continue, Certificate of veterinary hemodialysis
Service d’urgences, réanimation et soins-intensifs, CHV Fregis, 94110 Arcueil, France
With the advances of veterinary medicine significant efforts have been made to improve the speed and accuracy
of diagnostic testing by clinicians which are sometime inexperienced. Recent studies have found that clinical
management involving the early use of point-of-care ultrasound (PoCUS) accurately guides diagnosis, significantly
reduces clinicians’ diagnostic uncertainty, and also changes management and resource utilization. In clinical
settings, cardiovascular(CV)-PoCUS is the application of a specific ultrasound protocol, totally different from the
standard exploratory diagnostic comprehensive echocardiography. This lecture is meant to highlight how CVPoCUS can be used in cardiovascular unstable patient. Techniques, view and protocol are fully described elsewhere.
This presentation is organized into sections based around common clinical presentations, rather than specific
diagnoses.
CV-PoCUS, a not so novel tool in ECC ?
Non-cardiologist uses of ultrasound for rapid, bedside structural assessment of the heart in critically ill human
patients drew its earliest widespread attention in the early 1990s. It was shown that a rapidly performed,
limited echocardiogram carried out by emergency clinicians could confer a mortality benefit. Different from
diagnostic echocardiography, a limited or “focused” bedside echo is typically devoted to answering very specific
clinical questions that are posed in response to a particular differential diagnosis, using the minimum and
most efficient echo views and techniques. From this narrow scope, non-traditional users of US machines have
expanded the applications of cardiac ultrasound to address a broad array of important clinical situations.
PoCUS has expanded to the point where in the last years, consensus statements from human medical societies
have been published, defining the appropriate scope of those techniques.
The hypotensive patient
While traditional physical examination and hemodynamic monitoring often offer extremely valuable information,
they have been proven to be insufficiently reliable. A fundamental aspect of the initial resuscitation of a patient
in circulatory shock is to restore global blood flow as soon as possible. In the vast majority of clinical scenarios,
the initial part of resuscitation presumes a hypovolemic intravascular state in need of immediate fluid
resuscitation. However, many patients are presented with pre-existing cardiovascular conditions, which may
impede the ability of fluid resuscitation to universally augment cardiac output. Thus, it is not surprising that
only half patients which receive fluids as the initial management of circulatory shock did not increase either
cardiac output or blood pressure. As a consequence, the blind use of fluid resuscitation as the initial management
of all patients presenting in circulatory shock will be ineffective half the time. Determining that LV function is
normal in patients with hypotension can be invaluable, and should expedite the consideration of non-cardiogenic
causes for shock such as hypovolemia or sepsis. In such cases the clinician may prioritize support for the systemic
vasculature with volume or vasopressors rather than supporting the heart itself with inotropic agents. In the
alternative scenario (where LV function is found to be depressed in a patient who is in shock) enhancing cardiac
output with inotropic agents may improve oxygen delivery. While complete echocardiography requires specific
knowledge and training, clinicians with minimal training in cardiac ultrasound are capable of assessing LV
function accurately, with excellent agreement with a blinded cardiologist’s interpretation.
The simplicity of initiating fluid resuscitation is often tempered by the difficulty in confidently determining a
state of hypovolemia exists. Jugular venous pressure, measurement of central venous pressure (CVP), or use of
the pulmonary artery catheter are not widely available or easy to use in veterinary medicine. Assessment of the
vena cava offers a compelling and accurate window into the right sided filling pressures and overall volume
status. In addition to being technically easy to learn, vena cava ultrasound is particularly well suited for the
bedside provider (rather than the consulting cardiologist or ECC specialist) because frequent reassessment
after each intervention (such as the administration of fluids or inotropes) provides important feedback and
helps direct the next steps in management. Continuous-wave Doppler to observe respiratory variation in
volume-time integrals from the LV outflow tract or the use of transesophageal echo to assess superior vena
cava size variation have also been described with good results among advanced users in the ICU.
Among the collapsed patient, pericardial effusion (PE) can be a life-threatening condition requiring emergency
care. Mostly presenting with nonspecific signs including collapse and weakness, signs of right sided heart

EVECC CONGRESS GHENT 2020

Cardiovascular point-of-care ultrasonography, a novel tool for ecc?

The septic patient
Timely and aggressive management of severe sepsis and septic shock have become a focal point for the past
decade. While the above descriptions of LV function and volume status assessments also hold true for septic
patients, the variability in cardiac function seen in sepsis is worthy of its own brief discussion. Sepsis may have
broad influences on the cardiovascular system, ranging from diffuse myocardial suppression to LV hyperdynamism.
In one study on human patients with septic shock, one third suffer myocardial suppression related to their
sepsis while the rest generally have hyperdynamic function. More precisely, in a cohort of hypotension human
patients, hyperdynamic LV function was found to be highly specific for an eventual diagnosis of sepsis and thus
has been raised as a potential aid to early diagnosis. These data underscore the value of echocardiography in
hypotensive septic patients who, in addition to fluid resuscitation, ultimately may benefit from different forms
of hemodynamic therapy – inotropes for those with myocardial suppression and vasopressors for those with
preserved or hyperdynamic LV function.
The mechanically ventilated patient
In addition to providing reliable images for some of the structural assessments described earlier, PoCUS may
offer a new understanding of the way the heart’s function is influenced by positive pressure ventilation. In
addressing unexplained hypoxemic respiratory failure, echocardiography remains the gold standard to exclude
right-to-left shunts. Though outside the scope of this presentation, sonographic assessment of respiratory
failure includes not only the detection of pleural fluid but also the diagnosis of pneumothorax, pulmonary
edema, and pulmonary consolidation. The classic and best studied example of functional hemodynamic
monitoring relies on heart-lung interactions (ventilation-induced changes in physiologic variables) to assess
preload responsiveness (increased cardiac output in response to a fluid bolus). The variation of specific
parameters (such as vena cava diameter or LV stroke volume) may be measured in response to various stimuli
such as volume infusion or changes in intrathoracic volume due to respiratory variation, yielding valuable
information as to the state of preload responsiveness.
Advanced application of PoCUS in ICU
The declining use of invasive monitoring, like pulmonary artery catheters in human, but also limited accessibility
in veterinary medicine has motivated a search for less invasive hemodynamic monitoring. An accurate, noninvasive measurement of cardiac output (CO) is often considered to be the holy grail of hemodynamic monitoring.
Estimation of CO by echo is done using the hydraulic orifice formula, multiplying the cross-sectional area of any
valve by the flow velocity across it. Although the quantification of CO has never been shown to improve patient
outcome, it is nonetheless used in many institutions to aid in the titration of fluids, inotropes and vasopressors.
The advantages of these advanced methods must be weighed against the additional training and experience
required to master them. Dedicated to the more experienced critical care clinicians, the concept of ruling out
severe valvular regurgitation or stenosis in an unstable patient as part of an emergency screening
echocardiography protocol has been proposed. Similarly, quickly excluding the possibility of infective endocarditis
or other endovascular infection in acutely septic patients seems clinically important. Tissue Doppler imaging, a
technique for measuring the velocity of myocardial tissue, is a key component in the assessment of diastolic
function for cardiologist. Caution is warranted as there are technical challenges posed by interpretation of
valvular findings or imaging of cardiac masses by noncardiologists.
The patient in cardiac arrest
Probably not yet common in veterinary medicine, focused echocardiography in cardiac arrest can rapidly provide
both diagnostic and prognostic information. With respect to prognosis in particular, there have been several
compelling and widely quoted articles which have demonstrated that the absence of cardiac motion at any
stage of the resuscitative effort suggests no opportunity for return of spontaneous circulation. Despite calls for
the incorporation of cardiac ultrasound into the ubiquitous human ACLS algorithms, there is a paucity of
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failure such as ascites and pleural effusion predominate in some dogs. Despite the elegant physiology that
underlies physical exam findings such as the pulsus paradoxus, the lack of sensitivity has contributed to the
evolution and adoption of diagnostic imaging methods. While the diagnosis of PE may be suspected
radiographically if there is a globoid cardiac silhouette, echocardiography is the most commonly used method
to rapidly confirm the diagnosis. In addition to clinical data, atrial or ventricular diastolic collapse support the
diagnosis of tamponade. Interestingly, of those patients without clinical tamponade, right chamber collapse
was observed in only 34%. As such, awareness of the potential limitations of these findings will help ensure that
the clinical picture always takes priority over echocardiographic images in determining the immediate
management of this problem.

Conclusion
From modest beginnings just over 20 years ago, focused point of care echocardiography performed by
noncardiologists has become a cornerstone in the practice of emergency and critical care human and veterinary
medicine. With its incorporation into graduate and post-graduate training programs, PoCUS is considered a
fundamental knowledge of emergency clinicians. As presented in this lecture, there is already a broad array of
PoCUS applications available to enhance the care of critically ill patients, while many new applications awaiting
further research. As training of non-cardiologists evolves and becomes increasingly standardized, the use of
focused bedside echocardiography can be expected to grow dramatically.
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evidence to support that cardiac ultrasound can improve patient outcome. One of the major counter-argument
of its routine use is the unacceptable interruptions in cardiopulmonary resuscitation. At this point, one goal
would be the ability to realize a PoCUS during CPR without interrupting chest compressions.

Søren Boysen, DVM, DACVECC
University of Calgary, Faculty of Veterinary Medicine, Canada
Intravascular volume assessment and fluid administration remains pivotal in the care of ECC-patients. Assessing
the volume status of a patient and whether a patient would benefit from additional fluids, discontinuation of
fluids, or even withdrawal of fluids, remains a challenge in the clinical setting. Unfortunately, consensus
guidelines or definitions of what fluid resuscitation, a fluid bolus, or fluid responsiveness mean, are all lacking
in veterinary medicine, making fluid resuscitation practice an inexact science.
The assessment of hemodynamic status based on physical examination and routine non-invasive monitoring is
practical and remains important in the assessment of any critically ill patient but the information obtained
through assessment of these clinical parameters is not sensitive and is too non-specific to accurately predict
intravascular volume status.
Given studies have demonstrate how inaccurate vital signs are when it comes to assessment of volume status,
additional modalities are necessary to help identify states of hypo- or hypervolemia. Recently, with the increased
application of veterinary point of care ultrasound (VPOCUS), several sonographic markers of volume status have
been investigated. An abbreviated echocardiography can aid with hemodynamic assessment by estimating
volume status. The left atrium to aortic ratio (LA/Ao) should be between 1 and 1.5 in dogs. Lower values are
indicative of hypovolemia, while higher values are suggestive of left sided congestive heart failure or
hypervolemia. In cats presenting for dyspnea, a left atrial size on the right parasternal four chamber view that
exceeds 16.5 mm, is again indicative of left sided congestive heart failure or hypervolemia. Similarly, the left
ventricle will also stretch or collapse in hyper- or hypovolemic states, respectively. Hypovolemia can result in an
image described as “pseudohypertrophy”, demonstrating a decreased LV lumen diameter, increased wall thickness,
and hyperdynamic walls. In severe cases the papillary muscles may touch and the mitral valve may enter the
outflow tract, which is described as “systolic obliteration”. Inversely, when patients become hypervolemic, the LV
lumen diameter will increase and the LV wall thickness will appear decreased in end-diastole. These findings
change rapidly with adequate volume resuscitation or removal, making this an interesting and non-invasive
method to avoid severe volume derangements in ECC patients. Although echocardiographic assessment of the
heart to assess volume status is continuously used in the authors’ clinics, it remains poorly documented in the
veterinary clinical setting. Moreover, in human patients, the value of echocardiographic monitoring probably
resides in guiding fluid therapy at the extreme ends of cardiac filling and function. It is therefore not possible
to allow exact titration to the perfect volume, while avoiding severe hypo- or hypervolemic states.
Finally the inferior vena cava diameter is also assessed via VPOCUS, at different levels including the subxiphoid,
intercostal and sublumbar level in dogs and cats. Several studies have demonstrated that the CVC will decrease
in size after a blood donation, and that the size of the CVC is correlated with the central venous pressure.
Therefore, CVC size may be a decent marker of volume status. A CVC that collapses during inspiration in
spontaneously breathing patients is also strongly indicative of a patient that would benefit from additional
fluid loading.
Tracking of echocardiographic parameters (LA/Ao, LV dimensions and wall thickness) and recording
normalization of these values probably provides a valuable non-invasive technique to assess volume status.
Although, as addressed further later, these findings also depend on other factors, which may be important in
the more critical patients. Similarly tracking the diameter and collapsibility of the CVC may also provide
valuable information on the volume status of the emergency patient during fluid loading.
In addition to following these sonographic parameters, VPOCUS allows the clinician to screen for early signs of
decompensation due to hypervolemia. The risks of overzealous fluid administration are now clearly established.
It is generally accepted that volume expansion is not systematically associated with increased cardiac output,
especially in critically ill patients. Fluid overload in critically ill human patients is associated with longer
hospitalization, increased mechanical ventilation, acute kidney injury, abdominal compartment syndrome,
organ dysfunction and increased mortality. More serious side effects of fluid overload include an increase in the
cumulative fluid balance. Due to increased vascular permeability and lesions to the glycocalyx, critically ill
patients have more tendency to accumulate extravascular lung water. In ARDS, the risk of worsening pulmonary
edema must be systematically assessed. Overzealous crystalloid administration in itself destroys the glycocalyx
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For all of the reasons mentioned above, it is essential to assess the positive and possibly adverse effects of fluid
administration. This is particularly true given volume status (hypo- and hyper-volemia) may or may not predict
which patients are volume responders, and furthermore, which patients may or may not be fluid tolerant vs.
intolerant.
In cases of severe hypervolemia and/or right sided congestive heart disease, gall bladder wall edema may be
observed, and should be considered a clear endpoint of fluid loading.
In addition, the appearance of increased (>3) B-lines in previously dry lungs should be considered a clear endpoint
of volume resuscitation, as it indicates hypervolemia and/or left sided congestive heart disease. The concept of
“wet” vs. “dry” using lung ultrasound is considered extremely helpful in human emergency patients. Knowing if
fluid is present in the lungs along with volume estimation/cardiac function provides a more global estimate of
patient fluid status and response when determining a patient’s fluid therapy plan. The “wet” vs “dry” lung is
based on detecting the presence of absence of B lines (also called lung rockets), which are vertical white lines
extending form the pleural line distally through the far field of the ultrasound image which move to and fro
with respirations. The presence of one to three B line is considered normal in dogs and cats, however, the
presence of >3 to coalescing B lines at a single site, particularly if they are present at more than one site over the
thorax, is suggestive of interstitial alveolar syndrome (wet lung). By recording the number and location of B
lines within lung fields it is possible to gain a greater understanding of the degree of extravascular lung water,
which can be used to help guide fluid therapy decisions.
It is important to keep in mind that the parameters used to estimate volume status in the emergency setting
are influenced by several other confounding factors, many of which are unknown at the time of patient
presentation. Knowing the factors that influence these parameters is pivotal to select and correctly interpret
findings in a short period of time. A brief overview of the more commonly evaluated factors are described below.
Echocardiographic dimensions depend on factors such as systolic and diastolic function independent of
volume status. An increased end diastolic left ventricular size/volume can indicate both hypervolemia and LV
dysfunction. Detecting changes in LV volume will therefore be more difficult in patients with dilated or poorly
contractile ventricles, which is not uncommon in human, and possibly veterinary critical illness. The CVC size
can be affected by intraabdominal pressure, or pressure transduced by the ultrasound probe. The force of
respiration will also affect the degree of collapsibility of the CVC through increased negative pleural pressures
during the respiratory cycle.
Patients presented to the emergency department may have pre-existing “wet” lungs. Numerous easily detectable
B lines following trauma suggest pulmonary contusions, while the presence of multiple B lines in a dog with
cough and a heart murmur is suggestive of cardiogenic pulmonary edema, particularly if evaluation of the
heart supports cardiac disease. Thus, it is important to consider the entire clinical picture when interpreting
sonographic findings in ECC patients. During the resuscitation phase of patient stabilization, if tissue oxygenation
does not improve following fluid administration, more accurate evaluations of cardiac output are required to
further assess patient fluid responsiveness.
The decision to administer or withhold fluids should not be taken lightly in patients with acute circulatory
failure. When the anticipated response to fluid therapy is not observed, the clinician must take a moment to
reflect on the situation. Our understanding of the pathophysiology of critical illness has evolved significantly in
recent years with the role of cardiac hibernation, microcirculatory derangements, and glycocalyx lesions
redefining our understanding of the basics of fluid loading.
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and affects the microcirculation. Moreover, fluid-induced hemodilution should also be monitored. Finally, when
myocardial hibernation is present, fluid administration may worsen right ventricular dilation, as well as increase
intra-abdominal pressure. In this setting, titration to optimal fluid balance becomes paramount to patient
management.

Laura Cole MA VetMB MVetMed Cert VPS Cert AVP(ECC) DACVECC DECVECC MRCVS
Royal Veterinary College
Ureteral obstruction is a fairly common, previously under-recognised cause of abdominal pain, azotaemia,
anuria and associated life-threatening electrolyte derangements in cats. Increasing awareness of the condition
has led to an increase in diagnosis of ureteral obstruction over the last decade. Point of care ultrasound
(POCUS) has a potential role in early detection of ureteral obstruction minimising the degree of obstructive
nephropathy. This lecture will consider the best ultrasonographic views to assess for, and findings indicative of,
ureteral obstruction as well as discuss the limitations of POCUS in detecting ureteral obstruction.
For the examination, a low frequency curvilinear transducer placed subcostally at the splenorenal and hepatorenal
site of the previously described AFAST examination is recommended. A higher frequency probe allows greater
resolution but has less penetration and may be useful in cats with poor body condition. The previously reported
AFAST examination in lateral recumbency is readily adapted and performed in any position the cat is comfortable
in, and the intercostal view can be included if the kidneys are not visualised at the subcostal view. Once the kidney
has been located it should be scanned in both the longitudinal and transverse plane. Kidney measurement
should be performed in the longitudinal plane, measuring from cortex-cortex, and pelvic measurement is
usually performed in the transverse plane measuring from the pelvic crest to the beginning of the ureter.
Ureteral dilation can be recognised in both transverse and longitudinal planes.
Ultrasound findings compatible with ureteral obstruction include renal asymmetry, dilated renal pelvis and
calculi within the ureter. Commonly suggested renal pelvic size cut-offs associated with ureteral obstruction
vary between 7mm and 13mm. However, a range of pelvic sizes have been described in cats undergoing ureteral
surgery and in one study pelvic dilation could not be reliably used to differentiate pyelonephritis from ureteral
obstruction. The recent ACVIM consensus statement for the detection and management of uroliths recommend
that the diagnosis of ureteral obstruction is based on ultrasonographic findings of pylectasia and associated
ureteral dilation proximal to the obstructive ureterolith regardless of the degree of pelvic dilation.
Obstructive ureteroliths are readily detected on specialist ultrasound, and may be visualised on POCUS.
However, strictures which also cause ureteral obstruction, are less readily seen on ultrasound. Specialist
ultrasound imaging is usually required for more complete assessment of the ureter to the ureterovesicular
junction. Furthermore, antegrade pyelogram may be indicated in cases where ultrasound findings are equivocal.
Renal POCUS has a role in expediting early detection of ureteral obstruction. Various renal ultrasonographic
changes increase the suspicion of a ureteral obstruction. These findings will direct further investigations for
diagnosis and definitive management of the ureteral obstruction. This could be life-saving in severely azotaemic
cat with marked electrolyte derangements. Emergency ureteral surgery, such as placement of an emergency
sub-ureteral bypass system (SUB™, Norfolk Vet Products) can result in rapid reversal of these abnormalities.
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Background
Studies have shown cardiovascular veterinary point of care ultrasound (VPOCUS) performed by non-specialists helps
differentiate cardiac from respiratory disease, and that a short hands-on training course including interpretation
of cineloops improves novice sonographer cardiac VPOCUS accuracy. Studies evaluating sonographer interpretation
of LUS cineloops in companion animals are lacking. This study evaluated the accuracy of novice sonographer
interpretation of LUS using a binary question approach over a 3 month period. We hypothesized that hands on
VPOCUS training and cineloops interpretation will increase novice sonographer accuracy to answer binary LUS
questions.
Materials and Methods
Twelve interns, with minimal prior ultrasound experience, received a 5-hour (1 theory, 4 practical) course on
LUS, using a binary question approach. Learner performance to assess LUS findings was assessed prior to (T0),
immediately following (T1), and 3 months after training (T3). Between T1 and T3 interns had access to scan clinical
patients using VPOCUS, and to record cineloops for review by an experienced VPOCUS clinician.
Results
The accurate/inaccurate/unanswered (mean (SD)) responses to binary LUS questions increased from 36.3%
(12.8)/15.3% (4.1)/48.4% (13.3) at T0 to 64.6% (9.2)/10.7% (2.8)/24.7% (11.3) at T1 to 85.9% (5.8)/9.8% (3.4)/4.3% (6.2) at
T3, respectively. Accuracy for detection of pleural effusion, b-line presence, and b-line quantification was 67.4% (2.6),
74.31% (3.1), and 71.5% (3.1) at T0. Accuracy for the curtain sign, Z lines, lung point, shred sign, double curtain sign,
and I lines was lower at 29.2% (1.4), 22.9% (0.9), 16.7% (0.8), 6.9% (0.4), 4.9% (0.6), and 2.1% (0.4), respectively. At T1,
the accuracy of detecting curtain signs, Z lines, double curtain and lung point increased to > 50%, but remained
low for I-lines (7.6% (0.9)) and the shred sign (18.1% (1)), with 80% of novices leaving I line and shred sign questions
unanswered. At T3 all binary questions were accurately answered > 75% of the time, with > 90% accuracy for double
curtain sign (98.6% (0.4)), pleural effusion (93.8% (1.5)), shred sign (93.8% (0.9)), and curtain sign (91% (1.2)).
Conclusions
Novice sonographers can rapidly answer most binary questions on LUS with high accuracy following a brief hand
on training session and 3 months of clinical practice. Given the difficulty of identifying I-lines and the shred sign,
these may be areas requiring greater training. Capture and interpretation of cineloops during clinical practice,
with feedback from an experienced VPOCUS operator, appears to improve novice sonographer learner performance
rapidly.

EVECC CONGRESS GHENT 2020

Learning curve of novice sonographers to answer binary lung ultrasound questions in
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Background
Ureteral obstruction is a relatively common post-renal cause of azotaemia in cats. Diagnosis can be challenging with
many cats exhibiting non-specific clinical signs. The objective of this study was to evaluate the use of point-of-care
ultrasound (POCUS) for detection of abnormalities consistent with ureteral obstruction in azotaemic cats.
Materials and Methods
A retrospective case-control study was conducted of azotaemic cats (serum creatinine >180umol/L) presenting to
the emergency room of a referral teaching hospital. Patients were grouped into obstructed and non-obstructed
groups based on formal ultrasound by board certified specialist radiologists or supervised residents in-training.
Point-of-care ultrasound was performed in all cases by rotating interns or emergency and critical care residents.
Data collected included creatinine on presentation and POCUS findings at the hepatorenal and splenorenal site.
Diagnosis of ureteral obstruction on POCUS was defined as the presence of one or more of the following: renal
asymmetry, pyelectasia, ureteral dilation or visualisation of calculi. Sensitivity, specificity, positive predictive values
(PPV) and negative predictive values (NPV) of POCUS for the diagnosis of ureteral obstruction were calculated.
Results
One hundred and forty azotaemic cats had both POCUS and formal ultrasound performed during the study period.
One hundred cats were included in the obstructed group and 40 cats in the non-obstructed groups. Median
creatinine did not significantly differ between the obstructed group (897umol/L, range 185 - 2092) and the nonobstructed group (865umol/L, range 199 - 2616; P = 0.135). Point-of-care ultrasound abnormalities were detected in
84/100 obstructed cats and 13/40 non-obstructed cats. The most common POCUS finding in obstructed cats was
pyelectasia (n = 72), followed by renal asymmetry (n = 29), ureteral dilation (n = 24), peri-renal fluid (n = 17), calculi
visualisation (n = 11) and bilateral renomegaly (n = 8). The most common POCUS finding in non-obstructed cats
was peri-renal fluid (n = 10) followed by bilateral renomegaly (n = 6), and pyelectasia (n = 2). Based on our POCUS
criteria for the diagnosis of ureteral obstruction, POCUS had a sensitivity of 83.0%, specificity of 82.5%, positive
predictive value (PPV) of 92.2% and negative predictive value (NPV) of 66.0% for diagnosis of ureteral obstruction.
Documentation of two or more POCUS findings increased the positive predictive value of POCUS to 100%.
Conclusion
Point-of-care ultrasound is useful in diagnosing ureteral obstruction in azotaemic cats. One or more POCUS findings,
particularly renal asymmetry and pyelectasia, should increase suspicion of ureteral obstruction and prompt further
imaging.
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Background
Belgian Blue Calves (BBC) are double-muscled beef cattle, representing a valuable investment to the farmer.
Hence there is an economic interest to improve treatment of BBCs suffering from surgical or non-surgical
digestive diseases, possibly accompanied by severe changes in volume status. Unfortunately little is known
about volume status assessment in bovine medicine. In human and companion animal medicine, ultrasonographic
assessment of the inferior/caudal vena cava diameter (CVCD) is used as an inexpensive, rapid and noninvasive
marker to evaluate intravascular volume status. In companion animals CVCD is often expressed as a ratio to the
aortic diameter (AoD) to compensate for variations in body size. To the author’s knowledge the CVCD, and the
effect of age and body weight on CVC measurements, has never been assessed in BBC calves. The objective of
this study was to perform a pilot study on the feasibility to obtain ultrasonographical measurements of the
caudal vena cava diameter (CVCD) and the aortic diameter (AoD) via the longitudinal right paralumbar (PV) and
subxiphoid (SX) view in awake healthy calves, as previously described in dogs. Secondly, we wanted to assess
whether there was any effect of age or body weight on CVCD or CVCD / AoD.
Materials and Methods
We performed a single observer prospective observational study in standing healthy calves. BBCs were deemed
healthy based on history and clinical evaluation. CVCD and AoD were recorded by ultrasonography in a longitudinal
plane at the PV and SX view.
Results
Seventeen BBC were enrolled, 10 male and 7 female, with a median age of 36 days (range 32-41 days) and median
weight of 55kg (range 46 to 79 kilos). The CVCD and AoD were obtained in all 17 BBC at the PV view, yet only in 2 at
the SX view. Means were therefore not calculated for the SX view. The mean CVCD was 0.94cm (±SD=0.13), the
mean AoD was 1.11 (±SD=0.11), with CVCD/AoD at 0.84cm (±SD=0.09). Statistical analysis failed to detect a direct
correlation between age and weight with CVCD (Pvalue=0.2 and 0.5, respectively) or CVCD / AoD (Pvalue=0.25 and 0.55,
respectively).
Conclusions
CVCD and AoD assessment was easily performed at the PV view, yet only rarely achieved at the SX view in awake and
standing healthy calves. This pilot study failed to establish a direct correlation between age or weight and CVCD.
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Background
Aspiration pneumonia (AP) is commonly diagnosed on history, clinical signs and thoracic radiography (RX).
C-reactive protein (CRP) is used for diagnosis and follow up of inflammatory conditions in veterinary medicine.
Lung ultrasound (LUS) is described for diagnosis and follow of AP in human medicine. LUS findings in human and
canine pneumonia include increased numbers of B-lines, lung consolidation and pleural effusion. The clinical
evolution, CRP concentrations and changes identified on LUS and RX in canine AP have not been described or
compared serially. This observational study was undertaken in the hopes of better guiding treatment decisions.
Materials and Methods
Dogs with suspected AP based on compatible history and clinical signs, increased CRP and RX changes at
presentation were prospectively recruited. LUS was performed at presentation (T0), after 2 weeks (T1) and 1
month (T2). At each time point clinical signs, CRP, RX and LUS findings were recorded. LUS was performed using
a modified Armenise technique assessing 9 windows on each hemithorax, and the subxiphoid view. LUS lesions
were considered mild (>3 B-lines or coalescent B-lines), or severe (lung consolidation or pleural effusion) and
their distribution was recorded. Lateral RXs were divided into 9 regions, arbitrarily corresponding to LUS
windows, to compare approximative lesion distribution.
Results
Seventeen dogs were enrolled at T0, 13 were seen at a control visit at T1 of which 6 were also seen at T2. All dogs seen
at T1 and T2 had complete resolution of clinical signs. CRP was increased (median 129 mg/dL) at T0, remained slightly
increased in 2/13 dogs at T1 (14 and 32 mg/dL) and was normal in 6/6 dogs at T2. Radiographic lesions resolved in 2/13
and 4/6 dogs at T1 and T2, respectively. A shred sign was observed in 16/17 dogs, whereas tissuelike signs and pleural
effusion were not identified. 1/13 dogs showed a persistent but improving shred sign at T1 which was also noted at
T2. Mild LUS lesions were still present in 8/13 and 4/6 dogs at T1 and T2, respectively. All patients had rapid resolution
of clinical signs, whereas severe LUS lesions, increased CRP and radiographic lesions were still present in 1/13, 2/13 and
11/13 dogs at T1, respectively. Severe LUS lesions had comparable distributions to RX lesions. There was no correlation
between mild LUS lesions and RX in 50% of cases.
Conclusions
Severe LUS lesions and CRP concentrations may correlate better with clinical findings than RX during serial
evaluation of canine AP.
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Background
Cardiac point-of-care ultrasound (POCUS) is a rapid and non-invasive method to screen for gross cardiac
pathology. In human medicine, cardiac POCUS is widely used to assess cardiac chambers size and volume
status, helping to guide diagnosis and treatment in unstable patients [1][2]. Similarly, POCUS assessment of left
atrial enlargement allows detection of left sided congestive heart failure in companion animals [3][4].
Combined with physical examination, it improves the detection of feline occult heart disease [5]. This study
aimed to evaluate the agreement between POCUS performed by trained clinicians and echocardiography by a
board certified cardiologist to assess cardiac chamber size in dogs presented to a cardiology service.
Materials and Methods
Descriptive study. Two clinicians received a 2-hour theoretical and 6-hour practical course in cardiac POCUS
prior to the study (right parasternal short and long axis views in right lateral recumbency). Dogs presented to
the cardiology service between March 2019 and January 2020, were enrolled prospectively. The clinicians were
informed about the dogs’ presenting clinical signs but were blinded to the underlying structural heart disease
and current medication. They subsequently performed a physical examination and cardiac POCUS on each dog.
Left atrial (LA), left ventricular (LV), and right heart (RH) size were scored subjectively to be small, normal or
enlarged. RH was evaluated as a whole because it is harder to assess than LH, and significant disease will likely
affect both cavities. These subjective assessments were compared to echocardiographic results, performed by
the cardiologist.
Results
Fifty-one dogs were included: 5 with physiological murmurs and no structural heart disease, 46 with heart
disease. Degenerative mitral valve disease was diagnosed in 60% (31/51). POCUS subjective scores agreed with
quantitative echocardiographic LA assessment in 98% (50/51), and with LV assessment in 84.3% (43/51) of cases.
52.9% (27/51) of dogs had LV enlargement, which POCUS correctly identified in 85.1% (23/27). LV size was
overestimated in 12.5% (3/24) cases with no evidence of LV enlargement on echocardiography. RH scores were
accurately assessed in 88.2% (45/51) of cases. However, only 9 displayed echocardiographic right cardiac
enlargement, which POCUS correctly identified in only 44.4% (4/9).
Conclusions
Cardiac POCUS for subjective assessment of LA and LV size by clinicians having received an 8-hour training has
good agreement with echocardiography results performed by a cardiologist. Caution seems warranted for the
assessment for RH size, although this population’s low incidence of right heart diseases prevents drawing
strong conclusions.
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Background
Veterinary point of care ultrasound (VPOCUS) is frequently employed as a diagnostic, monitoring, and triage
tool in companion animals, and is being integrated into many student veterinary curriculums. Lack of
standardization and training creates conflicting views on what VPOCUS should include, particularly regarding
abdominal and thoracic focused assessment with sonography for trauma (AFAST/TFAST). The objective of this
study was to assess VPOCUS protocols across Canada through a nationwide survey.
Materials and Methods
An anonymous Survey Monkey VPOCUS questionnaire was distributed nationwide via electronic newsletters by
the Canadian Veterinary Medical Association and various provincial veterinary medical associations.
Results
Seventy-eight veterinarians from across Canada responded to the survey, with a 92% survey completion rate (n
= 74). Among respondents, 88% perform ultrasound. Reasons for not performing VPOCUS (in general, AFAST or
TFAST specific) included lack of a machine (up to 50%), lack of experience and confidence in identifying and
diagnosing pathology (up to 40%), and lack of ultrasound training or education (up to 30%).
Of those who perform ultrasound, 94% perform AFAST and 69% TFAST. The majority of AFAST scans include the
4 standard sites, only 28% scan the umbilical site. Respondents felt confident diagnosing peritoneal free fluid
(98%), pyometra (80%), and urinary bladder wall thickness and urine volume estimation (66% and 63%,
respectively). Pathology diagnosed with less confidence include gall bladder halo signs (40%), retroperitoneal
injury (18%) and pneumoperitoneum (18%). For AFAST respondents, 67% perform serial scans but few document
abdominal fluid scores (40%).
During TFAST the pericardial site was assessed by 97%, and the chest tube and subxiphoid sites by
approximately 50% of respondents. 93% and 100% of respondents are confident assessing pleural and
pericardial effusion, respectively. There was less confidence identifying the glide sign (56%), B-lines (57%), left
atrium to aorta ratio (22%), subjective cardiac contractility (27%), vascular volume estimation (vena-cava
diameter) (4%), and subpleural consolidation (4%). Only 22% include regional lung ultrasound, most often
searching for B-lines (76%), with few assessing lung surface irregularities (40%), air bronchograms (9%),
pulmonary thromboembolisms (9%), lung nodules (38%), tissue signs/hepatization (29%), or shred sign (11%).
Conclusions
Across Canada, the majority of respondents perform VPOCUS, with AFAST performed more frequently and
confidently than TFAST, regional lung and cardiovascular ultrasound. AFAST scans are more standardized than
TFAST scans. More training, education, and standardization of techniques appear to be key elements to help
build confidence and experience, particularly regarding TFAST applications and diagnosis.
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Background
There are no studies comparing written text to instructional video as an ultrasound learning strategy.
Veterinary clinicians may rely on written text, instructional video, or both if they cannot attend hands-on
training due to cost, time, and/or travel. We hypothesize there will be a difference in technical skill and
confidence between written text and instructional videos for veterinary students learning pleural space and
lung (PLUS) ultrasound techniques.
Materials and Methods
Randomized prospective trial. Human and animal ethics was obtained (AC17-0069, REB17-0889). A teaching
video and written text containing identical background information and procedural detail was created. Forty
year 1-3 veterinary students (n=12,16,12, respectively) were randomly assigned to review a written manual or
instructional video for 20 minutes. An Objective Structured Clinical Examination was used to assess each
student’s PLUS knowledge and technique on a cadaver prior to accessing the instructional material, and on 4
cadaver after viewing the instructional material. A positive pressure ventilation cadaver model was used.
Students were blinded to PLUS pathology: pneumothorax, pleural effusion, single to multiple B, or no pathology.
Each student had 7 minutes to complete each station. Linear regression analysis with repeated measures
determined if students using either format demonstrated improvement in overall score and level of PLUS
completion. A pre and post-procedural survey was used to assess student PLUS confidence.
Results
Year 3 students scored higher than Year 1 students through all stations. The video group scored higher for
identification and quantification of B-lines, regardless of group year. There were no differences in the diagnosis
of pleural effusion or pneumothorax. Pre- and post-examination surveys revealed increased confidence in
performing ultrasound and identifying pathology across all groups with no differences in perceived confidence
between teaching formats. There were significantly greater scores for all students between Stations 1 and 2 and
between Stations 2 and 5.
Conclusions
There is little difference in learning and confidence in performing PLUS when comparing video to written text,
with the exception of B line identification. B lines are dynamic in nature (they must move to be accurately
identified), which may explain why video learning appeared better than text for this PLUS skill. Both written
text and instructional video teaching modalities, along with repeated performance, demonstrate improved
learner performance and confidence, however, further studies are required to determine the recommended
number of scans required for veterinary students to become competent in performing PLUS scans.
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Background
Evidence suggests probe orientation and location effect the sensitivity of veterinary point of care ultrasound
(VPOCUS) to detect pleural effusion. The objective of this study was to compare two VPOCUS protocols
performed by novices for identification of pleural effusion in positive pressure ventilated (PPV) canine cadavers.
We hypothesize there will be a difference between protocols for identification of pleural effusion.
Materials and Methods
Ethics approval was obtained (AC17-0092, REB19-1405). Eight interns (< 10 hours ultrasound experience) received
90 minutes of pleural space and lung pathology lecture and 1 hour of TFAST, Vet-BLUE and PLUS (recently
published) training on live dogs. Four thawed cadavers (25-30 kg), placed in sternal recumbency, were scanned
for pleural effusion; water was added to the pleural space when required to create large, scant, moderate, and
small quantities of effusion, respectively, as subjectively and independently determined by two experienced
sonographers. Interns were blinded to the presence or absence of pleural effusion. PPV cadavers were scanned
bilaterally by interns, randomly starting with one of two protocols, alternating protocols for each subsequent
cadaver. Protocol 1 (P1); probe perpendicular to the ribs, starting at the costochondral junction, sliding cranially
and caudally similar to Vet-BLUE (ventral and dorsal movement allowed). Protocol 2 (P2); probe parallel to the
ribs, starting at the costochondral junction, sliding ventrally to find the ventral pleural space and lung borders,
sweeping cranially from the diaphragm to the thoracic inlet as per PLUS (ventral and dorsal movement
allowed). Interns were timed and recorded pleural fluid as present/absent. Results were analyzed using
McNemar’s test. Due to small sample size, scant to small fluid groups, and moderate to large groups were
combined for statistical analysis. P ≤0.05 was considered significant.
Results
Each participant scanned 8 hemi-thoraces. Participants completed all protocols in < 5 minutes. Overall there
was no significant difference between protocols for detection of pleural effusion (P1 n=16/32, P2 n=27/32). There
was no statistical difference for moderate/large volume pleural effusion (P1 n=14/16, P2 n=14/16) but there was
for scant/small volume pleural effusion (P1 n=5/16, P2 n=13/16, respectively, p=0.048).
Conclusions
The accuracy of VPOCUS protocols for detection of pleural effusion by novices in PPV cadavers varies,
particularly when fluid quantity is scant/small. This is likely explained by protocol differences in probe
orientation and location. Further research is required to validate the accuracy of VPOCUS probe orientation and
location for detection of pleural effusion in spontaneously breathing companion animals.
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The word triage is derived from the French and means “to sort”. The goal of the triage examination is to rapidly
identify those patients that need urgent care. It is also to identify patients that, if treated and stabilized early,
may have a better outcome than if they were left untreated for longer period of times by “waiting their turn”
and therefore allowing for decompensation. Obtaining a triage history and physical examination allows the
technician or veterinarian to provide immediate stabilisation to those patients in critical condition or those
that may rapidly decompensate from their disease process compared to those who are stable, allowing the
clinician to take a more stepwise approach to their assessment, diagnostic plan, and treatment.
Triage history
The triage history is a very brief gathering of information. The history is obtained in conjunction with
performing an examination and should take no more than 2 minutes. Information to be gathered may include
the presenting complaint, the duration and progression of the current problem, any medical interventions
attempted, as well as chronic known medical problems and medications. If the patient has sustained trauma
additional information to obtain would include if the trauma was witnessed, has the animal been observed
to walk or urinate following the accident, and if the animal lost consciousness. Other additional question
may include the patient’s resuscitation status. The goal of the triage history is not to obtain the patient’s full
medical and surgical history. Rather it is used to identify the most urgent life-threatening problems so they can
be immediately addressed.
Triage examination
The primary survey or triage physical exam is a brief assessment of the major organ systems. As with the triage
history, the triage examination is not intended to identify every physical examination abnormality, rather the
most life-threatening conditions. There are several “systems” that can be used for triage, and most of them have
a “catchy” mnemonic that is easy to remember, even when very busy, stressed and/or sleep deprived. Regardless
of the mnemonic used, there are always 5 overarching questions that need to be answered while triaging a patient.
Question #1: Cardiovascular status – is the patient in shock?
Cardiovascular assessment includes evaluation of the six perfusion parameters for recognition of shock/
hypoperfusion. The six perfusion parameters comprise heart rate, pulse quality, mucous membrane color,
capillary refill time (CRT), distal extremity temperature and mentation/level of consciousness (LOC).
Question #2: Breathing – is the patient in respiratory distress?
If the patient is not breathing, then intubation and manual positive pressure ventilation is needed. If the
patient is breathing, count the rate, assess respiratory effort, and note any abnormal breathing patterns or
noise. Observe the patient’s body posture and respiratory efforts. Avoid stressing the animal by handling. A “No
touch – No stress” technique is always the best when presented with dyspneic patients. Animals presenting
with severe respiratory distress will often take an orthopneic posture, standing with the neck extended, the
elbows abducted, open mouth breathing and the nares flaring. This posture is taken in an effort to decrease
airway resistance and improve air flow. Open mouth breathing is never normal in cats (who usually do not
pant). As you try to localise and investigate the cause of the dyspnea, auscultate the lungs for any abnormal
sounds such as crackles, wheezes, dullness, or borborygmi. In addition to respiratory rate, effort, pattern, and
thoracic auscultation the mucous membrane color can provide useful information into the patient’s ability
to oxygenate appropriately. Cyanosis, or blue-purple coloring of the mucous membranes is a sign of severe
hypoxemia.
Question #3: Is my patient suffering from an acute abdomen?
Acute abdomen is defined generally an acute abdominal pain but the term has been used more broadly to
include any cause of acute sickness originating from the abdomen, which may or may not cause pain, such
as foreign body obstruction and rupture of an organ such as the spleen. Please refer to the Acute Abdomen
lectures (small and large animal) for details. In brief, acute abdomen diagnosis is based on assessment for
abdominal distension, abdominal pain, tympanism (or “ping”) and presence of ballottement or fluid wave.
Treatment of acute abdomen is geared towards both symptomatic treatment (i.e. fluid therapy and pain
control) and aetiologic diagnostic and treatment of the cause, including surgical management.
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Triage

Question #5: Is there any special circumstance?
There are times that there are no life-threatening reasons for which cases need to be “triaged in the back”.
However, it is wiser or indicated to have the patient brought in the treatment area for evaluation, such as
grossness or messiness (e.g. hemorrhagic diarrhea, blood, explosive vomiting, bilateral proptosis), feline
patients (cat should almost not be triaged in the lobby), patients that are stable but with a recent ingestion of
toxin and emesis need to be induced rapidly, allergic reaction without shock but requiring emergent attention,
seizures patients that are not actively seizing, as they may have another seizure in the lobby, and patient in
pain.
Initial diagnostics in triage
Following the primary survey, point-of-care (POC) diagnostics may be performed to further assess stability or to
gather more information regarding the underlying aetiology. Diagnostics to consider as part of the minimum
database include ECG, PCV/TP, blood glucose, lactate, venous/arterial blood gas and electrolytes, pulse oximetry,
abdominal and thoracic Focused Assessment with Sonography in Trauma (FAST) or Vet Blue™ exams.
Initial stabilization
In unstable patients, it is appropriate to place an IV catheter. If an animal is in respiratory distress, then
sedation prior to catheter placement is advised to prevent the animal from decompensating and developing
respiratory arrest. Fluid therapy (see other pertinent lectures) is indicated in all forms of shock except
cardiogenic shock. Supplemental oxygen should be provided to any animal presenting for respiratory distress.
It is important to get on top of pain quickly. Aside from general patient discomfort, pain upregulates stress
hormones, leads to wind-up and central sensitization, and can impair immune function. Opioids are the
foundation of treating pain in critically ill animals because they are cardiovascularly sparing and have minimal
effects on the respiratory center when given at appropriate doses. Because pain medications can interfere with
the neurologic examination findings, it is important that the neurologic assessment be completed prior to
drug administration.
References
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Question #4: What is my patient’s neurological status?
Evaluation of the neurologic function including LOC, seizure activity, pupil size, symmetry, and response to
light, ocular movement, body posture, and ability to move and to feel pain. The classic example of neurological
triage is the seizing patient. Seizing patients should immediately be triaged in the treatment area for seizure
control and diagnostics. Neuro-ophthalmic examination will assess brainstem reflexes. Skeletal motor function
and body position can also aid in lesion localisation. Decerebrate rigidity is one body posture, characterized by
extension of all four limbs, opisthotonus, and altered mentation, which results from brainstem compression
secondary to increased ICP or herniation. Decerebellate rigidity is very similar to decerebrate rigidity but with
an alert mentation, and localizes the lesion to the cerebellum. Schiff-Sherrington posture, where forelimbs are
rigid while hindlimbs are flaccid, indicates a spinal cord lesion between T3-L3. Superficial pain is detected by
pinching the skin on the medial and lateral aspects of the metacarpals/tarsals and deep pain is detected by
pressure to the bone or joints.

Meredith ‘t Hoen, DVM, DACVECC, DECVECC
Utrecht University, Faculty of Veterinary Medicine
After initial stabilisation in the ER, critically ill patients will be transferred to a hospital ward for continued care.
At this time, the mindset of the managing clinician needs to adapt to this new stage of patient management.
It is important to not lose sight of all the aspects of providing complete care to these fragile patients who
often have dysfunction of multiple organ systems. These patients are time intensive and can be challenging
to manage, so it is of utmost importance to systematically evaluate each hospitalised patient day after day, to
ensure that no aspect of patient management or care is overlooked.
The Rule of 20 is a list of 20 parameters that should be evaluated at least once daily in each hospitalized patient,
and sometimes more frequently. It was developed by Dr. Rebecca Kirby as a monitoring tool that veterinary
staff can utilize to ensure consistent and systematic high quality of care. The Rule of 20 is somewhat fluid with
overlap between certain categories, and new technologies can be integrated into the monitoring system.
Fluid balance
Sixty percent of body mass is comprised of water, which is distributed between the intracellular and
extracellular spaces. The extracellular space is further divided between the interstitial and intravascular spaces.
Water is the most important nutrient of the body and deficiency or excess in various compartments leads to
numerous negative consequences. Fluid balance is often abnormal in critically ill patients, with the disturbances
can be multifactorial in nature. Identification of fluid balance disturbances should prompt both corrective
measures as well as further investigation into the cause. Fluid balance is assessed clinically by identifying
deficits in the interstitial space (dehydration) which is usually corrected slowly over approximately 24 hours, or
intravascular space (hypovolemia) which should be rapidly corrected with fluid boluses. Fluid overload can also
increase morbidity and mortality. It may be iatrogenic in origin or secondary to other clinical conditions such
as oliguria or severe hypoproteinemia. Fluid balance can be assessed via parameters such as body weight, skin
turgor, urine output and concentrating ability, blood pressure, pulse rate, mentation, mucous membrane color,
capillary refill time and various lab parameters (such as lactate, packed cell volume, total protein, etc). Tracking
trends in these parameters is often helpful. There is no one parameter that will give a complete picture of an
individual patient’s fluid balance, and they should also be considered in light of the patient’s clinical history.
Blood pressure
Blood pressure is an important determinant of tissue perfusion and affects tissue oxygen. It is a product of
cardiac output and systemic vascular resistance (BP = CO x SVR). Cardiac output is determined by heart rate
and stroke volume (CO = HR x SV). Blood pressure can be measured directly and indirectly, and it is important
to know the limitations associated with various measurement techniques. When a patient is determined to
be hyper- or hypotensive, measures should be taken to improve blood pressure by manipulating the various
determinants of blood pressure as listed in the equations above. For example, treating severe brady- or
tachyarrhythmias pharmacologically can improve cardiac output and subsequently blood pressure. Another
example would be increasing systemic vascular resistance by administering vasopressors in patients suspected
to be inappropriately vasodilated (such as during sepsis).
Oncotic pressure and albumin concentration
Albumin has many important functions including maintaining intravascular oncotic pressure. Oncotic pressure
is one important variable in the Starling Equation which influences fluid movement in states of health. Critically
ill patients are frequently hypoalbuminemic due to albumin loss, which results from a variety of conditions
including hemorrhage, severe diarrhoea/enteropathies, and increased vascular permeability. Patients with
decreased oncotic pressure are at risk for oedema formation. Additionally, other functions of albumin including
drug transport and healing are affected in states of hypoalbuminemia, with potentially negative clinical sequelae.
Albumin can be replaced using plasma transfusions, although relatively large volumes are required. Human and
canine albumin products also exist. For patients suffering primarily from effects of decreased oncotic pressure,
synthetic colloid solutions should be considered, although their use has recently become controversial.
Glucose
Hyper- and hypoglycaemia are both frequently encountered in critically ill patients. Glucose levels can change
rapidly and therefore should be monitored closely in at-risk patients. Continuous glucose monitors can increase
the ease of close glucose monitoring. Hypoglycaemia can result in weakness, lethargy, tremors, and seizures
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Beyond the Emergency room: Kirby’s rule of 20

Electrolytes
Electrolytes that should be closely monitored include sodium, potassium, chloride, calcium, phosphorus and
magnesium. These can all be measured easily using in-hospital biochemistry or point-of-care analyzers. Electrolyte
disturbances should prompt changes in fluid choice, as well supplementation via infusion (calcium, magnesium
and phosphorus). The ultimate goal for all electrolytes is usually to maintain values within the reference interval.
Sodium is the major determinant of extracellular osmolarity and plays a vital role in fluid balance. Chloride is very
closely linked to sodium movement, but it also independently contributes to acid-base status and the formation of
gastric hydrochloric acid. Potassium is the major intracellular cation and affects the resting cell membrane potential.
Calcium has many vital roles including serving as a second messenger for cellular signal transduction which affects
neuromuscular function. Magnesium is an important cofactor in many enzymatic reactions and helps regulate
calcium and potassium entry into cells. Phosphorus is vital to the formation of nucleic acids, phospholipids and ATP,
and also serves as an important buffer. A full description of all the functions of each electrolyte is outside of the
scope of this presentation, and the reader is referred to other resources.
Acid-base balance
The acid-base status of each patient is the end result of a complex system of homeostatic mechanisms that are
influenced by a variety of disease states and even therapeutic interventions, and can change rapidly. Evaluation
of acid-base status gives clinicians insight into underlying processes driving the changes, which can help guide
diagnostic investigations. Occasionally, a patient is treated based on the results of acid-base analysis, regardless of
the underlying cause. For example, a patient with a severe metabolic acidosis may need to be treated with sodium
bicarbonate, regardless of the cause of the acidemia. Point-of-care blood gas analyzers are a vital part of monitoring
any critically ill patient, and parameters that should be evaluated include pH, CO2, HCO3, and anion gap.
Ventilation, oxygenation
Ventilation is the movement of gas into and out of the alveoli, and is a centrally controlled process usually
driven by CO2 levels. Oxygenation is the process of delivering oxygen from the alveoli to the blood and involves
respiratory, cardiovascular, hematological, and cellular transport systems. Hypoxemia is defined as a PaO2 of
<80mm Hg. Causes of hypoxemia include hypoventilation, decreased FiO2, diffusion impairment, VQ mismatch
and shunting. The presence of hypoxemia should prompt immediate oxygen administration and investigation
into the underlying cause. An arterial blood gas is the gold standard for assessment of oxygenation status,
although venous samples can be used to evaluate carbon dioxide levels in some cases. The A-a gradient can
be calculated to distinguish hypoventilation from other causes of hypoxemia. The PaO2/FiO2 ratio can be
calculated to interpret the degree of hypoxemia in patients receiving supplemental oxygen. End tidal CO2
monitoring and pulse-oximetry are non-invasive methods to assess ventilation and oxygenation.
Coagulation  
Coagulation is a complex process that involves primary and secondary hemostasis. Coagulation disorders
are common in critically ill patients. Patients can be anywhere on the spectrum of coagulation from hypo- to
hypercoagulability, and can progress in either direction during the course of their illness. Patients should be
monitored closely for clinical signs of hypocoagulability such as petechiae, ecchymoses, mucosal bleeding
(evidenced by gingival bleeding, haematuria, melaena, epistaxis, etc), bruising at venipuncture sites or cavitary
bleeding and these findings should prompt further laboratory evaluation. States of hypercoagulability are
harder to clinically diagnose, but would be suspected in any case of thromboembolism. Coagulation testing
may include packed cell volume, platelet count, aPTT, PT, ACT, buccal mucosal bleeding time, fibrinogen,
d-dimers and/or thrombo-elastography.
Red blood cells and haemoglobin
Haemoglobin is necessary to transport oxygen. Decreased red blood cell count, either through decreased
production, loss, or destruction is commonly encountered in critically ill cats and dogs. Patients should be
monitored daily for signs of anemia, and transfused when clinical signs are present or if the haemoglobin level
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and is caused by a variety of conditions such as hepatic failure, hypoadrenocorticism, various types of neoplasia,
sepsis, puppy/toy breed hypoglycemia, toxins (such as xylitol), insulin overdose, and renal tubular disease.
Hyperglycaemia results in numerous clinical sequelae, including but not limited to altered immune function,
fluid shifts due to hyperosmolarity, polyuria, and endothelial cell dysfunction. Hyperglycaemia is usually caused
by stress or diabetes mellitus. Insulin therapy should be initiated in all diabetic patients. Clear guidelines for
tight glycaemic control in nondiabetic veterinary patients are lacking, but treating moderately to severely
hyperglycaemic patients with insulin should be considered.

Heart rate, rhythm and contractility
Patients should be closely examined multiple times per day to determine their heart rate and rhythm.
Any deviations from normal should prompt ECG evaluation. While contractility can only be assessed using
echocardiography, which can be done as a point-of-care test, other perfusion parameters such as peripheral
pulse palpation and capillary refill time can be used as secondary means to assess contractility. Arrhythmias
should be treated appropriately, especially if they are resulting in altered perfusion. Inotropic support is
indicated for decreased contractility.
Neurologic and mental status
Trends in mental status can give important clues into underlying processes. Hypo- and hyperglycaemia,
acidosis, hepatic encephalopathy, electrolyte derangements, hypotension, hypoxaemia and shock can all affect
the level of consciousness. Medications and increased intracranial pressure also alter level of consciousness.
Serial neurologic examinations including cranial nerve evaluation can provide helpful information. Patients
with spinal injury should be monitored closely for the ability to ventilate and for pain sensation, depending on
the suspected location of the injury.
Renal function
Baseline renal function should be determined for all critically ill patients, and monitored closely in patients
with known renal disease or those with risk factors for acute kidney injury. The list of potential causes of AKI
is long, but includes hypo- and hypertensive events, nephrotoxic drugs, infections, dehydration, trauma, toxin
exposure, and obstructions of the urinary tract. Urine output as well as electrolytes and creatinine levels should
be monitored closely in these patients.
White blood cells, immune status, antimicrobial stewardship
Many patients are immunocompromised and therefore susceptible to infection. Particular care should be
taken with neutropenic patients or those that are being actively immunosuppressed. Closely monitoring
sites of potential infection such as wounds, urinary catheters, IV catheters, abdominal drains and thoracic
drains should be standard protocol. Systemic signs of infection such as changes in the nature of discharge
(from wounds, drains, etc.), fever, neutropenia, left shift, or toxic changes to neutrophils should be acted upon
promptly. Ensure appropriate barrier protocols to diminish nosocomial infections in at risk patients. Hospital
protocols for handwashing and cleaning should be enforced. Judicious use of antibiotics is vital, and should be
based on results of cultures as well as local resistance patterns. The need for antibiotic therapy should be reevaluated for each patient every day.
GI motility and integrity
Gastric atony, ileus and ulceration are common in hospitalised critically ill patients. These can occur in any
combination, and often are related to medications (such as opioids and steroids), toxicities (such as NSAID
overdose), peritonitis, pancreatitis, pain, anorexia, hypotension and hypoxemia. Ensuring adequate nutrition
(see below), adjusting analgesics to minimize side effects and control pain, and maximizing perfusion
are essential. Medications to promote GI motility (such as metoclopramide CRIs), decrease gastric acid
production (such as omeprazole), treat nausea (such as maropitant or ondansetron), and coat ulcerations
(such as sucralfate or barium) also play a role depending on the underlying problem. Additionally, placement
of a nasogastric tube can facilitate gastric emptying in cases of severe atony. Assessment of GI motility and
integrity may include tracking abdominal pain and frequency of vomiting/regurgitation, character of faeces,
auscultating gut sounds, monitoring gastric residual volume, and ultrasound of the GI tract.
Nutritional status
Critically ill animals are at risk to develop a negative energy balance, and will break down muscle instead of
fat to create a source of energy. They often have already been anorexic for many days prior to presentation
to the hospital. Therefore, nutritional support should be initiated as soon as possible. Ideally, patients are fed
enterally, as (early) enteral nutrition has been shown to improve outcome in a variety of human and veterinary
conditions. Enteral nutrition also promotes gut health through stimulating intestinal contractions and providing
nutrients directly to enterocytes. For patients with a complete inability to tolerate enteral feeding, total or partial
parenteral nutrition is indicated. In some patients that can’t tolerate enteral feeding to meet their full nutritional
requirements, partial parenteral nutrition can be combined with trickle feeding of enteral nutrition.
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is < 7g/dL. Exact transfusion triggers are unknown for veterinary patients. Although rare, dyshaemoglobinemias
do occur in veterinary patients, and are diagnosed using co-oximetry.

Drug selection and dosing
The drugs being administered as well as their dose and route should be re-evaluated every day. Medical errors
occur, but can be quickly rectified with frequent double checks. Each drug should be reviewed for potential
interactions with others being administered. Additionally, each drug should be reviewed in the context of
the current clinical picture. Changes in renal and hepatic function, albumin levels, level of consciousness, etc.
may prompt adjustment to the dose or route being administered. The necessity of each drug should also be
reviewed on a daily basis.
Analgesia
In addition to ethical concerns, the presence of pain has numerous negative physiologic consequences
including increased sympathetic tone, increased myocardial oxygen consumption, decreased GI blood flow,
and promotion of a catabolic state, all of which increase morbidity and mortality. Pain can be very difficult
to identify in critically ill patients, especially cats, but likely affects a higher number of our patients than we
realize. Pain should be regularly evaluated using validated pain scores. Opioids are considered the analgesic of
choice in most critically ill veterinary patients, but side effects such as dysphoria, respiratory depression and
altered GI motility may occur. Multimodal analgesia is often beneficial and may include addition of an NMDA
antagonist, alpha 2 agonists, local anesthetics and other less common therapies (physical therapy, acupuncture,
massage, hydrotherapy, cold packs, laser therapy, etc.).
Nursing care and TLC
The importance of excellent nursing care cannot be overstated. Good nurses will get to know a patient’s
behavior and preferences, and identify important changes at an earlier stage. Attention to cleanliness and
patient comfort positively impact the mental and physical health of the patient. Ensuring that all necessary
treatments are carried out according to the patient care orders is essential, and nursing staff serve as a double
check system to identify any potential errors or confusing instructions. Arranging treatments such that they
provide opportunities for the patient to sleep and maintain normal biorhythms is important. Taking time
to help a patient outside, finding that special food that they will eat and offering comfort are also equally
important as any intervention or medication.
Wounds, bandages, incision site
All wounds and incision/insertion sites should be evaluated daily. Daily inspection of surgical wounds for
evidence of infection, inflammation or dehiscence should occur. All nonsurgical wounds should be cleaned and
bandaged appropriately, with definitive closure being dictated by the nature of the wound. Development of
infection may be indicated by redness, swelling or discharge, and should prompt bacterial culture and changes
to the wound therapy plan. Insertion sites for all tubes and catheters should be inspected daily as well, and at
the sign of infection should be removed or replaced.
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Temperature
Abnormal body temperatures are common in critically ill patients, and core body temperature should be
measured regularly using a rectal thermometer. Severe increases of temperature (>105.5° [40.8°C]), can result in
disseminated intravascular coagulation and other processes that may lead to multiorgan dysfunction. Cooling
of hyperthermic patients can be achieved with fluid therapy and using wet towels with fans. It is important to
understand that fever is not the same as hyperthermia. In a febrile state, the internal temperature of that patient
has been reset in the hypothalamus and actively cooling this patient can cause an increase in body temperature,
whereas hyperthermia is a result of environmental factors and should be treated immediately. Immersion in
cold water results in peripheral vasoconstriction and decreases core heat dissipation. Hypothermia is commonly
associated with anesthesia/sedatives/opioids, severe systemic disease (especially cats), environmental exposure,
and cardiovascular disease/poor perfusion and should be treated with active warming.

Julien Guillaumin, Docteur Veterinaire, Dip ACVECC, Dip ECVECC
Colorado State University, Fort Collins, CO
Definitions
These terms are from the human’s ACCP/SCCM Consensus Conference Definitions: SIRS (Systemic Inflammatory
Response Syndrome) is defined as a condition where local inflammation becomes systemic and affects the
entire body. It can be due to various causes, for example pancreatitis, colic or trauma (including surgical
trauma). It is diagnosed based on 4 criteria. Please note that the 2016 Sepsis 3 definitions do not refine SIRS.
Although sepsis was used to be defined by SIRS caused by an infection, the Sepsis 3 definition defines it as
life-threatening organ dysfunction caused by a dysregulated host response to infection. This new definition
emphasises the primacy of the non-homeostatic host response to infection, the potential lethality that is
considerably in excess of a straightforward infection, and the need for urgent recognition, effectively moving
the new sepsis definition into the slot previously held by severe sepsis. Severe sepsis, previously defined
as sepsis and organ dysfunction or hypoperfusion, was removed from the Sepsis 3 definitions. The quick
sequential (sepsis-related) organ failure assessment (qSOFA) score, using PaO2/FiO2 ratio, platelet number,
bilirubin level, blood pressure or pressure use, Glasgow Coma Scale score, creatinine level and urine output,
is now used to identify sepsis. Septic shock was redefined as a subset of sepsis in which profound circulatory,
cellular and metabolic abnormalities are associated with a greater risk of mortality than with sepsis alone.
Clinical criteria to define septic shock are hypotension requiring use of vasopressors to maintain MAP ≥65
mmHg and having a serum lactate >2 mmol/l persisting despite adequate fluid resuscitation.
SIRS criteria and causes
The clinical criteria for SIRS are based upon an adaptation of human SIRS criteria and there is no consensus
on numbers for SIRS in veterinary medicine (the ranges given below). That being said, the concept is more
important that the numbers, and in order to meet SIRS criteria, your patient needs to meet 2 (dogs) or 3 (cats)
or more of the following 4 criteria:
•H
 eart Rate: usually tachycardia (HR > 120-150 bpm in dogs and 200-225 in cats), but can be bradycardia
(HR < 140 bpm) in cats
• Respiratory Rate: most of the sources agrees for RR > 40 bpm and/or a PaCO2 < 30 mmHg
• Body Temperature: increased (> 103.0-104.0°F) or decreased (<99.0-100.4°F)
• Leukogram: leukopenia (<5,000 WBC/μL) or leukocytosis (>18-20,000 WBC/μL) or left shift (> 5-10% bands)
Remember, the concepts of local inflammation spreading to the entire body and creating systemic signs such
as tachycardia, tachypnoea, fever, and WBC changes, are more important than the actual numbers. Injuries
able to trigger SIRS are very common in practice: immune mediated disease (e.g.immune mediated haemolytic
anaemia), neoplasia, trauma (e.g. hit by car, bite wound, race accident), surgery, especially those with a lot of
tissue trauma, infection (e.g. parvovirus, pyometra), pancreatitis, environmental (e.g. snake envenomation),
burns, heat stroke or ischaemia/reperfusion (e.g. shock, gastric-dilation volvulus).
Multiple organ dysfunction syndrome (MODS)
In SIRS or sepsis, the presence of multiple organ dysfunctions is a very bad prognostic indicator. The more
organs that are dysfunctioning, the higher the mortality rate. In fact, in veterinary medicine, it is commonly
reported that each failing system typically corresponds to a 20% increase in the mortality rate (i.e., an animal
with 3 failing organ systems has an approximate mortality rate of 60%). However, that depends on the type
of organs and the therapy available. Organ systems include (but not limited to): respiratory, cardiovascular,
neurologic, gastrointestinal, coagulation, immune, renal and hepatic systems.
MODS is a multifactorial syndrome that is a result of many insults and injuries that have occurred throughout
the body secondary to SIRS or sepsis. Interestingly enough, the damaged organ can be at a distant site of
the initial injury, for example respiratory failure in a severe necrotizing pancreatitis dog or kidney failure
in a cat with pyothorax. There are multiple reasons for a distant or local organ to fail due to SIRS/sepsis.
Overwhelming pro-inflammatory cytokines are thought to be the starting point and then several events
can occur; 1) Endothelial activation causes activation of the clotting cascade and microthrombosis (causing
ischemia and tissue hypoxia), i.e. progression to disseminated intravascular coagulation (DIC). Remember that
everything pro-inflammatory is pro-coagulant! 2) Direct injury by ROS and complement (Membrane Attack
Complex) resulting in further loss of functional tissue. 3) Direct tissue damage from initial injury (burn, heat
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SIRS, SEPSIS, MODS and Septic Shock

Why should we care?
The reason is that it is very important to be able to recognise SIRS/Sepsis in the early stages and not let it
progress to a more severe form, including MODS or shock. Obviously, not all the patients in SIRS/sepsis will
progress in severe forms, but ALL patients going into severe forms had SIRS/sepsis before. It is therefore
important to include all patients with SIRS/sepsis and put them in a “watch list”. The goal of the recognition
of SIRS/sepsis is to be able to monitor those patients closely. Assessment of point-of-care tests (PCV, TP, blood
glucose, arterial/venous blood gas, lactate, blood smear, etc.) while initiating therapy as well as more extensive
diagnostic work-up (CBC, chemistry, urinalysis, imaging, etc.) after stabilisation is extremely important in
determining the extent of illness and treating SIRS/sepsis patients.
Treatment of SIRS/sepsis - general concepts
The main treatment is finding the source of the injury and removing it. Ancillary treatments include
intravenous fluid therapy titrated to effect, early broad-spectrum antibiotic therapy if indicated by suspected/
confirmed infectious cause, pain control as needed and any additional supportive care. General concepts about
SIRS/sepsis treatments can be summarised by the acronym SAM(P)SON:
• Shock treatment: Early, aggressive resuscitation with fluid therapy, vasopressors and inotropic therapy. Human
guidelines recommend an early goal-directed therapy (EGDT), although the criteria used is a matter of debate.
• Antibiotics: ASAP! With broad-spectrum coverage. Don’t wait until source control is achieved.
• Monitoring: All organs can be affected by organ dysfunction. Cardiovascular system (heart and vessels), kidney,
lungs and coagulation/endothelium systems are part of the most important systems that failure may results
in devastating consequences. See Table 1 for monitoring options for organ failure
• Support of Organ function: See Table 1 for support and treatment options for organ failure
• Nutrition: Early nutrition is important for overall organ support and health, especially the health of the
gastrointestinal system. If the GI lining is injured, bacterial translocation can lead to systemic infection and is
one of the reasons SIRS can progress to sepsis.
• Pain: It is important to relieve suffering with multimodal analgesia.
Guidelines have been published in human medicine, part of the Surviving Sepsis Campaign guideline bundles,
updated every 4 years, updated last in 2018. They will be reviewed during the presentation.
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stroke, trauma). 4) Oedema formation by modification of Starling forces (albumin leaves and endothelial gaps
increase) resulting in increased distance for oxygen diffusion. 5) Microvascular dysfunction and blood vessels
shunting causing loss of tissue perfusion and decrease utilization of oxygen. 6) Apoptosis, or programmed cell
death, triggered by multiple pathways including pro-inflammatory cytokines. 7) Impaired oxygen delivery to
the tissues from hypoperfusion, anaemia and/or hypoxaemia. In conclusion, SIRS/sepsis is extremely common
in practice and every veterinarian is faced with such patients: pyometra, parvovirus, pancreatitis, perforated GI
obstruction in small animal.

Corrin J. Boyd, BSc, BVMS(Hons), GradDipEd, MVetClinStud, MANZCVS, DACVECC
Murdoch University
Physiology of sleep
Sleep is still incompletely understood, despite its clear importance in the lives of humans, dogs, cats, and all other
mammals. It is important for normal brain function and cellular repair throughout the body. Wakefulness is promoted
by the reticular activating system, also known as the ascending arousal system. Sleep is initiated by inhibition of the
arousal system. A number of neurotransmitters are involved, including catecholamines, histamine, acetylcholine,
adenosine, and orexins. Sleep pathways can be initiated by either hormonal signals such as melatonin, based on the
circadian rhythm, or a homeostatic drive for sleep. Sleep is inhibited by sympathetic nervous system activity and cortisol.
Sleep can be broadly split into rapid eye movement (REM) and non-rapid eye movement (NREM) phases. These have
different functions, with cellular repair and immune regulation mainly occurring during NREM sleep, and neurological
functions such as memory formation mainly occurring during REM sleep. Dogs and cats differ substantially in their
normal sleep patterns, whilst the sleep pattern of dogs is similar to humans. Dogs sleep for approximately 10 hours
each day, with the majority occurring at night. They have approximately 20 minute cycles, with 12 minutes of NREM
and 8 minutes of REM. Cats sleep for approximately 12 hours each day with a more flexible, less diurnal rhythm.
Thus, interventions to improve sleep in hospitalised small animals may have to differ depending on the species.
Sleep deprivation in critical illness
Sleep deprivation, both in terms of quality and quantity, is a common problem in humans hospitalised in the
ICU. There is currently no published research on the prevalence or severity of sleep disturbances in hospitalised
small animals, but anecdotal experience suggests they are common and can be severe. Our group is currently
performing pilot research in this area. It is intuitive to state that sleep deprivation is an animal welfare concern.
However, there is a growing body of evidence to support that it has substantial and wide-ranging adverse effects
on many body systems. In humans, sleep deprivation has been associated with impaired immune function,
alteration of neurohormonal axes such as the thyroid and adrenal axes, and alterations in pulmonary mechanics.
Sleep deprivation can also contribute to hospital-associated anxiety, a substantial problem that is further
discussed in the proceedings for Anxiety in hospitalised patients: recognition and management.
Strategies to promote sleep
There is minimal published research investigating methods to promote sleep in hospitalised small animals. This is
also an area where research from critically ill humans is often difficult to extrapolate to small animals. Thus, most
of the recommendations in this section carry a low level of evidence to support them. However, they mostly make
physiologic and practical sense. Further research is urgently needed. The first step is to recognise when the problem
is present. Patients should be monitored for whether they are sleeping. Tracking sleep patterns on patient charts may
identify a sleep problem with a consistent pattern. Assessing whether an animal is undergoing good quality sleep
is challenging, and further research is required in this area. To improve sleep, broad strategies include promoting
an ideal environment for sleep, treating concurrent conditions that inhibit sleep, and pharmacological adjuncts.
Promoting an ideal environment for sleep
Intensive care units are busy places, where noise and light levels are often not conducive to sleep. A study of two
veterinary ICUs showed both high average noise levels and frequent sound spikes, both of which have been shown
to contribute to sleep disruption in hospitalised critically ill humans. Bright lighting can also be disruptive to
sleep, especially when it disrupts the normal circadian rhythm. In human ICU patients, sleep quality can be improved by
the use of earplugs and eye masks. This is not likely to be directly translatable to small animals, which are not expected
to tolerate such interventions. Thus, approaches should centre on the control of environmental sound and light levels.
Protocols can be developed for enforced quiet lights-out time. As caregiver interactions may also disturb sleep, only
strictly necessary patient treatments should be scheduled during this time. ICU design can incorporate quiet areas and
allow for selective illumination of specific portions of the ICU to avoid excessive artificial light. Sound absorbing building
materials can also reduce reverberation time, which is how long sound persists once the source has ceased. Sound can be
masked by white noise or music. Further research is needed into the effectiveness of these strategies in veterinary ICUs.
Treating concurrent conditions that inhibit sleep
Whilst sleep deprivation can contribute to anxiety, untreated anxiety can also contribute to an inability to sleep.
Treatment of anxiety is discussed in the proceedings for Anxiety in hospitalised patients: recognition and management.
Other unpleasant sensations such as discomfort, pain, and dyspnoea may also inhibit sleep and should be treated
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Pharmacological adjuncts
Sedatives may be useful in promoting sleep. However, it should be noted that not all sedatives promote natural
sleep. For example, benzodiazepines may actually impair good-quality sleep by causing an increase in circulating
catecholamines. a2 agonists such as medetomidine or dexmedetomidine provide sedation that more closely mimics
natural sleep than other sedatives. This may be due to convergence on sleep pathways at the locus coeruleus, part
of the ascending arousal system. Medetomidine boluses of 0.5-2.0 mg/kg can be used to assist in initiation of sleep.
Timing of bolus administration to coincide with quiet time and minimal handling is likely to increase benefit.
Administration of a CRI at 0.5-2.0 mg/kg/hour may be beneficial for some patients. Doses should be halved if using
dexmedetomidine rather than medetomidine, but dexmedetomidine may provide less sedation. Given its role
in promoting onset of sleep, oral supplementation of melatonin is an attractive strategy for improving sleep in
the ICU. In one study of critically ill humans, melatonin supplementation was more effective at promoting sleep
than earplugs and eye masks, and led to a significant increase in serum melatonin concentration. Melatonin
has not been investigated as a sleep aid in hospitalised small animals. However, its use for other problems has
provided some preliminary evidence for safety in dogs and cats. Suggested doses include 0.1 mg/kg for dogs and
1.5-6.0 mg (total dose) for cats, 30 minutes prior to the desired onset of sleep.
Conclusion
There is an urgent need for further research into the sleep patterns of hospitalised small animals, the impacts
of sleep disruption, and strategies for promoting sleep. In the meantime, implementation of simple strategies
such as protocols to reduce noise and light levels is inexpensive and likely to be helpful. Medical therapies
such as medetomidine and melatonin could be considered in some cases, however there is currently minimal
evidence to support their efficacy and safety.
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appropriately. It is also prudent to note that some medications will have adverse effects on sleep, such as opioids,
methylxanthines, and sympathomimetics. Attention should be paid to current medications in a patient that is
unable to initiate or sustain sleep.

Julien Guillaumin, Doct. Vet., DACVECC, DECVECC
Colorado State University, Fort Collins, CO
Management of patients suffering from diabetic ketoacidosis (DKA), or hyperglycaemic hyperosmolar syndrome
(HHS), also known as hyper-osmolar, non-ketotic syndrome (HONK) is based on 4 pillars that are fluid therapy,
insulin therapy, management and correction of electrolytes and acid-base abnormalities, and correction of the
precipitating cause.
Fluid therapy in the sick diabetic patient
Fluid therapy in DKA/HHS patients can be challenging due to severe dehydration, osmotic diuresis and
hyponatraemia in these patients. However, basic fluid therapy planning (i.e Which fluid? How much? How
fast?) applies. First, patients with DKA/HHS usually suffer from severe interstitial fluid losses, so they require an
isotonic fluid to replace it. However, changes in serum sodium secondary to the hyperglycemia can make fluid
choice challenging. Patient suffering from diabetes mellitus usually have a normo-osmolar hyponatraemia,
leading to “pseudohyponatraemia”. In diabetes mellitus, high blood sugar induces shift of water from the
intracellular fluid compartment to the extracellular compartment and lead to “sodium dilution”. This is the
reason that hyponatraemia happens in diabetes mellitus, contrary to a common belief that it is due to a
loss of sodium. Actually, osmotic diuresis creates loss of water in excess that sodium, therefore leading to
hypernatraemia. A correction factor can be applied to reveal the “true” sodium concentration, or “corrected Na”.
Traditionally, that correction factor has been 1.6-1.7 mEq/L. It states that for each 100 g/dL increase of blood
glucose above normal (considered 100 g/dL), sodium concentration will drop by 1.6-1.7 mEq/L. This correction
factor has been challenged in human medicine, and it seems that overall, the correction factor should be closer
to 2.4 mEq/L. That correction factor is unknown for dogs and cats. Therefore, when monitoring the changes
in sodium concentration in DKA, corrected sodium should be used to avoid the fear of fast osmotic shifts.
Although 0.9% NaCl has been traditionally viewed as the fluid of choice in DKA due to hyponatraemia, the
vast majority of DKA patients may not suffer from loss of sodium and a higher sodium-containing fluid is not
needed, and will worsens the metabolic acidosis. Therefore, a balanced electrolytes solution with a sodium level
matching (±10 points) the patient’s corrected sodium is a more appropriate choice. Once the fluid type has been
chosen, the clinician must calculate the interstitial volume deficit using classic dehydration parameters. For
example, a 10 kg dog being 8% dehydrated has an 800 mL fluid deficit. The author usually replaces this volume
quickly (over 6-8 hours), while weighting the risks of fluid overload, taking into account age, species, and
comorbidities. The faster speed of replacement is thought to offset the osmotic diuresis. At that volume should
be added the maintenance fluid rate.
Insulin therapy in the sick diabetic patient
Insulin therapy is paramount to shift intravenous glucose into the cells to participate to energy production
in the Krebs cycle and shift metabolic pathways away from fatty acid metabolism, which is ketogenic. A
continuous intravenous regular infusion is recommended to bring harmoniously the BG to a normal range.
The concept is to continuously “bombard” cells with insulin to shift the metabolic pathways from fatty acid
metabolism to glucose use for energy creation. However, for patients with mild and uncomplicated DKA, use of
subcutaneous or intramuscular insulin protocol as an alternative to intravenous insulin has been advocated
in human medicine, and should not be disregarded in veterinary medicine. Human guidelines recommend
a 0.1 unit/kg/hr of regular insulin IV CRI. Veterinarians in the past couple of decades have been relying on a
protocol published in 1993 by Dr Macintire. This protocol calls for an adjustment in insulin rate and dextrose
supplementation as well as as stopping insulin when BG is below 100 mg/dL, whereas current human protocols
recommend not stopping the insulin infusion and just increase dextrose supplementation.
Although some sources have previously recommended withholding insulin therapy until the patient is more
rehydrated, for the fear of unpredictable bioavailability of insulin after SQ or IM route, the use of an intravenous
route makes that recommendation unnecessary. Indeed, a small animal study showed that early insulin
administration is associated with more rapid resolution of DKA without an associated increase in complication
rates. Human guidelines separate treatment for HHS from treatment for DKA. In HHS, they recommend
aggressive correction of dehydration and the maintenance of the BG between 200-300 mg/dL and initiation of
insulin therapy is usually delayed a few hours in order to avoid worsening osmotic shifts. The insulin is started,
with some authors recommending 0.05 unit/kg/hr, whilst others still recommend the same rate of insulin that
DKA patients. Glucose monitoring is important while administering insulin therapy. Traditional blood glucose
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Electrolytes and acid-base disturbances in sick diabetic patients
Hyponatraemia is common in DKA/HHS patients. We have seen earlier that a correction needs to be applied
and the former dogma to have 0.9% NaCl as the fluid of choice should be replaced by an appropriate sodiummatched balanced electrolyte solution. Sodium should be monitored every 4-12 hours depending on the
baseline sodium level and the aggressiveness of treatment on the patient. Sodium should normalize following
isotonic fluid rehydration and treatment of hyperglycaemia with insulin.
Potassium: Despite total-body potassium depletion, mild-to-moderate hyperkalaemia is common in patients
with hyperglycaemic crises. Insulin therapy, correction of acidosis, and volume expansion decrease serum
potassium concentration. To prevent hypokalaemia, potassium replacement is initiated after serum levels fall
below the upper level of normal with the goal to maintain serum potassium levels within the normal range
of 4–5 mEq/l. Most clinicians use the Scott’s sliding scale for potassium supplementation. Alternative to the
fluid supplementation is to use a potassium CRI starting at 0.1 mEq/kg/hr and titrated to effect up to 0.5 mEq/
kg/hr. That may be easier in patient with aggressive fluid rehydration rates or frequently changing fluid rate.
Potassium should be monitored every 6-12 hours in DKA/HHS patients.
Metabolic acidosis: The use of bicarbonate in DKA is controversial as ketone bodies will decrease with treatment
with fluids and insulin, and therefore metabolic acidosis with resolve. Treatment with bicarbonate in DKA in
recommended only with pH values <6.9, and acid-base assessment should be monitored every 4-8 hrs if it is
the case. Usual dose of bicarbonates is 1-2 mEq/kg given over 30 min to 6 hours although a formula to calculate
bicarbonate deficit can be used.
Phosphorous: Despite whole-body phosphate deficits in DKA, serum phosphate is often normal or increased at
presentation. However, phosphate concentration decreases with insulin therapy as intracellular phosphorous
decrease secondary to use in ATP production driven by glucose use in the Krebs’ cycle. Prospective randomized
studies have failed to show any beneficial effect of phosphate replacement on the clinical outcome in DKA in
humans. However, to avoid potential cardiac and skeletal muscle weakness due to hypophosphataemia, careful
phosphate replacement may sometimes be indicated in some patients with documented hypophosphataemia
or clinical signs. Many clinicians provide potassium supplementation with ½ KCl and ½ KPhos. The maximal
rate of phosphate replacement generally regarded as safe to treat severe hypophosphatemia is 4.5 mmol/h (1.5
ml/h of KPO4). Phosphorous levels are usually monitored every 12-24 hours.
References
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monitoring requires blood glucose every 2 hrs and can last for more than 48 hrs, requiring in most patients, the
placement of a central line. A handheld device validated for small animals, with a species-specific code used to
adjust the algorithm by species (i.e. GlucoPet, AlphaTrack 2), should be used. In recent years, continuous glucose
monitoring system (CGMS) (e.g. FreeStyle Libre) have been investigated. They are an interesting alternative to
traditional glucose monitoring and have been used and validated for in-house use in dogs with DKA. A CGMS,
which measure interstitial fluid glucose, has been extensively studied in dogs and humans. Overall clinical
utility of CGMS was acceptable in DKA patients using the FreeStyle Libre in a recent article.

Maxime Cambournac, Dr Vet, Dip. ECVECC, DIU Assistance respiratoire, DU Réanimation, soins-intensifs,
surveillance continue, Certificate of veterinary hemodialysis
Service d’urgences, réanimation et soins-intensifs, CHV Fregis, 94110 Arcueil, France
Being a key component in the effective management of the critically ill patient, hemodynamic monitoring is
concerned with two fundamental different entities : oxygen delivery (DO2) and oxygen consumption (VO2).
While the physical exam has always been the first and simplest form of monitoring, the lack of accuracy has
lead to the use of electronic material. Thus, if the bedside clinician waits for the patient to develop obvious
signs of hypotension before treating cardiovascular decompensation then some level of organ hypoperfusion
has already settled in. Monitoring is not treating but providing clear and comprehensible information to
clinicians, with the final goal of helping in the early management of the undifferentiated unstable patient.
Key concept on shock, hypotension, fluid therapy and volume depletion
A fundamental aspect of the initial resuscitation of a patient in circulatory shock is to restore global blood flow
as soon as possible. Assessment of volume status and appropriate resuscitation can be difficult as physical
examination is not accurate enough to detect compensated states. In the majority of cases, the initial part of
resuscitation presumes a hypovolemic intravascular state requiring immediate fluid administration. However,
in some conditions, fluid administration may not improve cardiac output. Based on this statement, one easily
understands why in studies giving fluids as the initial management of circulatory shock, half of the patients did
not respond to this therapeutic intervention by an increase in cardiac output or blood pressure.1 In other words,
these data suggest that as many as half of all hemodynamically unstable patients are not preload responsive.
While the majority of emergency clinician presumes a state of hypovolemia in the critically ill small animal,
the blind use of fluid resuscitation shock will be ineffective half of the times. Volume responsiveness has been
arbitrarily defined in human medicine as an increase of at least 15% in cardiac output in response to a 500 ml
bolus fluid challenge.2 In this topic, there is a clear physiologic misconception from some clinicians: the presence
of fluid responsiveness does not equate to the need to give fluids. In fact, this only defines a cardiovascular
adaptability status: if fluids are infused cardiac output will increase. But the opposite is true: veterinarian must
conceive that fluid depletion does not necessarily pair to fluid responsiveness. This all has to do with the FrankStarling curves and cardiovascular physiology. From all those statements, the first question should not be if
the patient is volume responsive, but what is the volume status. As such, hemodynamic monitoring is a tool to
accurately determine a patient’ fluid status, determine the needs of fluids as well as prevent overloading.
Assessing hemodynamic status: invasive monitoring
Invasive methods are still considered the gold standard by emergency and/or critical care physician. Among
the available method, invasive blood pressure (IBP) monitoring and derived index, central venous pressure
(CVP) assessment, the FloTrac/Vigileo™ System (Edwards Lifesciences, Irvine CA, USA), the COstatus™ (transonic
systems, Ithaca, NY, USA) but also more invasive methods such as the Pulmonary Artery Catheter (PAC), the Pulse
index Continuous Cardiac Output (PiCCO™) system (Pulsion Medical Systems SE, Munich, Germany), the Lithium
Dilution Cardiac Output (LiDCO™) system (LiDCO Ltd., Cambridge, UK), and the Volume View/EV 1000™ system
(Edwards Lifesciences, Irvine CA, USA) are all dedicated to estimate fluid responsiveness and/or cardiac output.3
As most of our veterinary patient are not fully ventilated, a vast majority of the aforementioned technique may
not be readily applicable. Among the invasive monitoring technique available to veterinarian, central venous
pressure and pulmonary artery catheter are of the most interest, even if some debate is still running. CVP
is a marker of the right atrial pressure, considered as an indirect marker of venous return, and also, to some
degree, of right ventricular function. But, CVP has no value in predicting fluid responsiveness in the critically
ill patient, as it may be influenced by frequent and unpredictable changes in vascular tone, intra-thoracic
pressure, ventricular compliance and myocardial structure.3 Based on the principle of thermodilution, the
pulmonary artery catheter has been widely used to estimate cardiac output and other variables by measuring
the temperature in the pulmonary artery after injecting a bolus of a cold saline solution into the right atrium.
However, the use of those catheters can cause potential life-threatening complications.4 Based on recent
studies, the use of pulmonary artery catheter has strongly declined, because of a negative benefits/injury
ratio.4 Thanks to the technologic evolution, newer devices for hemodynamic monitoring have been developed.
With the goal of evaluating venous and arterial compartment at the same time, these devices require a CVP
catheter and an intra-arterial line. However, in veterinary medicine, such equipment may be cost-prohibitive,
difficult to set-up or, in some case, not applicable.
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Conclusion
For years, veterinarians have performed as an initial step in the evaluation of unstable patients a thorough
physical examination with the attempt to identify clinical findings such as hypotension, tachycardia, altered
mental status, delayed capillary refill, decreased urine output, and cooled skin and extremities. Assessment
of appropriate resuscitation can be difficult since apparent normalization of perfusion may occur, despite a
persistent shock state. Hemodynamic monitoring is used as a tool to determine the volaemic status, guide
fluid administration to give neither too much nor too little. One should always recall that the presence of fluid
responsiveness does not always correlate with the need to give fluids. This only defines a physiological adaptative
capability of increase cardiac output after fluid administration. On the opposite, veterinarian must perfectly
understand that fluid depletion does not necessarily equate to fluid responsiveness. On the hemodynamic
monitoring available, CVP is considered as an indirect marker of venous return, with no value in predicting
fluid responsiveness. Considered as the gold measure in critically ill patient, pulmonary artery catheter use has
decreased drastically considering that risks outweigh benefits. Finally, patient care has evolved to less invasive
monitoring tool, with the ultrasonography being the most captivating one. To the point that its application in
hemodynamic monitoring has positively changed some resuscitation protocols. An initial approach that includes
clinical assessment, basic bedside monitoring and point of care ultrasonography appear to be an interesting
combo. However, the emergency clinician must understand that advanced methods/techniques of hemodynamic
monitoring may still be necessary in complex clinical settings, where the standard methods are reaching limits.
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Assessing hemodynamic status: non-invasive monitoring
Auditory, visual and tactile evaluation constitutes the basics of hemodynamic monitoring. In the majority
of shocked animals, a goal directed history, physical examination and basic bedside data are adequate in
determining appropriate initial interventions. Whilst these elements are subjective, with variable accuracy and
precision, they frequently help in choosing the appropriate advanced monitoring technique. Stevenson and
Perloff in 1989 showed that a combination of peripheral oedema, pulmonary oedema or a raised jugular venous
pressure was associated with a specificity of 100% and sensitivity of 58% for predicting fluid overload.5 Serial
measurements of perfusion biomarkers (mixed venous oxygen saturation (SVO2) and lactate) are effective
to assess oxygenation status. A low SVO2 may suggest the presence of a low cardiac output state, anaemia,
hypoxaemia or an increase in oxygen consumption. On the other side, elevated SVO2 levels in septic animals
may be associated with maldistribution of blood flow or inadequate mitochondrial oxygen utilization. While
both markers are useful to evaluate oxygenation, lactate has been shown to be more useful than SVO2 in
identifying an hypovolemic status.6 International sepsis guidelines recommend a target MAP of ±65 mmHg
in patients with severe sepsis and septic shock and the MAP’s to achieve adequate abdominal, cerebral and
renal perfusion pressures have been recommended as above 60mmHg, 70mmHg and 85 mm Hg respectively.
These variables goals, associated with all the limitations in the non-invasive measurement of blood pressure
monitoring, entangle in predicting end organ perfusion or fluid responsiveness. Furthermore, caution is
required in some scenarios. This is particularly true where the real perfusion pressure is underestimated by
the observed MAP, as seen in intracranial , abdominal hypertension or a limb compartment syndrome. With
an increase in intrathoracic pressure during inspiration in the mechanically ventilated patient, venous return
and stroke volume are both diminished when compared to the expiratory phase of respiration. Pulsatility index
and derived parameters are non-invasive monitoring data based on the change in plethysmography curve
amplitude during breathing.2
The difference is usually by 10%, however in some volume depleted patient, larger differences are frequent.
Therefore, monitoring of SBP, DBP, MAP and PP are representative of pressure, and as such, represent only
crude indicators of perfusion. In such, they have to be associated with clinical findings or other methods
of hemodynamic monitoring. In the past decade there have been significant advance in the application of
ultrasonography as a tool for hemodynamic monitoring. Despite the drawback of being operator dependent and
its associated learning curve, ultrasound imaging is a non-invasive, safe, free of ionizing radiation tool that can be
performed at the bedside.7 Plenty of protocols have been described to assess the circulatory system, or part of.
A poorly contractile myocardium, a low ejection fraction, dilated cardiac chambers, and the presence of comet tail
artefacts or “B-lines” suggest a cardiogenic aetiology. The absence of lung sliding and comet tail artefacts with
the presence of a lung-point sign on lung ultrasonography may suggest a pneumothorax. 7 With regards to the
application of ultrasonography in predicting fluid responsiveness, the majority of methods assess the variation
in blood flow and blood flow velocity with the respiratory cycle. Depending on operator skills and ultrasound
machine technicity, those assessments may rely on 2-dimensional, motion (M) or Doppler modes. From that, the
possible variables can be static (vena cava diameter (mm)) or dynamic (degree of variation in aortic blood flow(l/
min), aortic blood flowvelocity (m/s), peak aortic blood flow velocity (m/s), carotid artery blood flowtime(ms)).
7 Reliability of these methods, and associated parameters are variable, and may change with future studies.

EVECC CONGRESS GHENT 2020

References
1. Parks JK, Elliott AC, Gentilello LM, et al. Systemic hypotension is a late marker of shock after trauma:
a validation study of advanced trauma life support principles in a large national sample. Am J Surg
2006;192:727-31.
2. Applied Physiology of Fluid Resuscitation in Critical Illness, Arshed, Sabrina et al. Critical Care Clinics, Volume
34, Issue 2, 267-277
3. Functional Hemodynamic Monitoring, Pinsky, Michael R., Critical Care Clinics, Volume 31, Issue 1, 89-111
4. Invasive Hemodynamic Monitoring, Magder, Sheldon, Critical Care Clinics, Volume 31, Issue 1, 67-87
5. Stevenson LW, Perloff JK. The limited reliability of physical signs for estimating hemodynamics in chronic
heart failure. JAMA 1989;261:884-8.
6. Velissaris D, Pierrakos C, Scolletta S, de Backer D, Vincent JL. Highmixed venous oxygen saturation levels do not
exclude fluid responsiveness in critically ill septic patients. Crit Care 2011;15:R177.
7. Bedside Ultrasonography for the Intensivist, Cardenas-Garcia, Jose et al. Critical Care Clinics, Volume 31, Issue 1,
43-66

Anne-Christine Merveille AC. DMV, PhD, Dip.ECVIM-CA (cardio)
University of Liège
Congestive heart failure (CHF) is the consequence of retention of an excessive volume of fluid secondary to an
underlying heart disease. This syndrome is the final consequence of a cascade of nervous and endocrine
compensatory mechanisms leading to elevated venous and capillary pressures. Ultimately, venous and capillary
pressures become so elevated that fluid leaks into tissue (i.e. pulmonary oedema) or into body cavity (i.e. pleural
effusion). Patients are considered in CHF when they display clinical signs related to this excessive retention of fluid.
Congestive heart failure in dogs
The most common causes of congestive heart failure in dogs are acquired diseases such a as degenerative
mitral valve disease and dilated cardiomyopathy. Fortunately, clinical signs and management for either cause is
similar. The most common clinical signs associated with CHF are exercise intolerance, increased respiratory rate
and tachycardia. The association between cough and CHF is questionable and cough shouldn’t be use as the
sole indicator of congestive heart failure. Indeed, cough is not specific and can also be seen in dogs with
tracheal collapse, chronic bronchitis, bronchomalacia or other chronic pulmonary parenchymal disease. Both
cardiac and respiratory conditions affect the same target population making difficult for the clinician to
determine the origin of the cough.
Degenerative mitral valve disease typically affects small breed aged dog. Heart murmur is always present in
this disease and there is a correlation with disease severity and murmur intensity. Therefore, dogs in congestive
heart failure, display typically loud or palpable heart murmur over the left apical area. Dilated cardiomyopathy
affects large breed adult dogs. Soft left apical heart murmur may be present but absent heart murmur is also
common due to the severely decreased systolic function. Arrhythmia and femoral pulse deficit are very
common in this disease.
Congestive heart failure in cats
Hypertrophic cardiomyopathy is the most common cause of CHF in cats. The most common clinical findings in
cats with CHF include tachypnoea and dyspnoea. Historically, cough has rarely been associated with CHF in cats
and has most commonly been associated with airway or parenchymal disease. However, a recent study
demonstrated that one quarter of cats presented for dyspnea of cardiac origin had a history of cough.
CHF in cats is characterised by the presence of pulmonary oedema and/or pleural effusion. Diseases that can
exhibit similar clinical findings include asthma, neoplasia, idiopathic chylothorax and many others. Physical
examination findings can give important clues about the underlying cause of the dyspnoea. Cardiac auscultation
may reveal an arrhythmia, a gallop sound, or a murmur. Cats presenting in CHF may also have a slow, normal, or
fast heart rate. Most of them are normo- or hypothermic. Paradoxically, and unlike most dogs, cats in CHF may
have an unremarkable cardiac auscultation.
Diagnosis of CHF in dogs and cats
Stabilisation of the dyspneic patient should be the first goal of the clinician with minimal handling and
minimal stress approach. This first step will facilitate physical examination and/or diagnostic tests. Oxygen
supplementation and mild sedation should be administered to all dyspneic patient. The author prefers to use of
butorphanol 0.3-0.4 mg/kg IM/IV. Based on the initial clinical assessment and level of suspicion of CHF, empirical
furosemide 1-2 mg/kg IM/IV may be administered.
Brief cardiac and thoracic point-of care ultrasound (POCUS) is an useful tool to determine the origin of the
dyspnoea. POCUS is easily performed by a non-cardiologist at the bedside, and cardiac size and function can be
assessed after a minimal training. Typically, in dogs with left-sided CHF, thoracic POCUS reveals the presence of
numerous B-lines within the lung parenchyma associated with an enlarged left atrium on cardiac POCUS.
The association of thoracic and cardiac POCUS is important as B-lines are not specific of cardiogenic pulmonary
oedema and can be seen in various conditions such as aspiration bronchopneumonia, pulmonary contusions,
pulmonary thrombo-embolism and many others. In cats, left atrial maximal diameter on longitudinal fourchamber view greater than 16.5 mm in a dyspnoeic patient is indicative of a cardiac origin of the dyspnea. POCUS
is also performed to determine if pleural effusion is present and if therapeutic thoracocentesis is required.
Thoracic radiographs are a useful tool for definitive diagnosis of cardiogenic pulmonary oedema and to rule out
other causes of respiratory distress. Unfortunately, the clinical status of some animals, especially cats, may
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The N-terminal prohormone of B-type natriuretic peptide (NT-proBNP) is a marker of cardiomyocyte stretch.
NT-proBNP has been shown to increase in cat with occult hypertrophic cardiomyopathy and in cat with CHF.
A point of care test is now available and may facilitate the diagnosis of CHF in cats presenting with respiratory
distress. This test is especially useful to rule out underlying cardiac disease as it has an excellent sensitivity. A
positive test needs confirmation with another imaging modality as false positive exist.
Management of congestive heart failure in dogs and cats
The objective of the management of acute left-sided CHF is to alleviate clinical signs and correct hemodynamic
derangements. Oxygen supplementation and sedation are key features of CHF management. The most effective
agents for the control of signs of congestion are diuretics. In the acute CHF setting, frusemide administered IM
or IV is preferable with a rapid onset of action. Frusemide dose and frequency administration will largely vary
with the severity of clinical signs (from 1-2 mg/kg IM/IV bolus to CRI administration at 0.5-1/mg/kg/h). The use
of frusemide in cats is no different than that from dogs except the dosages used are lower.
Pimobendan (0.25-0.3 mg/kg, PO or 0.15 mg/kg IV) is the second drug to administer in dogs with acute CHF with
a suspicion of degenerative mitral valve disease or dilated cardiomyopathy. This inodilatator will reduce
preload, improve afterload of an unstable patient, and will help to control congestive as well as low-output
signs. This medication should never be administered “blindly” in a dog with loud left basilar systolic murmur as
fixed aortic or pulmonic stenosis is a contra-indication in the use of this drug.
The role of pimobendan in acute CHF in cats for inotropic support is currently unclear and should be
administered on a case-by-case basis.
Following drugs administration, dogs and cats should be allowed to rest in an oxygen-enriched environment,
which allows time for drugs to take effect. Respiratory rate and effort should be monitored closely every 30
minutes and frusemide can be re-administered regularly until breathing improves.
Other drugs such as venodilators (nitrate vasodilators) or balanced vasodilators (nitroprusside) may be helpful
to reduce filling pressures and relieve signs of congestion. However, evidence for the effectiveness of
venodilators is lacking, and nitroprusside can only safely be administered in an ICU setting where patients can
be monitored very carefully.
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make obtaining radiographs difficult. The radiographic hallmarks of left-sided CHF in dogs usually include leftsided cardiomegaly, pulmonary venous distension and pulmonary oedema characterized by perihilar/
caudodorsal interstitial/alveolar pulmonary pattern. It should be noted that pulmonary venous distension is
the least consistent finding and CHF is often diagnosed without overt evidence of it. This is especially true if
frusemide was empirically administered prior to radiographs. Unfortunately, radiographic appearance of CHF
in cats can be a diagnostic challenge. Pleural effusions are frequent and this makes radiographic interpretation
more difficult. The appearance of pulmonary oedema can also be highly variable in cats. It can range from
patchy to diffuse interstitial and/or alveolar infiltrates without a typical distribution location within the
pulmonary parenchyma and pulmonary venous distension is often not visible in cats. Finally, thoracic
radiographs are specific for cardiomegaly but lack of sensitivity as some cats with hypertrophic cardiomyopathy
will not have significant cardiomegaly.

Corrin J. Boyd, BSc, BVMS(Hons), GradDipEd, MVetClinStud, MANZCVS, DACVECC
Murdoch University
Background
Critically ill patients often require intravenous fluid therapy for the treatment of shock, dehydration, or
maintenance of adequate volume and hydration status. There are many options for type of fluid; including
isotonic crystalloids, hypertonic crystalloids, synthetic colloids, and blood products, with each having different
advantages and disadvantages. In addition to the cardiovascular effects of fluids, it is important to consider
effects of fluid therapy on other body systems. Many critically ill patients are at risk of haemorrhage, which can
perpetuate shock and may require blood product transfusion for treatment. Fluid therapy may promote
hypocoagulability through a number of mechanisms and can therefore increase the risk of haemorrhage. Thus,
it is important to understand the effects of fluid therapy on coagulation.
Crystalloids
Isotonic crystalloids contain only electrolytes and water. Thus, intravenous administration will lead to dilution
of all other components of the blood. The resulting decrease in platelet count and plasma coagulation factor
concentrations is termed dilutional thrombocytopenia, and coagulopathy, respectively. For simplicity, I will use
the term ‘dilutional coagulopathy’ to refer to both from hereon. Dilutional coagulopathy is not clinically
significant in the context of administering small-to-moderate volumes of isotonic crystalloid to patients with
normal coagulation function. However, if there are other concurrent mechanisms of thrombocytopenia or
coagulopathy, dilution can compound the problem. This is of critical relevance in haemorrhagic shock, where
there is concurrent loss and consumption of platelets and coagulation factors. Dilutional coagulopathy, along
with acidosis and hypothermia, form the ‘lethal triad’ of physiologic derangements that perpetuate
haemorrhage in trauma. Administration of a large crystalloid bolus to greyhounds with experimentally
induced haemorrhagic shock has been shown to result in a decrease in platelet count and hypocoagulability on
viscoelastic and plasma assays.
Balanced crystalloid solutions may maintain coagulation slightly better than 0.9% NaCl. This may be partly due
to avoidance of hyperchloraemic metabolic acidosis. Additionally, calcium-containing crystalloids such as
Hartmann’s/lactated Ringer’s solution may prevent the dilutional hypocalcaemia seen with large-volume
infusion of calcium-free fluid, the relevance of which is discussed in the proceedings for Calcium balance during
shock resuscitation.
Hypertonic crystalloids, such as 7% NaCl, result in a greater degree of blood volume expansion than the infused
volume, and the degree of dilutional coagulopathy correlates to the amount of blood volume expansion.
Hypertonic saline may also have additional adverse effects on coagulation through osmotic injury to platelets.
Synthetic colloids
Synthetic colloid fluid products contain large molecules of hydroxyethyl starch (HES), modified gelatin, or
dextran. A recent survey showed that HES solutions are the most frequently used synthetic colloid in small
animals. However, both gelatin and dextran use were also reported in Europe and other regions. Similar to
crystalloids, infusion of synthetic colloids may cause dilutional coagulopathy proportional to the degree of
blood volume expansion. Note that this is different to the volume of the infused dose, as a given dose of a
synthetic colloid may cause a greater degree of blood volume expansion than the same dose of crystalloid. In
addition, synthetic colloids have the potential to cause hypocoagulability through other mechanisms, including
non-specific coating of the platelet surface, reduced expression of integrin αIIbβ3, reductions in von Willebrand
factor and factor VIII, and decreased fibrin crosslinking.
There are several generations of HES solutions, with the newer solutions having a lower molecular weight and
degree of substitution, such as HES 130/0.4 (Voluven® and VetStarch™). The newer, low molecular weight HES
solutions were developed in an attempt to reduce the number of adverse effects, including coagulopathy. There
is both in vitro and in vivo evidence for impaired platelet function with high molecular weight HES in dogs.
However, there is still a risk of coagulopathy even with the low molecular weight solutions. In vitro dilution
studies have demonstrated reduced platelet function and hypocoagulability on viscoelastic tests with HES
infusions. In vivo evidence is inconsistent. Healthy dogs showed hypocoagulability and platelet dysfunction
when administered HES 130/0.42, but this may have been partly a dilutional effect as the haematocrit and
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Coagulation effects of fluid therapy

There is smaller body of research into the coagulation effects of fluids containing gelatin in small animals.
However, restrictions to HES distribution have prompted the search for viable alternatives. One older study
showed decreases in von Willebrand Factor antigen, platelet count, and fibrinogen concentration after
administration of oxypolygelatin to healthy dogs. However, as there was no crystalloid control, it is unclear to
what degree this represented dilutional coagulopathy rather than an effect of the gelatin molecules. More
recently, the author’s group has shown substantial platelet dysfunction beyond the effects of dilution, as
measured by closure time, when 4% succinylated gelatin was administered to greyhounds with experimentallyinduced haemorrhagic shock. This platelet dysfunction persisted for at least 3 hours after infusion, and was to a
degree that may increase risk of clinical bleeding. Studies in humans and pigs have also shown evidence of
platelet dysfunction with gelatin. In our dog study, the degree of hypocoagulability present on viscoelastic
testing (ROTEM) and plasma assays was consistent with a dilutional effect. However, in vitro and in vivo
viscoelastic studies in humans have shown evidence of hypocoagulability beyond haemodilution with gelatin.
However, when compared with HES, many studies show less hypocoagulability with gelatin.
Whilst dextran solutions are now rarely available, there is evidence of their ongoing use in Europe. Older
studies in dogs have shown that hypocoagulability and platelet dysfunction are of greater magnitude than
haemodilution or oxypolygelatin. Evidence from humans suggests that hypocoagulability is more profound
with dextran than all other synthetic colloids, and that they are associated with more clinically-relevant
bleeding.
In summary, all synthetic colloids should be considered to have the potential to impair coagulation beyond the
effects of haemodilution alone. They should be used with caution in patients at risk of bleeding.
Blood products
Fresh whole blood from a healthy donor contains functional platelets and all plasma factors necessary for
coagulation; immediate transfusion will promote normal coagulation. However, due to the logistics of blood
donation, this product is rarely available in large volumes. Processing and/or storage of blood products will
affect the concentration and activity of platelets and coagulation factors. Traditionally, it has been believed that
refrigeration of whole blood causes rapid loss of platelet function and coagulation factor activity. Newer
evidence in humans suggests that refrigerated whole blood may actually have adequate platelet and
coagulation factor activity for approximately 14 days and could be a suitable treatment for active haemorrhage.
Similar evidence is starting to emerge in dogs, and our group is doing further research in this area.
For storage, whole blood is commonly processed into packed red blood cells and plasma. The centrifugation
process employed typically renders all platelets non-functional. Fresh plasma contains all coagulation factors.
Traditionally, this is then frozen as fresh frozen plasma, which retains adequate coagulation factor activity for
one year when stored at -30°C. Therefore, administration of fresh frozen plasma will tend to maintain or
improve plasmatic coagulation function but cause a dilutional thrombocytopenia. A major disadvantage of
frozen plasma storage is the time taken to thaw prior to administration, an average of 34.7 minutes in one
study. This has prompted investigation of refrigerated storage of plasma. In the aforementioned study,
refrigerated storage of plasma for 14 days resulted in only minor decreases in coagulation factor activity. Based
on as-yet-unpublished data, our hospital has now extended our refrigerated plasma expiry date to 28 days from
the time of donation (for never-frozen plasma) or thawing (for fresh frozen plasma).
Packed red blood cells do not contain functional platelets or coagulation factors. Transfusion will cause a
dilutional coagulopathy proportional to the degree of blood volume expansion. When large transfusion
volumes are needed, especially in the setting of active haemorrhage, administration of concurrent plasma and
platelet (if available) products is recommended.
Rapid administration of blood products may cause hypocalcaemia due to chelation by the citrate anticoagulant,
the relevance of which is discussed in the proceedings for Calcium balance during shock resuscitation.
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platelet count were significantly lower with HES than the crystalloid control. Models of haemorrhage and
systemic inflammation have shown evidence of hypocoagulability beyond haemodilution using viscoelastic
and plasma assays. However, experimental models of haemorrhage have failed to show specific evidence of
platelet dysfunction. Our group is in the process of analysing clinical trial data from dogs. A single in vitro
dilution study in cats showed viscoelastic evidence of hypocoagulability beyond haemodilution with HES
130/0.42. In humans, hypocoagulability from HES is associated with clinically relevant increases in surgical
blood loss. Evidence for the clinical relevance of hypocoagulability in small animals is lacking.
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Conclusions and clinical relevance
All fluids that do not contain functional platelets and coagulation factors have the potential to cause dilutional
thrombocytopenia and coagulopathy, respectively. Synthetic colloids can impair coagulation by several
additional mechanisms. All of these effects are dose dependent. Careful decisions about both fluid type and
dose are necessary in patients at risk of haemorrhage. Actively bleeding patients may require rapid
administration of blood products. Fresh whole blood provides all blood components. Fresh frozen plasma,
refrigerated plasma, and potentially refrigerated whole blood provide functional coagulation factors, and
refrigerated blood may retain some functional platelets.
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Introduction
The endothelial glycocalyx (EG) is a complex meshwork of membrane-bound and soluble constituents lining
the luminal endothelial surface of all mammalian vessels. The relatively recent discovery of the EG has led to
revising principles imbedded in our practice since centuries and challenged well-established concepts.
The exponential growth of EG-related research has led to its appreciation not only as a structural, but a
dynamic functional entity with crucial roles in health and disease. As part of the endothelium, the EG forms
what is believed to be the largest internal organ involved in the metabolic exchange of all other organ systems.
Systemic damage to the EG therefore has severe consequences, including multiple organ dysfunction. As there
are currently limited therapeutic options for repairing the EG, ensuring this critical structure does not become
damaged is critical.
History
The existence of the EG has been hypothesized since 1931, when Swedish scientists observed a decrease in blood
viscosity with decrease in capillary diameter (Fåhræus–Lindqvist effect). This was attributable to movement of
erythrocytes in the centre of the vessel, leaving a cell-free plasma layer near the wall. Direct visualisation of that
layer proved at the time impossible. A couple of decades later, after observation of the endothelial surfaceplasma interface, the concept of a thin non-cellular “immobile” plasma layer was introduced. In the 1960s,
technological development of light and electron microscopy and the use of specific dyes finally allowed
visualization of the EG. At present, various methods of visualization and estimation reveal the EG to be a 0.5 – 5
µm layer composed of complex sugars lining the endothelial surface.
Structure
The EG is a dynamic structure in a fragile equilibrium between shedding, synthesizing and adding multiple
constituents. Rather than static, it should be viewed as a constantly self-assembling 3D mesh of polysaccharides
and adjacent molecules. Membrane-bound proteoglycans such as syndecans and glypicans form the “backbone”
of the EG. They indiscriminately bind to glycosaminoglycans (GAGs) such as heparan sulphate, chondroitin
sulphate and keratan sulphate. Another GAG, hyaluronan, is only partially bound or found free within the EG
meshwork. The GAG side chains offer numerous protein-binding sites, which determine the unique functions
of proteoglycans and changes of EG structure after various stimuli. Glycoproteins are relatively smaller
membrane-bound proteins. They are comprised of the extensively studied selectin, integrin and immunoglobulin
families, involved with cellular signalling in coagulation and inflammation. Their expression on the endothelial
layer varies with cell activation, adding to the EG structural fluctuations. Soluble constituents such as albumin,
antithrombin, superoxide dismutase as well as GAGs confined within the EG contribute to its barrier and
anticoagulant function and structural stability.
Roles
The EG should be regarded as the sentinel of the endothelium and underlying tissues. Its overall negatively
charged structure makes it an exclusive layer to certain molecules and a major determinant of vascular
permeability. Understanding the EG structure and function has led to revising the Starling principle of
transvascular fluid fluxes. The opposing colloid osmotic and hydrostatic pressure gradients determining filtration
across the capillary wall apply to the EG, rather than the interstitium. While some of the aspects of the revised
Starling principle “hold” in the clinical setting, others remain theoretical and need clinical validation.
The EG influences blood cell-vascular wall interactions, by repelling erythrocytes, platelets and leucocytes in
health and stimulating platelet and leucocyte adhesion in disease. Further than a barrier, the EG acts as a
mechanotransducer of shear stress to the endothelial cells, stimulating nitric oxide (NO) production and
endothelial cytoskeletal reorganization.
The above-mentioned GAG chain variety offers a myriad of docking stations for plasma-derived molecules
influencing the local EG environment. Critical concentration of some molecules enables proper signalling and
receptor binding, mainly involving inflammation and coagulation. When amassed, other molecules, such as
anticoagulants and albumin enhance its protective properties.
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The endothelial glycocalyx: “Vessels look better in Coats, even when it’s hot!”

Hypervolaemia stretches the cardiac atria which results in atrial natriuretic peptide (ANP) release. Besides
stimulating natriuresis to excrete the unnecessary volume via the kidneys, ANP also damages the EG in order to
promote a fluid shift from the intra-vascular to the interstitial space. Detrimental effects of hypervolaemia are
well established in critically ill people with some evidence of a similar negative effect in veterinary medicine.
Damage to the EG leads to increased vascular permeability, interstitial oedema and therefore impaired oxygen
delivery to the tissues. Local activation of coagulation contributes to microcirculatory disturbances. Alteration
of erythrocyte rheology and shape results in reduction in oxygen unloading. Binding of selectins and integrins
activates inflammation. While acting locally, some of those mechanisms are protective. However, when brought
on a systemic scale, they contribute to multiple organ dysfunction and increased mortality.
Therapeutic and protective strategies
Therapies to repair EG damage are early in their experimental phase. They include, but are not limited to MMP
inhibitors, various GAGs as building blocks, synthetic polymers to form an EG exoskeleton. However, none of
them is commercially available. Albumin has received a lot of attention as a protector of the EG. It is suggested
that the positively charged arginine residues of albumin bind to GAGs and stabilize the EG structure.
Additionally, albumin seems to bind the sphingosine-1-phosphate, mitigating the effects of MMPs.
Controversially, large randomized clinical trials have failed to demonstrate improvement in mortality after
administrating exogenous albumin in critically ill patients at physiological target levels. Interestingly,
oestrogens have been demonstrated to protect the EG. Indeed, gender differences in response to trauma and
sepsis have been previously established. It is possible that the protective effects of oestrogens on the EG
contribute to the observed lesser susceptibility of females. While research is underway, currently the only
realistic protective strategy remains avoiding hypervolaemia and rationalizing fluid therapy.
Evaluation of EG integrity
Direct methods of visualization such as transmission, scanning or confocal fluorescent microscopy are currently
reserved to the experimental setting. This is mainly because to date they require perfusion of the entire organ
or subject with fixator fluid in order to preserve the EG for staining, prohibiting their use on alive patients.
One promising bed-side method of evaluation is side-stream dark field microscopy and proprietary software,
calculating erythrocyte perfused boundary region in capillaries as a surrogate for EG thickness. Numerous
studies in people have shown good feasibility and repeatability in healthy and diseased subjects. The standard
site for image acquisition is the sublingual mucosa. Reference intervals have been established in dogs and cats
with other species underway. Limitations in veterinary medicine include necessity to anaesthetize as well as
patient size. The overall limitation is using one capillary bed as a surrogate for overall capillary perfusion.
Measuring shed glycocalyx constituents represents another method of evaluating EG integrity (or rather
degradation). Syndecan-1 has been established as a biomarker for EG degradation in people and linked to
negative prognosis in sepsis and other systemic inflammatory states. Countless commercial Syndecan-1 ELISA
kits are available for use in people and other species. Nevertheless, attempts use those in veterinary clinical
research in critically ill patients remain unsatisfying. This may lie in variation in structure and robustness of the
EG among species. Furthermore, differences between the antibodies used might contribute to these
discrepancies. Overall limitation of those methods includes lack of understanding of shedding patterns, timing
of sampling in the course of disease and little evidence of the interactions between the various EG components.
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Damage to the EG
Systemic inflammatory states such as sepsis, severe trauma and ischaemia reperfusion injury damage the EG.
The mechanism is multifactorial. It involves TNF-α-induced heparinase upregulation resulting in cleaving of
GAGs from the proteoglycans, reactive oxygen species formation leading to protein oxidation and matrix
metalloproteinases (MMPs) activation leading to cleaving of proteoglycans (such as syndecans) from their
ectodomains. Furthermore, lipopolysaccharide might be directly involved in those processes in Gram-negative
sepsis. Direct damage to the endothelium by adrenergic hyperactivation is also proposed as a contributing
factor. Cleavage of proteoglycans leads to exposure of the “underlying” glycoproteins, resulting in cellular
activation, leucocyte and platelet adhesion and further promoting inflammation and coagulation. Furthermore,
shed glycocalyx constituents, namely heparan sulphate act as damage-associated molecular patterns, which
when released systemically perpetuate inflammation. Additionally, heparan sulphate is believed to lead to
systemic auto-heparinization contributing to bleeding tendencies.
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Conclusion
What we know is that the discovery and study of the EG is reshaping medicine specifically in anaesthesia and
critical care, but also in chronic processes such as diabetes, atherosclerosis and cancer. It is a fragile and
dynamic structure stretching throughout the whole body, intensively involved in multiple metabolic processes.
Its damage exacerbates disease processes, potentially contributing to increased mortality. What we need to find
out is more about the relationship between integrity and functionality of the EG. What degree of damage is
necessary to impair its functions? Are therapeutic strategies specifically in critical illness truly necessary, or is
protecting it sufficient? Does EG damage independently negatively influence outcomes or is it an
epiphenomenon in the course of disease? In veterinary medicine, we need to aim our research efforts towards
evaluating potential species-specific differences, including critically ill patient cohorts and establishing our own
guidelines. And finally, in practice it adds another question to our decision-making tree when prescribing
medicines (namely fluids): “Is my patient’s disease associated with damage to the EG or is its EG intact?”
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Introduction
There are currently two scenarios if one finds oneself in isolation because of COVID-19. The less common is the
aerobic single cell organism scenario, in which one’s isolation area offers all necessary food and household
items in proximity (either a stash in the closet, a fruitful garden, or both). Most of humanity however is not
self-sufficient, and everyday life depends on a complex supply chain, which is further complicated by isolation.
Thus, the second scenario is the case of the multi-cell organism. In this scenario, the organism relies on a
delivery system to their doorstep, and subsequent removal of their waste. This reality for the author, is a fitting
metaphor for the body, where the lungs and gut provide oxygen, food, and water, while the heart and vessels
are responsible for logistics – moving the “goods” around.
Since the discovery of the sphygmomanometer in the beginning of the 20th century, medicine has been
preoccupied with “delivery”. Shock was equated with hypotension and restoring blood pressure equated with
reversing shock. A few years and wars later in 1970, Swan and Ganz gave birth to the bed-side pulmonary artery
catheter and hypotension’s handsomer cousin – cardiac output - gained popularity and “stole the show” in ICUs.
As with every new diva, especially the invasive types, Swan-Ganz catheterisation had its time of glory. Until, over
the last two decades it was replaced by less invasive “new kids on the block”. Nevertheless, for the better part of
the 20th century, targeting adequate oxygen delivery was equated with adequate patient care.
Today, medicine has successfully conquered the diagnosis of macrocirculatory abnormalities. An arsenal of
fluids, vasopressors, positive inotropes, even good old cortisone and vitamin C are at our disposal to treat.
Despite challenges of obtaining suitable equipment, patient size, mobility and financial limitations, veterinary
medicine is following in human medicine’s footsteps. We excel at restoring macrohaemodynamic parameters
to their norm in our patients.
During a pandemic, food supply to supermarkets is deemed essential. Similarly, the macrocirculation is
essential to oxygen delivery to the tissues. There is, however, a distinct difference between the work of large
vessels and small vessels as “logistics”. Macrocirculation does indeed bring the goods into “the neighbourhood
supermarket”. Nevertheless, it is up to microcirculation to deliver them to the “cellular doorstep”. Obviously, if
the supermarkets are empty, there won’t be a doorstep delivery either. This is how macrohaemodynamic
disturbances influence microcirculation. Being isolated from the supermarket, on the other hand, well supplied
as it may be, requires a benevolent neighbour to bring “goods” to the doorstep, otherwise one might still end up
starving. The following is a short description of tools that evaluate the benevolence of your neighbour to bring
supplies over while one is in self-isolation and making sure that they are picked up.
Local perfusion:
Mucous membrane colour and capillary refill time (CRT) are an essential part of the physical examination. They
can reflect the presence of a specific problem (e.g. icterus, anaemia), but also peripheral vasoconstriction and
vasodilation. Empirically accepted “grey” or “muddy” mucous membranes are considered a sign of
decompensated shock. “Skin mottling”, considered the equivalent of “muddy” mucous membranes in people, is
a result of heterogenous small vessel vasoconstriction and a sign of hypoperfusion. Higher scores of skin
mottling are associated with poorer outcomes in ICU patients. The capillary refill time correlates well with
serum lactate and urinary output in people. Septic shock patients with a prolonged CRT have a higher risk of
mortality. Evaluating mucous membrane colour and CRT is non-invasive and easily performed. It is, however,
limited by inter-individual and inter-observer variability. Interestingly, the evidence of the usefulness of those
clinical parameters is veterinary medicine is scarce.
Peripheral perfusion index is a ratio between the pulsatile and non-pulsatile component of absorbed light, and
calculated by specific pulse oximeters. Given that only arterial vessels are affected by vasoconstriction or
dilation, it could be considered as a non-invasive measure of peripheral perfusion. In states of hypoperfusion,
constriction of arterioles decreases PPI. Studies have shown the feasibility of measuring the PPI in people with
shock, and the diagnostic utility of doing so. However, there is high inter-individual variability limiting the tool.
In one study in healthy dogs undergoing ovariohysterectomy, PPI did not correlate with lactate concentrations.
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The “Business end” of capillaries and cellular energy production - assessment of
microcirculation, tissue perfusion and oxygen consumption

Transcutaneous blood gas monitoring offers the possibility to continuously evaluate partial pressure of oxygen
and carbon dioxide in tissues. In people the tool is mostly used in neonate ICUs where arterial sampling is
challenging. Correlation between tissue and arterial oxygen and carbon dioxide tension in dogs admitted to
the ICU was only moderate. However, it offers possibilities in assessing tissue metabolism rather than being a
surrogate for arterial blood gas evaluation.
Side stream dark field videomicroscopy for real-time visualization of capillaries has been the subject of extensive
research in human medicine, with some experimental and clinical studies in veterinary medicine. The device
emits light in the haemoglobin absorbance wavelengths for image acquisition. Perfused capillaries appear dark
on a bright background. Capillary beds are assessed for density, and the proportion of perfused vessels is
calculated, among other microcirculatory parameters. The methodology has come a long way from operators
having to manually evaluate images, to the availability of custom software that includes image stabilisers that
improve the precision of data acquisition, and automatically calculates the parameter measurements.
Furthermore, novel software (GlycocheckTM) allows estimation of the endothelial glycocalyx thickness using the
same technology.
Global perfusion
Lactate is an established biomarker of hypoperfusion and reduced tissue oxygen consumption. Most commonly,
hyperlactataemia will result from decreased oxygen delivery to the tissues. However, it can be also present
despite adequate oxygen delivery as a result of microcirculatory derangements, mitochondrial dysfunction or
stimulation of aerobic glycolysis. Therefore, it can reflect the inability of the tissues to use oxygen. Lactate
concentrations are also affected by reduced clearance, drug administration, and the type of disease process
itself, which should be factored in result interpretation. The reader is referred to a two-part state of the art
review by Rosenstein et al (JVECC 2018) on the clinical use of plasma lactate concentrations.
Venous oxygen saturation (SvO2) is widely used as a marker for hypoperfusion and increased tissue oxygen
extraction, including in the early goal-directed therapy for sepsis in people. As oxygen delivery decreases, tissues
will extract more oxygen, which will result in a decreased SvO2. Classically, mixed venous oxygen saturation
(SvO2) obtained from a pulmonary artery catheter was used. However, in the present day it has been replaced
with central venous oxygen saturation (ScvO2), which requires only a central venous catheter. While most of the
literature focuses on decreases in SvO2 as a result of increased oxygen extraction, studies in people have
demonstrated that increased SvO2 is associated with higher mortality as a result of the inability of the tissue to
extract oxygen (cellular or mitochondrial dysfunction). The reader is referred to a clinical practice review by
Walton and Hansen (JVECC 2018) for further information on SvO2 in critical illness.
Conclusion
In the beginning of the 20th century, critical care medicine leaped forward following the recognition of the
importance of macrohaemodynamic derangements. This led to the development of various tools for evaluating
and monitoring treatment of those derangements. It is now well known that all those tools come with
advantages and shortcomings, and are best not used separately, but rather as a toolbox. Excelling at restoring
macrohaemodynamics has taken medicine about a century. The beginning of the 21st century is marked by an
understanding that cells exist in constant “isolation”, and rely on “neighbours” for food. Microcirculatory and
cellular derangements play as important a role as macrocirculation does, in the morbidity and mortality of
critical illness, and less critical diseases. Advances in technology allow us to add to “the toolbox”, which
facilitates the diagnosis and management of microcirculatory derangements. Whether all the presented tools
have their place in veterinary practice remains to be discovered, as they are all novel, and data are lacking. We
can only hope it takes us less than a century to excel at treating “the business end of capillaries”.
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Tissue oxygen saturation can be measured via near-infrared spectroscopy. Similarly to an oximeter, a difference in
light absorption between oxy- and deoxyhaemoglobin is detected in small vessels and can be measured
transcutaneously. Tissue oxygen saturation (StO2) has been measured in patients with shock, and following
surgical and naturally occurring trauma. Studies in septic patients also exist with some controversy surrounding
the utility of the tool. Experimental studies in anaesthetized dogs have determined a good correlation between
StO2 and other indices of tissue oxygen delivery. Clinical studies in small groups of dogs with haemorrhage and
naturally occurring shock, have determined the feasibility of the technique, and have found the StO2 correlates
with other shock parameters, and the severity of illness. The reader is referred to a review by Salcedo et al (JVECC
2016) for further information of the application of non-invasive tissue oxygen monitoring.

Claire R. Sharp, BSc, BVMS, MS, DACVECC; Senior Lecturer
School of Veterinary Medicine, Murdoch University, Murdoch, Australia
The ability to provide blood product transfusions is an integral part of practice in emergency and critical care.
Classically the transfusion practice of individual veterinarians has been dictated by their practice setting. That
is, veterinarians in smaller practices have generally performed fresh whole blood transfusion directly from
donor to recipient, while those in larger practices with blood banks have transfused blood components. This has
changed somewhat with the increased commercial availability of blood products supplied by commercial blood
banks, and will likely continue to change as novel transfusion products becoming increasingly available.
In recent decades, separation of blood into its components (packed red blood cells, plasma, and platelets) has
been thought to be the ideal approach to blood banking and transfusion medicine. The theoretical advantage is
that the blood bank is able to make the most of each unit of blood obtained from a donor, and from the patient
perspective the patient can receive only the component that is required thereby reducing potential adverse
effects. However, transfusion medicine and blood banking are active areas of research both in human and
veterinary medicine and new research is challenging the classic paradigms in the field. This lecture will review
some of the novel and emerging concepts in transfusion medicine.
Packed red blood cells
One of the challenges with traditional component therapy is the storage conditions required for these
products. Packed red blood cells can be stored refrigerated with a preservative, however they degrade over time,
and develop ‘storage lesions’ which may adversely impact the recipient. Recent research has focused both on
the duration of storage, and leukoreduction (LR) to mitigate the storage lesion.
With regard to the duration of pRBC storage the jury is still out as to whether it affects patient outcome, but
there is some evidence in patients with IMHA that using younger pRBCs improves outcome.1 As such this has
made it into the ACVIM Consensus Statement recommendations for the treatment of IMHA, specifically
Recommendation 4 states “Fresh pRBCs, ideally no older than 7-10 days, are recommended for use in dogs with
IMHA. If these are not available, older units may be used but may be associated with greater risk of
complications and increased mortality.”
Similarly, more research is needed with regard to LR in veterinary medicine. In human medicine LR has been
widely adopted given evidence of benefit, particularly in reducing the rate of febrile non-haemolytic
transfusion reactions (FNHTRs). What we know is that LR of pRBCs prior to storage and transfusion reduces the
recipient inflammatory response to transfusion in healthy dogs, however the potential impact in sick dogs in
not known. Recently a small randomized blinded clinical trial was conducted by our group to assess the effect
of LR on post-transfusion inflammation in critically ill dogs by comparing inflammatory markers, including
leukocyte count, inflammatory cytokines, and C-reactive protein (CRP), over time after receiving either LR or
non-LR pRBCs. In total 43 dogs received LR blood, while 27 received non-LR pRBCs. This study was NOT able to
show that LR mitigated the post-transfusion inflammatory response since there was no significant difference
between groups in change in leukocyte count, inflammatory cytokines, CRP or body temperature over time.
Further work in critically ill dogs, perhaps in more homogenous populations, is needed.
Plasma
Fresh frozen plasma (FFP) has been the go-to product for provision of clotting factors to dogs and cats with
clinically significant coagulopathy. Fresh frozen plasma is easily stored frozen, however can be frustrating to
access in an emergency situation given the time required to thaw. One study showed that the average time to
thaw a unit of FFP in a warm water bath was about 35 minutes. A more recent study compared various methods
to thaw ½ units of plasma (120mL) and found that thawing in a running water bath was more rapid than a dry
plasma thawer or warm water bath. Nonetheless, the delay to thaw is less than ideal for patient with lifethreatening haemorrhage that require plasma. As such, refrigerated plasma is commonly used in human
medicine, and being investigated in veterinary medicine.
Human hospital blood banks stock two types of liquid plasma: NEVER-FROZEN liquid plasma and THAWED
liquid plasma (ie. thawed from FFP or frozen plasma). The ‘shelf-life’ of human NEVER-FROZEN liquid plasma is
considered to be between 26 and 40 days, however, regulations regarding storage duration vary between
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Novel transfusion methods

Only two published studies have evaluated the effects of storage on clotting factor stability in canine NEVERFROZEN and THAWED liquid plasma under veterinary blood banking conditions. The first veterinary study of
canine NEVER-FROZEN liquid plasma documented that storage of canine plasma at 2-4°C did not have any
significant effect on haemostatic parameters including one-stage prothrombin time, activated partial
thromboplastin time, or fibrinogen concentration. Another study investigated the efficacy of canine liquid
plasma stored up to 14 days, demonstrating that while refrigerated storage resulted in decreases in clotting
factor activity and prolongation of clotting times, all values remained within the reference intervals, suggesting
that the product would likely be clinically efficacious. Our group has recently performed a follow-up study that
showed that although clotting factor activity decreases over time, it is adequate in canine NEVER-FROZEN liquid
plasma up to 32 days, and THAWED liquid plasma up to 28 days.(Chee W, Sharp CR et al. Unpublished data)
It is also possible that other canine plasma products will be available in the near future, as commercial blood
banks are investigating canine freeze dried plasma. Lyophilized cryoprecipitate has been a revolutionary change
in the United States, and it is likely that similar canine plasma products will be available in the future.
Platelets
Platelet product transfusions are the least commonly used blood component in veterinary medicine.
Occasionally veterinary blood banks will make platelet rich plasma, but unfortunately, these products are not
readily available for the average veterinary clinic.
In human medicine, platelets are commonly stored at room temperature for 3-5 days with constant gentle
rocking. Platelets are particularly valuable as part of 1:1:1 transfusions for trauma patients with massive
haemorrhage. Unfortunately given the lower demand in veterinary medicine it is not practical for veterinary
blood banks to have fresh, warm, platelets available at all times.
Cryopreserved platelets are one option for storing platelets for transfusion in dogs, and various approaches to
cryopreservation have been reported. A retrospective study reported the use of cryopreserved platelet
concentrate in 43 dogs, documenting that 30% had improvement in regard to their clinical bleeding, however
the true utility of this product is difficult to assess in a retrospective fashion.
A new kid on the block in the veterinary world is lyophilized platelets produced by Bode Vet. This product
(StablePlate Rx) is stable at room temperature for 2 years, and just requires rehydration prior to administration.
Each vial (which reconstitutes to a volume of 8mL) contains 1.5 x 1010 particles per vial. Studies of the efficacy of
this product are ongoing.
Another option for ‘cold platelets’ is just refrigerating them. Recent studies in humans have shown that
platelets stored at 4C are useful for arresting haemorrhage in bleeding patients. It is quite evident from the
literature that although cold storage of platelets does result in morphologic and metabolic changes in the
platelets, they retain their haemostatic function, and in some cases their in vitro function may even be
increased.
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University of Liège
Cardiac point of care ultrasound (POCUS) is a “goal-oriented” echocardiogram perform by a non-cardiologist to
answer specific questions in an emergency setting. Heart chamber sizes are traditionally assessed during this
exam. Left ventricular (LV) systolic function assessment is another specific question the clinician should address
at the bedside of the patient. Indeed, the rapid detection of left ventricular systolic dysfunction is an important
step in the clinical management of some patients.
How to assess systolic function during cardiac POCUS?
Right parasternal long axis four chamber view and short-axis transventricular view are traditionally used to
assess left ventricular systolic function. Left ventricular systolic function can be assessed qualitatively on visual
inspection “eye-balling”. This method requires some experience, which can be attained only through lots of
training. Different methods are available to quantitively assess left ventricular systolic function by measuring
transversal fractional shortening (FS) or calculating the ejection fraction (EF) by Simpson’s planimetry.
Fractional shortening is defined as the fraction of left ventricular dimension in diastole that is lost in systole
and can be calculated with the following formula:
FS= (LVIDd – LVIDs) / LVIDd
(LVIDd: Left ventricular internal diameter in diastole; LVIDs: Left ventricular internal diameter in systole).
FS below 25 % usually indicates the presence of systolic dysfunction. Left ventricular ejection fraction is the
volumetric fraction of blood ejected by the left ventricle with each contraction. EF is calculated by dividing the
volume of blood pumped from the left ventricle per beat (stroke volume) by the volume of blood at the end of
diastolic filling (end-diastolic volume) according to the following formula:
EF= (EDV-ESV) / EDV
(EDV: End-diastolic volume; ESV: End-systolic volume)
EF is usually above 40% in healthy dogs.
Pitfalls associated with these parameters
These two quantitative measurements traditionally used to assess systolic function have several pitfalls. First,
they are extremely load-dependent and modifications of preload and/or afterload will significantly impact their
values (see below). Therefore, these parameters cannot be interpreted as an index of contractility without
knowledge of LV loads. FS only reflects transversal contractility and does not take into account longitudinal or
circumferential contractility. As for EF based on estimations of LV volume that requires inferences about
ventricular shape in order to estimate a 3D volume from a 2D image. Furthermore, accurate estimates require
excellent image acquisition and quality without foreshortening the LV. These parameters are also impacted by
conduction disorders (bundle branch block) or tachycardic states. In summary, factors influencing left
ventricular systolic function assessment and cardiac output are preload, afterload, heart rate and contractility.
Preload and afterload affect systolic function interpretation
Preload changes are certainly the most common situation in the emergency room that might alter systolic
function interpretation. Hypovolaemia alters systolic function by reducing preload. First, because it decreases
the end-diastolic diameter/volume and therefore “falsely” decreases FS and EF. Second, reduced preload is
associated with reduced contractility according to the ascending part of the Frank-Starling curve. Systolic
function assessment in the hypovolaemic patient should therefore be interpreted cautiously. Repeat POCUS
after fluid resuscitation should also be encouraged to reassess systolic function in these cases.
Significant mitral regurgitation increases preload and reduces afterload leading to a hyperdynamic LV.
Ventricular volume (preload) is increased in mitral regurgitation due to volume retention, remodeling and
increased left ventricular filling pressures. This increases contractility by the Frank-Starling effect. Conversely,
afterload is reduced due to retrograde LV stroke volume that is ejected into the left atrium even before ejection
into the aorta. Therefore, in dogs affected by significant degenerative mitral valve disease, the clinician should
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How to interpret systolic function in the Emergency Room?

Several studies have shown that LVEF is even more influenced by afterload changes. It has been particularly
documented in patients presented for septic shock. Impaired intrinsic contractility (septic cardiomyopathy) and
vasoplegia are the hallmarks of haemodynamic disorders in septic shock. Under these conditions, a normal
systolic function may not necessarily indicate normal contractility, but rather reflects a severely decreased
afterload. Similarly, a subjectively low systolic function in a hypotensive patient would support the diagnosis of
severely depressed contractility. It is particularly important in these patients to perform serial cardiac POCUS as
norepinephrine infusion may unmask poor intrinsic LV contractility which is common in septic cardiomyopathy.
On the other hand, acute increase in afterload (hypertensive crisis) will be responsible for subjectively decreased
LV systolic function.
Altered LV geometry is another component that affects systolic function interpretation.
In athletes with an enlarged LV cavity (eccentric hypertrophy), marginally lower EF may be obtained. On the
other hand, supranormal EFs are often measured in various forms of LV concentric hypertrophy without
changes in contractility per se.
Arrhythmia and conduction disturbances are another pitfall in assessment of systolic function
Atrial fibrillation, tachycardia or abnormal ventricular depolarization pattern may alter systolic function.
The influence of heart rate on systolic function has been demonstrated several decades ago. LVEF decreases
progressively as heart rate increases. In humans, heart rate must be increased by about 30 beats per minute or
greater within the physiologic range to reduce ejection fraction significantly. Therefore, systolic function should
be assessed carefully in dogs and cats displaying very fast heart rates and rechecked when heart rate returns to
physiological range.
Data in humans have shown that atrial fibrillation characterized by a variable RR interval affects LVEF. Stroke
volume of a given beat is affected by the cycle length of preceding RR-intervals. Furthermore, beat-to-beat
variability in stroke volume increases as heart rate increases in AF patients. Therefore, in the context of AF the
emergency clinician should assess systolic function averaged over several beats, ideally avoiding fast heart rate.
Bundle branch block or ventricular premature complexes may be responsible for dyssynchronous ventricular
contraction. In this situation, the largest LV volume does not necessarily correspond to the end-diastolic volume,
which may impede the performed LVEF measurement.
Various factors in the emergency setting can affect systolic function. The clinician should only suspect systolic
dysfunction and treat it after assessing afterload, preload and heart rate/rhythm for a specific patient.
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expect a hyperdynamic ventricular contraction. A subjectively “normal” systolic function in these patients
indicates end-stage heart disease with severe systolic dysfunction.

Claire R. Sharp, BSc, BVMS(Hons), MS, DACVECC
Murdoch University, Murdoch, Australia
The American College of Veterinary ECC (ACVECC) established the CURATIVE initiative to develop evidence-based
consensus guidelines for the use of antithrombotics in dogs and cats. Five domains were established, and
worksheets designed within each domain, to review the relevant literature (veterinary, human, animal models),
and develop guidelines. Reviewed research was categorised by levels of evidence, and study quality was reported.
Following the creation of initial guidelines, a Delphi survey format was undertaken to develop consensus among
the group members. Ultimately these guidelines were published in the January-February issue of the Journal of
Veterinary Emergency and Critical Care (JVECC). An additional manuscript demonstrating an approach to the
clinical application of the guidelines was published in the March-April issue of JVECC. For the purposes of
keeping these proceedings manageable, the guidelines are summarised in tables herein, but a lot of important
detail is lost. It is recommended that the reader peruse the guidelines themselves before applying them in
clinical practice. Note that the guidelines do not differentiate between the use of these medications in patients
at risk of thrombosis but without current thrombosis, from those with existing thrombosis.
These proceedings summarise the guidelines, while the case based presentation will apply the guidelines to
cases, as is done in the referenced clinical application paper.
Domain 1: Defining populations at risk
Domain 1 focused on defining populations at risk of thrombosis. It was immediately apparent that the majority
of the literature regarding risk of thrombosis was focused on dogs, rather than cats. The exception being a
reasonable amount of literature on cats with aortic thromboembolism, and hence a strong recommendation
for the use of antithrombotics in cats with cardiomyopathy. Otherwise, the guidelines are quite skewed to dogs.
The hope is that in the next iteration of the guidelines, additional information specific to risk for thrombosis in
cats will be included. Based on the available literature various conditions were considered to be associated with
thrombosis, where relatively more evidence was available in the literature for this risk of thrombosis the risk
was considered strong, and concurrently antithrombotic therapy was strongly recommended. Where evidence
for the risk was weak, recommendations for antithrombotic therapy were presented as “consider”, “no”, or
“insufficient evidence”. Guidelines are summarised in the table:
Condition

Thrombosis risk Antithrombotics recommended…?
Yes
Consider
No
Yes,
strongly
Strong
✔
Yes
✔
Yes
✔
Yes
✔

IMHA (dogs only)
PLN (dogs only)
Pancreatitis (dogs only)
Glucocorticoid administration
(dogs only)
Hyperadrenocorticism
(dogs only)
Cancer (dogs only)
Sepsis (dogs only)

Yes
Weak

Feline cardiomyopathy

Strong

Heart disease (dogs)

Weak

Weak

Insufficient
evidence

✔
✔
✔
✔
✔

Additionally, domain 1 guidelines defined high vs. low/moderate risk of thrombosis. High risk for thrombosis (1.1)
= dogs with IMHA or PLN, cats with cardiomyopathy & associated risk factors (See 1.9), and dogs and cats with
more than one disease/risk factor for thrombosis (eg, pancreatitis with sepsis). Low/moderate risk (1.2) for
thrombosis = dogs or cats with a single risk factor/disease, and dogs or cats with known risk factor conditions
that, with treatment, are likely to resolve in days-weeks.
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Curative (Consensus on the Rational use of Antithrombotics in Veterinary Critical Care);
Case-based application

Comparison
VTE prevention
ATE prevention

Choice of
antiplatelet
agent
Choice of
anticoagulant
agent

CURATIVE Domain 2 Guidelines
Suggest anticoagulants > antiplatelet agents (2.1 dogs, and 2.2 cats)
Suggest antiplatelet agents > anticoagulants in dogs
(2.3, but anticoagulants may also be effective)
Recommend antiplatelet agents in cats
(2.4, but no EB recommendations for anticoagulants)
Suggest clopidogrel > aspirin in dogs (2.5)
Recommend clopidogrel > aspirin in cats for ATE (2.6 No EB in VTE)
Insufficient evidence for newer antiplatelet agents vs. clopidogrel or aspirin in dogs &
cats (2.7,2.8)
Suggest LMWH > UFH (2.9 dogs, 2.10 cats)
Suggest direct Xa inhibitors > UFH (2.11 dogs, 2.12 cats)
Suggest either direct Xa inhibitors or LMWH is reasonable (2.13 dogs, 2.14 cats)
Suggest UFH or LMWH in preference to warfarin (2.15 dogs, cats)
Suggest direct Xa inhibitors in reference to warfarin (2.16 dogs, cats)
Suggest in patients at high risk of VTE (2.17 dogs, 2.18 cats, benefit > risk)
Suggest in patients at high risk of ATE (2.19 dogs, 2.20 cats, benefit > risk)

Combination
antiplatelet
agent +
anticoagulant
Abbreviations: EB (evidence based), unfractionated heparin (UFH), low molecular weight (LMWH)

Information regarding Domain 3. Defining evidence-based protocols, and Domain 4. Refining and monitoring
antithrombotic therapies is compiled in the table below.
Drug
Indication(s)
Antiplatelet agents
Aspirin
ATE (dogs)

Dogs

Clopidogrel

1.1-3.0 mg/kg PO q24h
+/- loading dose
(4-10mg/kg)

ATE
(dogs, cats)

No recommendation for specific dose

Anticoagulants
Warfarin
Should not be used in dogs or cats
UFH
Dalteparin

VTE, high risk
combination

VTE, high risk
combination
Enoxaparin
VTE, high risk
combination
Fondaparinux VTE, high risk
combination
Rivaroxaban
VTE, high risk
combination

Cats

18.75mg total dose PO
q24h
+/- loading dose
(37.5mg PO)

250U/kg SC q6h
100U/kg IV bolus, then
20-37.5U/kg/hr IV CRI; OR
150-300 U/kg SC q6h
100-175U/kg SC q8h
75U/kg SC q6h
0.8mg/kg SC q6h

0.75-1mg/kg SC q6-12h

No studies

0.06 or 0.2mg/kg SC
q12h
0.5-1mg/kg/day PO

1-2mg/kg/day PO

Therapeutic monitoring
No rec.
Consider aggregometry
No worksheet

Recommend anti-Xa
Suggest
anti-Xa
Suggest
anti-Xa
No worksheet
None
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Domain 2. Defining rational therapeutic use
Domain 2 focused on the evidence for and against certain drugs/drug classes or drug combinations for use in
patients with/at risk of venous thrombosis/thromboembolism (VTE) vs. arterial thrombosis/thromboembolism
(ATE). Domain 2 guidelines are summarised in the table below.

Domain 5 Scenario
Antiplatelet discontinuation 5-7d prior to
elective procedure?
UFH/LMWH discontinuation 24h prior to
an elective procedure?
Antiplatelet agent discontinuation 5-7d
prior to surgery vs 24h prior?
Restarting antithrombotic therapy 24h
post-surgery vs. 3-5days?
Restarting antithrombotic therapy 24h
postsurgery vs. 3-5days in patients that
develop thrombosis

High risk patient
Continue single agent
D/C one if multiple
Continue
Sx at anti-Xa nadir
Continue

Low/moderate risk patient
Discontinue
Consideration to taper (UFH) or
stop (LMWH)
Discontinue

Restart ASAP if no ongoing
Suggest restart if no ongoing
bleeding
bleeding
Initiate antithrombotics immediately
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Domain 5. Discontinuing antithrombotic therapies
Various scenarios regarding the potential discontinuation of antithrombotic therapies are summarised in the
table below. The moral of the story is that in patients at high risk for thrombosis, anticoagulation should not be
discontinued for invasive procedures, whereas in patients with low to moderate risk for thrombosis,
consideration may be given to discontinuation of anticoagulation prior to invasive procedures. The guidelines
also state that for any scenario where antithrombotics are not discontinued we suggest that these patients are
at increased risk of bleeding and that close attention be paid to surgical haemostasis. Domain 5 also covers the
approach to discontinuation of antithrombotic therapy in patients where an in situ clot is no longer
identifiable. In these patients we recommend that if the underlying causative condition has been resolved,
antithrombotic therapy should be discontinued following thrombus resolution for both arterial (5.11) and
venous (5.12) thrombi. If the underlying condition cannot be cured or resolved, antithrombotic therapy should
be continued indefinitely. With regard to weaning antithrombotic therapy, UFH should be weaned (due to
concern for rebound hypercoagulability), LMWH therapy does not need to be weaned, while clinicians should
consider weaning direct Xa inhibitors.

Meredith ‘t Hoen, DVM, DACVECC, DECVECC
Utrecht University, Faculty of Veterinary Medicine
Under normal conditions, fibrinolysis is a well-regulated process. Dysfunction of the fibrinolytic system can result in
hyperfibrinolysis (and potentially haemorrhage) or hypofibrinolysis (potentially thrombosis resulting in thrombosis).
Brief review of fibrinolysis
Injury to vascular endothelial cells causes release of tissue plasminogen activator (tPA) which converts
plasminogen to plasmin. Plasmin adheres to the lysine binding site on fibrin and enzymatically breaks down
the fibrin strands of the clot, which results in the formation of fibrin degradation products (FDPs). The three
main inhibitors of fibrinolysis are plasminogen activator inhibitor-1 (PAI-1), alpha 2-antiplasmin and thrombin
activatable fibrinolysis inhibitor (TAFI), with PAI-1 being the most relevant inhibitor of fibrinolysis. The process of
fibrinolysis is known to be faster in dogs as compared to humans. Higher amounts of tPA have been
documented in canine plasma, which offers a potential explanation.
Antifibrinolytics
Tranexamic acid (TXA) and ɛ-aminocaproic acid (EACA) are the most commonly used antifibrinolytic agents. TXA
and EACA are lysine analogues, which prevent the binding of plasminogen to fibrin by competitively binding to
the C-terminal lysine sites on plasminogen. This prevents plasminogen from binding to fibrin and plasmin
formation is subsequently inhibited. The absence of plasmin impedes dissolution of fibrin clots. TXA is 10 times
as potent as EACA and EACA has a shorter half-life. They are known to be renally excreted in humans and dose
reduction is recommended in people with renal dysfunction.
Hyperfibrinolytic states in veterinary patients
Hyperfibrinolysis results in premature clot lysis and haemorrhage, and is classified as either primary or
secondary hyperfibrinolysis. Primary hyperfibrinolysis is due to abnormalities of the proteins involved in the
regulation of the fibrinolytic pathway. Secondary hyperfibrinolysis is due to hyperactivity of a normal
fibrinolytic pathway. Hyperfibrinolytic states can be difficult to diagnose. Elevated FDP and d-dimer
concentrations demonstrate increased fibrinolysis but are not specific. Viscoelastic testing is superior but is
also associated with some pitfalls. Hyperfibrinolysis may play a role in the bleeding noted in some
haemophiliacs and greyhounds with post-operative bleeding. Additionally, hyperfibrinolysis has been
documented in veterinary species secondary to haemoperitoneum, cavitary effusions, trauma induced
coagulopathy, hepatic disease, Angiostrongylus vasorum infection, snake envenomations and DIC.
Evidence for antifibrinolytic usage
Antifibrinolytics have long been used in human medicine to decrease transfusion requirements during elective
surgery and obstetrical emergencies, among other uses. Interest in the usage of antifibrinolytic agents increased
following the publication of the CRASH-2 trial. This multi-center randomized placebo controlled trial aimed to
determine the effect of the early administration of TXA on death and transfusion requirement in bleeding
human trauma patients. In addition, the effect of TXA on the risk of vascular occlusive events was assessed. Adult
trauma patients (n=20,211) with or at risk of bleeding within 8 hours of trauma received either TXA or a placebo.
All cause mortality was significantly lower in the TXA group (14.5%) vs. placebo (16.0%) with p=0.0035. The risk of
death due to bleeding was also lower in the TXA group (4.9%) vs. placebo (5.7%) with p=0.0077. Additionally,
there was no increase in thrombotic events in the treatment group. However, mortality was increased in a subset
of patients when TXA was administered empirically 3–8 hours after trauma, leading to the recommendation
that TXA should be administered within the first 3 hours following trauma.
While it is tempting to extrapolate findings from human medicine to our veterinary patients, this should be
done with caution. The potential uses for anti-fibrinolytics are varied, and the physiological differences between
species are not always completely defined, especially regarding coagulation and inflammation. Also, the usage of
thromboelastography to evaluate fibrinolysis has been used with variable success, especially in early studies, so
considering the methodology used is important when interpreting results. Important work has been done to try
to answer basic questions such as the appropriate dose to use, but many questions still remain about the
appropriate usage of antifibrinolytics. The following studies help form the basis of the current understanding of
the usage of antifibrinolytics in veterinary medicine. Due to time limitations, the author refers the reader to the
selected bibliography for more information regarding the use of antifibrinolytics in sighthounds (Marin et al).
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Antifibrinolytics: What is the current evidence?

Fletcher et al (2016): The objective of this study was to determine the minimum plasma concentrations of TXA
and EACA needed to inhibit fibrinolysis in canine and human plasma (following induction of hyperfibrinolysis).
The researchers demonstrated that the minimum plasma concentrations necessary for complete inhibition of
fibrinolysis by EACA and TEA in pooled canine plasma were estimated as 511.7 g/mL and 144.7 g/mL respectively,
and were higher than concentrations needed to inhibit fibrinolysis in human plasma (122.0 g/mL and 14.7 g/mL,
respectively). Therapeutic doses were not evaluated, but the results highlighted the need to perform veterinary
specific studies, as well as the fact that dogs are hyperfibrinolytic compared to humans.
Brown et al (2016): The purpose of this study was to determine the pharmacodynamic and pharmacokinetic
profiles of EACA by use of thromboelastography (TEG) in healthy dogs. A single dose of injectable EACA (20, 50, or
100 mg/kg) or an EACA tablet (approximately 100 mg/kg) was administered. No adverse effects were detected.
A significantly higher clot strength, compared with baseline, was detected at 60 and 240 minutes for all doses.
Additionally, the percentage of fibrinolysis was reduced from the baseline value at 60 and 240 minutes, with
the greatest reduction at 60 minutes. At 240 minutes, there was significantly less fibrinolysis for the 100 mg/kg
dose than the 20 mg/kg dose. The authors concluded that using their in vitro model of hyperfibrinolysis, EACA
inhibited fibrinolysis at all doses tested and was both time and dose dependent.
Osekavage et al (2018): The objective of this study was to assess pharmacokinetics of TXA in dogs and assess
antifibrinolytic properties of TXA in canine blood using TEG. Healthy dogs received each of 4 TXA treatments (10
mg/kg, IV; 20 mg/kg, IV; approx 15 mg/kg, PO; and approx 20 mg/kg, PO) in a randomized crossover design study.
The maximum clot strength (MA) significantly increased from baseline at all time points for all treatments. The
MA was lower at 360 minutes for the 10-mg/kg IV treatment than for other treatments. Percentage of clot lysis
30 minutes after MA was detected was significantly decreased from baseline at all time points for all treatments.
Maximum plasma TXA concentrations were dose dependent. At 20 mg/kg, IV, plasma TXA concentrations briefly
exceeded concentrations suggested for complete inhibition of fibrinolysis. Oral drug administration resulted in a
later peak antifibrinolytic effect than did IV administration. The authors concluded that administration of TXA
improved clot strength and decreased fibrinolysis in blood samples from healthy dogs at the administered doses.
Bleeding disorders
Kelmer et al (2013): The objective of this retrospective study was to evaluate the safety of TXA and its efficacy in
decreasing blood component requirements in 130 dogs with bleeding disorders. Dogs receiving IV TXA with or
without blood products were compared with dogs with bleeding disorders that were not treated with TXA but
were treated only with blood products. No TXA-related adverse effects were noted, with the exception of
vomiting. Dogs in the TXA group received the drug for a median period of 2 days dose of 8.6 +/- 2.3 mg/kg. When
the median number of blood products and their dose per dog were compared between the groups, TXA-treated
dogs received significantly less units of blood products and a lower blood component dose (P < 0.001). However,
when this analysis included only dogs that received blood products there were no significant differences. It was
concluded that intravenous administration of TXA in bleeding dogs at the recommended human dose is safe
but further studies were needed. This study was performed prior to pharmacokinetic and pharmacodynamic
studies of antifibrinolytics in dogs.
Davis, Bracker (2016): This retrospective study included 122 dogs that were prescribed either oral or intravenous
EACA either preventatively or due to (suspected) active bleeding. Three experienced possible drug-related
adverse effects. All dogs that received packed red blood cell transfusions were evaluated for correlations
between baseline packed cell volume or dose of red blood cells and EACA dose and no correlation was identified.
Dogs that received EACA as a treatment for active bleeding were divided by cause of haemorrhage into the
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Pharmacokinetics, pharmacodynamics, and dosing
Kelmer et al (2015): This study evaluated the effect of TXA on haematological, haemostatic, and
thromboelastographic analytes in healthy adult dogs. Dogs were administered TXA as an IV bolus, followed by a
3-hour CRI. Initially a higher dose was used (20mg/kg IV, then 20mg/kg/hr), but due to vomiting was ultimately
decreased to 10mg/kg for both the bolus and the CRI. Haematologic parameters were measured prior to, and
immediately after TXA administration. All measured haemostatic and haematological analytes remained
within their reference intervals. However, after TXA treatment, significant decreases were recorded in
prothrombin time, TEG R and A30 values, Hct, and haemoglobin concentration, while the TEG LY30 significantly
increased. The authors concluded that administration of TXA as a slow IV bolus at 10 mg/kg, followed by a 10
mg/kg/h CRI over 3 hours to healthy dogs is safe; however, its effect on TEG A30, A60, LY30, and LY60 values was
inconsistent with its expected anti-fibrinolytic properties.

Yoo et al (2016): This case report describes a dog with acute traumatic coagulopathy following motor vehicle
trauma. In spite of two surgeries, plasma transfusions, and autotransfusion, the dog continued to bleed from
its thoracic cavity. Following administration of EACA (33mg/kg q6h IV), rapid clinical improvement was noted
and diminished fibrinolysis was documented using TEG.
Muri et al (2018): This case report describes a dog suffering severe polytrauma following a motor vehicle accident.
He was presented in haemorrhagic shock with bleeding from multiple injury sites. Acute traumatic coagulopathy,
diagnosed with ROTEM within one hour of the accident, showed marked hypocoagulation and hyperfibrinolysis.
Treatment with a total dose of 40mg/kg of TXA intravenously resulted in successful elimination of
hyperfibrinolysis based on ROTEM, and subjective improvement of clinical bleeding was noted. The dog had
additionally received a multitude of other treatments including surgical intervention and blood products.
Sigrist et al (2018): This retrospective study investigated the effect of TXA administration on bleeding tendency
in dogs with surgically managed haemoperitoneum. Thirty dogs were treated with and 25 dogs without TXA
prior to surgery. None of the dogs undergoing rotational thromboelastography analysis showed
hyperfibrinolysis prior to surgery. Overall transfusion and erythrocyte transfusion requirements as well as
bleeding tendency, hospitalisation time and hospital discharge rate were similar between groups.
The available veterinary studies have demonstrated the appropriate doses of TXA and EACA and their safety
profile, including a risk of vomiting (especially at higher doses) and a lack of demonstrable thrombosis. Case
reports have demonstrated correction of hyperfibrinolytic states in dogs following administration of
antifibrinolytics. However, strong evidence for the prevention of bleeding in critically ill veterinary patients is
currently lacking. Whether this is due to the methodology used, small sample sizes, heterogenous study
populations, incorrect patient selection, or other variables remains to be determined.
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following groups: neoplastic, non-neoplastic, and unknown. No significant differences in EACA dose or the
percentage of patients requiring a blood transfusion were identified between groups. The range dosing range
was 9-111mg/kg with a median of 17mg/kg. The frequency of administration was every 8 to 24 hr. This study
failed to demonstrate any benefit to using EACA, but was limited by its retrospective nature, small sample size
and heterogenous patient population. However, no significant side effects were documented either.

Maxime Cambournac, Dr Vet, Dip. ECVECC, DIU Assistance respiratoire, DU Réanimation, soins-intensifs,
surveillance continue, Certificate of veterinary hemodialysis
Service d’urgences, réanimation et soins-intensifs, CHV Fregis, 94110 Arcueil, France
Since Guyton and all the related teaching, our view of the circulatory system has primarily focused on cardiac
output by assessment of the left ventricular function. Contrary to human patient, shocked small animals have
normal ventricular function, and rather suffer from an insufficiency in venous return. The physiology behind venous
return is extremely complex and employs many independent variables all working in an asynchronous fashion.
Key physiologic concept to understand the stressed and unstressed volume
The venous system has two principal functions: to return blood from the periphery to the heart and to serve as
a reservoir of blood. Veins have a compliance 30 times greater than arteries and contain approximately 70% of
the total blood volume compared to only 18% for the arteries.1 Al-though the cardiovascular circuit has two
compartments (systemic and pulmonary circulation), more than 80% of the blood volume is in the venous
systemic circulation. More precisely, the splanchnic veins contain approximately one third of the total
circulating blood volume. By holding up to 30% of the total blood volume, the venous system may contribute to
maintain filling of the right heart.1 In 1955, Dr. Arthur Guyton highlighted three variables all of which
independently affect venous return: the right atrial pressure, the mean systemic pressure (Pms) and the
vascular resistance. Due to the difficulties encountered to measure it, the Pms remained a complicated and
confidential physiological concept. The Pms is essentially the pressure measured in the vascular system if all
blood flow stops. In other word, this represent the pressure generated by a non-moving volume of blood. This is
by definition the unstressed volume.1 From a physical standpoint, there is a certain amount of fluid required to
fill the virtual collapsed vascular bed to a point where it creates a force against the vessel walls. Like any
pressure, the Pms is determined by the total volume of blood in the venous system, and the intrinsic
compliance of the venous vasculature. Any supplemental volume will exert a pressure on the venous wall. From
those complicated concepts, let’s try to explain differently. Imagine a bathtub three quarters to capacity with
the stopper located halfway up the side of the tub (rather than at the base). Once the stopper is unplugged, the
water flow is determined by the relative pressure (height of the column of water) between the tub (the Pms),
the bucket (the right atrial pressure) as well as the length and diameter of the drainpipe (venous resistance). In
this model, the tub will drain to the level of the drainpipe but no farther. The remainder of the water in the
system is considered the unstressed volume. In order to get more water to flow, more water can be added to the
tub. This will increase the total (both stressed and unstressed) volume. Another option would be compressing
the walls of the tub. Doing so, this will decrease the system’s compliance, shifting a part of the unstressed
volume into stressed volume. These two options will have the same effect: allow more water to drain. Only the
last one increases the stressed volume without adding fluids to the system.
Clinical application of physiologic concept in veterinary medicine
A first clinical example could be the septic patient. The hypotension observed in sepsis is a complex process,
with a variable part of a distributive mechanism. In the majority of cases the vascular system is vasodilated,
causing a relative hypovolemia.1 The total blood volume is unchanged, but the vasodilation has caused an
increase in the vascular compliance. This shifts a portion of the stressed volume to an unstressed state, leading
to a decrease in the venous return. In the idea of correcting the hypovolemia associated to the septic state,
many clinicians will give a fluid bolus. This is usually done with the idea that it will increase the total volume of
the system, both the unstressed and stressed volume. To significantly improve the stressed volume in such
conditions, it usually requires large amount of fluids, as a part of them will be sequestrated in the unstressed
volume. As a consequence of large fluids volume, transient haemodilution and mild reduction of both arterial
and venous resistances, cardiac output will increase. On the other side, a different approach consists in
decreasing vessel wall compliance. Administration of vasopressor agents would be able to do so, without a drop
of fluid. This therapeutic intervention only changes the ratio of volume in the stressed and unstressed states.
Administration of vasopressors and inotropes can be used to control the stressed volume. Vasopressors increase
stressed volume by recruiting volume from the unstressed compartment. For instance, infusion of
norepinephrine (an a-adrenergic and b1-adrenergic agonist) into anesthetized dogs will result in a
venoconstrictive effect, increased arterial pressure, cardiac output, total peripheral resistance, hepatic vein
resistance, Pms and reduced heart rate and liver volume.2 Unless there is evidence of significant hypovolemia,
and based on the physiological concept of the Pms, some authors now advocate that administration of fluids
should generally be limited to 20 to 30 mL/kg before vasopressors are considered.3
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Last part of the application of those concepts to veterinary medicine requires apprehension of the multiple and
complicated effects of vasoactive drugs. Pure vasopressors such as phenylephrine and vasopressin increase
venous resistance. In such, venoconstriction will tend to decrease venous return.3 However, pure vasopressors
also constrict venules and small veins. As an opposite consequence, this increases at the same time the stressed
volume. As a result, there is a decrease in venous return caused by increased venous resistance, and an increase
in venous return caused by an increased in Pms. Lastly, pure vasoconstrictors also usually generate an increased
ventricular afterload, which again tends to decrease venous return and cardiac output. Thus, with the use of a
pure vasoconstrictor, the net effect is a decrease in venous return but with an increase in the mea-sured right
atrial pressure. In summary, the net clinical effect of pure vasopressor administration is usually a decrease in
venous return and cardiac output, with an increase in right atrial pressure and related filling pressures.
Inodilators like dobutamine and milrinone cause a venous dilatation of both capacitance and resistive elements.
Venous resistance falls which tends to drive up venous return.5 However, this effect is partially compensated by a
decrease in the relative part of stressed volume. The combination of arteriolar vasodilator activity and direct
myocardial inotropic effect results in a marked increase in effective contractility with a substantial increase in
venous return and a concomitant decrease in right atrial pressure. Vasopressors with inotropic activity such as
dopamine and norepinephrine have effects that are intermediate between pure vasopressors and inodilators.
Alpha-1 adrenergic agonist activity generates significant vasoconstriction resulting in an increase of stressed
volume. Because direct myocardial inotropic effects are partially offset by arteriolar vasoconstrictor effects, the
net effect of a vasopressor with inotropic activity is generally to increase venous return and cardiac output,
although not to the extent seen with inodilators. In addition, right atrial pressure and related filling pressures
are typically unchanged or modestly increased, at least at small to moderate drug doses.3
Conclusion
Since Guyton, the traditional teaching and understanding of cardiac physiology has focused almost exclusively
on the left side of the heart. The standard determinants of cardiovascular performance such as heart rate,
preload, afterload, and contractility have always conducted research and hemodynamic monitoring. However,
this approach totally ignores the critical role of the right heart and venous system in regulating venous return.
An ideal approach would consider both left heart performance and venous return. Such model would probably
be particularly attractive to understand physiologic alteration in critically ill patients. In the hope of advances in
venous return physiology, one would be able to measure Pms, venous resistance, stressed volume and systemic
compliance in a way we are now able to measure cardiac output and arterial pressure.
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A second common scenario to explicit those principles could be a bleeding patient. In acute blood loss the total
volume will be reduced, leading to a decrease simultaneously in the stressed and unstressed volume. In the
initial phases of compensated shock, the body attempts to adapt for this loss with a catecholamine-induced
venoconstriction. This compensatory mechanism decreases the venous, and shifts some blood from the
unstressed to the stressed state.3 If bleeding is not controlled, blood loss will outpace these compensatory
reactions. At this point, volume replacement is now required as there is no further possibility in compensatory
mechanisms. The replacement of losses with blood products, appears logical, as an attempt to restore both the
total volume and stressed volume to a nearly physiologic state.3

Amy Newfield, CVT, VTS (ECC)
BluePearl Veterinary Partners, Waltham, MA USA
Introduction
Both acute traumatic coagulopathy (ATC) and disseminated intravascular coagulation (DIC) are life threatening
conditions. In 2012 human medicine started to move away from ATC and started using the term traumainduced coagulopathy (TIC). Other names have been used such as early coagulopathy of trauma or Acute
Coagulopathy of Trauma.
The mechanisms that cause ATC are anticoagulation, consumption of coagulation factors, platelet dysfunction,
and hyperfibrinolysis. Disseminated intravascular coagulation (DIC) is also known as a consumptive coagulopathy
so one can see how it may be hard to distinguish between the two. It wasn’t until 2003 that the Educational
Initiative on Critical Bleeding in Trauma stated that two different syndromes exist. They stated that DIC and ATC
are two different syndromes with relation to pathophysiology and can occur independently from each other.
Since that time more leaders agree, but there are still some that state that DIC can cause ATC and vice versa.
ATC is so new that many researchers are still defining the syndrome.
Coagulation
In order to understand the syndromes, it’s important to briefly understand how coagulation works. The basis
for the coagulation system revolves around the extrinsic and intrinsic pathways. With that said as more
information has become available we have discovered it’s not as simple as these two pathways. Primary
haemostasis of the coagulation system results from a unison of platelets, vessel wall function and adhesive
coagulation proteins, also known as factors. Should any of these components fail then there is a failure in the
coagulation system. There are currently 20 known coagulation factors.
The extrinsic pathway is regulated by factors outside of the blood released during injury while the intrinsic
pathway is mediated by factors within the blood coming into contact with the damaged area. Ultimately these
pathways are triggered by three things: Prothrombin activator which leads to prothrombin converting into
thrombin which then causes fibrinogen to convert to fibrin.
In the case of the extrinsic pathway being activated it is because a vessel wall becomes damaged which
releases factor III (thromboplastin). This, in turn, activates factor VII which activates factor X which eventually
leads to the activation of prothrombin which causes the coagulation system to be activated.
In the case of the intrinsic pathway being active it is because blood has come in contact with collagen, which is
located in the extravascular space. Ultimately this causes factor XII and factor XI to become active which
activates factor IX. Factor IX combines with Factor X and this leads to the activation of prothrombin and the
coagulation system.
ATC
Much as with DIC, anticoagulation is the primary finding with ATC. ATC starts with haemorrhagic shock from
blood loss. The blood loss that the patient experiences is acute and usually from a traumatic event. Regardless
of what sets up the patient for ATC, it has to be an acute cause. It isn’t a chronic cause. ATC occurs very quickly
after the inciting incident has occurred. This appears to be one of the key differences between ATC and DIC. DIC
may take place 24 to 72 hours after the inciting cause. ATC occurs within hours.
In a study that was done in 2016 and published in the Journal of Veterinary Emergency Critical Care, it found
that ATC occurred rarely in patients that experienced blunt trauma affecting roughly 11% of the pets that
presented to the hospital.
ATC affects the intrinsic pathway of the coagulation system. When ATC occurs because of hypoperfusion from
blood loss as well as severe tissue injury there is a higher mortality rate. There are six key factors that may
predispose a patient to developing ATC: tissue injury, hypoperfusion, systemic inflammation, metabolic acidosis,
hypothermia, and haemodilution. The main three causes are considered hypoperfusion, metabolic acidosis, and
hypothermia which are sometimes referred to as the “triad of death”.
Many times, when a blunt trauma arrives at a hospital, fluids in large quantities are provided to the patient.
This results in haemodilution. Initially this type of haemodilution was cited to be the cause of ATC. With recent
advancements and understanding ATC more, is now understood that fluid-induced haemodilution can play a
contribution to causing ATC that is likely not the only inciting cause.
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When a body is in a metabolic acidotic state clot formation slows down. A normal pH on a body should be
between 7.35 and 7.45. When the pH of a patient drops to 6.8 it takes 168% longer to form a clot. Acidaemia
occurs because of hypoperfusion and haemodilution. Ultimately it is a combination of the six factors that lead
to a myriad of events. The factors start fibrinogen depletion, endothelial glycocalyx disruption, an activated
protein C pathway and platelet dysfunction. It is considered the fibrinogen depletion that makes it different
than DIC. It is important to note that all risk factors and pathophysiology of ATC are not fully understood.
Fibrinogen is not stockpiled in the body. There are limited stores of it. Fibrinogen is lost due to haemorrhage,
consumption, acidaemia, hypothermia, and profibrinolytic activity. Therefore when you have the factors of the
triad of death, it sets the body up for decrease in fibrinogen.
The endothelium is usually damaged as a result of trauma which results in autoheparinization and
hyperfibrinolysis.
During trauma thrombomodulin and endothelial protein C receptor (EPCR) are released and combine with
thrombin. Normally thrombin is activated at the site of injury. But in massive trauma it combines it with
thrombomodulin and EPCR which will enhance Protein C 5 to 20-fold. Unfortunately blocks communication
between Factors V and VIII, both of which are necessary in coagulation. It also decreases fibrinolysis and reduces
leukocyte activation.
Until recently platelet dysfunction has remained somewhat in the background with regards to discussion on
the pathophysiology of ATC. It is difficult and time-consuming to measure platelet function during a trauma.
The exact mechanism of why platelet dysfunction occurs so early on is unknown. Thrombin helps to activate
platelets. As platelets work to repair the site they actually bring in more coagulation factors to help with the
repair. Besides the coagulation pathways not functioning correctly, platelet exhaustion could play a role in why
there is platelet dysfunction. Simply needing so many platelets immediately because of the trauma may result
in a decrease or dysfunction of them.
DIC
Unlike ATC, there are a myriad of risk factors that could potentiate DIC in a patient. Anything that causes a
major disruption in the intravascular system has the potential to cause DIC in a patient. This includes sepsis,
infectious diseases, organ failure, fungal infections, heatstroke, pancreatitis, etc. It is generally associated with
sepsis or systemic inflammatory response syndrome.
There is not a clear-cut path for the pathophysiology of DIC. Ultimately, the initial insult played the role in how
that particular DIC in that patient started. For example, in the case of sepsis if it was a bacteria that causes
endothelial injury, it could inhibit thrombomodulin or it could cause a hypercytokinaemia, which could then
inhibit either the extrinsic pathway.
Ultimately DIC occurs because fibrin is deposited into the microvascular circulation which results in a decrease
or sensation of blood flow OR it occurs from a consumption of platelets and clotting factors. Microthrombi form
in the microvascular circulation and they will contribute to the continued consumption of clotting factors in
platelets.
Because there is an acceleration of microthrombi formation the patient can experience periods of hyper- and
hypocoagulability. Platelet consumption or platelet exhaustion can contribute to a thrombocytopenia. A
thrombocytopenia may also occur simply because platelets are entrapped in clots in the microvascular system.
Signs and symptoms
In the case of ATC, the patient will be actively bleeding because of an acute trauma. Clotting becomes difficult
for trauma patients who have developed ATC. You may notice petechiae and ecchymosis on the patient, but it is
not as common as it is with DIC. Patients with ATC will have massive haemorrhaging that is uncontrollable.
Patients with DIC will have clinical bleeding, but it may be losing and slower. Because DIC develops over time,
and is not as acute as ATC, petechiae and ecchymosis are more common.
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In people when they have a temperature below 96.8°F (36.0°C) it is considered a risk factor for ATC. While there
is not a specific temperature that predisposes veterinary patients to ATC, it would be the equivalent of a
veterinary patient with the temperature below 98.2°F (36.8°C). Because of the immediate blood loss, the body
loses the ability to thermal regulate and hypothermia sets in. Hypothermia causes thrombin production to
slow down. In human patients, they found that prothrombin times took three times longer when the body was
cooled down to 96.8°F (36.0°C).

The diagnosis of DIC is based on clinical findings and laboratory testing. Most commonly a partial
thromboplastin and activated partial thromboplastin test are used to determine if the patient may be
experiencing DIC. A positive result on either of these does not mean that the patient is in DIC. It must be used
in conjunction with the clinical findings to determine if DIC is present. Thromboelastography is a more useful
test in assessing whether DIC is present, but it is not readily available in most hospitals. D-dimer and platelet
count can also to diagnose the presence of DIC. Because some of these tests take a long time for results, it is
always best to treat the patient rather than wait for the results on some tests like D-dimer.
Treatment
With a patient experiencing ATC the most important treatment is to control any haemorrhage. This may be
either internal or external. Compressing or using tourniquets may be necessary. If bleeding is uncontrolled then
surgery may be indicated to suture off or cauterize bleeding that is uncontrolled by other ways.
Because ATC occurs because of haemodilution it has been suggested that providing large quantities of
crystalloids may be contraindicated. Even administering blood will interfere with the body’s coagulation
cascade. It is known that synthetic colloids cause platelet dysfunction, a decrease in von Willebrand factor in
factor VIII.
The US Military has studied ATC and has settled on a protocol using less fluid resuscitation prior to the hospital
and have shown it results in reduced haemorrhage and less acidaemia. They also allow for permissive
hypotension and aggressive patient rewarming. They also found that if they used a one to one ratio of RBC, FFP
and platelets they reduced the incidence of post-traumatic multi-organ failure. Blood pressure should be
maintained above the mean arterial pressure of 60 mmHg. If it is below that then organ failure will occur.
There is obviously a fine line between resuscitation to increase blood pressure and giving too much where it
now becomes detrimental to a patient with ATC.
Antifibrinolytics should be considered like aminocaproic acid and tranexamic acid. Ideally, they should be given
as early on as possible. Certainly, caring for the trauma patient as a trauma patient is important as well. Pain
medications, oxygen therapy, ECG monitoring are all important as well.
DIC is treated very similarly to ATC. Platelet rich plasma, fresh frozen plasma, and cryoprecipitate can all be
given to help combat DIC. Most commonly in veterinary medicine fresh frozen plasma is provided. Platelet rich
plasma and cryoprecipitate tend to be difficult to obtain and are not usually readily available in most hospitals.
Both aminocaproic acid and tranexamic acid can be used as antifibrinolytics to decrease bleeding. There has
been much debate about using heparin in the hypercoagulable state. There really is not a lot of evidence
supporting it being a successful treatment. There is such a fine line between a state of hyper- and
hypocoagulability.
Because there is a certain amount of ischaemia that occurs in patients that have DIC, it is important to watch
for signs and symptoms of pulmonary thromboembolism. Micro clots are being formed in the microvascular
circulation and can certainly enter the primary circulation causing a devastating syndrome. In patients that
start experiencing respiratory distress oxygen supplementation needs to be provided.
Conclusion
Understanding both ATC and DIC will allow you to understand your patient better. It will also allow you to
provide better patient care and communication to the owner. Both can be life-threatening, but with quick
treatment and excellent nursing care patients can survive.
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Diagnosis
In human medicine ATC is diagnosed based on clinical findings as well as laboratory findings. A partial
thromboplastin (PT) and activated partial thromboplastin (aPTT) test are generally run to see if there is a
coagulation disorder. In veterinary patients, aPTT or PT values > 1.5 times generally indicates clinically significant
coagulopathy. Thromboelastography (TEG) is a more specific test as to where the failure is on the coagulation
cascade.

Eleanor Haskey RVN BSc(hons) PGCert VTS(ECC) VPAC A1
ECC Nurse at the Royal Veterinary College, London, UK
Introduction
Critical patients require venous access for the administration of fluid therapy, medications and blood products.
These can also be used for haemodynamic monitoring and haemodialysis. Placement may be a challenge in the
emergency patient that is hypovolaemic or vasoconstricted. The choice of peripheral vs central IV access will
depend on a number of differing factors.
Peripheral IV catheters
A short wide-bore catheter is often placed in a peripheral vein in the emergency patient so access is gained
promptly. These catheters are readily available, simple to place and inexpensive. They can be kept in situ for
several days and are a lifeline in an emergency patient. Typically the widest-bore and shortest length catheter is
placed for rapid fluid administration. Limitations of peripheral catheters include: they are a short-term option,
can become dislodged, do not allow for multiple administration of fluids/medications or blood draws.
Contraindications are relatively limited to skin disease/trauma at the insertion site or planned surgery on the
limb. Common sites for placement include the cephalic vein, medial saphenous (cats), lateral saphenous (dogs)
and auricular vein.
There are several strategies that can reduce the risk of complication associated with peripheral IV catheter
placement. Irrespective of site for short term catheter placement, hair should be removed with a wide clip to
reduce contamination. Skin should be prepared with a skin disinfectant (i.e. chlorhexidine) and alcohol prior to
placement. Hand hygiene should be undertaken by the person placing the catheter. Consumables should be
prepared and contained on a clean surface (not the floor) prior to starting the procedure. Any blood spillage
onto the patient’s leg during the procedure should be cleaned as thoroughly as possible. Once placed, the
catheter should be covered with a sterile dressing to keep it clean and prevent patient interference. The
dressing should be removed daily to assess the leg for signs of infection or inflammation. If the catheter is not
being used for intravenous fluids then it should be flushed every 4- 8 hours. There is no evidence that
heparinised saline is superior to saline for maintaining catheter patency. There is some evidence that catheter
related complications are associated with increased duration of an IV catheter in situ so it is sensible to
consider replacing intravenous catheters after 72 to 96 hours.
Central venous catheters
Long-stay lines may be preferable in critical patients because they provide some additional benefits compared
to peripheral catheters. They cause less thrombophlebitis (because they are made from materials which induce
less reaction), allow frequent blood sampling, multiple drugs to be administered at the same time through
separate lumens and allow central venous pressure monitoring. They can be left in situ for prolonged periods of
time (days to weeks) when managed correctly. They are placed centrally (central venous catheter, CVC) e.g.
jugular vein, but can also be placed in larger peripheral vessels e.g. medial/lateral saphenous. Contraindications
include coagulopathies and jugular placement should be avoided if there is a concern about raised intracranial
pressure. Technicians and nurses can place these catheters so it is important to be aware of the three most
commonly used types available on the veterinary market:
Seldinger technique
Venous access is gained with a regular IV catheter. A guidewire is passed through the catheter into the vessel.
The catheter is removed whilst taking care not to let go of the wire. A dilator is fed over the wire and pushed
through the skin to create a tunnel. The dilator is then removed and the CVC is fed over the wire. The guidewire
is finally removed and the CVC is flushed and sutured in place.
Peel-away technique
Venous access is gained with the peel-away catheter with two tabs at the proximal end. The stylet is removed
and the CVC is fed through the peel-away catheter. Once in situ the catheter is peeled away using the tabs. The
CVC is positioned, flushed and sutured in place.
Through the needle placement
This is the same principle as the peel-away method however the needle is simply removed by backing it out
once the CVC is in situ.
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Establishing flow: Vascular access

In the event that venous access can’t be gained in a crashing patient, it is worth considering administering
emergency drugs such as adrenaline and atropine via the endotracheal tube. The easiest way to do this is to
place a dog urinary catheter down the endotracheal tube and flush the drug down. It is recommended to
administer a double dose followed with 0.9% saline flush to enhance uptake via the lungs.
Intraosseous catheter placement
Intraosseous (IO) catheter placement should be considered when venous access can’t be gained e.g. in a crash
scenario or for a very small, collapsed puppy/kitten. IO catheters are often used as a short-term option but
allow for administration of fluids or drugs that would usually give IV. Often in small patients a large bore
needle/spinal needle/bone marrow biopsy needle can be used if a veterinary IO catheter is not available.
Electric IO drills can be purchased for placement on larger breed patients such as the EZIO. Contraindications
include pyoderma, fractured bone and osteomyelitis. These catheters can be difficult to dress which is one
reason why they are often used as a short-term option. Common sites for placement include the proximal tibia,
tibial tuberosity, trochanteric fossa of the femur, wing of the illium, ischium or the greater tubercle of the
humerus.
Arterial catheters
Arterial catheters allow monitoring of arterial blood pressure and frequent arterial blood gas sampling. They
are placed in the dorsopedal, auricular, radial or femoral artery and they are managed in a similar manner as
short term IV catheters. It is recommended to connect arterial catheters to a continual flush system as they
block easily. Ideally these patients should be monitored closely because detachment of the system can result in
significant rapid blood loss. It is important that these lines are clearly labelled so no drugs are administered
into the artery. They should be removed once no longer required, especially in cats as they have been linked to
limb ischaemia.
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Long-stay lines should be placed aseptically with skin preparation as described for peripheral venous catheter
placement. A sterile dressing should be applied over the insertion site once in situ. Transparent dressings are
ideal as it is possible to view the insertion site without having to change the dressing each time. Alternatively,
sterile gauze dressing can be used. These lines should be checked daily in a sterile manner and observed for
signs of infection or inflammation. Flushing should be carried out as per the short-term catheter. There is no
recommendation to change central venous catheters routinely. De-instrumenting should occur when the
catheter is no longer required.

Amy Newfield, CVT, VTS (ECC)
BluePearl Veterinary Partners, Waltham, MA USA
Physiology
Seizures are thought to be caused by hyperexcitable neurons that suddenly depolarize in the prosencephalon
(forebrain). There are two types of mechanism that help to control the firing of neurons within the brain:
inhibitory circuits and the fatigue of synapses.
The inhibitory circuit works to help prevent the excessive spread of signals by inhibiting either the input neurons
or the intermediate neurons. Intermediate neurons gather and process information in the brain and then
transmit the information to the motor neurons where it is carried to various parts of the body. Synaptic fatigue
works by the simple process of the synaptic transmissions slowly becoming weaker with the more neuron
excitability they experience. Ultimately it is the failure of these mechanisms to respond to the hyperexcitable
neurons which causes a seizure to occur. Ultimately seizures stop on their own because of neuronal fatigue.
Causes
Causes can be broken down into two groups: extracranial and Intracranial. Extracranial causes are those that
are not a direct insult to the brain itself. These include metabolic disorders (hypoglycaemia, electrolyte
disturbances, hyperthermia), toxicities (snake envenomation, lead) and nutritional disorders (thiamine
deficiency). Intracranial causes are those that are caused by a direct insult to the brain such as trauma,
idiopathic epilepsy and neoplasia.
Idiopathic epilepsy is the most common cause of seizures in dogs. The diagnosis of epilepsy is one of rule-outs
and it is a disease considered to be idiopathic. Epilepsy is defined as a seizure with no underlying structural
brain lesion or other neurological signs or symptoms. Idiopathic epilepsy is presumed genetic and usually age
dependant. Generally most dogs that develop idiopathic epilepsy are between 6 months to 6 years of age.
Idiopathic epileptic seizures usually last between 30 seconds to 3 minutes. Neoplasia should always be ruled
out through radiographs, CT scan, ultrasonagraphy and MRI. There are numerous dog breeds where idiopathic
epilepsy is considered genetic including: German shepherd, keeshond, beagle, English springer spaniel,
dachshund, vizsla, standard poodle, Labrador retriever, golden retriever and Bernese mountain dog.
The most common extracranial cause of seizures in dogs is due to hypoglycaemia. Hypoglycaemia most
commonly occurs because of neoplasia (insulinoma), a functional form due to rigorous exercise, an unexplained
form in small/toy breed puppies 6-12 weeks of age, large parasitic infection, gastrointestinal disturbances,
hypothermia, starvation and numerous systemic diseases. Because on initial presentation you cannot determine
if seizures are intra- or extracranial, it is always important to test a blood glucose level in all seizuring patients.
In cats, the most common extracranial cause of seizures is hepatic encephalopathy. Hepatic encephalopathy
most commonly occurs secondary to a portosystemic shunt (PSS). Cats will frequently demonstrate ptyalism
(hypersalivation) as a sign. As ammonia and electrolyte levels fluctuate, seizures, an altered mental status and
changes in behaviour will come and go. At times the cat may appear normal. Ultimately PSS correction,
electrolyte normalization and normalization of ammonia levels must occur in order for the seizures to stop.
There is not one definitive “most common” intracranial cause of seizures in cats. Intracranial causes most likely
to occur in cats are: brain tumours (meningiomas), trauma, infectious central nervous diseases (feline infectious
peritonitis, toxoplasmosis, feline leukaemia virus, cryptococcosis, feline immunodeficiency virus) and idiopathic
epilepsy (though occurs significantly less than in the dog).
Types & stages
There are two main types of seizures: generalized and partial. Generalized seizures are also known as “major
motor” or “grand mal”. It is more common in certain breeds, such as German shepherds, Saint Bernards and Irish
Setters, to experience severe generalized seizures. Pets will often fall on the ground unconscious, extend their limbs
rigidly and convulse. Breathing may stop during this time. The convulsions usually last for only 10-30 seconds. After
the major convulsions have ceased, the pet may experience jaw snapping or clonic limb movements in the form of
“running” or paddling. It is possible for the pet to experience intermittent periods of convulsions and then
paddling.
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Seizures!

There are three stages to seizures: Preictal , ictal and postictal. In the preictal stages (also known as the
prodromal stage) the pet may sense they are going to experience a seizure. They may cling to the owner, act
nervous, hide or vocalize. The ictal stage is when the pet is experiencing the actual seizure. The postictal stage
can last a couple seconds to minutes and usually lasts less than an hour. Some pets may experience a seizure
and appear completely normal afterwards. Signs include: confusion, disorientation, restlessness, pacing,
vocalizing, depression and blindness.
Status epilepticus (SE) is a condition where multiple seizures occur without a complete recovery in-between.
This condition is life-threatening and is an emergency. There are a variety of definitions, but most agree that it
is either one continuous seizure lasting longer than 5 minutes or recurrent seizures without regaining
consciousness between seizures that lasts longer than 5 minutes. Ultimately the continuous hyperexcitability
of the neurons leads to hyperthermia, pulmonary oedema, cardiac arrhythmias, and cardiovascular collapse. A
hyperthermic SE patient experiences the same complications as a malignant hyperthermic patient including
disseminated intravascular coagulation (DIC), systemic inflammatory response syndrome (SIRS), multiple organ
dysfunction, multiple organ dysfunction syndrome (MODS) and rhabdomyolysis. While these patients can
recover, the prognosis depends on the underlying issue and how neurologically impaired the patient appears to
be (pinpoint pupils, no response to stimulation).
Treatment
Depending on the inciting cause of the seizure a variety of treatment options may be available. It is important
to come up with an official diagnosis for a seizuring patient otherwise the treatment given may not be
appropriate. Ultimately the goal with any treatment is to stop the seizures and then treat the underlying
condition second.
Diazepam continues to be the most useful anticonvulsant for stopping seizures. It is not effective as an oral
maintenance to prevent seizures, but is effective at stopping them. The preferred route is IV, but it can also be
administered IM or rectally in patients in which it is difficult to obtain venous access. For patients where
seizures are continuing after multiple doses of diazepam have been given, then phenobarbital or pentobarbital
can be administered.
In patients experiencing cluster seizures or SE, propofol can be administered. Propofol is an injectable
anesthetic which will work to stop the hyperexcitability of the neurons by decreasing brain metabolic activity.
Unfortunately sometimes after the propofol wears off, the patient can start seizuring again because it does
little to affect the activity within the brain itself. Certainly putting the pet under anaesthesia (isoflurane) will
also stop the seizures. Sometimes SE patients need to be kept under anaesthesia for several hours to stop the
hyperexcitability of the neurons. During that time any underlying cause of the seizures must be corrected
(electrolyte disturbances) and an anticonvulsant is usually administered. Patients are then slowly woken back
up with the hopes that the seizures do not reoccur. Other drugs that can be considered to stop seizures are:
midazolam and levetiracetam.
For some patients with idiopathic epilepsy or certain conditions (neoplasia), maintenance anticonvulsant
medication may be required to prevent seizure activity. With the advances in veterinary medicine there are
numerous anticonvulsant choices available. Phenobarbital is still considered a standard maintenance
anticonvulsant in dogs and cats. It works by increasing the threshold of neurons to the initiation of a seizure
and is a fast acting drug. Owners should be informed of the common side effects which include: polyuria,
polydipsia, polyphagia, weight gain, sedation and ataxia. Less commonly hepatic failure may occur. In cats facial
pruritis and limb oedema have been noted, but these side effects stop with the discontinuation of the drug.
Potassium bromide (KBr) is a frequently used maintenance anticonvulsant. It is generally used in conjunction
with phenobarbital when phenobarbital alone doesn’t work to control the seizures adequately. The side effects
are similar to that of phenobarbital, though it does take a longer time for the body to rid itself of the drug once
it has been discontinued.
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Partial seizures are also known as “focal motor” or “jacksonian”. They are localized to a certain area of the body
such as the face or a limb. It is more common for Labrador retrievers and cats to experience partial seizures
then generalized. Pets that experience partial seizures will almost always experience their seizure activity in the
same way. Most commonly partial seizures “spread” into generalized seizures. Because partial seizures may be
subtle, pet owners may easily miss the seizure activity altogether or mistake it for something else. Partial
seizures typically seen are: fly-biting, facial twitching, excessive salivation and changes in behaviour. Cats are
unique and can display behaviour-like symptoms such as vocalizing, piloerection, attacking objects, startling
and running. Owners may need to video tape the behaviour in order to confirm it is seizure activity.

Nursing care
Initial stabilization of the patient should include stopping any seizure activity, stabilizing the patient (airway,
breathing, circulation), correcting any underlying emergency metabolic disturbances (hypoglycaemia,
hypocalcaemia) and normalizing any physical exam parameters (temperature, heart rate).
An intravenous catheter should be placed to help support cardiac output and to administer an anticonvulsant.
When the catheter is placed baseline bloodwork should be drawn at the same time. As a minimum, packed cell
volume, total solids, blood glucose and electrolytes should be run. It is important to obtain a body temperature
immediately when the pet arrives. This is particularly true in patients in SE because they can be suffering from
secondary hyperthermia. If the pet is experiencing hyperthermia (temperatures above 106°F [41°C]) then the
pet should be actively cooled until it is 103°F (39.4°C). The most acceptable way to cool a patient is to pour cool,
not cold, water over them.
The most common physical exam findings of patients presenting with a seizure or that are in SE are:
hyperthermia, tachycardia, tachypnoea, hyperaemic mucous membranes, capillary refill time of under one
second. Once the patient is not actively seizuring a blood pressure should be obtained and a ECG should be
performed. Hypotension can be seen in patients with increased intracranial pressure from cerebral oedema
which can form secondary to SE. Normalization of blood pressure, defined by a MAP of 80-120 mmHg or systolic
between 110-160 mmHg, is goal.
Oxygen supplementation improves tissue perfusion and decreases the risk of ischaemia. Seizuring patients often
experience moments of apnoea and often are poorly circulating. In the case of SE patient, severe tissue hypoxia
can occur. Therefore oxygen should be provided because most patients experience some level of ischaemia and
hypoxia. The most effective ways to administer oxygen are through the use of a face mask (removing the
diaphragm to allow for panting) or an oxygen hood. Flow-by oxygen is generally ineffective and oxygen cages
should be avoided because treatment cannot occur and the pet needs adequate circulating air to cool.
Intravenous fluids may be administered to help with perfusion and cardiac output issues. Dextrose may be
given if the patient is suffering from hypoglycaemia. It is important that intravenous dextrose is diluted with
an isotonic crystalloid and given at a steady (not fast) rate. Once the blood glucose levels are normal, they will
be rechecked and monitored closely. Mannitol may be administered if cerebral oedema is suspected. Cerebral
oedema can occur from brain swelling due to SE, trauma, metabolic or electrolyte disturbances. Mannitol
should be given through a filter to filter any crystallization that may occur and needs to be given slow intravenously.
Status epilepticus patients will require the most intensive nursing care. If the patient is recumbent, the
technician will need to lubricate the eyes, moisten the mucous membranes, turn the pet, keep the pet dry and
free of bed sores and perform passive range of motion. Passive range of motion must be performed every four
to six hours and patients should be repositioned at that time. Adequate soft bedding should be used and
bedding should be cleaned and replaced once a day.
Ideally, unless DIC is present, a central line should be placed in SE patients to monitor central venous pressures
and for the administration of parental nutrition if needed later. A central line should be considered in patients
suffering from hypoglycaemia as these patients require frequent blood draws. Technicians should monitor for
signs of DIC in SE patients such as increased bleeding times, petechiae or ecchymoses. A urinary catheter should
be placed in down pets to keep them clean and dry. If a SE patient was placed under anaesthesia the
endotracheal tube should be replaced every 24 hours. In addition the cuff on the tubes should be deflated,
repositioned and re-inflated every four to six hours. Throughout the pet’s hospitalization they should be
constantly monitored and treatment should be tailored to the pet accordingly.
References
Available upon request.
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An increasingly popular newer maintenance anticonvulsant is zonisamide. It has a high margin of safety, but
unfortunately the cost is somewhat prohibitive. Rare side effects include mild sedation, ataxia and vomiting.
Zonisamide has been shown to reduce seizure activity by 50% in 7 of 12 dogs who were receiving phenobarbital,
but still experiencing breakthrough seizures.
Levetiracetam (Keppra) is a newer maintenance anticonvulsant. While it appears to have a high safety margin,
the mechanism of action is poorly understood. This drug has been shown to be well tolerated in both dogs and
cats and is a good add-on drug to use in conjunction with phenobarbital. A prospective trial evaluating
levetiracetam as an add-on therapy for dogs with refractory epilepsy showed a 54% decrease in seizures.
Felbamate (Felbatol) has a high safety margin in dogs. Few studies have been published on the use of it in cats. It
appears effective as both an add-on drug as well as the sole maintenance anticonvulsant drug. Other drugs that
can be used are gabapentin and pregabalin. In both, the mechanism of action is not fully understood. Neither
are recommended to be used as the only maintenance anticonvulsant. Both drugs have been only used in dogs.

Chloe Fay BSc (Hons) RVN CertVN ECC VTS (ECC)
New Priory Vets Ltd Brighton, UK
Traumatic brain injury (TBI) can occur in many different cases, and it has been reported that up to 20% of
patients seen in the clinic will present with TBI. Often, these patients will have been involved in a collision and
will concurrently have other disease processes which may affect the outcome of the TBI. It is important to
recognise and manage the signs of TBI to prevent further injury, as well as considering these patients as a
whole; thinking about how each disease process (i.e. hypovolaemia) and their treatment will affect the factors
which influence TBI outcomes. In human medicine, several guidelines have been developed to help maintain
cerebral perfusion- a key factor to successful outcome in head trauma cases.
Cerebral perfusion pressure, cerebral blood flow and intracranial pressure
Cerebral perfusion pressure (CPP) is the net perfusion pressure that drives the oxygen into the cerebral tissues.
It is primarily dependent on the mean arterial pressure (MAP), and is the difference between MAP and the
intracranial pressure (ICP). CPP is important due to the significant part it plays in maintaining cerebral blood
flow (CBF), alongside cardiovascular resistance (which in motor-vehicle accidents is often affected). Autoregulation is triggered when there is increased blood pressure and increased cerebral vascular resistance to
cause cerebral vasoconstriction and a decrease to CBF, thus resulting in less cerebral blood volume, which is
responsible for supplying oxygen, glucose and therefore critical to ICP homeostasis. This is a coping mechanism
of the body to maintain acceptable levels of ICP and CPP. Often patients with TBI will develop cerebral hyper
perfusion in the early stages of injury, this is significant if the cerebral oxygen consumption is not matched.
ICP is a sum of the brain parenchyma + cerebral blood volume + cerebral spinal fluid (CSF). As the skull is a rigid
structure, there is an element of intracranial compliance to allow fluid exchange and protection. In TBI patients
there is often parenchymal damage and blood leakage, causing an exceed in intracranial compliance capacity,
therefore raised ICP and consequently raised CPP. The body regulates ICP by shunting CSF and blood to the body,
and away from the brain, as a raised intracranial hypertension will cause ischaemia over time.
Pathophysiology of TBI
Primary TBI is a result of a direct mechanical force and will result in concussion, contusion (causing parenchymal
haemorrhage and oedema), laceration and extra-axial haemorrhage on impact. Limitation of this initial injury is
often futile, but the aim is to reduce the likelihood of secondary TBI by avoiding hypoxia and hypoperfusion.
Hypoxia of the tissues and hypoperfusion will cause lactate accumulation, leading to ischaemia and ATP stores
are depleted preventing repair of tissues. Raised ICP will follow this cascade in reaction to hypoxia and
hypoperfusion and will further lead to active haemorrhage and compromise of the blood brain barrier.
Secondary TBI refers to a cascade of pathophysiologic processes leading to ‘delayed non-mechanical’ neuronal
damage both local and distal to the primary injury. It is characterised by terminal membrane depolarisation leading
to the excessive release of neurotransmitters (glutamate and aspartate). These excitatory neurotransmitters activate
N-methyl-D-aspartate receptors as well as voltage dependant calcium-sodium channels repeatedly causing a
catabolic intracellular process, which in turn release free radicals and fatty acids. The release of free radicals
leads to inhibition of DNA repair and DNA fragmentation which will ultimately lead to necrosis or apoptosis.
The aim of therapy is to prevent this decreased global oxygen delivery (DO2), through ensuring the cardiac
output (CO) is sufficient, as well as the oxygen content of the arterial blood (CaO2). CO is affected by the stroke
volume which in trauma patients may be depleted secondary to blood loss, potential restricted fluid
administration and the administration of diuretics, as well as alterations to oxygen saturation through pleural
space disease or pulmonary contusions that are often seen in these patients.
Treatment of TBI
It is important to apply the ABCs of triage to these patients as this will often alert the clinician to changes
directly affecting secondary TBI and to address any life threatening issues arising with the three major body
systems (cardiovascular, respiratory and CNS). Treatment for these life threatening problems should be
immediately implemented to ensure that the delivery of oxygen is maximised.
Heart rate, pulse quality and synchronicity, blood pressure, lung changes, respiratory rate and temperature are
key markers. Other markers, such as the ones listed below can be used in conjunction with a modified Glasgow
coma scale to assess the patients motor activity, brain stem reflexes, and level of consciousness in order to
assess morbidity/ success of treatment.
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Pupil size and symmetry
Pupil size is affected by both the parasympathetic and sympathetic systems; parasympathetic light response to
bright light will contract the pupils and sympathetic responses will expand the pupils in darkness. Testing both
pupils with the pupillary light reflex test (as well as covering the opposite one to see if it has the same response
to the uncovered pupil) can identify where the injury is in the brain. The sympathetic neurons are found in the
thalamus, whereas the parasympathetic responses are found in the medulla oblongata.
Cushing’s reflex
Cushing’s reflex is also known as the vasopressor response, is a physiological nervous system response to
increased ICP. The triad known to be the Cushing’s reflex is increased blood pressure, bradycardia and irregular
breathing and will often indicate herniation or severe haemorrhage. If a patient is showing any of the triad
signs with suspected TBI then treatment must be initiated immediately though morbidity factors are
significantly increased.
The treatment of TBI patients can be categorised into three tiers:
Tier one treatment is basic treatment that should be offered to all TBI patients.
Oxygenation is the most important treatment to these patients, as it is the aim to increase blood oxygenation
by maintaining the partial pressure of oxygen (PO2) in arterial blood as close as possible to normal (80 mmHg).
Regulation of a normal PO2 will assist in the autoregulation of CBF, alongside normal values of partial pressure
of carbon dioxide (PCO2), blood glucose and blood pressure. Consideration of whether the patient requires
mechanical ventilation will depend on responsiveness to oxygenation (avoidance of prongs and nasal catheters
due to increased risk of raising ICP) which can be measured via blood gas values. Blood products may be needed
to increase oxygen carrying capacity (if packed cell volume < 20%), and other products such as oxyglobin can be
used to achieve this. Pain assessment should be carried out following the initial exam and management
selected carefully as non-steroidal anti-inflammatories (NSAIDS) are contraindicated and some opioids can
cause respiratory depression (hypercapnia) or tachypnoea (hypocapnia) if given rapidly- however these patients
will most likely be painful which can cause both of these ventilation changes.
Fluid therapy is the second mainstay of tier one treatment. It is important to consider the patient’s blood pressure,
pulse quality and whether there is shock present (often there will be in a multi-focal trauma) and potentially some
degree of dehydration. Initial resuscitation is often achieved with crystalloid boluses and the use of hypertonic saline
to restore circulating volume and blood pressure whilst limiting the volume of fluid administered. It should be
noted that in tier one management, thermoregulation is important to perfusion (vasoconstriction/
vasodilation) and it has been recommended that the TBI patients’ temperature between 37- 39 degrees Celsius.
Tier two treatment looks at therapies for those patients who are unresponsive to tier one and are progressively
deteriorating. Osmotic diuretics fall into this category, and mannitol is classified as an osmotic diuretic;
therefore, it is imperative for the patient to have had tier one therapy (fluid therapy) prior to mannitol being
started (the patient MUST be well perfused before starting due to risk of dehydration, systemic hypertension and
hyperkalaemia). The main mechanism of action for Mannitol is the promotion of vasoconstriction through a
reduction in blood viscosity, which in turn reduces ICP. It will also reduce oedema by decreasing the production
of CSF to create a difference in osmolarity to help drain the extravascular fluid into the intravascular space.
Tier three and additional therapies include surgery (for fractures, acute extra-axial haematoma, CSF leaks),
mechanical ventilation to regulate hyperventilation (hypercapnia can cause excessive intracranial vasodilation
leading to increased ICP), glucose control, seizure control, nutritional supplementation.
All patients should also receive physical therapy (massage, passive range of movement) to avoid decubitus
ulcers, as well as placement of urinary catheters, +/- faecal catheters or enemas to avoid soiling and scalding,
lubrication of the eyes and mouth (to avoid ulcers) and most importantly the head and neck should be elevated
together at a 20-30 degree angle. Avoidance of jugular catheters and jugular blood sampling should be avoided
to prevent compression of the jugular (causing increased ICP) and unnecessary movement of the head.
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Clinical signs
Posture
Patients with TBI will often present non-ambulatory. It is important to also consider whether these patients
have concurrent spinal fractures. Often patients with TBI present with decerebrate rigidity, decerebellate
rigidity and Schiff-Sherrington posture.
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Emily Thomas BA VetMB DACVECC DECVECC FHEA MRCVS
Dick White Referrals, Cambridgeshire, UK
Urethral obstruction is a common complication of lower urinary tract disease in male cats. With treatment, the
prognosis for survival to discharge is excellent, but unfortunately recurrence rates of 14-57% are reported. There
are a surprisingly small number of clinical trials in blocked cats. Treatment is therefore based largely on opinion
and anecdotal evidence, giving rise to controversy.
Initial stabilization
Triage is performed at presentation, as with any emergency patient. Urethral obstruction is rapidly diagnosed
by palpation of a firm bladder that cannot be expressed with gentle pressure. About 12% of cats with urethral
obstruction present with bradycardia secondary to hyperkalaemia. A heart rate < 120 bpm, particularly with
concurrent hypothermia (< 35°C), is highly suggestive of severe hyperkalaemia ≥ 8 mmol/L. If urethral
obstruction is suspected, stabilization is started immediately. Minimum patient-side blood work drawn from
the intravenous catheter at placement should include PCV, TS, blood glucose, electrolytes, and creatinine. If
available, venous blood gases provide useful information on acid-base status.
If severe hyperkalaemia is suspected based on bradycardia it is treated immediately, i.e. without waiting for
blood results. Obstruction of urethral outflow causes pressure build-up within the urinary system, eventually
stopping glomerular filtration, causing hyperkalaemia and azotaemia. The cardiac cell resting membrane
potential relies on high intracellular levels of potassium and low extracellular levels. This gradient is reduced in
hyperkalaemia and the resting membrane potential becomes less negative, slowing the inward sodium current
required for depolarization, and leading to bradyarrhythmias. Cardiac output decreases causing shock and, if
left untreated, cardiac arrest. Hyperkalaemia is treated as follows:
Drug
10% Calcium
gluconate

Dose (IV)
0.5 - 1.5 mL/kg diluted 1:3
over 5-10 minutes

50% Dextrose 0.5 g/kg diluted 1:3 over 5
minutes
Neutral
insulin and
dextrose

0.1-0.5 iu/kg insulin plus
0.5 g/kg 50% dextrose
diluted as above, then CRI
2.5% dextrose

Mechanism of action
Increases threshold
potential and reestablishes normal
gradient

Comments
• Fast onset of action, lasts 15 mins
• Rapid cardiac protection in emergency
• May cause arrhythmias - monitor ECG
during administration
Does not lower [K+]
Stimulates release of
• At least 20-30 min to onset of action
endogenous insulin
• Lasts 4-6 hours
• Most useful for mild hyperkalaemia
Insulin stimulates Na/K • Approx 20 min to onset of action
ATPase activity causing • Lasts 4-6 hours
movement of glucose
• Monitor blood glucose q 2 h to avoid
and K+ into cells
hyper or hypoglycaemia

Many cats are dehydrated at presentation, secondary to vomiting and anorexia. Severe dehydration may lead to
hypovolaemic shock, requiring one or more crystalloid fluid boluses. A balanced, isotonic crystalloid (e.g.
Lactated Ringer’s Solution) allows more rapid correction of acid-base status than 0.9% sodium chloride.
Analgesia
Good systemic analgesia is essential for this painful condition. The choice depends on the patient’s clinical
status and clinician preference. Non-steroidal anti-inflammatory drugs are contraindicated until azotaemia has
resolved.
Local or regional anaesthesia provides useful adjunctive analgesia. A sacrococcygeal epidural provides
anaesthesia to the perineum, anus, colon, urethra and penis. In cats, the spinal cord ends cranial to the
coccygeal space therefore risk of cord puncture is low. Further details can be found at https://vetgirlontherun.
com/veterinary-continuing-education-coccygeal-epidurals-feline-urethral-obstruction-vetgirl-blog/
Unblocking
Obstruction is relieved by placement of an indwelling urinary catheter. Recent studies suggest damage to the
bladder from decompressive cystocentesis may be lower than previously supposed. It is essential to achieve a
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Urethral obstruction

The choice of urinary catheter is based on clinician preference. One retrospective study suggested a reduced
risk of reobstruction with smaller catheter size (3.5 versus 5 french). Catheters may have an end-hole or a closed
end with side-holes. Retrohydropropulsion is more effective if performed using a catheter with an end-hole.
Cats can almost always be unblocked without too much difficulty, although patience and time are required.
Once the tip of the catheter is within the penis, the prepuce is pulled caudally and dorsally to facilitate catheter
passage. If catheterization is difficult then sedation/anaesthesia are deepened as a first step. It can help to
change the cat’s position (e.g. lateral to dorsal recumbency); to try a different type of catheter; or to use
retrohydropropulsion (https://www.dvm360.com/view/7-steps-perform-retrograde-urohydropropulsion).
Once the catheter is secured, the bladder is emptied then gently flushed using copious sterile saline to rinse
inflammatory debris clear. An Elizabethan collar is placed before recovery from sedation and must be worn at
all times until the urinary catheter is removed.
Post obstructive nursing care
Opioid analgesia is continued at least until removal of the urinary catheter, and the patient is frequently
assessed for adequacy of analgesia. Intravenous fluids are continued until azotaemia has resolved and urine is
clear and then tapered. Urine output is usually measured every 2-4 hours and, once hypovolaemia and
dehydration are resolved, the rate of fluid administration is adjusted at each urine output measurement to
match output over the preceding 2-4 hours (‘matching ins and outs’). Cats commonly develop post-obstructive
diuresis (increased urine output after relief of obstruction) and may require disconcertingly high fluid rates. If
urine output drops unexpectedly, blockage or kinking of the urinary catheter should be excluded by inspecting
the catheter and palpating bladder size. If no catheter problems are found and the bladder is small, true
oliguria/anuria secondary to acute kidney injury is suspected.
The optimal duration of urinary catheterization is unknown, although it is usually removed after about 48
hours. Common sense suggests that the catheter should remain indwelling until the urine is clear of
inflammatory debris, and any post-obstructive diuresis has resolved. Urine appearance should therefore be
monitored and recorded. Ideally, urine sediment is examined microscopically each day for the development of
bacteriuria.
Stabilization of cats with feline urethral obstruction can be highly rewarding. However, our understanding of
this condition is limited, and treatment is largely opinion rather than evidence based.
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good plane of sedation, and if this is not possible then general anaesthesia is recommended. The perineum is
widely clipped and aseptically prepared. A closed collection system is attached after catheter placement and
sterile gloves are used if this system is broached.

Eleanor Haskey RVN BSc(hons) PGCert VTS(ECC) VPAC A1
ECC Nurse at the Royal Veterinary College, London, UK
The role of the kidneys is to maintain the volume and composition of plasma, regulate water and acid base, retain
nutrients and excrete waste, toxins and excess electrolytes. The kidneys achieve these functions via: glomerular
filtration, solute reabsorption, tubular secretion, water balance and acid-base regulation and production of
hormones. Acute kidney injury (AKI) is characterised by a rapid loss of nephron function. Insufficient filtering of
the blood by the kidneys results in azotaemia, fluid retention, uraemic toxin retention, electrolyte and acid base
abnormalities. There are a number of common causes in dogs including: reduced renal perfusion (hypotension,
thrombosis), toxin exposure (raisins, ethylene glycol), drugs (meloxicam), bacterial (leptospirosis, pyelonephritis)
and heatstroke. There are four stages to AKI. During the initiation phase there is an insult to the kidney.
Intervention may prevent progression to further injury. Changes in USG and GFR are not evident at this stage. The
second extension phase is where cellular injury progresses to cellular death. During the maintenance phase,
irreversible renal damage has occurred. Finally, the recovery phase can take weeks to months.
History and clinical examination
A full history should be obtained to identify any possible causes of AKI such as toxin exposure, vaccination
status (leptospirosis) and to differentiate acute vs. chronic kidney disease. Body condition will often be normal
in cases of AKI. Kidneys may feel enlarged and/or painful during abdominal palpation. Patients are likely to
present with signs of dehydration, hypovolaemia, depression/lethargy, and possibly ureamic breath and oral
ulceration. Blood pressure should be assessed as part of the clinical examination.
Diagnosis
Diagnosis is made based upon the history, laboratory findings and diagnostic imaging.
Blood work
A CBC and serum biochemistry can help to identify AKI. Red blood cell count is often unremarkable unless the
patient has an AKI secondary to blood loss.
Biochemistry
Increased creatinine is the most commonly used biomarker for severity of AKI. BUN and SDMA also increase
with declining renal function. Liver parameters may be altered in cases where leptospirosis is causing the AKI.
Commonly documented electrolyte abnormalities include hypocalcaemia, hyperkalaemia and
hyperphosphataemia.
Urinalysis
Urine concentration is measured as urine specific gravity (USG). USG needs to be assessed in light of the
patient’s level of azotaemia. Cytological examination of urine may reveal RBCs, WBCs, bacteria and crystals. In
cases where a bacterial cause of the AKI is suspected then a cystocentesis sample should be obtained and sent
for culture and sensitivity.
Imaging
Radiographs, ultrasound and CT will further aid in the work up of cases. Radiographs +/- contrast studies can be
used for investigation of urolithiasis and ureteric obstructions or rupture of the urinary tract. Ultrasound will
give information on the appearance and structure of the kidneys and evidence of renal pelvic or ureteric
dilation or hydronephrosis. Ultrasound guided renal FNAs might be performed if infiltrative renal disease is
suspected or ultrasound guided pyelocentesis performed if pyelonephritis is suspected.
Treatment
Once a diagnosis of AKI is made, it is essential to identify any contributing factors (such as hypotension/
hypovolaemia) and start treatment promptly. Ongoing supportive treatment includes judicious intravenous
fluid therapy, management of electrolytes, management of acid base, monitoring urine output (UOP),
treatment of hypertension and supportive therapies such as gastroprotectants and anti-emetics. Specific
targeted treatments should be given where possible i.e. antibiotics to treat leptospirosis. These patients often
require intensive nursing care with particular attention to the following:
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The ins and outs of acute kidney injury

Monitoring urine output
Close attention should be paid to UOP. If a urinary catheter and closed collection system can be placed this will
allow for accurate monitoring. There is a concern that patients with AKI could go on to develop anuria (UOP<
0.5ml/kg/hr) so a drop in UOP should be reported to the case vet. Anuric patient can be treated with
furosemide or mannitol to try and improve UOP or they may be candidates for haemodialysis.
Management of electrolytes and acid base
Patients with AKI can have a number of electrolyte abnormalities in addition to a metabolic acidosis. Blood
work should be monitored to observe trends and electrolyte imbalances should be addressed.
Analgesia
Depending on the cause of the AKI the patient may be painful in the kidney area or due to a secondary issue.
Opioids are a safe analgesia choice for these patients whereas NSAIDS should be avoided until the patient’s
renal function has been restored.
Antiemetics and gastroprotectants
A build-up of uremic toxins can lead to nausea and gastrointestinal upset so supportive therapies can be
administered to any patients that are exhibiting signs of nausea, vomiting or diarrhoea.
Nutrition
Any patient undergoing recovery from an illness requires nutrition. If the patient is not meeting their RER via
voluntary intake of food, then assisted feeding methods such as naso-oesophageal feeding tube placement
may be required.
Support of major body systems
Cardiovascular: heart rate and rhythm, mucous membrane colour, capillary refill time and blood pressure should
all be monitored at frequent intervals. Any possible arrythmias should be investigated with an ECG. Respiratory:
respiratory rate, effort and pattern should also be observed at regular intervals to monitor for signs of respiratory
distress (which could be a sign of volume overload). Oxygen therapy should be given to any patient with obvious
signs of respiratory distress or a documented low arterial oxygen pressure on arterial blood gas sampling.
Mentation: every time the patient is interacted with their mentation should be assessed. Electrolyte imbalances,
hypotension, abnormal fluid balance or uraemic encephalopathy can all contribute to an altered mentation.
Management of indwelling devices
Hospitalised patients with AKI are likely to have a variety of tubes or lines in situ which need careful
management to reduce the risk of complication arising. Peripheral IV catheters, central venous catheters,
feeding tubes or urinary catheters are the more common devices used in these patients. Clinics should have
standard operating procedures for the management of each device so there is consistency in their
management. Devices should be removed when they are no longer required.
Specific therapies
If the underlying cause is identified and there is a specific directed therapy such as antibiotics to treat
leptospirosis or pyelonephritis or toxin management such as decontamination, administration of activated
charcoal and reversal/antidote administration such as fomepizole or ethanol 70% in cases of ethylene glycol
toxicity. Dialysis is indicated in patients who are severely azotaemic and have hyperkalaemia refractory to
treatment, severe acid base derangements or fluid overload. There are several options available depending on
cost, equipment/expertise and patient size. Peritoneal dialysis is a suitable option for smaller patients. An
abdominal drain is placed and a dialysate is infused into the abdomen and left to dwell so fluid and solutes can
move via diffusion and convection. The dialysate is removed, and the cycles repeated until the patient’s blood
work has reached the desired levels. Haemodialysis in the form of intermittent haemodialysis or continuous
renal replacement therapy. This method requires a large dialysis catheter to be placed in the jugular vein.
The patients’ blood is processed outside of the body to remove fluid and solutes via convection and or diffusion
depending on the mode chosen. The blood requires anticoagulating either systemically via heparin
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Fluid balance and hydration
Patients are likely to have fluid deficits such as hypovolaemia or dehydration at presentation but are also at risk
for volume overload if anuric or oliguric. All patients should be assessed and have a fluid plan integrated into
their treatment plan. IV catheters (peripheral or central) should be closely monitored and managed aseptically.
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administration or regionally via citrate administration. The cycle is finished when the patient’s blood work has
reached the predetermined levels. These patients require intensive monitoring of CV parameters, temperature,
mentation and bodyweight. All details (including dialysate recipes, volumes of dialysate, machine settings etc.
should be recorded. Complications associated with dialysis include catheter occlusion, haemorrhage secondary
to anticoagulation, hypotension and dialysis disequilibrium.

Amy Newfield, CVT, VTS (ECC)
BluePearl Veterinary Partners, Waltham, MA USA
Adrenals
The adrenal glands are part of the endocrine system and help to produce several hormones. Glucocorticoids are
released by the adrenal glands and are regulated by ACTH from the pituitary gland. The term corticosteroids is
applied to hormones of the glucocorticoid class that are released from the adrenals. The most important
corticosteroids produced are cortisol and corticosterone. They help increase blood glucose levels by reducing
glucose uptake in the cells, aid in gluconeogenesis and help to convert fatty acids back to glucose. The adrenals
also produce aldosterone, a mineralocorticoid (affects “minerals” also known as electrolytes) which regulates
acid/base function of the kidney. It also helps to control the excretion of sodium, chloride and potassium.
Adrenal insufficiency
The production of mineralocorticoids and/or corticosteroids become decreased. The cause of the decrease can
be from bacteria or parasitic agents (histoplasma, cryptococcus) causing inflammation in the adrenals,
haemorrhage (Waterhouse-Friderichsen syndrome due to massive sepsis), neoplasia, iatrogenic causes or may
be idiopathic. Most dogs diagnosed with hypoadrenocorticism are young to middle aged females (mean 4–5
years). Certain breeds seem to have a higher risk: Standard Poodles, West Highland Terriers, Bearded Collies,
Great Danes, Portuguese Water dogs, Labrador retrievers, Rottweilers, and Wheaton Terriers.
Roughly 90% of the adrenal function is compromised once clinical signs become evident. As the
mineralocorticoids are decreased the sodium, chloride and potassium levels within the body become
unregulated. The kidneys no longer secrete appropriate amounts of potassium which leads to hyperkalaemia.
The renal tubules do not reabsorb sodium and chloride as well resulting in both being excreted rapidly in the
urine. Aldosterone has a direct effect on the extracellular fluid because of a direct relationship with how much
sodium is reabsorbed or excreted. Conversely, in the patients with hypoadrenocorticism extracellular fluid
volume will decrease as sodium decreases, thus causing the patient to become dehydrated. Any small change in
sodium, even by a few milliequivalents on blood work, will stimulate thirst and water intake.
The hyperkalaemia will often cause ECG changes resulting in high-peaked T waves and bradycardia. It can also
cause abdominal pain, weakness (due to the cardiac effects), diarrhoea and in severe cases flaccid paralysis of
the limbs, respiratory paralysis, circulatory and cardiac failure.
As the sodium decreases the pet will become depressed, lethargic and cerebral oedema may occur. Seizures and
coma may occur though these signs are often a reflection of how fast the sodium declined rather than the
actual concentration. If the sodium decreases slow enough the pet may have few clinical signs.
As the corticosteroid levels decrease gluconeogenesis may not occur which can result in a mild to moderate
hypoglycaemia leading to more lethargy of the pet.
Signs/symptoms
Hypoadrenocorticism may occur acutely or chronically. If the pet has time to get use to the shifting electrolytes
and decrease in hormones then they typically present with more non-descript signs: weight loss, hypothermia,
shivering, weakness, anorexia, lethargy, vomiting, polyuria and polydipsia. Some patients will also have weight
loss, diarrhoea and melena. Cats typically experience lethargy, anorexia, vomiting, weight loss, polyuria and
polydipsia. When the body does not have a chance to get use to the decreases in hormones the pet typically
presents with severe dehydration, hypovolemic shock, and bradycardia.
Upon presentation pets are usually depressed and at least mildly dehydrated. Pets that experience an acute
onset of hypoadrenocorticism will often present with signs of hypovolemic shock: pale/tacky oral membranes,
decreased capillary refill time, weak pulses, bradycardia, shaking, collapse, seizures or coma. These patients
require emergency treatment.
Diagnosis
A complete blood count (CBC), blood chemistry panel, electrolyte panel, blood gas and ACTH stimulation test
are all necessary if Addison’s is suspected.
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Addison’s crisis!

Definite diagnosis requires the adrenocorticotropic hormone (ACTH) stimulation test. ACTH is a hormone
produced in the pituitary gland that stimulates the adrenal glands to release cortisol and aldosterone. During
the test, a small amount of synthetic ACTH (cosyntropin, cortrosyn) is injected either IM or IV, and the amount
of cortisol the adrenals produce in response is measured. In pets with hypoadrenocorticism, both the pre- and
post- ACTH cortisol concentrations are usually less than 1 µg/dL, with some references stating that under 2.5 µg/
dL is diagnostic.
There is a newer SNAP Cortisol test (IDEXX lab) that is available for in-house testing. It is fairly accurate in
detecting cortisol though the plasma cortisol detection is more accurate than the SNAP. Certainly, starting with
the in-house is a great starting point to initiate treatment.
Treatment
An adrenal crisis is an acute medical emergency and requires the staff to work quickly in order for the patient
to have the best chance of survival. Patients may present weak, ataxic, shaking, non-responsive and in shock.
Dealing with the Addisonian crisis requires treating the patient’s shock. Focus should be on treatment the
hypotension and hypovolemia.
A short, large gauge intravenous (IV) catheter should be placed and fluid therapy started. Since the patient is
usually hypotensive and vasoconstricted blood should removed from the IV catheter once it is placed as
subsequent venipuncture may prove challenging. If hypoadrenocorticism is suspected then 0.9% sodium
chloride (NaCl) should be considered choice because it offers a higher amount of sodium and lower amount of
potassium compared to other isotonic crystalloids (Lactated Ringer’s solution (LRS), Normosol-R (Norm-R)). Any
balanced isotonic crystalloid is an acceptable fluid choice in most Addison’s disease patients.
Patients with severe hyperkalaemia (severe bradycardia, ECG abnormalities), should be given regular insulin
and dextrose to help decrease serum potassium levels. Calcium gluconate can also be given. While it does not
decrease serum potassium levels it does protect the heart against the effects of hyperkalaemia. Typically these
treatments are not needed as serum potassium is usually lowered fast enough through the dilution effects
from the IV fluids.
Bicarbonate therapy is usually not necessary as the metabolic acidosis is usually mild. However, if the
bicarbonate level remains less than 12 mEq/L even after fluid resuscitation, the bicarbonate administration
should be considered.
If the patient is stable or after they are stabilized the focus should shift to providing glucocorticoid
replacement. All glucocorticoids react with the ACTH stimulation test except dexamethasone. Ideally blood for
the ACTH test should be performed before glucocorticoids are given. If the patient is not stable before the ACTH
test can be completed, then dexamethasone sodium phosphate should be given IV. Dexamethasone is long
acting, about thirty times more potent than hydrocortisone, but offers no mineralocorticoid activity.
If the pet is stable enough for the ACTH test to be completed, then prednisolone sodium succinate is the
glucocorticoid of choice. Prednisolone is a glucocorticoid that has some mineralocorticoid activity. Some
suggest hydrocortisone sodium succinate be administered instead of prednisolone because of its combination
of mineralocorticoid and glucocorticoid activities. Hydrocortisone has only 25% of the glucocorticoid potency of
prednisolone but offers more mineralocorticoid effects than prednisolone.
Other treatments should be tailored to the pet’s condition. Patient may need to be started on dextrose
supplementation if they are hypoglycaemic. Antibiotics should be considered in patients with severe melena or
haemorrhagic diarrhoea. Antiemetics can be administered to help combat nausea and vomiting. Colloids may
need to be administered in patients with hypoalbuminemia and hypotension.
Nursing care
Patients should be monitored for signs that they are not responding to the glucocorticoid therapy. This may
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Typically a mild anaemia may be present but may be masked by dehydration. The CBC is typically normal. On a
blood chemistry a hyponatremia, hyperkalaemia and a sodium/potassium ratio less than 27:1 is usually present.
Azotemia, hypocalcaemia and hypoglycaemia are present in about 30% of pets. Pets may also experience
metabolic acidosis and have a urine specific gravity < 1.030.

Pets should be weighed twice a day to monitor rehydration. Urine output should also be monitored to ensure
the kidneys are functioning properly as well as for fluid therapy. Due to the severity of dehydration urine output
may be lower than volume input because until the pet is adequately hydrated.
Blood pressure is extremely important in hypoadrenocorticism patients and should be monitored minimally
every 4-6 hours. Normalization of blood pressure, defined by a of MAP of 80-120 mmHg or systolic between
110-160 mmHg, is goal.
Electrolytes, renal function and glucose should be all monitored regularly to assess the response to the
glucocorticoid therapy.
Lastly it is important that patients must be given appropriate nutrition. Nurses need to tempt patients to eat
and alert the veterinarian if the patient is nauseas or experiencing vomiting.
Long term care
With diligent monitoring by the owner and appropriate medication hypoadrenocorticism has a good prognosis.
Therapy is required for life and dosage may need to be altered throughout the pets lifetime.
Patients will need to be given both mineralocorticoid and glucocorticoid supplements the rest of their lives.
Oral prednisone or prednisolone is the glucocorticoid treatment of choice in both dogs and cats. In times of
stress the prednisone may need to be increased. It is important that the dose is tapered to the lowest effective
dose as high doses may result in hyperadrenocorticism. The decision to use glucocorticoids is based mainly on
gastrointestinal signs.
The options for mineralocorticoid therapy are fludrocortisone acetate (Florinef) or desoxycorticosterone pivalte
(DOCP). Only 50% of dogs on fludrocortisone require supplemental prednisone. Fludrocortisone is dosed orally
and is given twice a day. It contains both glucocorticoid and mineralocorticoid properties. The most economical
option is DOCP (Percorten®-V, Novartis) which requires the pet to have an injection every 21-30 days. It does not
have any glucocorticoid activity. Almost all dogs on DOCP require prednisone at least every other day. Both
DOCP and fludrocortisone should be tapered to effect.
References
Available upon request.

EVECC CONGRESS GHENT 2020

include weakness, lethargy, anorexia, vomiting, ataxia, hypotension and/or tachy- or bradycardia. Physical exam
parameters (heart rate, pulse, respiratory rate, effort, mucous membranes, capillary refill time) and blood
pressure should be checked every 2-6 hours depending on how critical the pet is. If the patient was
experiencing ECG abnormalities then they should be placed on continuous ECG monitoring or have periodic
ECG checks minimally every hour or two.

Amy Newfield, CVT, VTS (ECC)
BluePearl Veterinary Partners, Waltham, MA USA
Physiology
The pancreas is an organ that is a mixed gland (endocrine and exocrine parts). The exocrine secretions enter
the duodenum through the pancreatic duct. The endocrine secretions are formed in tissue found within the
exocrine tissue known as the islets of Langerhans. The three hormones secreted from the islets of Langerhans
are insulin, glucagon and somatostatin.
The insulin is secreted in response to high blood glucose levels in the body. Ultimately the insulin helps to lower
the blood glucose by increasing the uptake of glucose into the cells and storing the excessive glucose as
glycogen in the liver for later use. It is also responsible for breaking down fat and storing it as adipose tissue.
Glucagon is secreted in response to low blood glucose levels. It helps to raise the blood glucose by converting
the stored glycogen in the liver back to glucose. Somatostatin helps to regulate blood glucose levels in
conjunction with insulin and glucagon as well as helps to decrease gut motility and secretion of digestive juices.
An insult to the pancreas occurs causing a degeneration in the islet cells. The insult could be from an acute or
chronic onset of pancreatitis, neoplasm or may be idiopathic. The result is that there is a reduction of the
hormone insulin, the failure of the cells of the body to be able to respond to insulin and/or the increase of
glucagon resulting in hyperglycaemia.
The lack of insulin in the body along with the rising levels of glucagon result in hyperglycaemia for an extended
period within the body.
Hyperglycemia
When blood glucose levels rise above 180 mg/dL in dogs and above 280 mg/dL in cats, the kidneys are no longer
able to filter out all the glucose which results in glucose spilling into the urine. Glucose is therefore detectable
on a urine test strip.
While blood glucose levels can reach above 600 mg/dL, the only significant side effect to the extreme
hyperglycaemia is dehydration of the tissue cells. The dehydration is likely because glucose does not diffuse
easily through cellular pores which results in an increase in osmotic pressure in extracellular fluids causing
fluids to shift out of the cells.
The loss of glucose in the urine leads to osmotic diuresis in the renal tubules causing a decrease in tubular
reabsorption of fluid. This causes an increase in urine production, increase in thirst (due to the decrease of
fluids being reabsorbed) and intra- and extracellular dehydration.
The chronic high glucose levels will lead to tissue injury of the blood vessels which causes the blood vessels not
to function normally. The exact mechanism of why this occurs is not fully understood. When the blood vessels
fail to function normally it leads to inadequate blood supply to the tissues. As the blood sugar increases pet can
experience one of two types of emergencies: diabetic ketoacidosis (DKA) or hyperosmolar hyperglycaemic state
(HHS).
DKA
Because there is a lack of insulin in the body, the body shifts from carbohydrate metabolism to fat metabolism.
As the fat is metabolized for energy it produces ketones. The ketones build up in the body which eventually
overwhelm the body. High numbers of ketones overwhelm the body’s buffering system which leads to an
increase in hydrogen ions (H+), a decrease in bicarbonate (HCO3-) and a decrease in blood pH. This leads to a
metabolic acidosis. As the pH decreases and the dehydration worsens, the body will experience electrolyte
abnormalities with sodium, potassium, phosphorous and magnesium.
Pets with DKA often present with symptoms including: polyuria, polydipsia, nausea, weakness, vomiting and
diarrhoea. Other signs may include shock, tachypnoea, hypothermia, hypotension and dehydration (dry oral
membranes, decreased skin turgor, sunken eyes). About 10% of cats may exhibit diabetic neuropathy with a
plantigrade stance (hocks touch the ground when the cat walks or stands). Approximately 40% of dogs may present
with cataracts in one or both eyes. Hepatomegaly and secondary pancreatitis are common in both the dog and cat.
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HHS
While not common, HHS can occur in both the dog and cat and is sometimes referred to as “nonketotic
hyperglycaemia”. HHS is when the pet experiences profound hyperglycaemia (>600 mg/dL), hyperosmolarity
(>350 mOsm/L), extreme dehydration, CNS depression and is absent of ketones and severe metabolic acidosis.
Pets with HHS are more likely to have some underlying kidney or cardiovascular disease. HHS pets may also be
non-insulin dependent.
It’s not fully understood why the pet does not experience ketonuria since the pathogenesis is similar to that of
an uncomplicated diabetic. It is thought that there are likely some functioning cells that are still producing
some insulin for the pet. The existence of some insulin prevents the formation of ketones. As the blood sugar
rises the pet begins to experience severe signs of dehydration. As the dehydration continues the pet will start to
experience azotaemia. The increase in osmolarity causes water to shift out of the cerebral neurons which
results in obtundation.
Pets with HHS are often lethargic, severely dehydrated, depressed and weak. They may have gastrointestinal
signs (anorexia, vomiting, diarrhoea) which may progress to neurological symptoms. They are often in shock
and hypothermic. As it progresses the pet may experience a coma and/or death.
Diagnosing HHA and DKA
Diagnosis is made based on laboratory findings. A complete blood count (CBC), blood chemistry, electrolytes,
urinalysis (sterile sample ideal) and blood gas should be performed. In both the dog and cat a mild
polycythaemia (due to dehydration) or leucocytosis may be noted.
A chemistry may reveal increased liver values, most commonly ALT and ALP. Increases in blood glucose level,
kidney enzymes and cholesterol are often noted. Electrolyte derangements are more common in DKA and most
commonly include hyponatremia, hypomagnesaemia and hypokalaemia. If HHS is suspected serum osmolarity
should be calculated. To calculate out osmolarity the following equation should be used: Serum Osmolarity =
(2 x serum sodium [mEq/L]) + (BUN [mg/dl]/2.8) + (glucose [mg/dl]/18). Normal serum osmolality is 290 to 310
mOsm/kg. Neurologic symptoms have been documented in animals when osmolality exceeds 340 mOsm/kg.
A urinalysis will always reveal glucosuria and, most likely, in the case of DKA, ketonuria. Protein, bacteria (due to
secondary urinary tract infection) and/or blood may also be present in the urine. If DKA is suspected and
ketones are not detected on a urine stick, testing plasma on a urine strip should be performed. It has been
shown that plasma will detect ketones at times when urine may not.
Hypoglycaemia
Hypoglycemia is one of the most common side effects of an insulin therapy in a diabetic. Clinical
hypoglycaemic is defined as blood glucose levels less than 60 mg/dl. Diabetics who experience a hypoglycaemic
state do so because of two possible reasons: they were incorrectly dosed with insulin or are experiencing a
change in insulin requirements. Cats frequently can experience “transient diabetes” causing their insulin
requirements to change. Approximently 20% of diabetic cats will experience transient diabetes. Changes in the
pet’s weight, appetite, diet, and activity level can results in the pet needing a lower insulin dose. Owners of new
diabetics should be given written instructions on ways to avoid hypoglycaemic episodes (give insulin after
ensuring pet has eaten, have family member double check dose, keep a check system on the refrigerator).
Hypoglycaemia mainly affects the nervous and musculoskeletal systems. Nervous tissue relies heavily on
glucose as its primary energy source. While emergency signs resulting from hyperglycaemia take days if not
weeks to occur, a pet experiencing hypoglycaemia is always an immediate emergency. Pets who experience
hypoglycaemia will often become lethargic, weak, ataxic and appear “wobbly”. Signs can be seen in blood
glucose levels between 50-60 mg/dl. Hypoglycemia stimulates appetite so pets may start acting hungry or eat
things they normally may not. As the hypoglycaemia worsens (the blood sugar level continues to decline) the
symptoms will worsen and can lead to seizures, coma and death.
Treatment
Upon presentation of any emergency diabetic all emergent signs should be treated. Patients may present
severely lethargic, shock, obtunded, seizuring or in a coma. All known diabetics should immediately have their
blood glucose level tested to ensure the signs are not from hypoglycaemia. In general treatment should be
focused on fluid therapy, insulin therapy if hyperglycaemic, electrolyte correction and treatment of any
metabolic acidosis. It will take about 36-48 hours to normalize high glucose levels and pH levels and about 12-24
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If the pH falls below 7.0 coma or death may occur. In cases of severe metabolic acidosis (<7.0) the pet may
experience Kussmaul respirations (slow, deep and gasping respiration).

DKA, HHS and hypoglycaemic diabetics will present with signs and symptoms that warrant fluid therapy and
medication administration (diazepam, dextrose). Therefore, it is better if an intravenous (IV) catheter is placed
first even if the patient is seizuring. A central line should be placed once the patient is a little more stable as
this will allow for blood to be obtained and fluid therapy to begin almost simultaneously. In the case of a DKA
patient, placement of a central line can usually occur first and is likely the only IV catheter placement needed.
Placement of a central line will allow for central venous pressure (CVP) to be monitored, parental nutrition to be
given and blood obtained for future lab work.
If the patient is experiencing HHS or is a DKA, baseline bloodwork should be obtained and fluid therapy should
begin. Fluid therapy may be started before bloodwork is obtained if the patient is too critical and blood too
difficult to obtain. The goal of fluid therapy is to re-establish normal fluid balance. Just rehydrating the patient
will aid in helping to decrease plasma glucose levels by helping to improve kidney function. The choice of fluids
is ultimately the clinician’s decision and should be based on electrolyte and acid-base status. Many clinicians
will start with 0.9% NaCl to help with hyponatremia that most DKA experience. The current recommendations
by the American Diabetes Association for patients with HHS is to use 0.9% NaCl in patients with a low serum
sodium concentration and use 0.45% NaCl in patients with a normal or high serum sodium concentration. It is
generally recommended to correct about 75% of the dehydration over the first 24 hours and the other 25% on
the second day.
Potassium supplementation is usually added to the fluids of DKA patients. After 6-12 hours the electrolytes and
blood gas should be rechecked in any HHS or DKA patient. Some clinicians will opt to change the fluids to a
buffered solution with less sodium (LRS, P-lyte, Norm R) if the patient’s sodium level is >140 mmol/L.
Phosphate supplementation may be needed in a DKA patient due to a rapid decrease in levels within 12-24 hours
after insulin administration begins. Phosphorus levels < 1.5 mg/dL can lead to anaemia, weakness, ataxia and
seizures. Phosphorus should never be used in conjunction with calcium containing fluids.
The use of bicarbonate therapy in DKA patients is controversial, but should be considered in patients with a pH
<7.1 or a serum HCO3 < 12 meq/L. Most of the time acidosis improves once perfusion and glucose levels are
normalized. Using a buffered solution (LRS, Norm-R) also aids in the correction of any acidosis. Administration
of bicarbonate can result in coronary acidosis, a paradoxical CNS acidosis and therefore sudden death. If the
patient is not responding and still in a critical acidotic state, then bicarbonate therapy can be initiated.
Bicarbonate must be administered slow (over 2-6 hours) to avoid overwhelming the blood-brain barrier with
rising levels of PCO2. The use of bicarbonate is not recommended in HHS patients and not needed in
hypoglycaemic patients.
If an owner calls stating their pet is a known diabetic who was overdosed on insulin or who is exhibiting signs
of hypoglycaemia (seizure, ataxia) they should be instructed to put karo syrup, honey or even raw sugar on the
gums and then drive to the veterinary hospital immediately. Upon arrival, if the pet is experiencing
hypoglycaemia an initial slow IV bolus of 50% dextrose (0.5g/kg diluted with sterile saline or sterile water 1:4 or
1:2 ratio) should be administered. The pet should then be placed on a CRI of 5% dextrose solution.
Blood sugars will be constantly checked every couple of hours. Hypoglycemic pets should slowly be wean off the
dextrose CRI over a 12-24 hour period once they have high or normal blood glucose levels. The cause of the
hypoglycaemia must be investigated so that further hypoglycaemic episodes do not occur. This may be a
decrease in insulin, removal of insulin all together or more careful medical management at home.
Insulin therapy
Regular insulin is always chosen for the initial treatment of DKA and HHS because it offers a quick onset of
action and a short duration of effect. There are two routes regular insulin can be given to patients: IV or IM. If
given IV, it is typically given at a constant rate infusion (CRI). Intramuscular doses are given intermittently,
usually every 4-6 hours with blood glucose checks occurring every 2 hours. If a DKA patient is on a CRI of insulin,
a dextrose CRI should be added once glucose levels reach between 150-300 mg/dL. Adding in dextrose will help
with the further breakdown of the remaining ketones and help to resolve acidosis of a patient with DKA.
The goal of insulin therapy in a DKA is to drive blood glucose levels between 150-300 mg/dL. In the case of a pet
with HHS, it is recommended that blood glucose concentration remain at 250-300 mg/dl until hyperosmolarity
is corrected. DKA patients are then started on subcutaneous regular insulin until anorexia and ketosis has
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hours to normalize low glucose levels.

Nursing care
Nursing care of diabetic emergencies can be intense. The primary nursing care of a diabetic emergency patient
revolves around monitoring the patient’s response to the treatment. Physical exam parameters and blood
pressure should be checked every 2-6 hours depending on how critical the pet is. Pets should be weighed twice
a day to monitor rehydration. Since these pets are often on high rates of fluids, they should be monitored closely
for signs of fluid overload (respiratory rate/effort, auscultation of lung sounds).
A urine catheter should be considered in down pets to aid in keeping them clean and to be able to quantify
urine output. Non-absorbent litter or obtaining a free catch can be done to obtain accurate amounts of urine.
Urine should be checked every 6-12 hours for ketones, so collection of urine is important for a variety of reasons.
Ketones may persist up to 5 days in the urine even after a resolution of the ketosis state.
Measuring CVP will help determine how much fluid can be administered to a patient without causing fluid
overload. Depending on the literature normal CVP measurements vary, but most will agree it is somewhere
between 1-10 cm H2O. Monitoring CVP is particularly useful in HHS and DKA patients.
It is important that patients have their blood pressure monitored minimally every 4-6 hours. If the mean
arterial pressure (MAP) falls below 60 mmHg, the kidneys and other organs are not appropriately perfused
putting them at risk for organ failure. Normalization of blood pressure, defined by a of MAP of 80-120 mmHg or
systolic between 110-160 mmHg, is goal.
Diabetic emergency patients require frequent blood draws and it is imperative that if the patient does not have
a central line, the integrity of the veins be kept in good health. Having one ready to go and placing a pressure
bandage on for every venipuncture is imperative.
If the patient is recumbent, the pet will need to be turned and kept dry and free of bed sores and have passive
range of motion must be performed every four to six hours.
Lastly it is important that patients be given appropriate nutrition. Malnutrition can delay healing and cause
large fluctuations in glucose/insulin regulation. Feeding tubes, force feedings or parental nutrition should be
considered in patients who are unwilling to eat.
At time of discharge clients need to have a discussion on how to care for their diabetic animal. Handouts and
one-on-one demonstrations on insulin handling and administration is key to client compliance.
Conclusion
As a veterinary technician you will likely encounter an emergency diabetic pet at some point. Being able to
communicate with the owner quickly and effectively will allow for faster treatment of the pet. Being able to
monitor the patient and notice subtle changes will help the patient receive the appropriate course of
treatment and allow for a faster recovery.
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resolved. Pets are then sent home on either an intermediate and long-acting maintenance insulin.

Claire R. Sharp, BSc, BVMS, MS, DACVECC; Senior Lecturer
School of Veterinary Medicine, Murdoch University, Murdoch, Australia
The objectives of this lecture are to review the concept of illness/injury severity scores, and the development
and utility of scores applicable to veterinary trauma patients. Two established trauma-specific scores will be
reviewed: the animal trauma triage score (ATTS), and modified Glasgow coma scale score (mGCSS). Additionally,
two newer scores that have yet to prove their utility, the Koret CT score (KCTS), and rib score, will be introduced.
An illness / injury severity score is a number assigned to a patient that correlates with a probability that a
specific outcome will follow. Scores provide a quantitative and objective measure of patient illness. Available
scores differ in their degree of complexity, but all contain several variables.
Indications for the application of illness / injury severity scores include to:
• Provide objective context of patient illness severity
• Predict mortality or outcome within a population
•C
 ontrol for confounders in research studies; for example, the investigator can better assess the effectiveness
of an intervention when controlling for differences in illness severity between groups
• Demonstrate effective (or ineffective) randomization in randomized controlled trials (RCTs)
• Allow reduction of required sample sizes by ensuring only appropriately ill patients are enrolled in studies; and
•A
 s a performance measure. For example, by comparing the actual mortality in a population compared to the
mortality predicted by the score one (ie. the mortality ratio) can identify health care units as high vs. low
achievers.
It is important however that clinicians know that illness/injury severity scores are NOT designed to be used in
isolation to predict outcome for individual patients. Rather they are applied on a population basis. For example,
if a certain score predicts 40% mortality, 40/100 cases with that score will be non-survivors, but the score
doesn’t tell you which 40. Nonetheless scores are assigned to individual patients, and a score associated with a
worse outcome may motivate the clinical care team to dedicate more resources to that patient to increase the
chance of a good outcome.
Illness/injury severity scores can be diagnosis dependent, or diagnosis independent. Since this lecture is about
trauma scoring, we will focus on scores designed for use in trauma patients.
Animal trauma triage score (ATTS)
The ATTS is one of the longest standing illness/injury severity scores in veterinary medicine and has stood the
test of time. A manuscript describing the development of the ATTS was first published in 1994. The goal of the
investigators was to develop and validate a scoring system for the veterinary trauma patient (which they called
the ATTS) based on physical examination parameters that could predict 7-day mortality. The components of the
ATTS were based on guidelines in the literature, including human polytrauma scores, and the consensus of
expert clinicians. The ATTS scores patients from 0-18, where 0 is no significant injury and 18 the worst
combination of injuries imaginable. The ATTS is made up of a score from 0 to 3 in six categories – perfusion,
cardiac, respiratory, eye/muscle/integument, skeletal, and neurologic.
The prognostic utility of the model was first assessed using retrospective data collected over a 2 month period
(September & October 1992) at UPenn. The study population included 101 animals (76 dogs, and 25 cats) of
which 23 were non-survivors (note that euthanasia was not excluded and the authors did not differentiate
between euthanasia and natural death). The investigators performed multivariate logistic regression to assess
the utility of various patient factors to predict outcome, including ATTS, species, age, and body weight. They
found that ATTS was the only independent outcome predictor.2 The authors went on to validate the ATTS on an
independent data set; all trauma cases presenting from August to September 1993. This population included 88
cases (62 dogs and 26 cats), and again the ATTS was found to predict outcome. Specifically, each point increase
in ATTS was associated with a 2.3-2.6 times decrease in 7-day survival.
Numerous other studies have since confirmed the prognostic utility of the ATTS. For example, in a prospective
multicentre study of dogs with trauma an ATTS of > 5 was the best predictor of outcome of all variables
examined (Se 83%, Sp 91%, AUC 0.913). Similarly, in a prospective multicentre evaluation of coagulation
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More recently, a study using dog data from the ACVECC VetCOT trauma registry, aimed to evaluate the
discriminatory performance of the ATTS for predicting outcome, as well as assess individual components of the
score to determine if reweighting or eliminating components would affect the score performance. This study
included data from 3,599 dogs trauma patients that had been seen at 9 VetCOT trauma centers between
September 2013 and March 2015. In that study the ATTS showed a linear relationship with mortality and had
excellent discriminatory performance. Each increase of 1 point in the ATTS was associated with increased
mortality odds of 2.07 (95% CI 1.94-2.21, p <0.001). Additionally, there was no loss in discriminatory capacity
when 3 categories subscores were omitted (eye/muscle/integument, skeletal and cardiac). A similar study has
recently been published with cat data from the trauma registry.
Modified Glasgow coma scale score (MGCSS)
The MGCSS was modelled after the human Glasgow coma scale, a commonly used injury severity score for head
trauma in humans. The mGCSS for use in dogs was first proposed in 1983, but not prognostically validated until
a study in 2001. The mGCSS was proposed as a means for objectively evaluating the neurologic status of dogs
and cats after head trauma.
The MGCSS includes 3 categories motor activity, brain stem reflexes, and level of consciousness. Patients are
scored from 6 to 1 in each category, for a total score out of 18. A score of 18 is normal, while a score of 3 denotes a
comatose patient, with hypotonia and depressed or absent spinal reflexes, and bilateral unresponsive mydriasis
with reduced to absent oculocephalic reflexes.
The validation study focused on the predictive value of the MGCSS for 48-hour mortality, and used a
retrospective data set that had been collected over 9 years at the University of Georgia vet hospital to construct
the model. The initial population was 38 dogs, of which 7 died (euthanasia was excluded). Probably of survival to
48 hours was plotted against the mGCSS.
The prognostic utility of the mGCSS has since been confirmed in other studies of dogs sustaining trauma.
Additionally, while original validation of the mGCSS demonstrated utility In predicting short-term survival, it
has also proven useful in predicting long-term (>6 months) survival. The aforementioned VetCOT Trauma
registry study that evaluated the ATTS in 3,599 dogs, also evaluated the mGCSS. The full mGCSS performed
better than any of the subscores, but mGCSS had lower predictive performance than the ATTS both overall and
in patients with head injury (p=0.04).
Koret CT score
A recent study aimed to develop a CT-scoring system to predict prognosis in dogs with head trauma. This
retrospective study was performed at the Koret School Veterinary Teaching Hospital in Israel. Inclusion criteria
were dogs with head trauma that had undergone a head CT scan from January 2010 to January 2015. Exclusion
criteria were death due to causes other than traumatic brain injury (TBI), and trauma > 72h prior to admission.
For their CT scoring system, they assigned a score of 1 to haemorrhage, midline shift and/or lateral ventricle
asymmetry, cranial vault fracture, or a depressed skull fracture. A score of 3 was assigned to any infratentorial
lesion, including hypodensity (oedema), haemorrhage, or fracture. The maximum possible score was 7 (range
0-7), with a score of 7 indicating the poorest prognosis. Unfortunately, with a study population of only 27 dogs,
limited conclusions could be made about the utility of the Koret CT Score, however further investigation in a
larger number of dogs is warranted.
Rib score
A 2018 manuscript reported the use of the ATTS, RibScore, modified RibScore, and other clinical features for
prognostication in canine rib fractures. The authors aimed to evaluate a RibScore type scheme in dogs, with the
hypotheses that RibScore and a modified RibScore would accurately predict respiratory failure/arrest, and that
dogs with higher RibScore would have higher mortality.
The rationale for this study was based on the ability of the RibScore in people to predict respiratory
complications. The human rib score includes one point assigned for each of (1) > 6 rib fractures, (2) bilateral rib
fractures, (3) flail chest, (4) >3 severely displaced fractures, (5) first rib fracture, and (6) at least one fracture in all
anatomical areas (anterior, lateral, posterior).
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abnormalities in dogs following severe trauma, ATTS was the best predictor of outcome. Nonetheless there is
more data regarding the utility of the ATTS in dogs than cats; in one study a higher ATTS was associated with a
greater risk of acute traumatic coagulopathy in dogs but not cats.

Conclusions
There is now good evidence that the ATTS and mGCSS are useful injury severity scores for dogs (and cats) with
trauma and stand the test of time. The ongoing development and refinement of trauma scores, such as the
Koret CT score and RibScore, may provide additional utility for both clinical practice and trauma research.
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In the veterinary study, 41 dogs were included: 23 with blunt trauma (mva), and 17 with penetrating (dog bites).
The median number of rib fractures was 3, and 33/41 dogs had multiple rib fractures. 8/41 dogs were nonsurvivors. Interestingly in this study however, the RibScore and modified RibScore were not significantly
different between survivors and non-survivors. The ATTS was significantly higher in non-survivors than
survivors. Dogs that died or were euthanised all had ATTS >5, and an ATTS >7 had 88% sensitivity and 81%
specificity for non-survival.

Tara Bellis BVetMed MRCVS DACVECC
BluePearl, New York
Anemia is a common clinical scenario in emergency veterinary medicine. Knowing which blood products to
choose, and how and when to administer them, can be life-saving.
Fresh whole blood (FWB) is indicated for severe haemorrhage. It contains red cells, white cells and all components
of plasma; including procoagulant and anticoagulant factors, platelets and albumin [Dose = 20 ml/kg]. If not
available, component therapy (plasma, platelets, RBC’s) in a 1:1:1 ratio is recommended. Packed red blood cells
(PRBC’s) are red cells with most of the plasma removed, however a small number of white cells and platelet
fragments remain. Indications for use include any type of anaemia: haemorrhage, haemolysis/destruction of
red blood cells, or decreased production [Dose = 10ml/kg]. Fresh frozen plasma (FFP) is plasma separated from
fresh whole blood and frozen within 6-8 hours. It contains all coagulation factors, anticoagulation factors,
albumin, fibrinogen, and small numbers of red and white blood cells. It does not contain platelets. It is the
preferred product for coagulopathies. Frozen plasma (FP) is plasma not completely frozen within 8 hours of
collection, or FFP > 1 year old [Dose = 10-20ml/kg]. Platelets are challenging to store due to their short half-life,
so availability is limited. Platelet rich plasma (PRP), platelet concentrate, frozen platelets, and lyophilized
platelets can be used for severe thrombocytopenia [Dose = 1 unit/10kg].
The decision to transfuse should be based on clinical assessment. Anaemia causes weakness, lethargy,
tachypnoea, and tachycardia. A patient with acute anaemia will show these signs at a higher PCV than a
patient with chronic anaemia. The speed over which a blood product can be given is dependent on several
factors. If a patient is concurrently hypovolemic, rapid correction of volume as well as anaemia is needed. If a
patient is normovolaemic and has an impaired ability to tolerate volume, the transfusion should be given more
slowly. Generally, transfusions are given over 1-4 hours. Blood should not be transfused over 4 hours due to the
risk of bacterial growth: any blood to be given after the 4-hour time point should be stored in the refrigerator
until the transfusion is needed. The risk of a transfusion reaction is minimized when the starting rate is slow
(0.25-1ml/kg/hr) for the initial 30 minutes, during which vital parameters are monitored every 5 minutes. The
risk of a reaction must be weighed against the clinical implications of life-threatening anaemia, and blood
should be administered more rapidly if there is a concern that a delay in providing the blood could be fatal.
Each donor and recipient should be blood typed. Transfusion naive dogs and cats have naturally occurring
antibodies against RBC antigens. Dog blood types are either positive or negative and 6 DEA antigens have been
identified: DEA 1.1, 1.2, 3, 4, 5, 7. DEA 1 is the most antigenic and is what commercial kits test for. The Dal blood
type is recognized in certain breeds and can cause transfusion incompatibilities if these dogs are used as
donors or recipients. DEA 4 positive is the most prevalent (98% of population). Universal donors are DEA 1/3/5/7
negative, and DEA 4 positive. Negative dogs do not react if given positive blood initially. However, they can
develop a life-threatening haemolytic transfusion reaction if given positive blood a second time. There are
enough red cell membrane fragments present in fresh-frozen plasma and cryoprecipitate to also cause a severe
reaction under these circumstances. A good rule of thumb is to think of negative dogs as universal donors, and
positive dogs as universal recipients. Cross matching is recommended for dogs if their transfusion history is
unknown, they have had a known previous transfusion reaction or 7 days has lapsed since a prior transfusion.
Cats are Type A, Type B or Type AB (<1% cats). Distribution varies by location and breed; highest incidence of Type
B cats in Australia, and exotic breeds (Devon rex, Cornish fold, British short hair). Type A cats have weak anti-B
antibodies and will haemolyse administered type B blood over a few days. Type B cats have strong anti-A
antibodies and will suffer an immediate, likely fatal reaction to type A blood. As such, cats MUST be blood typed.
Type AB cats have no pre-existing anti-A or anti-B antibodies so they can receive AB or A products. The Mik blood
group is also recognized, and cats can have alloantibodies against the Mik red cell antigen predisposing them
to acute haemolytic reactions if transfused with Mik positive blood. Since Mik testing is not available
commercially, a crossmatch prior to any transfusion in cats is recommended. Cross matching can be performed
manually, or with commercially available kits. The benefit of performing a manual cross match in an emergency
situation must be weighed against the risk of a delay in administering the blood.
Transfusion reactions can be acute or delayed and are immunologic or non-immunologic. Acute immunologic
reactions include allergic reactions, acute haemolytic transfusions reactions (AHTR), febrile non-haemolytic
transfusion reactions and transfusion related lung injury (TRALI). Delayed haemolytic transfusion reactions have
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Massive transfusion is the term given to a transfusion of whole blood or blood components exceeding the
patients’ blood volume (90 ml/kg dogs, 60ml/kg cats) within a 24-hour period. Other definitions include
replacement of half the blood volume within 3 hours, and administration of 1.5 ml/kg/min of blood products
over a 20-minute period. Adverse effects include electrolyte derangements (hypocalcaemia, hypomagnesemia,
hyperkalaemia) and haemostatic defects (thrombocytopenia and secondary coagulopathy). Additional concerns
include hypothermia, metabolic acidosis immunosuppression and general transfusion reactions.
Acute traumatic coagulopathy (ATC) is a hypocoagulable and hyperfibrinolytic state that has been recognized
in the immediate post traumatic period (<1 hour). The combined effect of severe tissue injury, shock-induced
hypoperfusion, systemic inflammation, and endothelial damage combined with acidosis and hypothermia can
be fatal. Excessive activation of the thrombin-thrombomodulin activated Protein C pathway, catecholamineinduced endothelial damage, and a variation of disseminated intravascular coagulation (DIC) with a fibrinolytic
phenotype have all been postulated as potential mechanisms for the development of ATC. Large volumes of
crystalloids in uncontrolled haemorrhage may be deleterious, and damage-control resuscitation along with
anti-fibrinolytics may be preferable for these patients.
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also been reported. An anaphylactic reaction is extremely rare. This is recognized as acute respiratory distress in the
cat, and acute circulatory collapse in the dog. Treatment includes immediate discontinuation of the transfusion,
antihistamines (diphenhydramine 2.2mg/kg IM/SQ), steroids (dexamethasone 0.1-0.2mg/kg IV) and epinephrine
(0.01mg/kg IV) along with other supportive measures for anaphylaxis. Moderate transfusion reactions can manifest
as a fever, tachypnoea, tachycardia, vomiting and weakness. Treatment involves temporarily stopping or completely
discontinuing the transfusion and supportive care. Steroids can be considered once risk/benefit has been assessed.
Anti-histamines are unlikely helpful but unlikely to do harm. Mild reactions manifest as fever, urticaria, pruritus and
facial oedema. These are seen most commonly as a reaction to plasma proteins in FFP transfusions. Treatment
involves slowing or temporarily discontinuing the transfusion and administering diphenhydramine (1-4 mg/kg IM,
SC). Febrile non-haemolytic transfusion reactions are defined as a temperature increase of 1-2 degrees Celsius
occurring within 1-2 hours of starting the transfusion and are the most common acute immunologic reactions. This
is likely induced by leukocytes and cytokines in the blood product, and the application of leuko-reduction prior to
storage can reduce febrile reactions. Acute haemolytic transfusion reactions (AHTR) are a type II hypersensitivity
resulting in IgG or IgM mediated intravascular haemolysis. Patients with pre-existing antibodies to certain RBC
antigens are at highest risk when transfused with blood containing that antigen. Treatment involves immediate
discontinuation of the transfusion, and IV fluids to optimize blood pressure and maintain renal perfusion. Urine
output should be maintained at 1-2 ml/kg/hr and urine should be monitored for the presence of haemoglobin.
Vasopressors should be given as needed to maintain MAP > 60 (SBP > 100 mmHg) and heparin therapy can be
considered once risk/benefit has been assessed, to minimize the prothrombotic effects of severe inflammation.
Corticosteroids are not standard of care for AHTR in human medicine, although there is some theoretical benefit to
their anti-inflammatory effects. Delayed haemolytic reactions are usually mild and occur 4-14 days after the
transfusion, when the transfused cells are removed prematurely from circulation. An unexpected decrease in PCV
can occur along with icterus, and haemoglobinuria. Transfusion associated lung injury (TRALI) is the leading cause of
mortality associated with transfusions in human medicine and is thought to occur in veterinary patients. It
manifests as acute pulmonary oedema within 24 hours of administration of the blood product. Treatment is
supportive, in the form of oxygen therapy. Non-immunologic transfusion reactions include sepsis from
contaminated blood or break in sterility during administration, infectious disease transmission, citrate toxicity
(manifesting as hypocalcaemia), hyperkalaemia, hypophosphatemia, hypothermia. Transfusion related circulatory
overload (TACO) is the most common non-immunologic transfusion reaction in dogs and cats. Transfusions are
associated with rapid rates/high volumes because blood products can cause significant oncotic pull. Fluid overload
resulting in pulmonary oedema is a risk in patients with normal volume status but especially those with preexisting cardiac, respiratory or renal disease. Subtle signs of fluid overload such as nasal discharge, weight gain,
restlessness can be overlooked if not observed for specifically.
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Fluid therapy is one of the most commonly prescribed treatments in veterinary medicine. Although evidenced
based recommendations for fluid therapy guidelines are sometimes lacking, a thorough understanding of the
distribution of water and electrolytes throughout the body as well as the composition of various fluid types can
help clinicians make educated clinical choices.
Fluid distribution
Approximately 60-70% of the body weight (in kilograms) of cats and dogs is water (TBW = total body water).
This may vary with age, as younger animals have a somewhat higher water content and older animals
somewhat lower. Two thirds of total body water is comprised of intracellular fluid (ICF), whereas the remaining
1/3 is in the extracellular space (ECF). The ECF is subdivided into the intravascular space (or plasma) and
interstitial space, with each space containing ¼ and ¾ of the extracellular fluid respectively.
ECF (33% TBW)
P
L
A
Interstitial Fluid
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A

ICF (66% TBW)

Intracellular Fluid

Membranes separate these compartments, and fluid movement in and out is result of hydrostatic and oncotic
pressure. Fluid movement is explained by the Starling equation, which describes the net fluid movement from
the capillary into the interstitium and vice versa. Hydrostatic pressure in the capillary causes net flow out of the
vessel, while oncotic pressure in the capillary causes net flow into the vessel. The interstitium exerts the same
forces, but to a different degree, with the end result in states of health being a small net movement of fluid out
of the intravascular space. While this is helpful to conceptually understand general fluid movement, more
recent research indicates that the historic understanding of Starling’s forces is somewhat to simplified.
Fluid deficits
Fluid deficits in the intravascular space are clinically manifested as hypovolemic shock, whereas fluid deficits in the
interstitial space manifest as dehydration. This distinction is vital to developing a correct fluid therapy plan.
Hypovolemic shock is characterized by tachycardia, pale mucous membranes, a prolonged capillary refill time (CRT),
cool extremities, weak pulses and diminished alertness. As shock progresses, and compensatory mechanisms begin
to fail, these signs worsen. Cats in shock may present differently than dogs; a “shocky” cat is often bradycardic,
hypothermic and hypotensive. It is also important to remember that there are multiple types of shock, and not all
are fluid responsive. The classic clinical signs associated with dehydration can be found in the table below.
Percent Dehydration
<5%
5-8 %
8-10 %
10-12 %
> 12 %

Clinical Signs
No clinical abnormalities detected
Decreased skin turgor, dry mucous membranes
Decreased skin turgor, dry mucous membranes, +/- eyes sunken in orbits, slight
prolongation of CRT
Severe skin tenting, prolonged CRT, dry mucous membranes, eyes sunken in orbits,
possibly signs of shock
All of the above plus signs of shock

Types of IV fluids
The two types of intravenous fluids are crystalloids and colloids. In the most basic sense, a crystalloid is solution
sodium as its major osmotically active particle. Crystalloids are subdivided as isotonic (275-310 mOsm/L),
hypotonic ( <275mOsm/L), and hypertonic (>310 mOsm/L) solutions based on their sodium content. Because
isotonic crystalloid solutions have a similar makeup to cats and dogs, there is no osmotic drive for fluids to leave
the extracellular space. They therefore distribute in the ECF identical to TBW, within 30-60 minutes. Isotonic
crystalloids are the most commonly used fluid type, with examples being 0,9% NaCl, Lactated Ringers solution,
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A colloid is a large molecule that does not leave the intravascular space unless it is broken down (as is the case
with synthetic starch molecules but does not occur with albumin). The colloid pulls extravascular water into the
intravascular space and will therefore increase intravascular volume by more than the volume infused. Colloids
are either synthetic (i.e. hetastarch) or natural (i.e. fresh frozen plasma, albumin). Not all synthetic colloids are
the same; they are described by their average molecular weight (MWw), degree of substitution, and the ratio of
substitution at the C2 carbon position and the C6 carbon position. These differences result in variable clinical
effects and must be considered when reading studies evaluating colloids. Natural colloids include (fresh) frozen
plasma and albumin, but will not be discussed further in this lecture.
Developing a fluid therapy plan
There are five steps to developing a comprehensive plan.
Determine the need for fluids
Fluids are administered to correct hypovolemia, provide maintenance needs, correct dehydration, or compensate
for ongoing losses. The need to administer fluids for any of these scenarios is a decision based on the history
and clinical examination of each patient. The priority it to correct hypovolemia, which should be done immediately.
Once the patient is stable, maintenance, dehydration and ongoing losses are calculated.
Select appropriate fluids
Hypovolemia is generally treated using isotonic (and sometimes hypertonic) crystalloids. When using isotonic
crystalloids, a balanced solution containing buffers should be used. Synthetic colloids may be considered if a
patient fails to respond to crystalloid fluids, but there is currently debate as to whether the potential risks to
synthetic colloids outweigh their benefits. Crystalloids are the fluid type used for maintenance, dehydration
and ongoing losses. An isotonic crystalloid is generally a safe choice for all three, but the clinician should always
consider the type of fluid that is being lost in each patient. Isotonic fluid is commonly lost via diarrhoea and
vomiting, but occasionally free water loss is suspected, such as via the kidneys or GI tract. Additionally, fluid
choices should be made based on patient electrolyte concentrations, especially sodium and potassium.
Replacement isotonic crystalloid solutions are the most commonly available in veterinary medicine and have a
relatively high concentration of sodium and low concentration of potassium. The opposite is the case with
maintenance solutions, which contain less sodium and more potassium than replacement fluids. It is common
practice to use replacement fluids in the context of maintenance therapy. The differences in composition of all
crystalloid fluids is outside the scope of this discussion, but the author recommends that clinicians are familiar
with the components of the fluids available in their hospital. Particular care should be made to not correct
hypo- or hypernatremia too rapidly, unless it is clearly known to be acute.
Determine route and rate of administration:
Fluids can be administered intravenously, intraosseously, subcutaneously and intraperitoneally. In the context
of emergency medicine, only the IV and IO routes are recommended and these two can be used in the same
manner. Shock should be corrected as soon as possible, with boluses being administered over approximately 15
minutes (although this can be adjusted based on the clinical picture). Maintenance fluids should be given over
a 24-hour period and dehydration is usually corrected over the course of 6-24 hours. Ongoing losses should be
calculated several times daily, with the rate of correction being adjusted based on fluid loss. There are a variety
of formulas used to calculate fluid needs, with the ones listed below being fairly standard.
Isotonic crystalloids
Maintenance
• Dogs: 60ml/kg/day
• Cats: 40-60ml/kg/day
• RER = (30 x kg) + 70
• RER = 70 (kg) 0.75 (<2kg or >20kg)
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and Normosol-R. Hypotonic crystalloid solutions have an osmolality less than the ICF or ECF, and therefore will
distribute into the ECF and ICF in the same manner as TBW. Hypotonic solutions are not safe to use for shock
resuscitation but can be considered as a maintenance solution (such as 0,45% NaCl +2.5% dextrose, or
Normosol-M) or during correction of dysnatremias, among other things. Hypertonic crystalloid solutions have a
much higher osmolality than the body, which will result in a short term (< 1 hour) movement of fluid from the
interstitial space into the intravascular space. Hypertonic saline can be found as 3%, 7% and 23% solutions, with
7% being the standardly used concentration in small animal medicine.

Ongoing losses
•E
 stimated or quantified via measuring urine, fecal and gastric losses. Losses from fever or via the respiratory
tract are difficult to quantify.
Colloids
Maintenance
• Dog 20ml/kg/day
• Cat 10ml/kg/day
Shock bolus
• Dog 5ml/kg increment
• Cat 2ml/kg increment
Determine endpoint
When initiating fluid therapy, the clinician should always have an end goal in mind. Once that goal is achieved,
the plan needs to be reassessed. Resuscitating to end points during treatment of shock is a useful clinical
approach. When starting a fluid bolus, the clinician should always have a goal in mind as to what they want to
achieve with their fluid therapy (i.e. normalizing heart rate). If that goal is not reached, then further fluids or
other measures (such as vasopressors) may be needed. As we correct dehydration, it is logical that the
correction fluids should be stopped once the dehydration is resolved. As ongoing losses decrease (hopefully)
with treatment of the underlying disease, these too need to be decreased and then stopped. And as enteral
feeding (either voluntarily or via a feeding tube) is begun, maintenance fluids can also be decreased and/or
stopped. It is vital to stop administering fluids once a predetermined endpoint has been reached, but to also
identify patients that have increasing fluid needs in spite of our treatment.
Monitoring
Every patient receiving IV fluids should be monitored very closely, ideally multiple times per day, to ensure they
are receiving the correct amount of fluids. Fluid requirements can change rapidly in critically ill patients, and if
we are not vigilant it is easier than we realize to give too many or too little fluids. This means that each patient
needs a physical examination to assess their perfusion parameters and to rule out signs of hypovolemia. Blood
pressure measurements and lactate levels are other tools that can be used. Additionally, hydration status
should be monitored closely. Body weight, urine output and urine concentrating ability can also be used to
assess hydration status in addition to laboratory parameters such as haematocrit and total protein. However,
there is not one single parameter that can be used to determine the fluid status of a patient, and they must all
be combined in order to see the big picture.
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Dehydration
• % dehydration (0.0x) x BW (kg) x 1000 = mL to replace
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While fluid therapy can be lifesaving in many clinical scenarios, unintended and underrecognized
consequences occur. Fluids are administered for maintenance needs, as well as to correct hypovolemia and
dehydration, replace ongoing losses, administer medications and via catheter flushes and nutritional
supplementation. Regardless if the volume of fluid administered is appropriate, critically ill patients are
predisposed to fluid retention and interstitial oedema. Increased morbidity and mortality is a well-documented
consequence of fluid overload in human medicine.
Definition and incidence of fluid overload
Fluid overload (FO) is the pathologic accumulation of water and dissolved electrolytes in the body beyond that
seen in healthy individuals. There is no standardized definition in human or veterinary medicine. It has been
variably described as a positive fluid balance, clinically documented oedema, or increased body weight >10% of
the pre-illness baseline. The concept of percent fluid overload (%FO) was introduced in paediatric human
medicine, with %FO being (Fluid In - Fluid Out)/(Admission Body Weight) x 100%. Fluid accumulates as
interstitial oedema or cavitary effusions (abdominal, thoracic). It is important to remember that the
interstitium is present in all organs, so while peripheral oedema may be most easily identified upon
examination, interstitial oedema can be present in any vital organ such as the heart and kidneys. The incidence
of fluid overload is unknown in veterinary patients, but its presence has been documented in several studies.
These studies suggest that fluid overload is associated with greater illness severity, mortality and length of
hospitalization in veterinary patients, but the studies are retrospective in nature and contain a small number of
patients. FO is surprisingly common in human hospitals, with 100% of septic patients meeting the definition of
FO by day 3 of hospitalization in one human study. FO has been documented to increase mortality, duration of
ventilation and cost of hospitalization in human patients.
Pathophysiology of fluid overload
Critically ill patients are predisposed to FO, which is the end result of either increased fluid intake or decrease
elimination (or both). Patients with heart disease, anuric or oliguric renal failure, hypoproteinaemia and
vasculitis are already predisposed. Increased hydrostatic pressure or decreased oncotic pressure can both result
in oedema formation. Overzealous fluid administration is an important iatrogenic cause of FO that should be
avoided. Inactive and inappetant animals also have decreased fluid requirements. Most calculations for
maintenance fluids actually apply to healthy, active animals who are eating; true fluid requirements for ill
animals are unknown. Even without predisposing factors or overzealous fluid administration, critically ill
patients have some important alterations in their fluid balance that require consideration in the context of
fluid therapy. Degradation of the endothelial glycocalyx due to underlying inflammatory processes can result in
vascular leakage and third spacing of fluids. In response to the stress of critical illness, hypovolemia, mechanical
ventilation, some medications and SIADH, increased secretion of antidiuretic hormone occurs with a resulting
decrease in renal water and sodium clearance. Activation of the RAAS system and increased sympathetic
activity also result in increased sodium retention.
The presence of FO results in tissue oedema, impaired oxygen and metabolite diffusion, distorted tissue
architecture, and obstruction of capillary blood flow and lymphatic drainage. This is associated with the
development of multiple organ dysfunction (MODS). The expansion of the interstitial space and increased
venous pressure at the level of the kidney can lead to increased renal subcapsular pressure and lowered RBF
and glomerular filtration rate. The renal capsule prevents expansion in the face of interstitial oedema. A raised
venous pressure might reduce RBF by lowering the renal artery–vein pressure gradient and inducing renal
congestion. In this way, FO can contribute to and prolong acute kidney injury (AKI). In the gastrointestinal tract,
FO results in splanchnic oedema, increased intraabdominal pressure, and ascites. This manifests clinically as
intraabdominal hypertension, ileus, increased GI permeability, malabsorption, and dehiscence of intestinal
surgical sites. Interstitial oedema of the lungs progresses to alveolar oedema, both of which impair gas
exchange with resulting hypoxemia. Interstitial oedema of any other organ can occur, with manifestations
including diastolic dysfunction, cholestasis, cerebral oedema and poor wound healing.
Clinical signs of fluid overload
The clinical signs of fluid overload are classically described as peripheral oedema (often forming near the hocks
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Treatment and prevention strategies
Prevention of FO is the best course of action. This is done by recognizing at risk patients, which includes any
critically ill patient, as well as judicious use of fluid therapy. The ROSE guidelines are recommended in human
medicine as a means to minimize over-administration of crystalloids. Resuscitation refers to the rapid
administration of fluid to restore intravascular volume and perfusion. During the optimization phase, patients
that have persistent hypotension and decreased oxygen delivery to the tissues are treated with non-crystalloid
fluids (such as colloids or blood products) or vasopressor therapy. Small amounts of crystalloids may still be
given, but repeated and persistent administration of large volumes of fluids that fail to normalize perfusion
parameters should be avoided. Stabilization refers to the period when the patient is stable and should only
require enough fluids to meet their maintenance needs. During the evacuation or de-escalation phase the goal
is for the body to start removing any accumulated fluids; administered fluids should be kept to a minimum and
ideally are provided via oral intake with even a net negative fluid balance being tolerated.
Clinicians should remember that oliguria does not always resolve after a fluid challenge, which is administered
with the goal of increasing preload and therefore cardiac output and subsequently organ perfusion. However,
some animals remain oliguric due to AKI and repeated fluid boluses to enhance urine production become
counterproductive, with the ensuing interstitial oedema exacerbating underlying renal dysfunction.
If FO does develop, it should be identified as early as possible as described above. Monitoring urine production,
fluid balance and serial body weights can also help with early identification. If FO is present, crystalloid
supplementation should be stopped or significantly decreased. If signs such as tachypnoea, respiratory distress,
oliguria, intraabdominal hypertension or other potentially life-threatening signs are present, low dose diuretic
therapy should be considered. Evidenced based guidelines for furosemide therapy in this scenario are lacking.
The author recommends starting with a low dose of furosemide (0.2-0.5mg/kg IV) once as a bolus and
reassessing 30 minutes after administration (the dose should be higher for hypoxic patients suspected to have
pulmonary oedema). If the desired effect is achieved but not sustained, the dose can be repeated or switched to
a low dose continuous rate infusion. In many cases, the only other therapies available include supportive care
for any organ dysfunction present and waiting for the body to self-correct and excrete any excess fluid.
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first), nasal discharge, tachypnoea, pulmonary crackles, chemosis, moist cough, effusions and icterus. These
signs are all consistent with the development of interstitial oedema in various organ systems and are the signs
most easily clinically detected on physical examination. Patients at risk for fluid overload should have serial
physical examinations to monitor for progression of any of these signs if noted. It is important to remember
that tachypnoea will precede the development of crackles or a cough, so identifying increases in respiratory
rate is an effective way to identify pulmonary interstitial oedema at earlier phases. As stated above in the
description of pathophysiology, FO can result in oedema and dysfunction of any organ. Therefore, clinical signs
are varied and often related to dysfunction of that specific organ. It can be clinically difficult to identify FO as
the exact cause of a specific organ dysfunction, as the cause of organ dysfunction in critically ill patients is
often multifactorial. Identification of organ dysfunction in any critically ill patient should prompt the clinician
to consider whether FO may be a contributing factor.

Tom Greensmith BVetMed MVetMed DipACVECC MRCVS
Royal Veterinary College
Introduction
Urinary emergencies are common in first opinion practice, and while some causes require advanced
diagnostics and therapies for a successful outcome, many can be rewardingly managed without such steps.
This lecture will briefly recap the three categories of azotaemia, before discussing the presentation, causes,
investigation, stabilisation and treatment of patients with ureterolithiasis and various forms of urethral
disease, including urethral obstruction and rupture.
Forms of azotaemia and their development
There are three forms of azotaemia: pre-renal, renal and post renal. Pre-renal azotaemia occurs when glomerular
filtration rate (GFR) within the kidneys declines due to inadequate renal perfusion (such as hypotension and
hypovolaemia). The elevation in creatinine and urea is due to inadequate renal clearance and is normally rapidly
corrected when renal perfusion is improved. If renal perfusion is reduced for long enough, or severely enough,
this may cause renal damage which itself can lead to azotaemia. Renal azotaemia occurs when renal perfusion
pressure is appropriate, but renal functional mass is reduced to such an extent that clearance of renally excreted
substances is no longer appropriate. This can happen as a sequela to severely reduced renal perfusion pressure,
or due to any form of renal insult ranging from chronic renal disease to toxicities and ischaemia. One of the best
determinants of pre-renal from renal azotaemia is urinary concentrating ability, although care must be taken as
it is possible to have normal tubular function (and thus concentrating ability) whilst having poor ability to filter
the blood (this appears more common in cats). For example, hypoadrenocorticism can also cause poor renal
concentrating ability in the absence of renal disease! Post-renal azotaemia occurs due to either urine leakage
from the urogenital system and its equilibration with blood (to cause elevated creatinine, urea, potassium and
magnesium) or due to excessive pressure within the urogenital system reducing GFR.
Presentation
Animals with urinary emergencies may present with a variety of signs, depending on their underlying disease.
Whilst is common for them to have abnormal signs relating to urination (dysuria, stranguria, pollakiuria etc.) this is
not always present, and in cases of uroabdomen and urethral rupture, patients may appear to have relatively normal
urination. A source of pain might be readily noted, but generic visceral pain (especially in cats) may be more difficult
to detect. If marked azotaemia or electrolyte disturbances have occurred, the patient may exhibit vomiting,
dehydration, collapse, hypothermia and severe cardiovascular dysfunction (shock with or without hypotension).
Cats with ureteric obstruction can show no signs at all (if only one ureter is affected and the remaining
unaffected kidney is normal), through to sudden onset collapse (with acute bilateral ureteric obstruction).
Causes
Causes of urinary dysfunction include pyelonephritis, obstructive nephrolithiasis, ureterolithiasis, ureteral
obstruction due to ureteritis/haemorrhage/stenosis, iatrogenic ureteral ligation (following a spay), renal
avulsion, bladder rupture, urethral rupture and urethral obstruction (from stones, mucus, urethritis and spasm).
Investigation
Before any major investigation, the patient should have their major body systems assessed and stabilised as
needed. Initial investigation of these patients should include minimum database (to include acid base analysis
where possible, along with electrolytes and renal parameters), and after physical examination point of care
ultrasound is often helpful in further identifying the likely culprit if physical examination has been unrewarding.
Urinalysis for dipstick, sediment examination and culture is recommended depending on the stability of the
patient. Patients with suspected ureteral obstruction or ligation will benefit from full abdominal ultrasound to
more readily assess the degree of renal pelvic dilation and see if objects can be seen within the ureters, and if
suspicion for obstruction is high but not readily confirmed with ultrasound then a pyelogram can be performed.
While tempting, intravenous urethrography is not recommended, as well as being nephrotoxic, if GFR is reduced
(due to underlying renal disease or excessive pressure within the urinary system) it may not be enlightening.
Uroabdomen is often readily confirmed with abdominocentesis and contemporaneous blood samples of fluid
and blood, but both uroabdomen and urethral rupture may require retrograde urethrography for definitive
diagnosis. Uncomplicated urethral obstruction may require no further investigations, but repeat offenders may
also benefit from a urogenital ultrasound and retrograde studies to ensure there is no underlying cause.
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Fluids
The need for fluids should be based upon historical and physical examination findings, but the majority of
patients with post-renal azotaemia will benefit from intravenous fluid therapy. Sometimes there is a hesitation
to provide fluids to some of these patients (such as cats with urethral obstruction) as there is concern there will
be nowhere for this fluid to go – this thinking is outdated and inaccurate. The choice of fluids will depend on
several factors, including electrolyte values, but in the majority a simple balanced isotonic crystalloid will be the
ideal choice, a decision over if this contains potassium can be made in individual cases but it should be
remembered that as long as the potassium level of the infused fluid is below that of the patient it will always
have a dilutional effect. In cats with urethral obstruction, the use of balanced fluids (that contained potassium)
versus saline had no detrimental effects and restored acid base values to normal more rapidly. Patients in shock
should receive fluid boluses (10-20ml/kg IV over 10-15 mins in dogs, 5-10ml/kg over the same period in cats), and
any dehydration deficit should be more slowly corrected in addition to basal fluid requirements (2ml/kg/hr in
most adult patients) along with ongoing losses.
Acid base derangements
Depending on the acuity of the disease, some patients may have marked acid-base derangements, some of which
will worsen other aspects of the patient’s condition such as potassium levels and cardiovascular function. The
majority of acid base changes are rapidly corrected by restoring appropriate urine flow, but in some life-threatening
cases where the patient is likely to die before such interventions can occur, augmentation of these values may be
needed. Most commonly this would be management of marked metabolic acidosis (and occasionally, if markedly
obtunded, concurrent respiratory acidosis). Severe metabolic acidosis may be treated with sodium bicarbonate (or
THAM); when treating with sodium bicarbonate care should be taken to ensure the patient does not have sodium
derangements and is able to adequately ventilate to remove the excess CO2 that will be generated.
Hyperkalaemia
Emergency management of hyperkalaemia may be required if it is causing clinical abnormalities, and commonly
is performed if potassium is over 7mmol/l. Emergency therapy can be provided with calcium gluconate (10%
solution) at 0.5-1.5ml/kg IV over 15-30 mins, it is recommended to dilute this 50:50 with 0.9% saline – this has no
effect on potassium levels but aims to restore normal cardiac electrical activity. Options for affecting potassium
values themselves include glucose/dextrose administration with or without concurrent intravenous neutral/
soluble insulin. I commonly use 0.3IU/kg of neutral insulin along with 3g dextrose per unit insulin given,
followed by a 2.5% CRI of dextrose. If the potassium is exceptionally high (>8.5mmol/l) then higher insulin doses
(0.5IU/kg) can be used, but this should be followed by a 5% dextrose CRI given the higher risk of hypoglycaemia.
Ancillary treatments for hyperkalaemia also include sodium bicarbonate administration and beta 2 agonists. All
of these therapies cause transcellular shift of potassium and patients will become refractory at some point, the
only definitive treatment is to restore urine flow from the urogenital tract to the outside world.
Urinary diversion
As mentioned earlier, restoration of appropriate urine flow out of the body is the only definitive treatment and
depending on the cause this may be performed using nephrostomy tubes, ureteral bypass systems or stents,
surgical correction of bladder defects, abdominal drains, cystostomy tubes or urinary catheters.
Post-obstructive diuresis (POD)
Post-obstructive diuresis is an increase in urine output commonly encountered after restoring urine flow for
patients with post-renal azotaemia and in animals recovering from acute kidney injury. Possible causes of POD
include medullary washout, downregulation of sodium transporters in the loop of Henle, damage to nephrons
(including tubular damage), a build-up of osmotically active particles within the blood and altered response to
anti-diuretic hormone. Regardless of the cause, clinically POD can cause severe dehydration and pre-dispose to
a pre-renal azotaemia and further renal injury. POD can be managed by measuring urine output and matching
fluid input to this level thus ensuring appropriate hydration status (if monitoring urine output is not possible,
frequent bodyweight may be used as a surrogate). POD can be severe (I have witnessed 36ml/kg/hr) but often
improves within hours to days, often allowing fluids to be tapered.
References
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Treatment
Treatment will depend upon the underlying disease process and will be discussed in detail during the lecture.
The remainder of this section will cover broader treatment recommendations.

Tom Greensmith BVetMed MVetMed DipACVECC MRCVS
Royal Veterinary College
Introduction
Blood gas analysis is the measurement of the pressure of carbon dioxide and oxygen within the blood stream,
this then allows assessment of ventilation and oxygenation performed by the lung. Acid-base analysis is the
measurement of blood pH, bicarbonate and carbon dioxide pressure, amongst others, that allow evaluation of
the acid-base status of the body and buffering systems. These values, when used correctly, can dramatically
enhance our diagnostic abilities, allow goal-orientated therapy and even help decide what fluids we should use.
The glossary at the end of these notes gives a brief summary of the common variables that a blood gas acidbase machine provides us with, please refer to it if you are unsure of what a particular value represents.
Acid-base analysis (Henderson-Hasselbalch a.k.a. the traditional approach)
1. Check the pH - Is the patient acidaemic/alkalaemic or neutral?
pH is the negative log concentration of H+ ions in a fluid, the more H+ ions the lower the pH and the more acidic
a fluid is. The normal pH of the blood is slightly alkaline, around pH 7.4. If the patient has a pH higher than this
(e.g. pH 7.5) then they are alkalaemic overall, a pH lower than this (e.g. pH 7.3) they are acidaemic. A patient can
have a normal pH despite having major alterations elsewhere (i.e. a process somewhere causing acidosis and a
second process elsewhere causing alkalosis to the same degree would cause no overall change in blood pH). It
should be noted the body is more capable of handling acidaemia than alkalaemia (approximate range of pH
consistent with life is 6.8 to 7.8).
2. Check the PaCO2/PvCO2 - Is there a respiratory change?
PaCO2/PvCO2 gives the partial pressure of carbon dioxide present within the blood (arterial and venous
respectively), this gives us the respiratory component of the acid base disturbance. As carbon dioxide is acidic it
follows that high PCO2 is respiratory acidosis and low PCO2 is respiratory alkalosis. The lungs are primarily
responsible for regulating carbon dioxide; thus, hyperventilation allows increased clearance of carbon dioxide,
leading to a low level within the blood and a respiratory alkalosis, the converse is true for hypoventilation. This
is often a difficult concept to grasp so it bears repeating; alveolar hypoventilation causes elevated PCO2 and
therefore respiratory acidosis, alveolar hyperventilation causes reduced PCO2 and therefore respiratory alkalosis.
3.Check the HCO3-/Base excess - Is there a metabolic change?
Bicarbonate (HCO3-) is a buffer molecule and a base, it is able to combine with acid to neutralise it. The level of
bicarbonate present in the blood gives an indication as to the metabolic component of the acid base. Bicarbonate
is alkaline and so high HCO3- is metabolic alkalosis and low HCO3- is metabolic acidosis. Base excess is a useful
parameter but is sometimes difficult to understand; a base is a substance that is able to accept H+ ions (essentially
something that is able to neutralise acid, like bicarbonate). The base excess gives the level of base in excess of acid in
the blood. A high base excess means there is more base than acid thus a metabolic alkalosis is present. An increasingly
negative base excess means not enough base is present for the level of acid meaning a metabolic acidosis is
present. Base excess is more reliable than bicarbonate for assessing the metabolic compartment, because CO2
and HCO3- are linked by the carbonic anhydrase equation. If available, use the base excess over bicarbonate.
4. Determine the primary process and if compensation is present
If the pH is altered, then it does so in the direction of the primary process (i.e. a pH of 7.2 would indicate the
primary problem is an acidosis).
5. Is compensation present?
Compensatory mechanisms will attempt to bring the pH back to normal but will not overshoot normal.
Compensation is rarely able to bring the pH back to normal unless the disease is very chronic (i.e. many weeks).
The lungs can rapidly respond to metabolic changes, but the kidneys take some time to begin compensating for
respiratory abnormalities (hence the different degrees of compensation noted with chronicity in the table below).
Disturbance
Metabolic acidosis
Metabolic alkalosis
Acute respiratory acidosis
Chronic respiratory acidosis
Acute respiratory alkalosis
Chronic respiratory alkalosis

Primary change
1mEq/L ↓ HCO31mEq/L ↑ HCO31mm Hg ↑ PCO2
1mm Hg ↑ PCO2
1mm Hg ↓ PCO2
1mm Hg ↓ PCO2

Dogs
PCO2 ↓ by 0.7mm Hg
PCO2 ↑ by 0.7mm Hg
HCO3- ↑ by 0.15mEq/L
HCO3- ↑ by 0.35mEq/L
HCO3- ↓ by 0.25mEq/L
HCO3- ↓ by 0.55mEq/L

Cats
No change to PCO2
PCO2 ↑ by 0.7mm Hg
HCO3- ↑ by 0.15mEq/L
Unknown
HCO3- ↓ by 0.25mEq/L
HCO3- ↓ by 0.55mEq/L
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How to interpret acid base disorders

Differential diagnoses of blood gas and acid-base disorders
The following table highlights some common differential diagnoses for both metabolic and respiratory
disorders. For respiratory disorders, we discussed in the lecture it should be noted that whether or not a disease
causes the expected change really depends on the scale of the problem - i.e. a clinically insignificant
pneumothorax will likely not lead to respiratory acidosis.
Common causes for acid base compartment disturbances
Metabolic Acidosis
Lactic acidosis
Diabetic ketoacidosis
Uraemia
Toxin (Ethylene glycol, salicylates, etc.)
Diarrhoea
Renal tubular acidosis
Metabolic Alkalosis
Vomiting
Diuretic therapy
Cushing’s Syndrome
Conn’s Syndrome

Respiratory Acidosis (Hypoventilation)
Airway Obstruction
Neurological disease (brain trauma etc.)
Pneumothorax
Pleural effusion
Myasthenia gravis
Anaesthesia
Respiratory Alkalosis (Hyperventilation)
Hypoxaemia
Parenchymal disease
Neurological disease
Pain/Fear/Stress

The anion gap
The anion gap is the difference between the total number of measurable cations (Na+, K+) and the total number
of measurable anions (HCO3-, Cl-). The anion gap can help us to recognise if changes to acid-base are caused by
the addition of an acid (i.e. renal failure, ethylene glycol toxicity) or some other cause. Put simply, if bicarbonate
is lost from the body the kidneys resorb Cl- to maintain electrochemical neutrality – this is done on a pro rata
basis, 1mmol/l loss of HCO3- leads to a 1mmol/l increase in Cl-, similarly the converse is true such that a large loss
of Cl- from the body (such as chronic furosemide use) leads to high HCO3-. Therefore, if HCO3- is low and Cl- is
normal, it must be due to the addition of an acid to the system, as if it was the loss of HCO3- then a
hyperchloraemia would have developed. This is why a normal anion gap acidosis is also termed a
hyperchloraemic acidosis. The anion gap cannot be evaluated accurately without knowing the patient’s total
protein (and ideally phosphate) levels. Marked hypoproteinaemia may cause a high anion gap to artefactually
appear normal, thus altering the differentials.
One of the simplest anion gap calculations is AG = (Na+ + K+) – (Cl- + HCO3-). Normal anion gap values are variable
(depending on the reference range for values within the equation) but the author uses 12-25mEq/L in dogs and
17-31mEq/L in cats. A normal anion gap acidosis is most commonly caused by either bicarbonate rich diarrhoea
(such as profuse small intestinal diarrhoea), hypoadrenocorticism (due to an inability to excrete acid by the
kidney) or less commonly by renal tubular acidosis (a poorly defined and often misunderstood disease rarely
seen). A high anion gap acidosis has a few major differentials, which involve the rapid build-up of acid in the
body, such as lactic acidosis, diabetic ketoacidosis, uraemic acidosis and some intoxications such as ethylene
glycol and aspirin amongst others.
Glossary
PaO2 - The partial pressure of oxygen within arterial blood
PvO2 - The partial pressure of oxygen within venous blood
PaCO2 - The partial pressure of carbon dioxide within arterial blood
PvCO2 - The partial pressure of carbon dioxide within venous blood

EVECC CONGRESS GHENT 2020

6. Is there a mixed disorder?
If there are multiple changes not explained by compensation either within or between compartments, then
there is no primary problem and instead we have a mixed disorder. It is possible to easily spot mixed disorders
without calculating compensation using the following tips:
1) If the pH is completely normal but there are changes in both respiratory and metabolic compartments, then a
mixed disorder is likely
2) If PCO2 and bicarbonate diverge (i.e. high CO2 and low bicarbonate) then a mixed disorder is likely
3) I f your clinical knowledge of the patient and disease do not fit the results, then assess carefully for a mixed
disorder.
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FiO2 - The fraction of inspired oxygen, this is the decimal version of the percentage of oxygen in the gas (i.e.
room air is 21% oxygen so FiO2 = 0.21).
pH - The negative log of H+ concentration
HCO3- - Bicarbonate ion, often associated with sodium to form the salt sodium bicarbonate. The bicarbonate
system is one of the most important buffering systems in the body to handle acid-base changes
Base excess (BE) - The amount of acid that needs to be added to a sample to bring the pH to 7.4, whilst holding
PCO2 at 40mmHg and temperature at 37C. This value is designed to mitigate the contribution of CO2 to changes
in bicarbonate, and thus base excess is the more reliable marker of the metabolic compartment.
Acidaemia - When blood is more acidic (i.e. pH is below the reference range)
Alkalaemia - When blood is more alkaline (i.e. when pH is above the reference range)
Acidosis - A process that is tending towards making the blood acidic, this may or may not lead to acidaemia
Alkalosis - A process that is tending towards making the blood alkaline, this may or may not lead to alkalosis
Alveolar Ventilation - The movement of gases into and out of the alveoli
Hypoventilation - A reduction in alveolar ventilation, leading to CO2 and respiratory acidosis
Hyperventilation - An increase in alveolar ventilation, leading to CO2 elimination and respiratory alkalosis
Oxygenation - The process by which the lungs oxygenate the bloodstream
Hypoxaemia - Reduced blood oxygen concentration
Hypoxia - Reduced tissue oxygen concentration
Venous admixture - Deoxygenated blood gaining access to the arterial system
Lactic acidosis - A combination of metabolic acidosis and elevated lactate concentration

Julien Guillaumin, Docteur Veterinaire, Dip ACVECC, Dip ECVECC
Colorado State University Department of Clinical Sciences, Fort Collins, CO
Uroabdomen, also known as uroperitoneum or urinary peritonitis, is defined by the leakage of urine into
peritoneal or retroperitoneal cavity.
Cause of uroabdomen
Approximately 50% of dogs and cats develop uroabdomen secondary to a blunt abdominal trauma, especially if
pelvic fractures are diagnosed. Up to 16% of dogs with traumatic pelvic fractures had urinary tract lesions,
including urinary bladder ruptures (7%), urethral ruptures (5%), and avulsed ureters (5%) in 1 study. Other causes
of uroabdomen in dogs and cats include spontaneous rupture secondary to urethral obstruction or bladder
neoplasia, as well as some iatrogenic causes such as manual bladder expression, cystocentesis or urethral
catherization. In cats, blunt abdominal trauma was the most common cause of uroabdomen (50%) of cases,
when (42%) is related to urinary catheterization, bladder expression and urethral obstruction. In a study of 26
cats with uroabdomen, 2 cats had spontaneous rupture of the urinary bladder while suffering from urethral
obstruction, and the other 7 developed uroabdomen following urethral catheterization (1). In a study aiming at
managing feline urethral obstruction with a cystocentesis-only protocol, uroabdomen was described in 20% of
cats enrolled in that protocol. However, no ruptured bladder was reported after decompressive cystocentesis
prior to urinary catheterization in 2 studies on cats with urethral obstruction. The risk in dogs is higher in the
author’s experience, as the bladder’s wall is generally much thinner in dogs suffering from urethral obstruction.
Location of the rupture within the urinary tract
In the most recent retrospective series of canine uroabdomen, the location of the urinary tract rupture mimics
the rest of the literature, with the urinary bladder (56%), followed by the urethra (26%), kidney (5%) and ureter
(2%). Almost 10% of the cases had an undetermined location for the rupture (2). Bladder rupture is more
common with a full bladder, as the probability of bladder injury correlates directly with the degree of bladder
distension at the time of trauma (3). Ten cases of ureteral rupture following blunt trauma, with avulsion either
from kidney or bladder, have been reported. Regarding a urethral cause of uroabdomen, it would happen if the
rupture is proximal enough (i.e. close to trigone) in case of bladder avulsion or secondary to urethral
catherization. Otherwise, a distal rupture of the urethral causes urine leakage in perineal tissues and severe
tissue trauma. In humans, risks factors for spontaneous bladder rupture include chronic alcoholism, chronic
systemic diseases and immunosuppression.
Diagnosis
The most specific signs may be related to the cause of the uroabdomen (e.g. trauma or urinary obstruction).
Otherwise, uroabdomen clinical signs are non-specific and systemic, such as anorexia, lethargy, vomiting, and
diarrhea. Some patients may have lower urinary tract signs, such as hematuria, dysuria , stranguria, pollakiuria,
lack of observed urinations or not productive attempts to urinate. In case of an acute traumatic event, patient
may have no clinical signs. In case of a chronic process, polydipsia, dehydration, hypovolemia and abdominal
pain are commonly reported clinical signs. Definitive diagnosis is made with laboratory evaluation and imaging
studies (3). The most common abnormalities associated with uroabdomen are azotemia, metabolic acidosis,
and electrolyte derangements including mild hyponatremia, hyperphosphatemia, and hyperkalemia (3).
Abdominal effusion, detected by physical examination, ultrasound or radiographs, can be sampled by
abdominocentesis. Urine within the peritoneal cavity can appear as a transudate, modified transudate, or
exudate, with variation caused by hemorrhage or inflammatory cells. Urosepsis can be diagnosed in case of
bacterial growth (3). Most diagnosis are established based on a paired abdominal/venous sample, focusing on
creatinine and/or potassium. Most references quote a fluid:serum creatinine or potassium ratio over 2:1, which
has a specificity of 100% and a sensitivity of 86% (4). In acute situation, paired abdominal:venous potassium
has a better sensitivity and specificity than creatinine, as urinary potassium leaking into the abdomen would
have a much higher value than the blood. Specificity and sensitivity of a paired abdominal:venous of 1.4:1 was
100% and 100%, respectively, in one study (4). However, over time, because the potassium is such a small
molecule, potassium will be reabsorbed and equilibrate with blood. Although the bladder is the major site of
rupture, it is important to identify the exact site of the urinary tract rupture for surgical planning’s purpose.
Abdominal ultrasound will show variable amounts of abdominal and retroperitoneal fluid. Renal hematomas
can be seen with renal trauma. A “bubble study” can be done in order to identify a bladder tear. In some cases, a
contrast study may be required to localize the site of urinary rupture. If a higher urinary track (i.e. kidney or

EVECC CONGRESS GHENT 2020

Uroabdomen

Treatment
Initial stabilization includes trauma assessment and stabilization if applicable, with fluid resuscitation and pain
control being 2 important pillars of therapy. Treatment of hyperkalemia can be achieved through calcium
gluconate administration, which will protect the myocardium from life-threatening hyperkalemia. Severe
potassium disturbances can be treated with intravenous fluid, judicious use of dextrose and or insulin,
bicarbonates, and the re-establishment of an intact urinary tract. Urinary diversion to remove the source of
nitrogenous wastes and chemical peritonitis is also very important. That is usually done by placing a urinary
catheter in order to keep bladder empty and promote bladder sealing. A peritoneal dialysis or abdominal drainage
catheter is also often placed in order to remove the urine from the abdomen and decrease the chemical
peritonitis. In the author’s experience, even sterile urine leaking in the abdomen commonly progress to urosepsis,
therefore, broad-spectrum antibiotics are often needed. Though uroabdomen is a medical emergency, surgery is
often necessary to repair the source of urine leakage. Ultrasound, contrast studies, or advanced imaging should be
performed to localize the urinary tract disruption before surgery as an exploratory laparotomy is not a means
to assess the function or patency of the entire urogenital tract. Ureteral tears can be treated with indwelling
ureteral stents. Subcutaneous ureteral bypass is another alternative when ureteral stent is not an option.
Prognosis
The overall prognosis of dogs and cats with uroabdomen will depend on all aspects of each individual case.
Concomitant traumatic injuries, finances and ability to appropriate manage medical and surgical patients can
play a role in the overall prognosis. Overall mortality rate in a 2018 study on 43 dogs with uroabdomen was 21% (2).
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ureter) is suspected, an excretory urography can be performed, with using caution in patients with dehydration
or underlying renal insufficiency. If a lower urinary track (i.e. bladder or urethra) is suspected, a urethro/
cystogram can be done (3).

Julien Guillaumin, Docteur Veterinaire, Dip ACVECC, Dip ECVECC
Colorado State University, Fort Collins, CO
Water balance made easy
Hyponatremia is the most commonly seen sodium disturbances in small animal. It can results either from
excess of free water (e.g. water drinking, Antidiuretic Hormone (ADH) secretion) or from loss of sodium (in
excess to water), which is rare in living organisms, as sodium is usually followed by water, although examples
exist (e.g. salt-losing nephropathy). If hyponatremia means that water is present in excess that sodium, an easy
thing to remember that “hyponatremia means too much water”. Conversely, “hypernatremia means not
enough water”, either by removing free water (mostly by evaporation from skin or respiratory system) or by
adding sodium (e.g. following intravenous fluid therapy).
Osmoregulation and volume regulation
Overall, there is no predictable relationship between [Na] and extracellular fluid volume (ECF). However, plasma
sodium concentration and plasma osmolality vary in parallel. Plasma osmolality is regulated by osmoreceptors
that triggers ADH release and thirst behavior. The ADH secretion in response to changes in osmolality is very
sensitive (1-2 mmol/L changes in Na). This sensitivity also explains that a small change in [Na] can be abnormal
for “that patient” despite being within the reference range. ADH secretion increases water retention in the
collecting tubules of the kidneys. ADH secretion is also triggered by hypovolemia. Thirst is triggered by a variety
of causes, including hypovolemia and increase osmolality. Thirst is mainly regulated centrally and the sensation
of thirst is so powerful that normal subjects CANNOT become hypernatremic as long as they have access to
enough water. This is true even in patients with diabetes insipidus, which explains which those patients are
usually presented with normal sodium unless they lack access to water. It should be noticed that hypovolemia
triggers both isotonic (through aldosterone) and hypotonic (through ADH) fluid reabsorption. The hypotonic fluid
reabsorption would in return create an hypoosmolar state which would turn off the ADH release. However, if release
due to changes in hypovolemia is very powerful and changes will happen at the expense of osmoregulation.
Hyponatremia
Causes of hyponatremia can be divided in 3 categories: hypo-osmolar (itself divided in hypovolemic,
normovolemic and hypervolemic), normo-osmolar and hyper-osmolar. The vast majority of hyponatremic
patients fall in the hypovolemic, hypo-osmolar category. Hypovolemia causes reduction of effective circulating
volume, triggering ADH secretion and free water retention. It is almost impossible to predict serum concentration
with history and physical examination. An actual serum concentration is needed as well as some other
clinicopathological data to rule out pseudo-hyponatremia. If acute (i.e. a few hours) plasma hyponatremia
happens, an osmotic gradient will follow and water will rush into the brain, increasing brain cell volume and
creating severe acute brain edema. If a similar hyponatremia happens over several days, the brain cells will
excrete electrolytes as well as idiogenic osmoles (i.e. osmolytes). Those idiogenic osmoles create an osmotic pull
that shifts free water back out of brain cells and slowly allows those to re-equilibrate their volume, although it
does not correct brain hyperosmolality. This explains why chronic hyponatremia causes minimal clinical signs.
This concept is more important for the correction of hyponatremia. The major in-hospital deleterious
consequence of chronic hyponatremia is mismanagement of the problem. If too rapid, the rise of plasma
sodium provokes osmotic water movement out of the cells and brain cell shrinkage. Brain shrinkage can cause
vascular rupture leading to cerebral bleeding, responsible for acute neurological signs such as seizures, decrease
mental state and even death. In addition to the immediate changes, rapid correction of hyponatremia may cause
a delayed syndrome, called osmotic demyelination syndrome (ODS) or central pontine demyelination (CPD). This
syndrome is characterized by irreversible neurological damage including ataxia, paresis, dysphagia or coma.
The goal of correction of chronic severe hyponatremia or hypernatremia is to minimize changes to 0.5 mEq/L
per hour, or a maximum of 10-12 mEq/L per day. Acute hyponatremia can be corrected relatively quickly (1-2
mEq/L per hour or quicker), if the clinician is absolutely sure the change is acute. Furthermore, severe symptoms
(e.g. seizures) due to severe hyponatremia (i.e. 115-120 mEq/L) can also be corrected rapidly, with the goal of
increasing serum sodium by 3-7 mEq/L and stopping clinical manifestations such as seizures, before resuming a
slower pace of sodium correction. Rapid correction of hyonatremia should stop as soon as severe clinical signs
resolved. When presented with a hyponatremic patient, it is very important for the clinician to review causes of
hyponatremia, as treating the cause of hyponatremia is the most important part of correcting hyponatremia.
The indiscrimate use 0.9% NaCl or 3% NaCl is not warranted in all cases of hyponatremia. The majority of patients

EVECC CONGRESS GHENT 2020

Management of the dysnatremic patient

Several equations to calculate the Na deficit are available, including: Sodium deficit = Body Weight (in kg) x 0.6 x
(normal Na – patient Na) (Eq 1). That sodium deficit (in mEq) should be replaced over “x” hours at an average
rate of 0.5 mEq/L/hr. Sodium replacement can be accomplished using 0.9% NaCl ([Na]=154 mEq/L), 3% NaCl
([Na]=513 mEq/L), 7.5% NaCl ([Na]=1300 mEq/L) or 23.4% NaCl ([Na]=4000 mEq/L). Some clinicians use the
following equation (Eq 2), which provides a rate of infusion in mL/hr: Rate of infusion (mL/hr)= (0.6 x Body
Weight (kg) x (desired Na - Na measured) x 1000)/((Na content of the fluid) x hours)) (Eq 2). Some clinicians
calculate the change in Na with the infusion of a liter of a given fluid. This equation can also be used for
hypernatremia (see below): Change in serum Na= (Na + K in 1L of solute – patient Na)/ (0.6 x Body Weight (kg)+
1) (Eq 3). For patients that are asymptomatic, complications from the correction of the hyponatremia can
happen, usually due to overzealous correction of hyponatremia and brain shrinkage. Careful calculation and
monitoring of serum sodium (sometimes every hour) is warranted to avoid such complications. In case those
complications arise, administration of hypotonic fluids is indicated.
Hypernatremia
Hypernatremia can be divided based on volume status: hypovolemia (e.g. renal loss), normovolemia (diabetes
insipidus with decrease water intake, and hypervolemia (e.g. salt intoxication). Hypernatremia is mainly
associated more water loss that sodium (the most common) or a salt gain (occasionally). For example, although
diarrheal loss are isosmotic (same osmolality), it has a Na+K content less than plasma (usually around 40-100
mEq/L). In that case, more free water is lost and the patient becomes hypernatremic. Same applies for renal
losses. Loss of free water through osmotic diuresis or lack of ADH secretion/action is also common. The clinical
symptoms of hypernatremia are usually vague, and neurological in nature, such as lethargy, confusion,
decreased mental state. Acute hypernatremia (e.g. large amount of salted water intake or hypertonic saline
administration) can lead to seizures and death due to acute brain shrinkage. Similarly (although in opposite
direction) to what happens in chronic hyponatremia, chronic hypernatremia induces increase production of
osmolytes, leading to normalization of brain cells volume. This explains why only acute hypernatremia leads to
clinical signs. Clinical signs may arise in case of acute normalization of chronic hypernatremia, when the rapid
lowering of sodium may cause brain edema. Understanding and addressing the underlying cause is important,
although usually easily identified. Correction of hypernatremia (i.e. free water loss) is achieved by free water
replacement. The rate for correction of hypernatremia is identical to the correction of hyponatremia, with a
maximum of 12 mEq/L a day and goal of 0.5-1 mEq/L per hour.
Water deficit calculations: More than half of a dozen of equations exist but the classic water deficit equation is:
Water deficit = 0.6 x Body Weight (kg) x (Plasma Na/Normal Na - 1) (Eq 4). As mentioned before, the equation #3
that calculates the change in Na with the infusion of a liter of a given fluid can also be used. The water deficit
formula has been challenged for several and may underestimate true water deficit by as much as 50%. The
important clinical implication is that serial monitoring (q4-6 hr) is necessary to track sodium and osmolality
changes and adjust fluid rate as needed, which is invariably needed. Ongoing losses of hypotonic fluid can also
persist and make the calculation unpredictable.
References
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with hyponatremia have a depletion of extracellular-fluid volume, in other words, a loss of “total body sodium”, or
hypovolemia. Those patients require volume replacement with ANY isotonic fluids (e.g. LRS or 0.9% NaCl).

Claire R. Sharp, BSc, BVMS, MS, DACVECC; Senior Lecturer
School of Veterinary Medicine, Murdoch University, Murdoch, Australia
In 2019, a two part ACVIM consensus statement addressing IMHA was published in JVIM. The first document
involved the diagnosis of IMHA, while the second addressed treatment. As with previous ACVIM guidelines, the
development of these documents included detailed systematic literature reviews, evidence summaries,
community feedback, followed by a Delphi survey process to refine the guidelines. This lecture will apply these
guidelines to a specific case.
The case we will use to apply these guidelines is Snowflake, is a 6 year old, female spayed Maltese cross (Body
weight 7.7kg). She presented to her referring veterinarian with a 2 day history of lethargy, anorexia, and orange
stools. On physical examination she was quiet, alert and responsive, and had pale pink and slightly icteric oral
mucous membranes. Her heart rate was 124bpm, and a grade I/VI left apical systolic murmur was evident. Her
respiration was normal, and she had a mild fever (39.8°C).
Approach to the diagnosis of IMHA
Initial diagnostics included a CBC and biochemistry profile. Her CBC revealed a moderate normocytic,
normochromic anaemia, with evidence of early regeneration (1+ anisocytosis, occasionally polychromasia). Her
total protein was mildly increased. On the blood smear 1+ spherocytosis was present, and a saline agglutination
test (SAT) was negative. At this stage the broad differential diagnoses for anaemia were considered. Since she
had a low PCV with an increased TS, haemolysis was considered the most likely differential, but is this adequate
for a definitive diagnosis of IMHA? The diagnosis consensus statement provides guidance about how to
diagnose IMHA, and dictates that we need evidence of both immune-mediated erythrocyte destruction AND
hemolysis. Specifically > 2 signs of immune mediated destruction are required to fulfil the ACVIM diagnostic
criteria for IMHA. Evidence of immune-mediated destruction is considered to include spherocytosis, a positive
SAT without washing, a positive Coomb’s test (direct antiglobulin test; DAT), or a positive SAT that persists with
washing. In this case we already had detected spherocytes, but the SAT was negative. So the clinician added on
a Coombs test which was positive, and so with these two pieces of evidence we now have strong evidence of
immune-mediated erythrocyte destruction.
The other component of the diagnosis is with regard to evidence of hemolysis. The ACVIM consensus guidelines
just require one piece of evidence of hemolysis, either extra-vascular or intravascular hemolysis. Extra-vascular
hemolysis is characterised by hyperbilirubinemia or icterus (without functional hepatic disease, post-hepatic
cholestasis or sepsis). Intra-vascular hemolysis is characterised by hemoglobinemia, hemoglobinuria or
erythrocyte ghosts. Snowflake had clinical icterus and a mild hyperbilirubinemia in the absence of liver disease,
and thus she did meet diagnostic criteria for IMHA. We did just recheck her CBC a few days later to make sure
that she did have a good regenerative response. The other component of our diagnostic approach to IMHA is a
thorough history and potentially screening tests to rule out associative causes of IMHA. History should include
questioning regarding temporal associations of vaccines, medications, and travel history. Travel history and an
understanding of regional infectious disease prevalence will dictate the relative importance of testing for
infectious diseases, particularly testing for erythrocyte parasites, such as the hemotropic mycoplasmas, or
Babesia spp.. Screening imaging such as three view thoracic radiographs, and abdominal ultrasound, is indicated
to rule out causes of microangiopathic haemolytic anaemia, such as that associated with vascular neoplasms.
Treatment approach to IMHA
The treatment guidelines for IMHA include 46 recommendations in total covering immunosuppression, blood
product transfusion, antithrombotic therapies, adjunctive therapies, monitoring, and tapering of
immunosuppression.
Immunosuppression guidelines
Recommendation 7 states that “We recommend that prednisolone or prednisone at an initial PO dosage of
2-3mg/kg/day (or 50-60mg/m2) be introduced after a diagnosis of IMHA has been reached. The drug may be
administered as a single daily dose or divided into 2 daily doses. Dexamethasone (0.2-0.4mg/kg/day) maybe
administered IV on a temporary basis if the patient ideally will not tolerate PO drug treatment.” Consistent
with this, Snowflake was commenced on 10mg prednisolone PO BID (7.7kg BW = 2.6mg/kg/day divided).
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Application of the ACVIM consensus statement on the diagnosis and treatment of
immune hemolytic anemia

Transfusion guidelines
Snowflake did not need a transfusion at the time of initial presentation, however 2 days later when she
presented to our referral hospital she was much sicker. At that time she was obtunded, pale, had a delayed CRT
(3-4 seconds), was tachycardic (HR 180bpm), hypothermic (T 36.8C), RR 40, and her anemia was much worse (PCV
8%). At that time is was clear that she needed a transfusion. Recommendation 3 states “We recommend
administering pRBCs when dogs with IMHA display clinical features attributable to decreased oxygen delivery.
If pRBCs are not available, administration of whole blood is a reasonable alternative.” Additionally, the
Recommendation 4 states “Fresh pRBCs, ideally no older than 7-10 days, are recommended for use in dogs with
IMHA. If these are not available, older units may be used but may be associated with greater risk of
complications and increased mortality.”
Recommendation 2 is regarding pre-transfusion testing, and states “We recommend that clinicians consider
the effect of autoagglutination on the results of cross matching and blood typing, and seek guidance from
manufacturers of test kits.” Snowflake was blood typed with an Alvedia blood typing strip and crossmatched
with a gel card, and fortunately was compatible to all units of pRBCs tested. She then received a ½ unit of
pRBCs over 4 hours, which increased her PCV from 8 to 20% and improved her perfusion parameters. Despite
this however, her PCV dropped back to 14% the following day, and she needed another transfusion (this time
120mL pRBCs over 4 hours, which increased her PCV to 24%).
Additional immunosuppressives?
At this stage, Snowflake had started to meet the criteria for the addition of a second immunosuppressive
agent. So what now are our choices? Recommendation 10 states Where a second drug is administered we
suggest one of the following;
• azathioprine (2mg/kg or 50mg/m2 PO q 24h, reduced to EOD after 2-3 weeks),
• cyclosporine (5mg/kg PO q12h, adjusted based on therapeutic dose monitoring, or
• mycophenolate mofetil (8-12mg/kg PO q12h).”
The guidelines don’t provide more information about which of these to choose, but my opinion is that
cyclosporine and mycophenolate both have the potential to serve as “induction agents” for immune mediated
disease, and so could be considered in Snowflake’s case. Azathioprine is a good “maintenance”
immunosuppressive, but its onset of action is too delayed to be useful in the short-term. As such azathioprine,
is best used as a second drug in those cases that we are using it for the medium to long-term ability to get the
patient off glucocorticoids.
Antithrombotic therapies
This is where the ACVIM Consensus Statement and the ACVECC Consensus on the Rational use of
Antithrombotics in Veterinary Critical Care (CURATIVE) differ from the ACVIM guidelines. The CURATIVE
guidelines document that IMHA is strongly associated with the development of thrombosis, and thus
antithrombotic therapy is recommended (Guidelines 1.1). Since IMHA is most frequently associated with venous
thrombosis, anticoagulant therapy may be considered first (Guideline 2.1). That being said, both venous &
arterial thrombosis have been reported and thus concurrent use of an antiplatelet agent may be indicated
where thrombosis risk outweighs risk of bleeding (Guideline 2.17, 2.19). In Snowflake, we commenced therapy
with rivaroxaban (15mg PO SID), and clopidogrel (18.75mg PO q 24 hours).
Adjunctive therapies
A variety of options can be considered in patients that fail to go into remission for IMHA despite two
immunosuppresive drugs; the best next steps are unclear. The guidelines suggest consideration of a third
immunosuppressive vs. human IVIG, vs. splenectomy. That being said Recommendation 13 is that “We suggest
that the use of > 3 immunosuppressive drugs at the same time should be avoided.”
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Recommendation 9 states that “We suggest that a second immunosuppressive drug may be introduced either
from the outset of treatment in an effort to decrease the dose of glucocorticoid required, such as if the patient
is expected to develop severe side effects related to glucocorticoids (eg. dogs >25kg) or, if the patient has signs
suggestive of a poor prognosis.” Signs of a poor prognosis include “clinical features at presentation consistent
with severe or immediately life-threatening disease, the PCV does not remain stable during the first 7 days of
treatment with a glucocorticoid (ie. ≥5% decrease within 24 hours), or continues to be dependent on blood
transfusions after 7 days.” At her initial presentation Snowflake did not meet these criteria and so was started
on prednisolone.

Monitoring and Tapering
Monitoring patients with IMHA includes serial rechecks of PCV and CBC to assess the anaemia and for evidence
of immune suppression, and biochemistry profiles to assess for side effects of therapy. Guidelines 14, 15, 16 and
17 provide very detailed information about tapering. The moral of the story is that the patient should be in
remission for at least 2 weeks before the dose of prednisolone is reduced, and then the dose can be reduced by
about 25% every 3 weeks. Tapering of prednisolone can occur more rapidly in cases on a second immune
suppressant drug.
The consensus statements provide useful algorithms to guide the diagnosis and treatment of IMHA based on
available evidence and expert opinion. Hopefully as more research is performed, the guidelines will be updated
and enhance our ability to manage this challenging condition.
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With regard to more novel therapies, Recommendation 37 is that “The use of other treatments, including
therapeutic plasma exchange (TPE), liposomal clodronate, hyperbaric oxygen therapy, and melatonin, has been
reported, scientifically, anecdotally, or in small numbers of dogs with IMHA, but we suggest further
investigation is required to determine whether these treatments are effective, and to establish how their use
should be integrated with other treatments.”

Corrin J. Boyd, BSc, BVMS(Hons), GradDipEd, MVetClinStud, MANZCVS, DACVECC
Murdoch University
Background
Critically ill patients often require intravenous fluid therapy for treatment of shock, dehydration, or
maintenance of adequate volume and hydration status. There are many decisions that must be made when
prescribing fluid therapy, including fluid type, rate, volume, and what to monitor. In addition to the
cardiovascular effects, it is important to consider effects of fluid therapy on other body systems. Many critically
ill patients are at risk of acute kidney injury (AKI). Given their role as regulators of fluid and electrolyte status,
the kidneys are very sensitive to effects of fluid therapy.
Volume status
Historically, a large focus of fluid therapy has been avoiding hypoxic kidney injury secondary to hypovolaemia
and hypotension. Maintaining renal perfusion is vital. When hypoperfusion is due to absolute hypovolaemia,
rapid administration of intravenous fluids is an effective treatment. However, this has broadened to the nonspecific belief that intravenous fluids are ‘good’ for the kidney, that most hypotension should be treated with
aggressive fluid administration, and ongoing infusion of above maintenance fluid rates is beneficial to prevent
or treat AKI. In reality, hypotension in critical illness is often multifactorial, with treatment requiring
assessment of vascular tone and cardiac contractility, and treatment of derangements in these with
sympathomimetics. Furthermore, the kidneys are highly susceptible to dysfunction secondary to fluid overload.
As they are enclosed in a rigid capsule, increases in interstitial fluid volume will increase intraparenchymal
pressure. This will have a twofold effect on glomerular filtration pressure (and thus glomerular filtration rate)
by both reducing renal perfusion pressure and increasing backpressure in the proximal tubule. Thus, it is
unsurprising that fluid overload is a significant negative prognostic factor in human AKI.
The recognition of the importance of fluid balance in AKI prompted the development of a conceptual model of
four phases of intravenous fluid therapy in critical illness. The four phases are rescue, optimisation,
stabilisation, and de-escalation. In the rescue phase, lasting minutes to hours, there is overt life-threatening
shock, and intravenous fluid boluses are likely to be necessary and lifesaving. Once immediate life-threatening
shock has been resolved, the optimisation phase of a few hours requires much more diagnostic data and a
substantial amount of critical thought to justify further fluid boluses. I approach the optimisation phase by
gathering data to answer the following sequential questions:
1. Does tissue oxygenation appear to be adequate for cellular respiration?
2. If not, is this due to an alteration in cardiac output, vascular tone, arterial oxygen content or several of these?
3. If reduced cardiac output is most likely, is it preload responsive? I.e. will increasing preload effectively increase
stroke volume and thus cardiac output?
4. If increasing preload will likely improve cardiac output, is using intravenous fluid to do this associated with
the best risk/benefit profile?
The stabilisation phase, lasting a few days, is marked by haemodynamic stability and the focus of fluid therapy
is avoiding further positive fluid balance. De-escalation shifts the focus to clearing excess accumulated fluid.
Whilst this approach has not been thoroughly evaluated in small animals, it conceptually makes sense and can
be practically useful.
Synthetic colloids
In addition to decisions about fluid balance, different types of IV fluids can have further effects on the kidney.
The use of synthetic colloids for volume resuscitation has become increasingly controversial, mainly due to
concern over AKI. Synthetic colloid fluid products contain large molecules of hydroxyethyl starch (HES), modified
gelatin, or dextran. A recent survey showed that HES solutions are the most frequently used synthetic colloid in
small animals. However, both gelatin and dextran use were also reported in Europe and other regions.
The pathophysiology of AKI secondary to synthetic colloids is not completely understood. The leading
hypothesis is osmotic nephrosis, where pinocytosis of colloid molecules leads to intracellular accumulation, cell
swelling, and ultimately cell dysfunction. Evidence of osmotic nephrosis has been described in a case series of
critically ill dogs, where it was associated with the cumulative dose of HES.
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Renal effects of fluid therapy

Chloride
Administration of fluids with a supraphysiologic chloride concentration, such as 0.9% NaCl or hypertonic saline,
promotes hyperchloraemia. An increased chloride concentration in glomerular filtrate activates
tubuloglomerular feedback, leading to afferent arteriolar and mesangial constriction. Subsequently, there is
decreased glomerular filtration rate and renal perfusion. A landmark before-after study and two randomised
clinical trials have provided evidence that high-chloride fluids contribute to AKI in humans. Further clinical
trials are ongoing. There is minimal published research in small animals at this time.
Conclusions and clinical relevance
Fluid therapy can both help and harm the kidney. It is prudent to administer intravenous fluid only when there
is good evidence that it is necessary. Balanced isotonic crystalloids seem to be the least injurious to the kidney.
Use of other fluid types should be reserved for cases where there is a strong rationale for benefit.
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The bulk of the evidence regarding synthetic colloids and AKI focuses on HES, as this has been the most
commonly used synthetic colloid in both humans and small animals over recent decades. Growing concern over
AKI led to several landmark clinical trials in humans, where HES was shown to be associated with biochemical
evidence of AKI and increased usage of renal replacement therapy, a surrogate marker for AKI. These studies
were in critically ill humans, primarily those with sepsis, which is thought to increase susceptibility to colloidinduced AKI. These findings have led to recommendations that HES be avoided in populations of critically ill
humans at high risk of AKI, including sepsis and trauma, and usage has subsequently decreased. Evidence in
small animals is less conclusive. Experimental models of acute haemorrhage found no association between HES
and biomarkers of AKI or histologic renal tubular injury scores. These studies were performed in previously
healthy dogs, so they may not be directly clinically applicable to many scenarios where HES is used, such as
sepsis. Three historical cohort studies have been performed in critically ill dogs, with differing conclusions. One
found an association between AKI and the composite outcome of AKI and death, one found an association
between duration of HES therapy and AKI, and the last found no association between HES and AKI. It should be
noted that this study design is susceptible to confounding by severity of illness, where HES may have been
administered to sicker dogs which also had more AKI because of their severity of illness. Whilst attempts can be
made to statistically account for this, they can only correct for severity of illness based on other information
that was recorded. Randomised clinical trials are required to completely overcome this obstacle. Our group
recently performed a randomised, blinded clinical trial comparing HES to a crystalloid control. There were no
differences in urine biomarkers of AKI or VAKI scores. However, the severity of illness, as assessed by APPLEfast
score, was only moderate and there was a low frequency of sepsis. If further smaller studies are performed, they
should focus on high risk groups such as septic animals. Alternatively, the ideal studies would be larger
multicentre trials with patient-centred outcomes, but these are logistically challenging. Research in cats is
limited to two historical cohort studies, which did not detect any evidence of AKI.19,20
There is smaller body of research into the renal effects of fluids containing gelatin in small animals. However,
restrictions to HES distribution have prompted the search for viable alternatives. An experimental model of
haemorrhagic shock in greyhounds showed that gelatin was associated with greater increases in several
biomarkers of AKI and greater histologic evidence of renal tubular cell microvesiculation, compared with HES,
crystalloid, and fresh whole blood. The biomarker elevations were of a large magnitude, which was consistent
with a similar previous haemorrhagic shock model that did not have a control group. These findings are also
consistent with experimental animal models in other species, where greater evidence histologic and biomarker
evidence of AKI was found with gelatin administration, compared with HES. Several of those studies also
reported osmotic nephrosis-like lesions. The use of gelatin in humans remains controversial. Meta-analyses
have shown less AKI risk compared with HES, and no difference in AKI risk compared with crystalloids. Despite
this, use of gelatin colloids in humans has substantially declined between 2007 and 2014, likely due to concern
over HES being broadly applied to all synthetic colloids. Notwithstanding, gelatin is still used in some human
hospitals, and further research is required. Our research group recently performed a randomised clinical trial in
humans admitted to the ICU following cardiac surgery, where gelatin was associated with increases in
biomarkers of AKI, compared with crystalloid.
Whilst dextran solutions are now rarely available, there is evidence of their ongoing use in Europe. Dextran
solutions are known to cause osmotic nephrosis, however clinical evidence for risk of AKI is mostly limited to
case reports in humans. Historical cohort studies in humans have shown differing conclusions, but no clinical
trials have been performed. There has not been any published clinical research in veterinary medicine.
In summary, all synthetic colloids should be considered to have the potential to cause or perpetuate AKI.
However, the differences between the types of colloid, the patient populations most at risk and the degree of
risk are unclear. Synthetic colloids should be used with caution in patients at risk of AKI.
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Anemia is a common finding in critically ill patients, and is associated with morbidity and mortality due to a
decrease in oxygen-carrying capacity, which can be deleterious, especially in case of increased metabolic
demands. Packed red blood cell (PRBC) is a refrigerated (2-6°C) stored product obtained after fresh whole blood
donation and fractionation. Storage medium usually consistent of Acid-Citrate-Dextrose (ACD), which allows
for a 21 days shelf-life. Adenine (in CPDA) or other additives (e.g. Optisol®, Adsol®) can be added as a source of
energy, increased the shelf-life to 35 or 42 days respectively. PRBC is probably the most commonly transfused
blood product, but its use is not without risks. As any other drugs, it has indications, contra-indications, and side
effects. In this lecture, we will review WHEN it is appropriate to transfuse an anemic patient some PRBC.
Indications for pRBC transfusion
The main indication for pRBC transfusion is to treat anemia and improve oxygen delivery (DO2). DO2 is composed
by cardiac output and arterial oxygen content (CaO2). CaO2 is equal 1.34 x [Hb] x SaO2 + 0.003xPaO2 g/dL. Using
normal values for each of the component, CaO2 is equal to approximately 20 g/dL, with 19.7 g/dL being the
oxygen present at the RBC surface, and only 0.3 g/dL being the dissolved oxygen. Therefore, the RBC is the most
important part of oxygen transportation in the blood, whereas PaO2 becomes the most important part of oxygen
diffusion to the cells, for use in cellular ATP formation. Transfusion of RBC also increases blood volume, and can
improve DO2 by increasing stroke volume and cardiac output. In a retrospective study on over 3,000 canine cases,
the most common reason for pRBC transfusion was hemorrhage (68%), with neoplasia (36%) the leading
reason for hemorrhage before trauma (13%) and surgical blood loss (12%). Hemolysis was the major cause of
anemia in those dogs (16%), with immune-mediated hemolytic anemia accounting for 90% of these cases.
Transfusion triggers
The decision of transfusion is based on clinical signs. If the anemia is chronic, compensatory mechanisms
develop, aiming to maintained energy production. It includes maintenance of normal blood volume (through
the renine-angiotensine-aldosterone and antidiuretic hormone systems), improvement of PaO2, local
vasoconstriction to direct blood flow to the most important organs, decrease activity to lower oxygen
consumption, and changes in cellular metabolism towards anaerobic ATP production (i.e. hyperlactatemia).
Clinicians can use various criteria to determined individual’s patient need for a pRBC transfusion. The author
uses 10 points criteria to determined patient’s need for a RBC transfusion:
1. Age and comorbidity of the patient, as it can be related to the ability to develop compensatory mechanisms
or oxygen consumption may be higher.
2. The chronicity of the anemia, which is directly related to the development of compensatory mechanisms,
should be considered.
3. Presence of clinical signs related to the anemia is a common criterion for clinicians to decide whether a
transfusion is needed. However, it is a challenging criterion, as 100% of anemic patients will have clinical
signs, which varies from mild (e.g. lethargy, pale mucous membranes) to more severe (e.g. syncope, severe
tachycardia, hyperlactatemia).
4. Owning to the risks associated with pRBC transfusion, it should be done when clinical signs are more severe,
for example if there is a failure of the maintenance of energy production, which is usually represented by
hyperlactatemia.
5. Presence of blood loss and hypovolemia is also different that the euvolemic anemic hemolytic patient.
Euvolemic patients have more risks of fluid overload when transfused, when hypovolemic bleeding patients
would benefit the most from a blood transfusion that can both expand the blood volume and provide
oxygen carrying capacity.
6. The presence or absence of regenerative response, as the absence of regenerative response makes the
patient at risk for more prolonged periods of anemia
7. Cause of anemia (e.g. the transfused RBC will likely be destroyed by a hemolytic patient)
8. Risks associated with transfusion, including screening availability (i.e. blood type and crossmatch) or history
of previous transfusion.
9. The need for an anesthesia, as the associated increased in the oxygen consumption may worsen the balance
between oxygen supply and demand.
10. Listed as the last criteria on purpose, is the hemoglobin (or hematocrit) level. In critically ill humans, pRBC
transfusions are recommended at a hemoglobin level of 7 g/dL (hematocrit of 21%), decreased for the
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Transfusion triggers in anemic patients

Risks associated with blood transfusion
Transfusion reactions are usually divided in between acute immune-mediated transfusion reactions and nonimmune-mediated transfusion reaction. Non immune-mediated reactions includes hemolysis (e.g. inappropriate
collection, storage or administration), bacterial contamination, transfusion-associated circulatory overload (TACO),
hypothermia (i.e. in case of rapid transfusion of inappropriately warmed products), citrate toxicity (causing
hypocalcemia), transfusion-related immunomodulation (TRIM), or transfusion-associated acute lung injury
(TRALI), which has been described in humans. Although TRALI is the leading cause of transfusion-related
morbidity and mortality in humans, it is due to antibodies directed against human neutrophil antigens present
in the plasma of predominantly multiparous female blood donors. Therefore, it is unclear if other species can
develop TRALI. There are limited data regarding veterinary transfusion reactions. In a retrospective study of more
than 300 canine plasma transfusion, the only side effects were fever, pruritis and anxiety. It was noted in less than
1% of cases. Acute transfusion reactions to RBC was documented in 15% of cases in another retrospective study on
136 dog, with fever and vomiting documented in 53% and 18% respectively. In humans, there is also some
discussion about risks associated with aging PRBC units, related to storage lesions. In that species, the use of
blood more than 14 days old in cardiac surgery patients has been associated with worse outcomes, including
higher rates of death, prolonged intubation, acute renal failure, and sepsis. Similar poor outcomes have been seen
in trauma patients. A similar pattern was not found in a study of more than 3,000 canine cases.
References
1. Jandu AS, Vidgeon S, Ahmed N. Anaemia and transfusion triggers in critically ill patients - What we have learnt
thus far. J Intensive Care Soc. 2019 Nov;20(4):284-9.
2. Davidow B. Transfusion medicine in small animals. Vet Clin North Am Small Anim Pract. 2013 Jul;43(4):735-56.
3. Hann L, Brown DC, King LG, Callan MB. Effect of duration of packed red blood cell storage on morbidity and
mortality in dogs after transfusion: 3,095 cases (2001-2010). J Vet Intern Med Am Coll Vet Intern Med. 2014
Dec;28(6):1830-7.
4. Kisielewicz C, Self I, Bell R. Assessment of clinical and laboratory variables as a guide to packed red blood cell
transfusion of euvolemic anemic dogs. J Vet Intern Med. 2014 Apr;28(2):576-82.
5. Auron M, Duran Castillo MY, Kumar A. Parsimonious blood use and lower transfusion triggers: What is the
evidence? Cleve Clin J Med. 2017;84(1):43-51.

EVECC CONGRESS GHENT 2020

hemoglobin of 10 g/dL (hematocrit of 30%) rule, unless the patient has clinically significant heart disease,
severe hypoxemia, or acute hemorrhage. In humans, 2 multicentric studies, the “classic” 1999 Transfusion
Requirements in Critical Care (TRICC) trial and the 2014 Transfusion Requirements in Septic Shock (TRISS)
trial randomized approximately 1000 on each trial to a restrictive or a liberal transfusion strategy, and
showed no differences in various outcomes.

Thierry Francey, Dr. med. vet., DACVIM, DECVIM-CA
Vetsuisse Faculty University of Bern, Switzerland
Feline upper urinary tract obstructions have developed into a new clinical entity with a rapid and often
dramatic progression in incidence of diagnosis in recent years. The emergence of this acute obstructive uremic
syndrome has required a change in our medical approach and the development of innovative diagnostic and
therapeutic techniques.
Diagnosis
Affected cats are often presented with a suspicion of severe oligo-anuric acute kidney injury (AKI) and severe
sub-lumbar pain. However, some cats with ureteric obstruction show only minimal dilation of the renal pelvis
and ureter and they are often mistaken for primary renal forms of AKI, such as pyelonephritis, toxic nephrosis,
or ischemic injury. The blind application of ultrasonographic criteria that were developed primarily for the dog
- in which a strong dilatation of the renal pelvis and ureter is to be expected - has long made it difficult to
diagnose affected cats. Since ureteric obstructions were much rarer in the past, cats with acute uremia were
typically assumed to be of renal origin until proven otherwise. This finding appears to be increasingly wrong
and shapes our current diagnostic recommendations and simultaneously simplifying our approach: a cat with
acute uremia suffers from ureteric obstruction until proven otherwise. Even more so if the uremia is associated
with severe pain or renal asymmetry, and if it shows a fluctuating course with relapsing episodes of pain and
discomfort. The absence of radiologically visible ureteroliths or of a pronounced dilation of the renal pelvis and
ureter does not exclude this diagnosis, since up to 30% of cats with ureteric obstruction hardly show any
significant pyelectasia. In addition, the repeated passage of stones in the ureter can lead to stricture and thus
obstruction, even at a time when no urolith is detectable.
The diagnosis of a ureteric obstruction in a suspect case therefore principally relies on a detailed history
(including previous episodes of pain), a thorough physical exam (including the palpation of painful, firm,
asymmetric, and irregular kidneys), the demonstration of an acute azotemia (possibly with an underlying
chronic kidney disease), and appropriate diagnostic imaging. Abdominal radiographs are primarily assessed for
evidence of renal asymmetry and for the presence of uroliths in any part of the urinary tract. The
ultrasonographic exam of the abdomen often indicates obvious pyelectasia and ureteral dilatation suggesting
a uni- or bilateral obstructive pattern of the upper urinary tract. As many cats are only presented when the
second side is affected, renal asymmetry with an enlarged hypertrophic and obstructed kidney contrasting with
a small contralateral end-stage kidney (typical “big kidney - little kidney syndrome”) may dominate the imaging
findings. The presence of ureteroliths often confirms the suspicion, but their absence at the time of
examination does not rule it out. A CT scan with contrast may allow a better visualization of the upper urinary
tract, including the detection of abnormal anatomical structures such as retrocaval ureters, but it is rarely
necessary for the confirmation of a diagnosis. In unclear cases, an antegrade nephropyelogram/ureterogram
under fluoroscopy may be indicated to confirm a clinical suspicion, although this is typically performed at the
time and as part of the surgical intervention.
Medical therapy
Our current understanding of the disease and modern approaches in the fluid management have led to good
progresses in the medical treatment of feline upper urinary tract obstructions in recent years. Appropriate fluid
therapy, spasmolytics, and pain medications can be used to try to “wash away” the obstruction. A successful
result is however rare, with an estimated rate of 20-30% of the cases. It should however be noted that the rapid
progression of azotemia, electrolytes and acid-base disturbances leaves very little time for such an attempt in
most cats with complete obstruction and a contralateral end-stage kidney (unfortunately the majority of
patients). With complete obstruction, we rarely have more than 1-2 days before the situation becomes life
threatening due to high-grade hyperkalemia and azotemia. In addition, it is rare for an attempt to be successful
after more than 1-2 days. It is therefore essential to plan the next step in time.
As a rule, the choice of intravenous fluids needs to be based on the current and expected electrolytic and acidbase disturbances. Potassium-free isotonic fluids are often chosen initially and they may include normal saline
(NaCl 0.9%,) isotonic sodium bicarbonate (1.25%), or mixtures thereof. The administration rate has to fit with
the clinical assessment of the cat, in particular its estimated vascular volume and hydration. The goal is simply
to rehydrate the cat and correct its volemia, but avoid fluid overload. As a reminder, a 5% fluid overload in a 3 kg
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Most often, attempts are made to increase further the pressure on the obstruction using diuretics: mannitol
(0.5 g/kg IV, over 20-30 min) or furosemide (1-2 mg/kg IV, q8-12h). Relaxation of the ureters can be attempted
with an alpha blocker (e.g. prazosin 0.25 - 0.5 mg/cat PO, q12-24h) or the tricyclic antidepressant amitriptyline
(2.5 - 12.5 mg/cat PO, q24h), although their efficacy for this use has not been evaluated. Similarly, IV glucagon is
often mentioned in human protocols but a retrospective evaluation of a small case series could not find evidence
of efficacy in cats. Adequate pain therapy with opioids is very important with these treatments, as the
obstructions usually are very painful, and the diuretic therapy can initially increase this pain further.
Buprenorphine (0.01 - 0.02 mg / kg IV q6-8h) is frequently used as the first choice, although it is often necessary to
switch to more potent analgesics (e.g. fentanyl 2.5 - 10 µg/kg/h). An epidural anesthesia may be considered in
some cases. This medical therapy needs to be complemented individually depending on the specific requirements
of the cat, to include potassium-lowering interventions, gastro-intestinal therapy, and nutritional support.
Renal replacement therapy may be indicated for pre-surgical stabilization of cats with severe azotemia and
hyperkalemia. For most cats however, medical stabilization alone can be sufficient to correct moderate to severe
electrolyte and acid-base disorders and to permit anesthesia and rapid restauration of the urine flow. When
more time is needed before surgery can be performed, renal replacement therapy may safely bridge this
interval. This time should not be prolonged excessively as the persistent pressure on the renal parenchyma
created by the obstruction will progressively damage the kidney and compromise the chances of recovery.
If the therapy is successful at relieving an obstruction, it is essential to adjust both fluid rates and composition,
as a strong post-obstructive diuresis should be anticipated. Long-term, dietary adjustments are very important
to avoid as much as possible the recurrence of obstructive episodes. Since uroliths are rarely available for
analysis after spontaneous resolution of upper tract obstructions, the dietary strategy is typically directed
against the most likely stone type, calcium oxalate, unlike diagnostic imaging suggests otherwise (e.g. nonradiopaque blood stones or stones of xanthine in xanthinuric young cats). Long-term management should
further include monitoring and therapy of the chronic kidney disease affecting most cats after episodes of
ureteric obstruction.
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cat is already achieved with 150 ml excess. In addition to systemic consequences (e.g. pulmonary edema,
gastrointestinal edema, cerebral edema, systemic hypertension), fluid overload will also tend to decrease urine
output due to increased intra-renal parenchymal pressure (congestive nephropathy) and its prevention should
be an absolute priority in animals with AKI or obstructive uropathy.

Nausikaa Devriendt, DVM, DECVS
Ghent University, Belgium
Urolithiasis is by far the most common cause of ureteral obstruction in cats, with calcium oxalate being most
prevalent. Medical treatment is important to stabilize patients prior to anaesthesia and to promote passage of
(sub)obstructing uroliths or plugs into the bladder. Although medical therapy is undoubtfully a cornerstone in
the treatment of ureteral obstructions, the majority of cats need surgical therapy to remove the obstruction
and/or decompress the renal pelvis. Several surgical techniques have been described, and the technique of
choice depends on the location of the obstruction, the size of urolith(s), surgeon’s experience, availability of
equipment and material, owner preference and compliance, and related costs.
Conventional techniques
Ureterotomy is a technically difficult procedure to perform because of the small size of the ureters in cats,
making magnification instruments (such as loupes or a surgical microscope) essential. If a large urolith is
present this can often be palpated, whereas the localisation of the obstruction in case of small urolith(s) or
plugs can only be determined based on the size of the ureter, which is typically dilated proximal of the
obstruction. Depending on the amount of uroliths, multiple ureterotomies might need to be performed during
one surgical procedure to resolve the obstruction. The most common complications after this procedure are the
development of uroabdomen, persistent urinary obstruction and (sub)obstruction secondary to postoperative
mucosal edema and inflammation. Survival to discharge is 78-79%.
Neocystoureterostomy or end-to-side ureteral reimplantation is typically performed if the obstruction is in the
distal part of the ureter. With this technique partial ureterectomy is performed and the remaining ureter is
reimplanted into the bladder trigone. The ureter is cut at the level of the bladder trigone and amputated just
proximal of the obstruction. Several techniques have been described to reduce the tension on the ureteral
reimplantation site by performing psoas cystopexy, renal descensus or a boari flap, which is a tubularized
bladder flap. Most common postoperative complications are uroabdomen and persistent ureteral obstruction.
Procedures such as ureteral resection and anastomosis and unilateral ureteronephrectomy can be performed,
but are rarely indicated. In the latter technique, it is strongly advised to determine the glomerular filtration rate
of the remaining kidney prior to surgery, especially as chronic kidney disease can occur in up to 20% of older cats.
Urinary diversion techniques
With these techniques urine is diverted using foreign material which is either introduced into the affected
ureter (ureteral stenting) or bypasses the entire upper urinary tract (subcutaneous ureteral bypass (SUB)
device). Both ureteral stents and SUB devices have a multifenestrated pigtail which is seated within the pelvic
cavity of the kidney and a multifenestrated catheter into the bladder.
Ureteral stents can be best placed with the aid of fluoroscopic guidance either in an antegrade or retrograde
fashion, and endoscopically or using an open surgical approach. If not strictly necessary, performing an
additional ureterotomy to remove the obstruction should not be done, as this increases the risk of
postoperative abdominal effusion. Compared to cats that underwent ureterotomy, cats treated with ureteral
stents have a significantly greater decrease in kidney values one day after surgery and at hospital discharge.
Most common postoperative complications are the lack of renal function improvement and uroabdomen.
Survival to discharge is 81-92.5%.
When a SUB device is placed, urine is diverted via a nephrostomy catheter to a subcutaneous port, which is
connected to the urinary bladder with a cystostomy catheter. The main advantage of this technique is the
possibility to collect urine via the subcutaneous port and to flush the system, decreasing the risk of
encrustation. Postoperative complications include device leakage, kinking of tubing, occlusion with blood cloths
and the lack or renal function improvement. Survival to discharge is reported to be 87-94%.
Post-obstructive diuresis, defined as polyuria (>2 mL/kg/h) after relief of a urinary tract obstruction, is most
commonly seen after ureteral diversion techniques. Post-obstructive diuresis is more severe and takes longer to
resolve in cats that have higher creatinine, blood urea nitrogen, potassium and phosphorus concentrations ≤24
hours before decompressive surgery, and also anuric cats have a longer duration of post-obstructive diuresis
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In conclusion, an individual assessment is always needed to determine which surgical technique(s) are
preferable. All procedures have advantages and disadvantages and irrespective of the technique chosen, close
postoperative follow-up is mandatory.
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than other cats. Although post-obstructive diuresis requires intensive follow-up with correction of fluid and
electrolyte derangements, a high percentage survives to discharge if managed correctly.

Thierry Francey, Dr. med. vet., DACVIM, DECVIM-CA
Vetsuisse Faculty University of Bern, Switzerland
Acute kidney injury (AKI) is increasingly recognized as a major complication of critical diseases in small animals.
It is no longer predominantly a community-acquired disease with most animals presenting already with
established functional failure, but it is recognized more and more as emerging during the course of
hospitalization for poly-systemic affections, where the kidneys suffer significant collateral damage from the
primary disease itself or from therapeutic interventions. For example, increasing concerns have been voiced and
researched about the potential role of colloids and excessive chloride loading as causes or predispositions for
AKI in critical patients.
The recovery potential, and thus the reversibility of AKI and the effect on global outcome, depend mostly on the
nature of its underlying cause and its severity. Whether this potential for recovery can be used depends also on
additional factors, including the presence of AKI complications and comorbid diseases, and the medical and
surgical treatment options available. Several retrospective studies have investigated the clinical parameters
associated with outcome in animals with AKI. Depending on the patient population, the results of these
analyses are very variable, but altogether the most significant associations were with the underlying etiology
and the presence of oligo-anuria. Typically, ischemic insults from systemic cardiovascular disturbances or drug
side effects (NSAIDs and RAAS-blockers) are considered favorable with a good potential for recovery. Similarly,
renal injury from infectious diseases (leptospirosis, pyelonephritis) are highly likely to recover if the animal can
be stabilized and additional infection-associated comorbidities can be managed successfully. Nephrotoxicoses
have a variable prognosis that can be considered favorable for drugs causing an ischemic type of injury or for
aminoglycosides, moderately favorable for plant toxicoses (grapes, lily), but very poor for ethylene glycol
intoxication. The outcome of ureteral obstruction in cats is largely dependent on the availability and the degree
of expertise for surgical correction and it can be considered favorable under optimal conditions. Hospitalacquired AKI as a group tends to show the worst overall prognosis, likely due to the multiple comorbid
conditions that very often dictate the prognosis more that our ability to maintain or to compensate for
decreased renal function. The willingness of the owner to pursue therapy is typically also very different in this
group, where each additional complication further compromises these severely affected animals.
Unfortunately, the exact inciting cause of AKI is very often not known when it is recognized or when major
treatment decisions have to be taken and other parameters typically guide our outcome prediction in clinical
practice. These parameters include factors related to the animal (body weight), disease severity (serum
creatinine, grade of AKI, urine output, serum phosphorus and calcium concentrations, anion gap), the presence
of complications and comorbidities (body temperature, presence of fluid overload, anemia, vomiting, number of
organ systems involved, respiratory involvement, neurologic signs, DIC, serum potassium, albumin, ALT,
presence of proteinuria), and the treatment options available (especially dialysis; for cats, advanced surgery for
ureteral obstruction).
The therapeutic approach of the small animal with AKI has also dramatically changed in the last decades, with a
wider availability and a broader spectrum of renal replacement therapies that can now be tailored to the
individual patient. When the kidney function fails dramatically, only limited time is available to establish an
etiologic diagnosis, to initiate an appropriate treatment, and for the kidney to recuperate sufficient function in
a first phase to survive and later to live with a good quality of life. A major improvement of azotemia with fluid
therapy overnight is almost always an indication for the correction of a pre- or post-renal acute kidney injury
(AKI), rather than for an intrinsic AKI. Renal tubular necrosis, apoptosis, or other cellular damage and severe
interstitial inflammation require much longer to recover, even with appropriate therapy. However, even severe
parenchymal injury retains a recovery potential for many weeks to months, depending mostly on the
underlying etiology. Therefore, when limited to conventional medical therapy alone, we can only use the full
recuperation potential of the kidney in mild to moderate cases.
Blood purification techniques allow bridging the time gap from functional failure to sufficient recovery
necessary to survive with a decent quality of life. By themselves, they offer little direct effect promoting recovery,
except for providing a more physiological milieu, avoiding secondary renal injuries due to overhydration and
hypertension, and allowing a more adequate therapeutic support, including nutrition, correction of fluid,
electrolyte, mineral and acid-base disturbances. However, newer extracorporeal therapeutic interventions have
been designed to modulate systemic inflammation in affected animals and thus to intervene more directly in
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Renal replacement therapies (RRT) include peritoneal dialysis and extracorporeal therapies provided as
intermittent (e.g., intermittent hemodialysis, iHD) or continuous treatments (e.g., continuous renal replacement
therapy, CRRT). Although differing markedly in the treatment design, in the resulting fluctuations in azotemia
and fluid load, and in the requirements in staffing, equipment, and costs, the choice of the dialytic modality is
mostly guided by availability and personal preferences, especially in the veterinary sector. Despite the nonphysiological conditions with intermittent bouts of clearance provided by iHD, a clear outcome benefit for CRRT
has not really been proven in large-scale studies in human medicine and the discussion around this in
veterinary medicine is probably not very relevant.
In recent years, the perspective changed markedly for the animals with RRT progressing from an experimental
procedure to a standard-of-care therapy. A clear consequence is that they are no longer offered only as a lastditch effort, but as a specific therapy with indications, contraindications, risks and expectations derived from an
extensive worldwide experience basis.
Despite major advances in our understanding of the disease, many questions remain open, including:
• Diagnostic aspects: how to evaluate the recovery potential of the animal with AKI?
• Therapy: what is the optimal nutritional support for animals with AKI?
• RRT: what is the optimal treatment modality, timing of initiation, and intensity of therapy for specific diseases
of small animals?
• Post-AKI (acute kidney disease phase): can we influence renal recovery, risk of residual disease, and progression
to CKD?
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the pathophysiology of the disease itself. These approaches include cytokine reduction techniques using filter
membranes modified to enhance their adsorptive characteristics, sorbent columns, enhanced convection
technology, or plasma separation and replacement. The effect of these techniques on renal recovery remains
however to be demonstrated in small animals as pharmacological interventions have notoriously not been
successful in improving renal recovery despite intensive research and very good pathophysiological justifications.

Maxime Cambournac, Dr Vet, Dip. ECVECC, DIU Assistance respiratoire, DU Réanimation,
soins-intensifs, surveillance continue, Certificate of veterinary hemodialysis
Service d’urgences, réanimation et soins-intensifs, CHV Fregis, 94110 Arcueil, France
Among the different objectives that the renal system normally accomplishes, the kidneys tightly regulate the
body’s electrolytes, volume, and acid-base status. Although the time the renal system needs to determine a
change in plasma is long, at the level of urine every small variation in excretion of a strong ion will be reflected
by a great variation in its concentration. As such, these changes can be tracked by urine biochemistry.
Measurement methods
A spot urine sample is generally adequate for reliable measurement of urinary electrolytes. In addition, urine
creatinine is determined to calculate the fractional excretion of Na+, K+, or other electrolytes. The gold standard
of estimating urinary concentration is the measurement of its osmolality; however, this procedure is not readily
available in a clinical setting. Therefore, urine concentration is usually determined by measurement of its
specific gravity (USG), which provides a fair estimate of urine osmolality, by multiplying the USG last two digit
by 30 to 40. However, specific gravity as measured by refractometry may be influenced by proteinuria,
glucosuria, or large molecules (radiographic contrast agent, mannitol) when compared with urinary osmolality.
For the clinician who is interpreting urine SG results, it is important to be aware of these limitations and
understand the reasons for possible potential errors of each particular method.1
Indications of urinary electrolytes testing
Oliguria
Under normal conditions, the kidneys respond to a decrease in effective circulating volume by avidly
reabsorbing sodium with the goal to increase volume status. Regardless of the cause of the low-perfusion state,
if the oliguria is due to some sort of hypovolaemic shock state, the urinary sodium should be low because the
nephron is making every effort to retain it, which theoretically should manifest by a low sodium content in the
urine (<10 mEq/L).2 Although in selected circumstances, a low urine sodium may suggest the kidneys are
sensing low perfusion (prerenal cause); this assessment often is confounded, in particular in ICU settings (e.g.,
resuscitation, diuretic exposure, heart failure with low output state). Another limitation would be in case of
metabolic alkalosis; as the kidneys eliminate bicarbonate, sodium must accompany it to maintain
electroneutrality, resulting in an increased urinary sodium excretion regardless of effective circulating volume.3
In the goal of differentiate between prerenal states (or low effective circulation volumes) and established AKI,
the fractional excretion of sodium has been considered more reliable than urine sodium alone in
differentiating these entities because it directly measures sodium handling.4 Theoretically, a fractional
excretion of sodium (calculated by urinary sodium times plasma creatinine, divided by the product of plasma
sodium and urinary creatinine) of less than 1% indicates the kidneys are retaining sodium and can be found in
early AKI (prerenal causes), whereas a fractional excretion of sodium more than 2% may be found with more
established AKI when tubular damage disrupts the kidneys’ capacity to retain sodium. 4 While it is considered
more reliable, there are prerenal conditions where the fractional excretion of sodium may be increased.
Hyponatraemia
In patient presented with hyponatraemia, urine sodium is essential when elucidating the cause. A low urine
sodium (<10 mEq/L) may suggest a reduced effective circulating volume (except in primary polydipsia, in which
the urine sodium is low despite normal volume status) cause, whereas a high urine sodium (>40 mEq/L)
suggests syndrome of inappropriate antidiuretic hormone (ADH) secretion or with renal losses (e.g.,
mineralocorticoid deficiency, salt wasting, diuretics).
Conditions causing artefactual derangement of urinary sodium
Under certain circumstances the urinary sodium level will either not make any sense or will lead to an incorrect
interpretation of the situation. The recent administration of a loop diuretic, any situation where a substantial
amount of bicarbonate is being excreted, hyperglycaemia, or mannitol therapy will interfere with sodium
excretion or reabsorption.5
Hypokalaemia
The kidney normal response to hypokalaemia is to decrease potassium excretion and to increase its
reabsorption form the tubular lumen. Less than 2mmol/L (in human patient) of random urinary potassium
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Normal anion gap metabolic acidosis
Distinguishing the origin of an hyperchloraemic acidosis is essential to adapt treatments. 2 Usually, the amount
of sodium and potassium being excreted is greater than the amount of excreted chloride. In such, under totally
normal circumstances the urinary anion gap (defined as the difference between urinary cations (sodium and
potassium) and urinary chloride) is positive. In case of acidosis, the kidney normal response should be to acidify
the urine, doing so by increasing the urinary chloride excretion. The combination of a normal anion gap
metabolic acidosis and acidic urine is evocative of a renal origin.
Metabolic alkalosis
To distinguish between renal and extrarenal causes of metabolic alkalosis, the clinician should interpret the
urinary chloride. 2 The measurement can be direct (i.e. in mmol/L) or as a ratio of chloride to creatinine. In the
presence of a metabolic alkalosis, it is logical that the kidney would try to retain chloride. The presence of a low
urinary chloride in metabolic alkalosis demonstrates that the kidney is compensating an appropriate way to
alkalosis. In short, the cause of alkalosis is extrarenal if the urinary chloride is low (<10mmol/L). A high urinary
chloride associated with hypokalaemia and alkalosis is a characteristic finding of an excessive mineralocorticoid
effect, either iatrogenic or pathologic.
CONCLUSION
Urine biochemistry can play an important adjuvant diagnostic role in the evaluation of a number of clinical
problems. Thus, clinicians should recognise urine biochemical tests require careful integration in ICU settings
into the broader clinical context before directing or informing about diagnosis and therapeutic management.
Urine sodium, fractional excretion of sodium, and fractional excretion of urea have been used for
discriminating transient (prerenal) and established AKI (acute tubular necrosis); however, their value in ICU
settings may be confounded. Urine osmolality represents an important surrogate for presence of ADH action
on the kidneys, where it acts on the collecting tubule to reabsorb water and concentrate the urine. Urine
chloride can aid in discriminating the cause of metabolic alkalosis and aid in the discrimination between states
of low effective circulating volume and mineralocorticoid excess.
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confirm that the renal compensatory mechanisms are working, and that the loss of potassium have occurred in
some other non-renal way. On the opposite, if the urinary potassium is high in hypokalaemia, this either
represents a “true” potassium wasting or an elevated urinary potassium in the presence of severely
concentrated urine. If the urine production is less than 0.5ml/kg/h, it is likely the urine has a near-maximal
osmolality, and the urinary potassium is still being conserved appropriately. Under such circumstances, the
clinician should probably ask for a 24-hour urine specimen analyse or potassium-to-creatinine ratio.2 Given that
creatinine theoretically is excreted at a near constant state, the urine potassium to creatinine ratio corrects for
variations in urine volume, unlike a spot urinary potassium. Another parameter, the transtubular potassium
allows for interpretation for potassium excretion in the context of inadequate sodium delivery or decrease
renal blood flow. In the evaluation of hypokalaemic states, a TTKG of more than 7 represented increased renal
losses (e.g., hyperaldosteronism, diuretics), whereas a TTKG of less than 3 implied extrarenal losses (e.g., GI
losses). However, in human medicine, some evidence has suggested some uncertainty in the use of TTKG in a
clinical setting, probably secondary to many confounding factors.

Sylvie Daminet, DMV, PhD, DECVIM-CA, DACVIM
Faculty of Veterinary Medicine, Small Animal Clinic, Ghent University, Belgium
Serum creatinine is the traditional functional renal marker used in pets to follow changes in glomerular
filtration rate (GFR). Creatinine and other functional renal markers are not increased in presence of renal injury
unless also associated with a decline in GFR. Limitations of the traditionally used renal markers are well known.
Creatinine is influenced by extra-renal factors such as muscle mass, hydration status and variability between
breeds. Hence an important lack of specificity. As important, is its lack of sensitivity as approximately 75 % of
renal mass is lost before creatinine will increase.
Considerable progress has been made regarding ‘new’ renal biomarkers over the last decade in companion
animals. This search for newer and better serum or urine biomarkers detecting renal damage or decreased
function in an earlier stage, is driven by the imperfection of the traditional markers such as serum creatinine
and urine specific gravity. Additionally, urinary markers may help to localize damage to the affected portion of
the kidney. Biomarkers have the potential to diagnose renal disease in an earlier stage, allowing earlier
intervention and improved prognosis. The initial enthusiasm for newer biomarkers is slightly curbed by studies
also pointing out some limitations.
Potential advantages of renal biomarkers are the earlier diagnosis of kidney injury, screening patients at risk for
AKI or CKD. Differentiation of upper and lower urinary tract infections and help with prognostication.
A good biomarker should have the following characteristics:
- be non-invasive, easily measured, inexpensive and give rapid results
- be obtained from a readily available source
- be highly sensitive and allow early detection
- be highly specific and unaffected by comorbid conditions
- have levels varying rapidly to reflect severity and in response to treatment
- have levels that possess prognostic value
A good renal marker should also be site-specific to detect early injury and recognise the cause of the injury or
disease (e.g. ischemic, toxic, sepsis, cardiovascular).
Table: Main renal markers studied in dogs and cats.
Type of renal
marker
Endogenous
GFR marker

Marker

Location of production

Type of protein/molecule

Creatinine Muscle
SDMA
All nucleated cells
Cystatin C All nucleated cells

Cyclic derivative of creatine (113-DA)
Methylated amino acid (202-DA)
LMW protein (13-kDA)
Cysteine protease inhibitor
Glomerular
uAlbumin Hepatocytes
IMW protein (65-kDA)
damage
Negative acute phase protein
uIgG
Plasma cells in spleen,
HMW protein (150-kDA)
lymph nodes, bone marrow) Glycoprotein
uCRP
Hepatocytes
HMW protein (110-140-kDA)
Positive acute phase protein
Tubular Injury uRBP
Liver (primarily), kidney and LMW protein (21-kDA)
other organs
Vitamin A carrier protein
uNGAL
Epithelial cells of proximal LMW protein (25-kDA)
Glycoprotein
tubules, neutrophils and
other tissues
uNAG
Lysosomal enzyme in
Enzyme
proximal renal tubules and
other tissues
uL-FABP
Proximal tubules
LMW protein (14-kDA)
Fatty acid-binding proteins
FGF23
Osteocytes
LMW Protein (32-kD)
HSP72

Stress-induced
cytoprotective protein

IMW Protein (70-kDA)

Mechanism
Filtration
Filtration
Filtration
Increased glomerular
permeability
Increased glomerular
permeability
Increased glomerular
permeability
Decreased reabsorption
Decreased reabsorption &
increased excretion
Cellular leakage
Increased excretion
Suppresses expression of Na/Ph
cotransporter in brush border
membrane of proximal tubule
Inhibits apoptosis
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Prime time for renal biomarkers in our pets?
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Acute kidney injury (AKI) in pets is associated with a mortality of 50-60%. This is at least partially due to the late
recognition of the disease with currently available markers. Hence, markers able to identify ongoing kidney
injury are essential to promote real-time therapeutic interventions when lesions are potentially reversible and
to predict progression rate.

Thierry Francey, Dr. med. vet., DACVIM, DECVIM-CA
Vetsuisse Faculty University of Bern, Switzerland
Extracorporeal therapies in small animal medicine have evolved a long way since the first experimental
hemodialysis procedure was performed on a dog by John Abel in 1914. Perfection of the technique for human
treatments and development of animal-specific treatment protocols in more recent years have helped to
transition from an empirical therapy to a standard of care for small animals with renal failure. Most of the
treatments on dogs and cats have been performed worldwide for the therapy of acute kidney injury (AKI),
reflecting its use as a bridge to recovery rather than a long-term therapy for chronic end-stage kidney disease.
Progresses in equipment, material, drugs and techniques have opened the door to dogs and cats with a wide
range of weights and ages. Dogs and cats under 2 kg now can be hemodialyzed routinely and safely with the
available equipment.
Initially, dialytic therapies were based purely on the principle of diffusive clearance with passive solute transfer
from the blood compartment to the dialysate across the dialysis membrane, down a concentration gradient.
Molecular size cut-offs with available membranes was in the range of 500-1000 Da, sufficient for the removal of
the main small molecular weight uremic solutes. Over time however, refinements in the technique were aimed
at the removal of larger molecular weight solutes (up to 10-40’000 Da, the so-called middle molecules held
responsible for some of the residual syndrome of uremia despite “adequate” dialysis of CKD patients. In the
acute setting, many inflammatory mediators fall in the same molecular size range and their removal may play
a significant role to help control the cytokine storm associated with severe disturbances of the inflammatory
balance. Filters used modified synthetic membranes and treatments were based increasingly on convection
(active fluid and solute removal through the membrane) rather than on pure diffusion. Diffusive therapies are
called hemodialysis (HD), convective therapies hemofiltration (HF), and combined diffusive-convective therapies
hemodiafiltration (HDF).
Newer developments also targeted removal of specific toxins, especially highly protein-bound toxins. For this,
protein-binding is competing with adsorption to a sorbent filled in a column and the blood flows over this
sorbent instead of through a membrane filter. This procedure, hemoperfusion (HP), can be used for removal of
exogenous or endogenous protein-bound drugs (e.g., some NSAIDs, fluoroquinolones) and toxins (e.g., some
mycotoxins). Modifications of the procedure use a circulating suspension of activated charcoal that is
continuously regenerated to increase efficiency for the use in liver failure for example. Specific binding of
endogenous or exogenous toxins to albumin can be displaced by adding albumin to the dialysate in standard
hemodialysis. This technique (single-pass albumin dialysis, SPAD) was used successfully in severely
hyperbilirubinaemic animals and it significantly reduced the bilirubin concentration to less toxic levels.
Another development of extracorporeal blood purification techniques includes the whole group of apheretic
techniques with which a specific blood component can be removed: plasma (plasmapheresis) or blood cell
components (cytapheresis for erythrocytes, leukocytes, platelets, or stem cells). Plasma separation can be
achieved by centrifugation or by filtration using membranes with large pores retaining only cellular blood
components. When the removed plasma is replaced by fresh plasma from healthy donors, we speak of
therapeutic plasma exchange (TPE) and its main indications include immune diseases (targeting the reduction
of immunoglobulins), toxicities (targeting highly protein-bound solutes), hyperviscosity syndromes (targeting
the excess of abnormal serum proteins), and severe systemic disorders such as sepsis (targeting a restauration
of a more physiological cytokine balance). Both centrifugal and membrane TPE have been used successfully in
dogs for these indications. Many variations of these TPE techniques have been developed recently to target
more specifically pathological plasma components without having to replace the whole plasma. They include
among others Coupled Plasma Filtration Adsorption (CPFA) where plasma separated from the circulating blood
is treated with a specific sorbent to remove definite cytokines, bilirubin or other blood components. In Cascade
Filtration or Double Filtration PlasmaPheresis (DFPP), the filtered plasma is sent through a second filter with
differing pore size characteristics allowing targeted removal of solutes or proteins with a narrower molecular
size range.
Another generation of blood purification techniques includes extracorporeal membrane oxygenation (ECMO)
and extracorporeal membrane CO2 removal (ECCO2) for support of the patients with respiratory failure.
Whereas ECMO requires very high blood flow rates, significant amounts of CO2 can be removed at flow rates

EVECC CONGRESS GHENT 2020

Extracorporeal therapies: Indications and expectations in critical patients

In summary, extracorporeal blood purification techniques offer many new opportunities in the critical care of
small animals and they are no longer restricted to the treatment of renal failure. They are also increasingly used
to modulate the course of disease in addition to “simply” replace deficient organ function and thus they offer
new treatment strategies for complex diseases. Their expansion in the field of immune diseases or sepsis and
of respiratory support are just some examples.
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achieved with standard dialysis platforms and this therapy is currently available on some machines developed
primarily for continuous renal replacement therapies.

Emily Gorman BSc RVN CertVNES Cert VNECC AFHEA
Royal (Dick) School of Veterinary studies, University of Edinburgh
The aim of this talk is to outline the different ways we can provide oxygen to patients in respiratory distress. We
will also review hypoxaemia, signs of dyspnoea, respiratory triage, complications of oxygen therapy, types of
sedation and placement of indwelling nasal cannulae.
Hypoxaemia is defined as “deficient oxygenation of the blood”. As we all know, cells require oxygen for basic
metabolism in our tissues to provide energy, so obviously a lack of oxygen is a very serious issue. Arterial blood
gas measurement is the gold standard for assessing oxygenation and ventilation. It is a measure of the partial
pressure of oxygen and carbon dioxide in the arterial blood, known as the PaO2 and PCO2. The fraction of
inspired oxygen or FiO2 is how much oxygen is in a mixture of gases, so for example, room air contains 21%
oxygen thus its FiO2 is 21mmHg (or 0.21).
As a general rule of thumb, the PaO2 should be approximately five times that of the FiO2 at sea level.
For a patient at sea level on room air then, we should expect their PaO2 to be around 100mmHg as 21(%) x 5 ≈
100(mmHg). A ‘normal’ PaO2 is considered anything between 80-110mmHg.
Anything <80mmHg is classed as hypoxaemic, with patients scoring <60mmHg being considered severely
hypoxaemic.
The primary causes of hypoxaemia are decreased PiO2 (partial pressure of inspired oxygen), Hypoventilation,
Ventilation/perfusion (V/Q) mismatch, Shunt, Diffusion impairment.
Signs associated with the dyspnoea include tachypnoea, changes to respiratory effort and pattern, postural
changes adopted by the animal, paradoxical breathing, cyanosis.
Most of a respiratory triage can be done from afar, by simply looking at the patient. Flow by oxygen should be
administered throughout the triage so you are supporting the patient straight away.
To start check for a patent airway, then take hands off the patient and get a respiratory rate.
Next look at the respiratory effort. This is seen as the difference in the depth of chest excursions as compared to
normal. Is it normal, increased or decreased?
Increased effort signifies recruitment of the secondary muscles of respiration. If increased is it affected on
inspiration, expiration or both?
Increased inspiratory effort indicates an upper airway problem.
Increased expiratory effort shows lower airway disease.
Increased inspiratory and expiratory effort suggests pneumonia or pleural space disease.
Decreased effort is seen much less commonly, usually in trauma patients with a head and neck injury. The
phrenic nerve which innervates the diaphragm passes through the cervical region at C3-C5, so if there is any
trauma to this area, the function of the diaphragm can be affected. To remember this, use the pneumonic “C 3,
4, 5, keeps the diaphragm alive!”.
Look next at the pattern. Is there a restrictive pattern, paradoxical breathing, Cheyne-Stokes breathing?
Paradoxical breathing is seen in severely dyspnoeic patients and is described as when the thorax and abdomen
no longer move synchronously during inspiration or expiration, instead when the chest moves out, the
abdomen moves in and vice versa.
Adaptations to body posture include:
Orthopnoea, extending the neck and raising the head to straighten the trachea, abducting the elbows to
remove any compression from the chest, open mouth breathing and nasal flaring. These are seen when the
secondary muscles of respiration have been engaged so should be taken seriously in both cats and dogs.
Mucous membrane colour can be checked for the presence or absence of cyanosis, however, it only develops
with SEVERE hypoxaemia. Don’t think that just because the patient isn’t blue it isn’t hypoxaemic and doesn’t
need oxygen!
After you have gained most of your information hands off, auscultate the chest. Lung sounds can be described
as harsh, dull, muffled or absent, referred, crackles, wheezes. You should also describe where any sounds are
heard; bilateral or unilateral, dorsal or ventral, cranial or caudal.
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Low flow - provision of oxygen for patients in respiratory distress

Methods of providing oxygen include flow by oxygen, oxygen chambers, the Heath Robinson stuff, nasal prongs/
cannulae and masks.
• F or me, the starting point is always flow by oxygen as it doesn’t require you to touch the patient. Direct an
oxygen source towards the patient and if they find having it pointed straight in their face distressing, change
the position so it flows across the muzzle instead. Flow by provides around 30% FiO2, but this depends on how
the patient is breathing and whether they tolerate the flow.
•O
 xygen chambers also allow for a hands-off approach. However, don’t forget that heat is generated as part of
the work of breathing, so in an enclosed area like an oxygen chamber, heat and humidity will increase which
you need to monitor and control. In all types of chambers, continuous oxygen provision is difficult if you have
to open the door to nurse the patient. Keep this in mind when making your nursing plan to limit the number
of times you need to access the patient. Oxygen chambers provide a FiO2 of up to 80%. Home-made kennels
and Crowe collars will also build up CO2 so you must provide a vent at the top to avoid rebreathing in your
patient.
•N
 asal insufflation via prongs or cannulae is much more practical as you can nurse your patient without
worrying about opening the doors! They can come out fairly easily, so tape in place and use a buster collar to
reduce patient interference. Nasal prongs provide around 40% FiO2, with nasal cannulae delivering between
40-80% FiO2, as they terminate deeper in the nasal passages.
•M
 asks would be my last choice of oxygen provision in most situations. Whilst good at providing a generous
FiO2 of around 50-60%, they are not well tolerated by most patients. They can be useful in sedated or
moribund patients, but as with the homemade oxygen chambers, you must leave a gap to prevent
rebreathing of expired CO2, so remove the rubber diaphragm.
Oxygen therapy is not benign so any oxygen support should be carefully considered. Complications of oxygen
therapy include:
•R
 eduction in hypoxic respiratory drive in chronically hypercapnic patients, which can lead to hypoventilation
and respiratory failure
• Oxygen toxicity in patients receiving 100% oxygen for 24-72 hours
• Corneal ulcer formation due to the drying effects of the oxygen enriched environment
Sedation is often required in patients requiring oxygen therapy to relive the patient’s anxiety and thus reduce
their oxygen demands. If dyspnoeic patients don’t arrive with an IV in place, provide oxygen and consider
sedation intramuscularly with one of the following:
Butorphanol at a rate of 0.1-0.4mg/kg I/M.
Acepromazine at a rate of 5-10mcg/kg I/M. This causes vasodilation and hypotension so should only be used in
haemodynamically stable patients.
You could also use these drugs in combination.
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It is VITAL to remember that patients in respiratory distress are at the LIMIT OF THEIR PHYSIOLOGICAL RESERVES.
It is essential to minimize patient stress to avoid cardiac or respiratory arrest. Start slowly and work towards
improving the patient’s outcome but don’t escalate their problem with stress.

Eleanor Haskey RVN BSc(hons) VTS(ECC) VPAC A1
ECC Nurse at the Royal Veterinary College, London, UK
Mechanical ventilation is an intervention which can now be offered in many veterinary ICUs across the world.
Ventilators are machines that are programmed to do the work of breathing (either all or some). There are a
variety of circumstances in which a decision may be made to ventilate a patient. These reasons generally fall into
four categories: hypoxaemia, hypercapnia, impending respiratory failure and increased intracranial pressure.
Hypoxaemia is defined as a partial pressure of oxygen in arterial blood (PaO2) < 80 mmHg. A PaO2 of < 60 mmHg
indicates severe hypoxemia and the necessity to act immediately. The most common causes are hypoventilation,
severe ventilation-perfusion mismatch and more rarely, diffusion impairment. Hypercapnia is defined as a
partial pressure of carbon dioxide in arterial blood (PaCO2) > 60 mmHg. Increased PaCO2 causes respiratory
acidosis and may lead to acidaemia. The most common cause is hypoventilation. Impending respiratory failure
can be due to pulmonary or non-pulmonary diseases. Increases in respiratory effort lead to an increase in oxygen
demand and animals can quickly fatigue causing hypoventilation and hypercapnia. Increased intracranial
pressure (ICP) can be worsened by increases in PaCO2 as a result of cerebral vasodilation resulting in increased
blood flow to the brain. Such patients may be ventilated in order to maintain a lower PaCO2.
The aims of mechanical ventilation are to increase the excretion of CO2, maximise alveolar oxygenation, reduce
the workload of breathing for the patient and normalise cardiovascular parameters. The duration of ventilation
will depend upon the underlying disease process, patient-related factors and case management. Treatment of
the underlying disease is essential as mechanical ventilation does not cure the patient, but can allow more
time to manage/treat the underlying cause.
Nursing considerations
The veterinary nurse caring for the patient on a ventilator must have a thorough understanding of the
ventilation process, ventilator equipment, individual patient considerations, the underlying disease process,
how to troubleshoot problems and the weaning process. These cases require detailed clinical records, a
dedicated nurse 24-hours a day and a thorough handover at shift changes.
Eye care should include daily fluorescein staining to monitor for the development of corneal ulcers and twicedaily saline eye flushes. Ophthalmic lubricant should be applied every 1 – 4 hours to prevent drying and ulcer
formation.
Oral care is important to reduce the bacterial colonisation of the mouth and oropharynx. Suctioning of the
oropharynx should be carried out every 4 hours followed by a chlorhexidine mouthwash applied to surfaces of
the mouth, tongue and teeth. Lingual trauma and drying are common and can be minimised by applying
glycerine or covering the tongue with a damp swab. Any equipment in the mouth, such as a mouth gag or
pulse oximeter probe, should be wiped with a disinfectant and repositioned every two to four hours to prevent
trauma or discomfort to the patient.
Physiotherapy and patient repositioning are a vital part of recumbent patient management to reduce the risk
of pressure sores, muscle atrophy, oedema and nerve damage. The patient should be turned and repositioned
every four hours. Positioning aids patient comfort and also helps to improve oxygenation/ventilation. Sternal
recumbency is often preferred with the hind legs positioned on alternating sides. Passive range of movement
should take place at the time of turning/repositioning, to increase lymphatic and fluid movement and to help
maintain muscle mass.
Endotracheal (ET) tube / tracheostomy tube care includes suctioning, humidification and management of
pressure cuffs. The tube should be suctioned when required based on the amount of secretion the patient is
producing. This can be done with inline suction or by breaking the circuit and using an open system. After the
oropharynx has been suctioned the tube cuff pressure should be checked, the tube untied and repositioned to
prevent pressure necrosis on the trachea. The ET tube is not routinely changed unless there are concerns
regarding an obstruction. Tracheostomy tubes should be managed in the same way as ET tubes. Oxygen is very
drying to the airways, so it is important to humidify the gases delivered to the patient. This can be achieved
with an inline humidifier (integrated within the ventilator) or via heat and moisture exchangers (HMEs). The
latter should be changed every 24 hours.
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Nursing the ventilator patient

Lines, drains and tubes should be managed as per the clinic SOPs. IV catheters, central catheters, arterial
catheters and urinary catheters should be checked at least twice daily for signs of complications. Central lines
should be managed aseptically to prevent the risk of infection. Feeding tube stomas should be cleaned daily.
Nutrition is always a concern and often poses a challenge in the ventilated patient. Options include nasooesophageal/gastric feeding tubes, PEG tubes or parenteral nutrition (TPN/PPN). Often a decision is made to
withstand a short period of no nutrition until the animal has been weaned off the ventilator due to the risk of
aspiration whilst on the ventilator. Lack of nutrition can lead to muscle atrophy and impair ventilator capacity
but overzealous nutritional supplementation with carbohydrates can lead to increased CO2 production. When
possible, nutrition should be administered to meet at least 50% RER.
Arterial blood gas analysis is a tool used to assess the patient’s arterial oxygen and carbon dioxide pressures.
Multiple samples will be taken during the initial phases of stabilising the patient on the ventilator and then
samples will be repeated at intervals to monitor ventilation. For this reason, it can be useful to have an arterial
line in place that can be used for both repeat sampling and invasive blood pressure monitoring.
Record keeping and monitoring of trends is an essential part of the nursing role. Patient parameters including
heart rate, respiratory rate, temperature, invasive blood pressure, SpO2 and end-tidal CO2 should also be recorded
hourly along with medications/fluids/’ins and outs’ and other nursing interventions discussed above. In addition
to patient parameters, ventilator settings should also be recorded hourly. It can be helpful to have recipe sheets
for drugs so that errors in preparing and administering several infusions concurrently can be reduced.
Weaning from the ventilator
A decision to try to wean the patient from the ventilator should be made when the underlying disease is
improving, the patient is adequately oxygenating, haemodynamically stable and the patient starts to breathe
spontaneously. Changes should be made slowly and assessed by monitoring arterial blood gas analysis and
patient parameters during the weaning stage. A plan for ongoing care and oxygen therapy should be discussed
prior to the weaning process. Equipment should be available including drugs and consumables to reanaesthetise the patient and return to mechanical ventilation should weaning fail.
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Urination and defaecation must be managed to minimise the risk of scald and to aid in the fluid therapy plan.
Urine output should be 1 - 2 ml/kg/hour and can easily be monitored with the placement of a urinary catheter
and closed collection system. If a urinary catheter is contraindicated, then the bladder should be managed by
gentle expression as necessary with the aim of keeping the patient clean and reducing the risk of urine scald.
Enemas can be administered in constipated patients and faecal collection systems can be used to manage
diarrhoea.

Emily Gorman BSc RVN CertVNES Cert VNECC AFHEA
Royal (Dick) School of Veterinary Studies, University of Edinburgh
Cleaning and maintenance of tracheostomy tubes can be routinely carried out every 2-4 hours, but continuous
patient monitoring is required. Each patient should be assessed individually, and tube management tailored to
their requirements.
Factors that require consideration include signs that the patient is in respiratory distress, volume and viscosity
of secretions, and difficulty of removal of secretions using suction.
The goals of tube maintenance are to prevent or reduce the build-up of secretions within the tube, to provide
aseptic wound management, and to provide humidification of inspired air.
Where possible, patients with a tracheostomy tube should breathe humidified oxygen via a bubble humidifier.
If this is not possible, in spontaneously breathing patients, humidification of the airway should be carried out
using nebulisation with sterile saline for 10-15 minutes every 4-6 hours. Afterwards, the patient should be
walked, if safe to do so, to encourage coughing which can expel any newly loosened secretions.
Tracheostomy tube maintenance supply station
Your supply station should be set up, ready for use at all times and should contain the following:
• Sterile gloves, bowl, swabs, saline, cotton buds, suction catheters - these should be < 50% of the diameter of
the tube inner lumen so the patient can use their airway during suctioning.
• Extra tracheostomy tubes, the same size the patient has in and also one a size smaller.
• An extra inner lumen, if using a double-lumen tube. Spare umbilical tape and scissors.
• Suction machine and tubing, oxygen source, nebuliser.
• A pot of sterile saline or 0.05% Chlorhexidine solution for soaking the used tube or lumen.
• Cuff inflator and manometer if using a cuffed tube.
• Intubation equipment: laryngoscope, correctly sized ET tube and some smaller sized ET tubes in case of
swelling, tube ties. Induction agents (e.g. Propofol, labelled syringes and needles).
You should not leave the patient without this equipment.
Routine maintenance should be carried out every 2-4 hours depending on your patient’s requirements as follows:
Place the patient into an easy to access area, one person carrying out tube care and another restraining the
patient’s head and providing oxygen. If available, attach an ECG and pulse oximeter for monitoring during
suctioning. Open all sterile supplies and fill the bowl with sterile saline, don sterile gloves and have an assistant
hold the patient’s head up to allow access. The assistant should provide flow by oxygen throughout the
procedure, ensuring pre-oxygenation for a few minutes prior to suctioning.
•U
 sing saline dipped cotton buds, clean the inner lumen of the tube connector, then pre-oxygenate the patient
and insert the suction catheter into the tube.
• Advance the catheter to a few cm beyond the distal tip of the tube - do not apply any suction.
•G
 ently pull out the suction catheter whilst intermittently suctioning. Withdraw using a circular motion to
encompass the entire lumen. The catheter should be in place for no more than 10s.
•O
 nce out, wipe the outside of the catheter with a saline-soaked swab, then suck up saline from the bowl to
remove any debris from inside. During catheter cleaning, the assistant should monitor the patient closely for
any signs of distress or arrhythmias, ensuring complete recovery before a second pass of the catheter. Checks
of the ECG, pulse oximeter and respiratory pattern should be made as well as listening at the tube opening for
continued noise.
• Repeat the process 2-4 times depending on the volume of secretions and patient tolerance.
If your patient starts coughing during the procedure, you are likely advancing the catheter too far in and
irritating the mucosa of the trachea or bronchi.
The use of sterile supplies and aseptic technique during maintenance is vital to prevent bacteria being passed
down into the lower airways.
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When the flow stops - tracheostomy tube care

After the patient has recovered from suctioning:
•C
 lean the outer rim of the tube connector then the skin around the stoma site with sterile saline soaked
swabs and pat the area dry. Take care not to touch the tissues within the incision as you don’t want to
introduce a nosocomial secondary bacterial infection into the area. You can expect a moderate amount of
discharge from the incision in the first few days.
•C
 heck the umbilical tape to ensure the tube has not become dislodged during cleaning and tighten if
necessary. Replace soiled tapes as these could also be a source of infection.
• I f using a cuffed tube, the cuff pressure should be checked with a manometer as part of the routine
maintenance checks.
Once finished your routine maintenance, replace any supplies used as you may need these before the next
scheduled routine cleaning if the patient were to obstruct. Some people use barrier creams on the skin around
the stoma to prevent maceration or excoriation of the tissues. This can happen if the patient is producing a lot
of secretions but is usually decided on a case by case basis.
Routine maintenance of double lumen tracheostomy tubes
If you are using a double-lumen tube, cleaning and maintenance are much the same in terms of nebulisation
first, pre-oxygenation, followed by removal of the inner lumen. Less suctioning is required with a double-lumen
tube as the inner lumen is completely replaceable, but if copious amounts of secretions are present within the
outer lumen, suctioning is advised at this point, followed by replacement with a fresh inner lumen. Routine
cleaning of the stoma site and tube tie inspection is then carried out as previously described. Once removed
and cleaned with sterile saline, the inner lumen can either be dried and stored ready for use in an airtight
container, or stored soaked in 0.05% Chlorhexidine solution. Prior to placement, the lumen should be rinsed
with sterile saline.
How to manage a tracheostomy tube obstruction
Seeing your patient obstruct can be scary, so try not to panic but think quickly and logically.
Relieving the tracheal blockage is crucial so remove the tube as quickly as possible. For this reason, it is essential
NEVER to suture a tracheostomy tube in place. Also, never tie the tape in a knot at the back of the neck, use a
quick-release bow. It is always better for the tube to fall out if the tapes have loosened, as the patient has a
potentially usable airway, then to not be able to remove the tube during a crisis.
To remove the tube: untie the bow at the back of the neck or cut the tape if required and pull it out.
Administer flow by oxygen to the patient and try to reduce stress.
Stay sutures attached at placement should be long, obvious and labelled with UP and DOWN. Their purpose is
to allow retraction of the trachea during tube replacement.
Replacement of the tube should be carried out as follows:
One person should restrain the head and administer flow-by oxygen. A second should retract the stay sutures
to open the tracheotomy by pulling them forward, then pulling the one labelled UP dorsally and the one
labelled DOWN ventrally. The third person can now slide the new tube into place and secure it at the back of the
neck with a bow, ensuring two fingers width between the neck and tape. Now you can all breathe!

EVECC CONGRESS GHENT 2020

Indications suctioning is required outside the routine set times include:
Noisy breathing, coughing or gurgling, increased respiratory rate or effort, dyspnoea, secretions noticeable in
the airway, possible aspiration of gastric contents or upper airway secretions, pawing at the neck or face or
rubbing the tube on bedding. In any of these situations, suctioning should be carried out sooner than planned
to prevent a crisis. Alternatively, if the patient is showing no clinical indication, suctioning should only be
carried out every 4 hours as it can be stressful for the patient and can lead to iatrogenic damage of the tracheal
mucosa.

Chloe Fay BSc (Hons) RVN CertVN ECC VTS (ECC)
New Priory Vets Brighton, UK
Ultrasound in the ECC setting
Formal ultrasound examinations performed by imaging specialists are often lengthy procedures, which may
require sedation or anaesthesia (especially if samples are to be obtained of deeper structures). Within the
emergency and critical care (ECC) setting, time response is often a critical factor to patient outcome. Focused
assessment with sonography for trauma (FAST), also known as point of care ultrasonography (POCUS), provides
a more focused, though limited, rapid assessment of a patient’s clinical outlook, and can assist in urgent care
specific procedures (i.e. fluid drainage). FAST/POCUS exams have become the standard of care in the ECC
environment because of the ability to safely and rapidly assess patients noninvasively. These exams also pose
the benefit of being repeatable and portable - meaning that the assessment can take place at the initial triage
of the patient, during resuscitation (including during anaesthesia/surgery) and through recovery.
Without this non-invasive exam, the standard investigation for patients with suspected trauma or effusion
would involve radiography, which may require the use of sedatives, compromising the patient and posing
disadvantages such as the insensitivity to free fluid (especially in the abdomen), and blind abdominocentesis,
which poses its own risks and disadvantages.
Whilst FAST/POCUS has been documented over the past 20 years, it is only in the last 5-10 years that this
technique has been brought to the forefront of veterinary ECC as an encompassing, relatively inexpensive tool
to evaluate the pericardial, pleural and peritoneal spaces for the presence of free fluid and evaluate for
pneumothorax, in particular to those patients having received blunt force trauma. Ultimately this leads to
quicker diagnoses in the ER and rapid induction of resuscitation techniques.
Whilst the ECC nurse may not be making the diagnosis, this tool is still invaluable as an extension of the triage
assessment and monitoring response to treatment. It is imperative that the ECC nurse has an understanding of
the techniques used and of the images seen, especially as this exam becomes the standard of assessment
across all ECC providers.
FAST/POCUS skills
Preparation for this exam include laying the patient in lateral recumbency (or sternal if assessing the lungs and
the patient is dyspnoeic) and if possible, clipping. Left lateral recumbency is preferred by some due to the reduction
in risk of splenic puncture if abdominocentesis is needed. However, right lateral recumbency is said to have better
imaging of the gallbladder, left kidney and retroperitoneal space, a minimal risk of iatrogenic splenic puncture as
the ultrasound allows for visual guidance, as well as the ability to make better use of an electrocardiogram (ECG)
(particularly useful for those patients with pericardial effusion +/- cardiac tamponade needing to be drained).
Positioning of the patient may be affected by trauma and significant injury, or by stress of the patient; in these
instances, the FAST/POCUS allows the user to still assess the thoracic and abdominal cavity for the presence of free
fluid in or around structures. The same applies to hair removal - if the patient is stressed or the condition that the
patient is in dictates a shorter time frame, then hair removal is not necessary. Use of alcohol should be avoided and
acoustic gel should be used in those patients which are likely to need defibrillation.
Abdominal FAST/POCUS (AFAST)
This focused examination aims to split the abdomen into four sites. The goal is to quickly (within 5 minutes)
rule in or out the presence of free abdominal fluid around the diaphragm, liver, gallbladder, spleen, kidneys,
intestinal loops and urinary bladder. It should be noted that this exam’s objective is not to look at the
abdominal organs extensively, but to note any free fluid due to uroabdomens, non-traumatic (or traumatic)
haemabdomen, hollow viscus perforation or peritonitis. It should be used as a serial monitoring tool, especially
in those patients who present in shock, as fluid resuscitation may result in third-spacing of fluids over the
resuscitation period, especially in cases of blunt trauma. It is recommended that a FAST exam takes place every
2-4 hours during the period of stabilisation.
Free fluid often accumulates in dependent areas of the abdomen around the organs measured above, and will
create anechoic (black) triangles, and will occasionally look like they have fibrous (slightly echoic) matter
floating within the free fluid. The four sites examined in abdominal FAST/POCUS include:
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Utilising ultrasonography as a nursing skill

The transducer marker (‘notch’) should be directed towards the patient’s
head to give a longitudinal view at each site. An additional view
(transverse view) can be obtained by aiming the transducer marker to
the dorsal plane. When assessing each area, the probe should be moved
around by a couple of inches each side, and fanned upwards and
downwards by 45 degrees until the organs are identified; this allows to
assess fully for the presence of free fluid.
A scoring scale for free abdominal fluid was developed to enable the user to objectively compare subsequent
scans and therefore identify any deterioration in fluid accumulation. The scoring system is defined as the
abdominal fluid score (AFS) and uses a scale of 0 to 4; the score will depend on how many sites have free fluid
present (See table below). Scores of 1-2 suggest that the area where free fluid is identified is likely to be the area
of the injury. Scores above 2 are less likely to indicate the location of injury. Subsequent scans with increasing
free fluid scores indicate ongoing losses of fluid into the abdomen. Scores of 3 and above, in patients with blunt
trauma, are associated with the need for blood transfusions. In these cases, the free fluid should packed cell
volumes (PCV) and total solids (TS) should be compared to the patient’s blood.
Abdominal Fluid Score
0
1
2
3
4

Definition
Negative for fluid at all sites
Positive for fluid at one site
Positive for fluid at two sites
Positive for fluid at three sites
Positive for fluid at four sites

Thoracic FAST/POCUS (TFAST)
The TFAST splits the thoracic cavity into five views using both sides of the thorax; this means the patient can be
in sternal recumbency if they are dyspnoeic, but left and right lateral can also be used if the patient is
recumbent or has sternal fractures. Lateral recumbency is best for assessing for pneumothorax as the air within
the pleural space will rise to the least dependant area of the chest (the widest part, or most dorsal part in sternal
recumbency). The five sites are split into the following:
•C
 hest tube site view (The probe is placed between the seventh and ninth intercostal spaces on both sides of
the chest, to assess for pneumothorax through recognising adjacent ribs and their shadowing, as well as
identifying the pleural line between the ribs [often looks like a little moving line of ants] and any B-lines);
•P
 ericardial chest site view (The probe is placed between the fifth and sixth intercostal spaces over the heart,
on both sides of the chest);
•S
 ubxiphoid / Diaphragmatic-hepatic view (Used in the AFAST, adjusting the depth of the ultrasound signal to
visualise the pleural and pericardial spaces beyond the diaphragm).
The ribs are identified as hyperechoic (white) structures with distal
black shadowing (will look like a bat - hence sometimes it is referred
to as the ‘bat sign’). The area between the ribs should be where the
pleural line is running horizontally. This will show a to-and-fro
motion during breathing (the motion of the parietal and visceral
pleura sliding over each other during inspiration and expiration,
known as the glide sign). A-lines refer to the horizontal lines of
decreasing echogenicity that run equidistant underneath the glide
sign. These should not be confused with the pleural line, as they are a
result of reverberation artefact from soft tissue-air interface. If the
pleural line is affected then the A-lines will also be affected.
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•D
 iaphragmatic-hepatic view (The probe is placed in the ventral cranial abdomen, in the area of the
xiphisternum and looks at the space between the liver and diaphragm, gallbladder and pericardial and
pleural space if possible);
• Splenorenal view (The probe is placed on the left flank to assess the space between spleen and body wall);
• Cystocolic view (The probe is placed on the ventral midline to assess the apex of the bladder);
•H
 epatorenal view (The probe is placed on the right flank area and assesses the hepatorenal area as well as the
areas between the intestinal loops, right kidney and body wall.)

Free fluid in the thoracic cavity will show similarly to that described in an AFAST (anechoic triangles), except
when visualised in the pericardial sac, when the anechoic fluid will be surrounded by the circular hyperechoic
pericardium. The fluid will likely not move even with the heart beating.
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B-lines (also known as lung rockets) are a result of reverberation artefacts originating from the visceral pleura.
They will appear as hyperechoic vertical lines extending from the pleural edge to the edge of the image. B-lines
will show a to-and-fro motion with inspiration and expiration, passing through the A-lines without fading. This
artefact is often an indicator for the presence of fluid within the lungs and can be measured with the VetBlue
scoring system (see bibliography for more details).

Emily Gorman BSc RVN CertVNES Cert VNECC AFHEA
Royal (Dick) School of Veterinary studies, University of Edinburgh
High-flow nasal insufflation of oxygen allows for provision of oxygen at a higher rate than normally feasible via
the nasal passages. A reduced tolerance to nasal oxygen usually occurs at a flow rate of around 3-4L/min as
oxygen delivered via standard nasal prongs comes straight from the source and is cold and dry. Delivery this
way is painful and irritating to the patient and results in damage to the nasopharyngeal mucosa.
High-flow nasal insufflation allows us to increase the rate of oxygen delivery markedly, by warming and
humidifying the breathing gas before it enters the patient’s airways. This makes it more physiologically
compatible with the upper airways, resulting in better patient tolerance.
Benefits of high-flow include:
• S upplementation of warm, humidified gas which is less painful and better tolerated by the patient while
offering protection of the nasal mucosa from the damaging effects of dry gas;
• A reduction in respiratory rate and the work of breathing, delaying the onset of respiratory fatigue;
• Improved mobilisation and clearance of respiratory secretions;
• Washout of nasopharyngeal dead space. At the end of each breath the nasopharynx acts as a chamber where
expired air containing CO2 accumulates. In normal respiration, this air is rebreathed at the beginning of the
next breath, so the mixture of the fresh gas and this residual expired gas causes a lowering of the FiO2. Highflow increases the rate of flow into the nasopharynx so any residual CO2 is blown out of the chamber before it
can be rebreathed, increasing the efficiency of gas exchange;
• Low levels of positive end-expiratory pressure (PEEP) at higher flow rates (1L/kg/min). PEEP is achieved by
maintaining the pressure in the lungs above atmospheric pressure during the expiratory phase of respiration.
This leads to an increased end-expiratory lung volume, an increase in alveolar PO2, prevention of further
alveolar collapse, and an overall increase in the efficiency of gas exchange and subsequent patient
oxygenation. Side effects of PEEP include overdistension of healthy alveoli leading to tissue damage. High-flow
units are not specifically designed to deliver PEEP, but in humans, rates of 60L/min when the patient has a
closed mouth have been shown to provide a PEEP of 7cmH2O. Any potential benefits to PEEP are lost at rates of
0.4L/kg/min and below;
• The ability to eat, drink and sleep normally with the cannulae in place.
The high-flow unit provides oxygen at a chosen flow rate with up to 99.9% relative humidity. The addition of a
medical air source allows the FiO2 to be varied from 21 to 100%. Temperature of the gas is also controllable, with
delivery at body temperature or a few degrees below being recommended.
The unit warms and humidifies the gas mixture, and delivers it to the patient via triple lumen delivery tubing,
which maintains the temperature and humidity of the gas all the way to the patient.
There are three consumables needed:
• A circuit, of which there are two types. Low-flow which delivers 1-8 L/min, and high-flow which delivers 5-40 L/min;
•A
 bag of sterile water for insufflation. This provides water for vaporisation which humidifies the gas, as well as
water for the delivery system to maintain the gas temperature;
•A
 set of specialist nasal prongs which ensure the gas remains warm and humid as it is delivered to the
patient. Prongs should be no larger than 50% of the diameter of the nares to allow gas leakage and dead
space washout.
Settings should be tailored to each patient and while initial setting may seem aggressive, they are titrated to the
lowest possible rates required for sufficient oxygenation as quickly as possible, usually within minutes to hours.
Flow rates are calculated based on body weight. In dogs, rates of 1 L/kg/min (up to a max of 40 L/min) can be
used. The initiation of therapy can be surprising to patients, so we start at 0.4 L/kg/min and titrate up gradually
over a few minutes as they get used to the sensation. A FiO2 of 100% is provided to begin with to offer the
greatest support.
Continuous patient monitoring is required during therapy with hourly respiratory rate and effort checks
initially. Monitoring oxygenation status with pulse oximetry is recommended as it is non-invasive and gives
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High flow - using high flow oxygen nasal insufflation in the ICU

Once the patient is set up and saturating appropriately, you can start to challenge their oxygen requirements
by weaning the FiO2 and flow rate depending on the patient’s respiratory status. Start by lowering the FiO2,
aiming to get down to 60% or less as quickly as possible as long as the patient is stable, to reduce the chance
of oxygen toxicity. Lowering the FiO2 by 5% every 5 minutes is acceptable, as long as the SpO2 stays above 95%.
Once you have reached the lowest possible FiO2, move on to reducing the flow rate if feasible. Once titrated to
the lowest possible setting, these should be re-evaluated several times daily for the duration of treatment. At
each re-evaluation, settings should be adjusted to the minimum required to keep the patient’s SpO2 above 95%.
Complications of the system:
• Pulmonary oxygen toxicity is the main risk and is a serious concern in patients on long term high concentration
oxygen therapy. Those receiving 100% oxygen for over 24-72 hours are most at risk, hence the need to reduce
the FiO2 in our patients as quickly as possible;
• Development of pneumothorax/pneumomediastinum;
• Development of gastric dilation;
• Development of hyperthermia;
• Lack of mobility when the patient is receiving treatment;
• Prong dislodgement.
Troubleshooting of the unit is straightforward as there are not that many components that can go wrong.
There are visual alarms which indicate exactly what the problem is and the manufacturer provides an excellent
quick start and trouble-shooting guide.
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rapid, real-time results which quickly show any response to treatment or deterioration. However, arterial blood
gas monitoring is the gold standard for assessing patient progression. Thoracic auscultation should be
performed at least twice daily and patient comfort assessed frequently. Sedation can be implemented using
butorphanol at a rate of 0.1-0.3 mg/kg/hour if the patient is showing signs of distress.

Chloe Fay BSc (Hons) RVN CertVN ECC VTS (ECC)
New Priory Vets Ltd Brighton, UK
What is the A-a gradient?
The A-a gradient is the Alveolar-arterial difference in oxygen partial pressure between the gas in the alveoli and
the arterial blood leaving the left ventricle (and therefore assumed to be the same as the blood in the pulmonary
capillaries). The ‘A’ stands for alveoli, and the ‘a’ for arterial - meaning that arterial samples are required for this
equation. Ordinarily, the partial pressure in the arteries will be almost fully equated to the alveolar partial
pressure of oxygen. When the lung function begins to deteriorate, the difference between these two values
(arterial and alveolar) will begin to increase. The A-a gradient provides the ability to measure oxygenation in a
patient, whilst taking into account the alterations in PCO2 levels. This gradient will help determine whether there
is a ventilation failure, underlying pulmonary disease, through assessing the presence of venous admixture
(which causes hypoxaemia in patients). A normal A-a gradient figure should be less than 10-15 mmHg.
Breaking down the equation
A-a Gradient = PAO2 – PaO2
The equation above is the A-a gradient equation in its simplest form. Whilst the PaO2 (partial pressure of
arterial oxygen) can be assessed from an arterial blood sample (or estimated with a venous sample, if arterial
sampling is inappropriate), the alveolar partial pressure needs to be calculated using the alveolar air equation:
A = [FiO2 x (Pb-PH2O)] – (PaCO2/0.8)]
This equation is the Alveolar Air Equation. The FiO2 is the fraction of inspired oxygen (room air has a FiO2 of 21%
= 0.21). Whilst in theory the FiO2 in this equation could mirror any oxygen supplementation that the patient is
receiving (i.e. nasal cannulas), it is often difficult to precisely assess what FiO2 the patient on supplemental
oxygen is receiving, unless they are on 100% oxygen (i.e. mechanically ventilated). Therefore, it is recommended
for the patient to be removed from the oxygen source for at least five minutes, to assess their A-a gradient on
room air, as the alveolar equation only works in a steady-state condition. The ‘normal’ A-a gradient should move
upwards alongside increasing FiO2 but it is more reliable to consistently test on the same FiO2 each time.
The Pb in this equation, equates to the barometric pressure. This can vary depending on whether the patient is
at sea level or not. For patients at sea level, Pb can be assumed to be 760 mmHg (sea level barometric pressure).
PH2O is the saturated water vapour pressure. PH2O is, at an average temperature of 37 degrees Celsius, 47
mmHg. PaCO2/0.8 represents the PaCO2 divided by the respiratory quotient, which represents the inverse
relationship between level of alveolar ventilation and PaCO2, fixed at 0.8 in the clinical setting.
If the patient is on room air, and at sea level, then the Alveolar Air equation can be simplified into the following:
A = 150 - (PaCO2/0.8)
What do the results mean?
The normal A-a gradient should be 5-10 mmHg, with gradients higher than 15 mmHg indicating venous
admixture (result of mixing of shunted non-reoxygenated blood with reoxygenated blood distal to the alveoli).
The higher the figure, the worse the admixture may be. The severity of the gradient is proportional to the
severity of pulmonary dysfunction. Abnormally high figures, and therefore venous admixture, can often
indicate underlying heart disease or pulmonary parenchymal disease. However, a patient who is overtly
dyspnoeic or hypoxic (low PaO2) with a normal A-a gradient may have hypoxia secondary to ventilation failure.
In these patients, it’s unlikely that hypoventilation is the main or only source of hypoxaemia.
The ‘120 rule’
This rule is an even more compressed version of the A-a equation. To use this equation, the patient must be at
sea level and on room air (FiO2 21%), and assumes that the alveolar nitrogen and water vapour pressures stay
static. It also assumes that the oxygen and carbon dioxide are related by the respiratory quotient.
PaO2 + PaCO2

EVECC CONGRESS GHENT 2020

Understanding the A-A gradient

How does the A-a gradient affect our patients?     
The A-a gradient is most useful for measuring trends and response to treatment over time. A one-off
measurement may alert us as to whether a patient has venous admixture, but trends monitored over time are
the most valuable use of the equation, to monitor the patient’s ability to oxygenate over time. As well as this,
the A-a gradient poses further value as it is one of the few calculations that account for the changes in arterial
partial pressure of carbon dioxide, and its impact on our patients.
Increasing or high results >25 mmHg may be an indication for up-staging of oxygen therapy, or to place these
patients on mechanical ventilation with 100% oxygen (100% FiO2) initially, to help lower these figures. It may
also alert the veterinary surgeon to the need for positive pressure ventilation (PPV), if there is inadequate
improvement with mechanical ventilation (and a FiO2 of 100%), or the increased A-a result indicates pulmonary
parenchymal disease (i.e. pulmonary oedema).
In those patients that are planned to have trend monitoring of the A-a gradient, placement of an arterial
catheter may be most appropriate to obtain multiple samples.
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In a normal patient this formula should equate to 140 plus or minus 10. If this equation does not equal more
than 120 then the patient should be assumed to have venous admixture, with the lower numbers representing
a worse venous admixture.

Maarten Makkee, veterinary nurse
Department of Clinical Sciences of Companion Animals, Faculty of Veterinary Medicine
Utrecht University, the Netherlands
If you are working with invasive blood pressure measurement, it’s important that you know what you are
measuring, how to monitor it and how you interpret the waveforms on your screen.
Blood pressure
Blood pressure (BP) is the pressure of circulating blood on the blood vessel wall. Most of the pressure comes from
the heart pumping the blood through the circulatory system. “Blood pressure” usually refers to the pressure in
large arteries of the systemic circulation. All the pressures are measured in millimetres of mercury (mmHg).
What do we measure with the invasive blood pressure
With invasive arterial blood pressure measurement we measure the following pressures:
1. Systolic pressure: The pressure on the blood vessels walls during the heartbeat (contraction of the heart).
Normal systolic pressures are 90-140 mmHg for dogs and 80-140 mmHg for cats;
2. Diastolic pressure: The pressure on the blood vessel walls between two heartbeats (filling of the heart).
Normal diastolic pressures are 50-80 mmHg for dogs and 55-75 mmHg for cats;
3. Mean arterial pressure (MAP): The average blood pressure in the arteries (MAP = DAP+(SAP-DAP)/3). Normal
MAP for dogs and cats is between 60-100 mmHg.
How do we measure the invasive blood pressure
To invasively measure the arterial blood pressure, we need to place an arterial catheter. It is very important to
place the arterial catheter in an aseptic manner to minimize the risk of infections. Therefore, an important
consideration when placing an arterial catheter is the location. Areas with a high risk of contamination should
be avoided (e.g.: areas with damaged skin or pyoderma).
The most common artery we use is the dorsal pedal artery. But we can also place the arterial catheter in the
radial, coccygeal, femoral or auricular arteries. Placement of an arterial catheter can be uncomfortable, so some
patients need some sedation or a local anaesthetic during placement.
When you have placed the arterial catheter, you will need the following supplies to connect the patient on to
the monitor:
1. Sterile pressure transducer set with fast flush device;
2. Medical tape or other stabilisation devices to fix the transducer;
3. Isotonic crystalloids used for flush solution, connected to the pressure transducer set;
4. A pressure bag for the flush solution;
5. Monitor.
When everything is installed and attached to the patient you will need to zero and level the systems first before
the measured pressure can be interpreted. Transducer zeroing should be done at initial system setup or when
systems components are removed or replaced. The electronic system can calibrate it to the standard pressure,
or you must zero the system by opening the transducer stopcock port to the atmosphere and press the zero
button on your monitor. The transducer should be levelled to a certain point. For arterial pressures that is
approximately at the level of the right atrium (RA).
Your pressure bag containing the flush fluids is pressurised to 300 mmHg. When everything is ready you can
perform a square wave test, which checks if your system has an adequate dynamic response (the ability of your
system to accurately display the shape and amplitude of the pulse pressure waveforms). Our system will have
an optimal response when the frequency is as high as possible. One way to maximize the system’s natural
frequency is to keep the system as simple as possible; think about short tubing length. Frequency refers to the
fact that when stimulated, every structure naturally vibrates or moves at a characteristic frequency, which is
expressed in cycles per second or hertz (Hz).
In the system we can also see damping. Damping is the loss of pulse pressure energy between the catheter and
the transducer. When evaluating the waveform on the screen of our monitor, we can see overdamping.
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Invasive blood pressure measurement: Curve interpretation and troubleshooting

What we can do to improve abnormal waveforms
There are many steps you can take to optimize the systems dynamic response by increasing the natural
frequency or the damping effect. We see underdamping more commonly than overdamping. With the square
wave test you can check for the over or underdamping effect.
Troubleshooting the abnormal waveforms:
1. Check patient clinical status. Are there any changes in patient status that can explain the change in
waveform? Consider mentation, heart rate, pulse quality, mucous membrane colour, CRT and extremity
temperature. Check the patient’s ECG for possible changes in rate or rhythm;
2. When the patient parameters are not the cause for an abnormal waveform check your transducer system and
make sure that the tubing used between patient and transducer is noncompliant tubing. Check if the tubing
is kinked, if air bubbles are present in the fluid column and if the pressure bag is inflated to at least 250 mmHg;
3. Repeat levelling and zeroing of the transducer, if the patient position has changed;
4. Check patency of the arterial catheter: aspirate catheter and ensure that blood is easily obtained. Remove air
bubbles and cloths from the line. Flush the catheter and ensure it flushes easily, do not force it;
5. Perform a fast-flush test (square wave test) to check for system overdamping or underdamping.
Invasive arterial blood pressure measurement is a technical and difficult system to use. When it is available, and
a level of familiarity is obtained, this measurement can be used in a 24h veterinary hospital and can be especially
useful in the critically-ill patients.
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Overdamping is characterised by a waveform with slurred upstrokes and downstrokes and loss of detail. When
there is overdamping, you will see a falsely decreased pulse pressure with falsely low systolic pressure and
falsely high diastolic pressure. With underdamping, you can see waveforms that have points, spikes and extra
waves. When there is underdamping, you can see falsely high systolic pressures and falsely low diastolic
pressures. When you notice overdamping or underdamping, check your system and see if you can shorten the
tubing between the catheter and the transducer. Other tips that improve the waveform are described below.

Efrat Kelmer, DVM, MS, DACVECC, DECVECC
The Hebrew University Veterinary Teaching Hospital
The Koret School of Veterinary Medicine
The RECOVER guidelines, published in 2012, address 5 aspects surrounding cardiopulmonary arrest (CPA):
preparedness and prevention, basic life support (BLS), advanced life support (ALS), monitoring, and post–cardiac
arrest care. The guidelines are accessible at no cost (veccs.org/recover-cpr), and veterinary professionals can use
them to develop CPR training standards for veterinary teams today.
A recent human meta-analysis on real-world data of >1 million patients demonstrated improved outcomes
after the 2005 and 2010 resuscitation guideline updates, and a lack of data on the 2015 guideline. The study
suggested that the sum of all efforts to improve outcomes, including updated CPR guidelines, contributed to
increased survival after cardiac arrest. A veterinary study performed at a nighttime private practice in Japan
reported improved outcomes in CPR performed according to the RECOVER guidelines, compared to traditional
CPR. Another study, performed at a University Teaching Hospital, did not show major differences in ROSC rate
and outcome after implementation of the 2012 RECOVER guidelines; most likely because ROSC rate was already
quite high prior to 2012 at this specific institution, and the way CPR was performed did not differ much before
and after the guidelines were published. Of interest, feline survival rate did significantly improve during the
study period.
Despite the low rate of survival to hospital discharge reported in the veterinary literature (~6%), veterinary
professionals should strive to improve their CPR skills and preparedness. It is reasonable to assume that
resuscitation programs that are organised and cohesive and that are led by a well-functioning, knowledgeable
team will improve survival from CPA. Ideally, strengthening the links in the chain of survival (defined as the
integrated set of time-sensitive, coordinated actions necessary to maximise survival from cardiac arrest) will
lead to improved outcomes. As it relates to “Preparedness and Prevention” in veterinary CPR, the chain of
survival includes both environmental and personnel factors.
Environmental factors that may impact performance include well-designed, straightforward checklists;
algorithm charts; cognitive aids; and well-stocked, easy to access, organised crash carts. Personnel factors
include high-level team member training, specific leadership training, and appropriate intervals of retraining
and debriefing. Optimising outcome requires consistent improvement in resuscitation education and the
implementation of support systems to allow the streamlined delivery of CPR in the clinic setting.
Preparedness: crash cart
A designated, centrally located space should be chosen as a “ready area” for performing CPR. This area typically
contains a treatment table, monitoring equipment and a “crash cart” containing all the necessary equipment
and supplies for performing CPR. The staff should be familiar with an organised crash cart containing supplies,
drugs, equipment, and documents, and the cart should be inspected routinely by technicians (for example, at
the beginning of each shift and in addition, on a “per-use” basis) to ensure it is properly stocked.
In most emergency hospitals, the crash cart is a large cart on wheels with 6-7 drawers, each marked with the
equipment inside it. If the code is not performed next to the cart, it can be wheeled towards the patients. In
smaller clinics, a box containing several compartments that can be carried from one place to another can be
used and should be placed in the area where anaesthesia is performed, as CPR is most likely to occur under
anaesthesia at a general practice. The crash cart should include the following items (italic is essential
equipment for a smaller crash cart):
Airway
• Endotracheal tubes arranged by size from small to large. In some hospitals, sterile ET tubes are used to
reduce the chance for nosocomial infections
• Tube ties
• Laryngoscope
• Syringe for cuff inflation
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“My crash cart”

Medications
• CPR drugs
- Epinephrine
- Atropine
- Reversal agents: atipamezole, flumazenil, naloxone
- Anti-arrhythmic agents: amiodarone (Nexterone®), lidocaine
• Additional drugs
- Vasopressin
- Dopamine
- Dobutamine
- Dextrose
- Dexamethasone
- Norepinephrine
- Diazepam/midazolam
- Furosemide
- Calcium gluconate
- Sodium bicarbonate
Respiratory
• Suction machine and sterile tubing
• “pool” sterile suction tube for thoracotomies
• Suction catheters or red rubber tubes
• Manual resuscitator (e.g., Ambu bag)
• Pre-made sterilised thoracocentesis kits
Surgical
• Tracheostomy tubes
• Sterile gloves
• Emergency surgical packs for thoracotomy and tracheostomy
• Sterile gauze and abdominal pads
• Scalpel blade and handle
• Finochietto rib retractor
Equipment
• Portable clippers
• Electrocardiograph
• Capnometer\capnograph
• Bi-Phasic Defibrillator
In addition to the above, laminated RECOVER algorithms for BLS, ALS, CPR drugs and post-resuscitation care
should be visible on a wall close to the crash cart.
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Venous access
• IV catheters
• Tape
• Pre-made large Saline flushes (10 and 20 mls)
• Preassembled crystalloid fluid bag and IV sets
• T-ports and male adapter plugs
• Scalpel blade and sutures (for venous cutdowns)
• Syringes and needles
• Intraosseous (IO) catheter setup (IO drill, bone biopsy needles, or large needles)
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Introduction
The emergency patient may arrive due to a cardiac arrhythmia or in congestive heart failure (CHF); this could
be caused by an underlying pre-existing cardiac disease, systemic disease or trauma. Secondary arrhythmias
may occur due to ischaemia, electrolyte imbalances or pain among other things. In-depth knowledge and
understanding of identifying and treating arrhythmias and cardiac disease is important for all clinical staff in
practice, including the veterinary nurse, to improve the outcome for the patient.
Anatomy recap
The heart is made up of four chambers: the left and right atria and left and right ventricles. These four
chambers receive and send blood through different vessels and valves to keep the body oxygenated.
The sinus node is the natural pacemaker; it creates an electrical impulse (action potential) which travels
through the heart via the electrical pathway causing the heart to contract.
Action potentials
The cardiac action potential depicts the rapid change of a membrane potential within a cardiac myocyte.
The membrane potential becomes more negative or positive, causing a depolarisation or a repolarisation.
This occurs by ions moving in and out of the cell. The action potential varies depending on the specific type of
cardiac cell from which it arises (e.g. sinoatrial node, ventricular myocyte). An action potential has 5 phases: 0, 1,
2, 3 and 4.
Drug classifications
Antiarrhythmics are most commonly classified using the Vaughan-Williams system despite well-known
imperfections. The system classifies medications into 4 groups, although they may work on several ion
channels, not only those of their classification system.
Class I
• Inhibit the fast sodium channels
• Mainly used for treatment of ventricular tachycardias
Class II
• β-adrenergic antagonist (beta-blocker)
• Mainly used for treating supraventricular tachyarrhythmias in dogs (can have an effect on ventricular and
supraventricular arrhythmias in cats)
Class III
• Potassium channel blocker
Class IV
• Calcium channel blocker (non-dihydropyridine)
• Useful in supraventricular / AV node dependent tachyarrhythmias
Common antiarrhythmics
Additional information must be gathered before choosing an antiarrhythmic, including the origin of the
arrhythmia, patient age, acid-base, and electrolyte balance.
Lidocaine (Class Ib)
Lidocaine is a commonly used drug in practice. It inhibits the opening of fast sodium channels of the cardiac cell.
The effectiveness of lidocaine is enhanced during acidosis when there is an increased amount of extracellular
potassium. Lidocaine is administered to address ventricular tachycardia. It is an intravenous (IV) agent given
initially as a bolus and then (if effective) continued as a constant rate infusion (CRI). Side effects of lidocaine
include gastrointestinal signs such as nausea, vomiting and excessive salivation. Toxicity may manifest as tremors
and seizures. Lidocaine has a small therapeutic index for cats, therefore a lower dosage must be used - if at all.
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Cardiac pharmacology: Unbreak my heart

Sotalol (class III)
Sotalol is useful in the treatment of ventricular arrhythmias or in dogs with both ventricular and
supraventricular tachyarrhythmias. It is administered IV or per os (PO). Due to its potential to act as a negative
inotrope, blood pressure and ECG should ideally be measured on administration.
Diltiazem (Class IV)
Diltiazem slows the heart rate by blocking calcium channels and slowing AV nodal conduction; this is useful in
AV nodal dependent tachycardias. Diltiazem is administered IV and can be continued as a CRI if necessary. After
an initial IV dose, diltiazem can be started per os TID. It is usually well tolerated in dogs and cats; however,
complications in cats include hepatopathies, vomiting and inappetence.
Common drugs to treat CHF
Furosemide (Diuretic)
Furosemide is a loop diuretic; it works on the loop of Henle and has a fast onset of action when given IV (within
5 minutes). Furosemide increases the secretion of water while also taking electrolytes with it, most notably,
potassium. Electrolytes and renal values should be measured regularly (24-48 hours) due to the risk of
imbalance and azotemia. This medication is useful where fluid overload is suspected or confirmed.
Pimobendan (Ca+ sensitizer)
Pimobendan is a positive inotrope and an arterial vasodilator; thus, it increases cardiac contractility and
reduces afterload making the heart pump more effectively. It can be given IV or PO. IV is preferable in the
emergency patient as it will have a faster onset, will reduce the stress of being given an oral medication and
will have a more reliable absorption. Pimobendan is useful in patients with MVD and DCM and has recently
shown benefits in cats with HCM (with no outflow obstruction).
Nitroprusside (Vasodilator)
Nitroprusside is a potent vasodilator. It must be given over a CRI and careful monitoring of the patients’ blood
pressure is crucial. Administering nitroprusside will reduce afterload and preload due to its ability to dilate both
arteries and veins. Nitroprusside must be kept covered as it is light sensitive (bag and infusion line). Side effects
include cyanide toxicity, metabolic acidosis, seizures and stupor. It should not be administered for more than 48
hours. Nitroprusside is indicated in patients with severe and acute CHF. It may be synergistic with dobutamine.
Dobutamine (Inotrope)
Dobutamine is a positive inotrope: it Increases contractility strength, and therefore cardiac output. Dobutamine
is also a beta-adrenergic agent: it stimulates the beta receptors resulting in increased contractility without
increasing the heart rate. Dobutamine is given IV via a CRI and is particularly useful in the treatment of cardiac
shock. Side effects include CNS symptoms in cats when administered at higher doses.
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Amiodarone (Class III)
Amiodarone prolongs phase 3 of the action potential by blocking the potassium channels and, as a result, the
repolarisation of the cell membrane.
Amiodarone is useful in treating supraventricular and ventricular tachycardias. The recent RECOVER guidelines
pertaining to CPR recommend the use of amiodarone during pulseless ventricular fibrillation. The preservativefree amiodarone preparation must be given in order to avoid anaphylaxis reactions.

Julie Menard, DVM, DACVECC
Cornell University, Ithaca, New York
Since their discoveries in the 1920s, antibiotics have saves millions of lives and have been described as one of
the most important advances in public health1. Antimicrobial resistance has always been present, but the
dramatic increase in its prevalence and complexity has threatened the advancement of modern medicine.
There are four different ways by which bacteria can be resistant to antimicrobial2: by reducing the
antimicrobial’s ability to reach its target by decreasing its ability to penetrate within the bacteria, by expulsion
of antimicrobial from the bacteria via efflux pumps, by inactivation of the antibiotics within the bacteria via
the action of bacterial modifying or degrading enzymes and lastly by modification of the antimicrobial target
within the bacteria. Some bacteria naturally carry some of these mechanisms and are intrinsically resistant to
certain antimicrobials (e.g.: anaerobes pathogen resistant to aminoglycosides as they limit the entry of the
drug within the bacteria) and others acquire those traits via genetic mutation and/ or horizontal gene transfer3.
Acquired resistance to an antimicrobial drug is usually limited to a limited number of strains or species.
Antimicrobial resistance develops in response to the selection pressure exerted on bacterial population, by
antibiotics which select for resistant population and kills the susceptible one. In This “survival of the fittest”
world, the resistant genes and traits are passed on both vertically and horizontally and accumulate over time1,4.
Bacteria resistant to 3 or more antimicrobial classes are called multidrug-resistant pathogens. Extensive drugresistant (XDR) are bacteria resistant to at least one agent in all but two or fewer antimicrobial categories, and
Pan drug-resistant pathogens are resistant to all agents in all antimicrobial categories5. The rise of MDR, XDR,
and the emergence of PDR have led the world health organization to label antimicrobial resistance “a major
threat to public health. The problem is so serious that it threatens the achievements of modern medicine”1.
Clinicians rely on bacteriological identification and susceptibility reports to choose and tailor antimicrobial
therapy3. Determination of whether or not an organism is susceptible, intermediate or resistant to an
antibiogram relies on the establishment of a breakpoint value for that species (e.g: dog or cat), bacterial
organism (e.g.: E.coli) and antibiotic (e.g.: amoxicillin). The EUCAST (European Committee on antimicrobial
susceptibility testing (EUCAST) and the Clinical Laboratory Standards Institute (CLSI) for the United States, are
the two reference laboratories which review and determine yearly breakpoint values6. To do so, they take into
account pharmacokinetic and pharmacodynamic properties of drugs, clinical response to therapy, and MIC
distributions for bacterial species to determine the epidemiological cut off values (MIC value for which we
differentiate between resistant carrying gene bacteria and none)6. Thus, a limited number of validated
veterinary breakpoints are available for antibiotics, and we often extrapolate from human breakpoints for
interpretation of MIC in veterinary patients7. Besides, certain drugs can achieve a higher concentration in some
specific tissues (e.g.: beta-lactam in urinary system) and a different breakpoint value is used for urinary tract
infections. This is of importance when considering treatment for pyelonephritis or complicated urinary tract
infections. When deciding on which drug is efficient in those clinical scenarios, clinicians should use a systemic
breakpoint to ensure the proper concentration of the drug is reached in kidney and urinary bladder wall8.
Antimicrobials are commonly classified as time-dependent and concentration-dependent drugs9,10. These qualities
relied on a combination of their pharmacokinetic and pharmacodynamic (PK/PD) properties. To be effective a
time-dependent drug should have its plasma concentration above the bacterial MIC for at least 40% of the dosing
interval (%ft>MIC). To achieve this, drugs are commonly administered multiple times during the day. Bactericidal
activity of concentration-dependent drugs is achieved, when the drug’s plasma concentration is significantly
above the bacterial MIC (Cmax/MIC) or, the ratio of area under the curve of the drugs plasma concentration over 24
hours to the MIC (AUC24/MIC). These efficacy ratios are antimicrobial class specific11. The concentration-dependent
drugs commonly have a post antimicrobial effect were bactericidal activity persists even after the drug’s plasma
concentration has decreased due to the time required to synthesize new functional proteins12.
Antimicrobial stewardship is the systematic effort to educate and persuade antimicrobial prescribers to use
evidence-based prescribing. The goal is to preserve the ability to efficiently treat bacterial infections in the
future13. There are many different prongs of antimicrobial stewardship. We will focus here on the
pharmacological application of antimicrobial properties to maximize antimicrobial efficacy in critically ill
patients9,10,12. Pharmacokinetic studies of any drug are established using healthy volunteer or laboratory
animals7. These properties are rarely applicable to critically ill patients who often suffer from an increased
volume of distribution (Vd= mathematical concept which represents the volume of fluid required to have the
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Antimicrobial stewardship and antimicrobial resistance

Antimicrobials are the only drugs that affect their target and leads to a decrease in efficiency over time.
Preserving antimicrobial efficacy is one of the most important challenges of the 21rst century. Critically ill
patients may require therapeutic drug monitoring and dosage adjustments to maintain efficacy.
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amount of drug at the steady-state concentration of the plasma concentration), from fluid therapy, increased
vascular permeability, and third spacing9. The unbound or free drug is what is considered the effective drug,
and many critically ill patients suffer from hypoalbuminemia, which increases the unbound concentration of
drugs7. Lastly, critically ill patients have abnormal clearance(CL), either increased in case of augmented renal
clearance due to increased cardiac output and decrease vascular resistance or decreased in cases with acute
kidney injury and decrease in GFR9,11,12. Therefore, extrapolation of healthy volunteers’ drug dosing and dosing
regimen to critically ill patients may lead to therapeutic failure. Over the past few years, the medical field has
used therapeutic drug monitoring to assess and modify drug dosing and administration in critically ill patients.
This is specifically targeted towards hydrophilic drugs (e.g.: beta-lactam and aminoglycosides) which are more
impacted by changes in Vd and CL9. Specifically for time-dependent beta-lactams, proposed strategies include
prolonged administration of the drug over 3 to 4 hours and continuous rate infusions (CRI) 14,15. These strategies
have shown better achievement of PK/PD target, but there were controversial results whether improved
outcomes were present14,16. This may be because the patient population was not specifically selected for altered
pharmacokinetics purposes. Similarly, therapeutic drug monitoring has been used to maximize the efficiency of
intravenous amikacin in addition to minimizing the potential nephrotoxic risks17. Antimicrobial therapeutic
drug monitoring is not commonly available in veterinary medicine and to date, no study describing alteration
in pharmacokinetic properties in critically ill dogs is available. Also, bolus and CRI dosages are unknown.
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Trauma, defined as tissue injury caused by violence or accident that occurs suddenly is a common cause of
morbidity and mortality in both human and veterinary medicine.1,2 In human medicine in the United States,
greater than 2.5 million injuries require medical attention annually. Motor vehicle accidents account for
>45,000 deaths, with associated health care costs totally > $625 million annually.3 Trauma is similarly common
in veterinary medicine. Large retrospective studies have shown that trauma accounts for approximately 11-13%
of dog and cat cases presenting to urban veterinary teaching hospitals. 4,5 A recent study identified trauma as
the second most common cause of death in both juvenile and adult dogs.6 There are many similarities between
human and veterinary trauma that are outside the scope of this lecture, however one of the most devastating
aspects of trauma mortality is that its victims are commonly young and otherwise healthy.1 Given the high
prevalence of trauma in both human and veterinary medicine, and the ongoing mortality, efforts to improve
trauma outcomes are ongoing.
Trauma systems in human medicine
In human medicine is has long been recognized that the development of trauma systems is an important
component of improving trauma outcomes. In 1922, less than a decade after the American College of Surgeons
(ACS) was founded, the Committee on Fractures (subsequently named the Committee on Trauma) was created.7
The main goal of the ACS Committee on Trauma is to improve the care of injured patients before, during, and
after hospitalization. The ACS Committee on Trauma has implemented programs for trauma care in local,
regional, national, and international arenas to achieve this goal. The trauma-related activities of the ACS
Committee on Trauma —aimed at education, advocacy, professional development, standards of care, and
assessment of outcomes—are disseminated through a variety of programs and subcommittees. Examples
include Advanced Trauma Life Support (ATLS®- a trauma training course), the Trauma Quality Improvement
Program (TQIP®, for systems level performance improvement), trauma systems consultation, and trauma center
verification. In 1976 this committee developed the first trauma center resource document; the current iteration
of which is known as the Orange Book (Resources for Optimal Care of the Injured Patient – Sixth Edition). These
guidelines denote trauma facility standards. In 1987 the ACS Committee on Trauma created a consultation and
verification process for trauma centers, and this led to the creation of a national trauma center network
throughout the United States. As of 2010, more than 90% of the US population is within 60 minutes (via
helicopter or ambulance) of a Level I or Level II Trauma Center.
A trauma center is defined as a hospital equipped and staffed to provide comprehensive emergency medical
services to patients suffering from traumatic injuries. Level I Trauma Centers, the highest level centers, are
tasked with leadership in patient care, education, research and system panning. An important aspect of the
trauma systems concept is that effective trauma systems have a lead hospital(s) that is a Level I center, and is
closely associated with surrounding Level II and Level III centers. In a trauma system, appropriate cases are
transferred from level III facilities to level II or level I facilities for more specialized trauma care. There is now
good evidence that outcomes are improved for severely traumatized patients when care is provided at a level I
trauma center. Some statistics suggest that patients are on average 25% more likely to survive when care is
provided at a Level I trauma center. Studies have also shown that in general, risk of death is significantly lower
when traumatized people are treated in a trauma center (of any level) when compared to a non-trauma center.8
Trauma systems in veterinary medicine
As with many areas of veterinary emergency and critical care medicine, there is a dearth of prospective research
regarding trauma in small animal patients. The majority of our understanding of veterinary trauma is derived
from retrospective clinical studies or extrapolated from various animal models or human clinical practice. While
there are many similarities between human and veterinary trauma patients,1 it is the author’s belief that further
research is needed to better define veterinary trauma epidemiology and identify areas to improve outcomes.
The movement towards the development of trauma systems in veterinary medicine began with discussions
between a group of American College of Veterinary Emergency and Critical Care (ACVECC) diplomates in 2010.
The history of this initiative is documented in a JVECC editorial, and also summarized below.9 Initially a group
named the Spontaneous Trauma in Animals Team was formed with the goal of improving trauma patient
outcome through comparative and translational medicine. This group successfully performed some multicenter
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Updates from the ACVECC VetCOT Trauma Registry?

In 2011 an official committee within ACVECC was created; the ACVECC Veterinary Committee on Trauma. Within
VetCOT subcommittees included the areas of communication, guidelines & verification, a trauma registry,
education, and later pre-hospital care. The vision of the ACVECC VetCOT was to “Create a network of lead
hospitals that seed development of trauma systems. These hospitals will work collaboratively to define high
standards of patient care and disseminate information that improves trauma patient outcome.” In addition,
centers will have the responsibility to contribute to a trauma registry that allows for continued advancement of
trauma patient care. Specific goals for the development of veterinary trauma systems are:
1. Enhancement of trauma patient care
2. Enhancement and promotion of research collaborations
3. Expansion and formalization of education on veterinary trauma; and
4. Enhancement of the visibility of veterinary specialty colleges.
Enhancement of Trauma Patient Care
With regard to enhancement of trauma patient care, goals include improved survival, reduction of
comorbidities, and development of protocols to improve efficiency and outcomes in veterinary hospitals
managing trauma patients. There are a variety of ways that veterinary trauma systems may be able to effect
enhanced patient care. For example, striving to meet the veterinary trauma center (VTC) guidelines (described
below) will ideally allow some hospitals to improve their depth of resources for optimal patient care,
particularly of the most injured trauma patients. Similarly, the implementation of internal performance
improvement programs, will ensure review of case management and optimization of care. It is also the goal
that trauma centers will improve trauma patient outcome not only within their own hospitals, but for animals
in their local area. This will occur by streamlined mechanisms for trauma transfers, case consultation and
education of veterinarians on trauma care.
Enhancement and promotion of research collaboration
It is our vision that establishing a multicenter trauma network will create infrastructure and reporting
mechanisms to facilitate large, prospective research studies to answer a variety of questions regarding small
animal veterinary trauma. Our early work has involved the creation of a trauma registry to which all VTCs
contribute case information (described in greater detail below). Simply having a trauma registry has allowed
interrogation of a large set of OBSERVATIONAL data. Additionally, it is hoped that the trauma network will
ultimately facilitate the implementation of large, multicenter prospective, INTERVENTIONAL clinical trials in
trauma. To date, three observational studies have been published using data from the trauma registry.12,13,14
Expansion and formalization of education on veterinary trauma
The education component of the ACVECC VetCOT involves guidelines for both internal and external trauma
education. Internal trauma education involves protocolized training within VTCs for emergency staff in techniques
such as abdominal and thoracic focused assessment with sonography for trauma (aFAST and tFAST respectively),
various emergency procedures (eg. tracheostomy, thoracostomy tube placement), and damage control surgery.
Additionally, journal club and pathophysiology rounds schedules at VTCs are expected to include trauma topics.
External trauma education is envisaged to involve the development of a veterinary advanced trauma life support
(VATLS) education program; with a vision of having both an online and hands-on training component similar to the
ATLS course in human medicine. The goal of the education subcommittee is specifically to establish learning
objectives, a course outline, and mechanisms for delivery (supplies, instructors, space etc.) for a course (VATLS)
that will be a requirement for emergency doctors seeing trauma cases at veterinary trauma centers.
Enhancement of the visibility of veterinary specialty colleges
Optimal trauma patient care involves more than a good ECC team. In fact trauma care is often true
multidisciplinary care involving specialties such as surgery (soft tissue and/or orthopedic), neurology (medical
and/or surgical), diagnostic imaging (including both conventional and advanced imaging modalities), dentistry,
ophthalmology and rehabilitation, just to name a few. It is important that the pet owning public and local
veterinary practitioners understand that severely injured trauma patients are best cared for by a
multidisciplinary team of specialists, and this is part of the outreach vision of the ACVECC VetCOT. VTCs are able
to promote their resources by advertising their status as a Veterinary Trauma Center to enhance access to high
level trauma care for all injured small animals.
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prospective observational studies of trauma in dogs and cats,10,11 and began the discussion of the potential role of
trauma systems to create an infrastructure for multicenter research collaboration and improved patient care.

For example, systems level guidelines include a commitment to trauma patient care, creation of a trauma
committee comprised of representatives from different sections within the hospital, and case entry into the
trauma registry. VTCs must also have staffing sufficient to stabilize multiple patients concurrently, perform
life-saving procedures and treat trauma in-patients. Additionally, appropriate and timely consultation with
specialists is imperative within VTCs.
Some of the requirements of Level I VTCs include that they are open 24/7/365, lead by a DACVECC, staffed by at
lest 2 veterinarians at all times, at least one of which must be an experienced doctor. These hospitals are also
required to perform damage control surgery for exsanguinating hemorrhage, and must have specialists in
surgery, radiology and anesthesia. Other special capabilities expected of Level I VTCs include the availability of
CT and ultrasound 24/7 and a blood bank.
Level II VTCs are required to have many of the same facilities of Level I hospitals, must be open 24/7/365 and
their trauma team is also led by a DACVECC. These facilities must also have specialists in certain fields such as
surgery, however the depth of resources is not so great. It is also our goal to add level III VTCs however the
current focus is level I and II hospitals.
The Trauma Registry
The trauma registry subcommittee of the ACVECC VetCOT has been charged with 2 goals. 1. To establish and
maintain a system for tracking case data on all trauma cases presenting to VTCs; and 2. To establish
mechanisms for allowing researchers access to the data within the trauma registry. There are now >35,000
cases in the registry, which is maintained in a software program called REDCap. REDCap is a secure, web-based
application for building and managing online databases.
Conclusions and future directions
The ACVECC VetCOT veterinary trauma initiative and the creation of the associated trauma networks and
trauma registry has created exciting opportunities to learn more about veterinary trauma and ultimately
improve outcomes. With the recent creation of the ECVECC, the time is right for discussion of whether or not a
similar initiative in Europe is worthwhile.
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ACVECC VetCOT Guidelines for Veterinary Trauma Centers
Continuing on with the timeline of this initiative, the first set of guidelines for veterinary trauma centers was
created in 2012 and revised guidelines in 2013.15,16 The resources document is structured similarly to the Orange
Book, and includes requirements regarding A. Systems requirements, B. Leadership, C. Patient admission, D.
Surgical commitment and resource, E. Soft-tissue surgery, F. Neurotrauma care, G. Musculoskeletal / orthopedic
surgery, H. Anesthesia services, I. Clinical pathology / laboratory services, J. Diagnostic imaging, K. Post-operative
and ICU care, L. Other specialty services, M. Blood product availability; and N. Outcomes assessment
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It is well recognized that anesthesia recovery is a critical period; however, it is often the most overlooked period
in anesthetic patient care. The recovery period is vital to the patient’s welfare and success of the surgical/
anesthetic experience. Many critical care principles were developed by managing high risk postoperative
patients. In healthy patients, approximately 20% of anesthetic morbidity/mortality occurs during the recovery
period. Developing a systematic approach to evaluate and monitor the recovering patient is key to success.
Critical Issues in the Transition from Anesthesia to ICU
The primary goal is to facilitate anesthetic recovery to the point where voluntary and reflex function is restored.
Critical issues in patient support during recovery include the following:
Airway-Oxygen

CNS/ Pain management

Breathing

Temperature

Cardiovascular

Metabolic/ Renal

Recovery Facility
Recovery Facility should be in an area that has constant supervision. The facility may be adjacent to surgery
rooms or may be part of an intensive care area. The recovery facility has good lighting, climate control and
ventilation. Immediate access to power, oxygen and vacuum should be present. Telephone and computer
resources are available. The area is quiet to prevent auditory or visual stimulus during recovery. Overhead lights
have the ability to be dimmed. Cages are designed with padded inserts to prevent self-injury dysphoric animals.
Equipment for airway management, breathing support, cardiovascular monitoring, heating pads, intravenous
catheters and fluids, emergency drugs, syringes, needles, and other support and monitoring equipment should
be present and organized in a manner to assure rapid identification and access when required. The facility
should be equipped to manage major emergencies.
Global Patient Evaluation
Patients should be thoroughly monitored and a recovery record included in the patient chart. The record may be
a continuation of the anesthesia record or a dedicated post anesthesia monitoring form. The goal is to identify
“trends” before they become detrimental to the patient. The form also provides a method for recording treatments,
drugs and changes in management that occur during recovery. Monitoring should include vital signs: heart rate
and rhythm, pulse rate, character and rhythm, respiratory rate, depth and effort, mucous membrane color, capillary
refill time, and core body temperature. Monitoring frequency is dictated by the patient’s physiologic stability.
Airway and Oxygen Support
Airway and oxygen support are cornerstones of successful recovery. Airway problems are the most common
complication encountered in the recovery period. In general, endotracheal tubes are left in place until cough
and gag reflex have returned. Tube removal should be timed with expiration to aid in clearing retained secretions
and debris from the airway. The head and tongue should be gently extended to reduce airway blockade.
Airway obstruction can be a sudden, devastating complication during recovery. Airway obstruction can be
challenging to differentiate from emergence delirium. It generally occurs immediately following extubation
and is accompanied by exaggerated respiratory sounds and breathing effort. Common reasons for partial or
complete airway obstruction following extubation include: 1) soft palate airway obstruction, 2) laryngeal spasm,
edema or paralysis, 3) foreign material (blood, saliva, vomitus, teeth, surgical packs) obstructing the airway, 4)
peri-laryngeal mucosal swelling, 5) brachycephalic airway obstruction, 6) tracheal collapse, 7) laryngeal
hemiplegia and 8) constricting neck bandage. Patients with partial airway obstruction demonstrate increased
respiratory effort during inspiration and expiration. Exaggerated thoracic and abdominal excursion may be
noted. Increased stenor and stridor are often present. Often, patients struggle and show exaggerated activity
due to airway blockage. This will decrease oxygen reserve and demonstrate cyanosis of the oral mucous
membranes. Heart rate is generally elevated; however, it will be decreased in severe hypoxemia.
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Postoperative Care of the Critical Patient

Oxygen monitoring is vital in these patients. Mucous membrane and tongue color give a crude estimate of
oxygen delivery and tissue oxygen status. Pulse oximetry values >92% indicate adequate oxygen delivery to
tissue. Arterial blood gas analysis will provide information regarding pulmonary gas exchange and will be
valuable in conjunction with pulse oximetry. If pulse oximeter values are <90% or pO2 values on arterial blood
gas is < 80 mm Hg, then higher concentration oxygen support is warranted.
Respiratory Monitoring and Support
Hypoventilation is assumed in all post anesthesia patients. The combined effect of anesthetic drugs on posture,
CNS control of breathing, respiratory muscle function and airway tone all contribute to hypoventilation. These
changes are clinically noted as decreased respiratory rate and tidal volume, abnormal respiratory pattern and
increased work of breathing. Most patients tolerate these changes; the critical issue is to maintain acceptable
oxygen level as described above.
Changes in respiratory rate and pattern are generally associated with level of consciousness (LOC) during
recovery. If LOC does not appear changed when respiratory changes are noted, further investigation to
determine the underlying cause is warranted. In many cases, subconscious perception of discomfort or pain is a
factor. Pain induced change in respiratory pattern may precede clinically apparent LOC change. Appropriate
pain management is essential in these cases. Pain associated hypoventilation may be noted following thoracic
or abdominal surgery. Pain management is a key element to improve ventilation in these patients. This concept
is counterintuitive to the long-held concerns regarding the central depressant actions of analgesic drugs.
ONE SHOULD NEVER WITHOLD PAIN MANAGEMENT FOR FEAR OF HYPOVENTILATION!!
A partial or complete airway obstruction must be ruled out. Gentle head and tongue extension are performed
and changes in respiratory rate or pattern are noted. Examination of the pharyngeal area and larynx to rule out
causes of partial airway obstruction may be warranted. If head and/or neck bandages have been recently
applied, they should be loosened or removed to rule out external airway or pharyngeal compression. Thoracic
surgery cases require special attention. Pleural space evacuation and pulmonary tissue reinflation can be
confirmed by breath sounds on auscultation.
Evidence of fluid or froth following extubation is a concern. Fluid sources may include either upper or lower
airways. In general, upper airway fluid is usually more sanguine, lower airway fluid is less viscous with more
protein content producing a frothy or foamy appearance. Rule outs for airway fluid include excess fluid
administration, hypoxemia, barotrauma, hypoproteinemia, and acute airway obstruction. Treatment is directed
at the underlying cause and supporting pulmonary gas exchange.
Cardiovascular Monitoring and SupportTransient cardiovascular events are frequently noted during recovery; therefore, constant monitoring and is
required. Tachycardia is generally present during the recovery period. Tachycardia during anesthesia recovery
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Treatment consists of establishing a patent airway. This may require CNS depressant drugs (tranquilizers,
sedatives, or general anesthetic agents). Oropharyngeal exam using a laryngoscope is performed to determine
potential cause prior to introducing an endotracheal tube. If fluid or blood is found during exam, suction or
swabbing is performed to clear the airway. A new endotracheal tube is passed while maintaining laryngeal
visualization. Laryngeal or peri-laryngeal tissue swelling is noted at this time. In cases where swollen laryngeal
tissues create complete airway blockade, a male urinary catheter is passed through the vocal folds and
connected to an oxygen source. The patient may then require tracheostomy to provide airway support.
Oxygen demands increase during recovery due global increase in metabolism and rewarming physiology. Many
patients successfully adjust to the abrupt change from high oxygen levels during anesthesia to low level
oxygen in room air. The critical patient has additional metabolic demands that require supplemental oxygen
support to optimize tissue oxygen delivery. The easiest method to supply oxygen is through the endotracheal
tube. Following extubation, a tight-fitting face mask attached to an anesthesia breathing circuit can placed
over the muzzle. An induction chamber may be used to provide an enriched oxygen environment in cats and
small dogs. A head enclosure will provide an oxygen enriched zone around the muzzle and head. Dedicated
oxygen cages are useful; however, they have the drawback of not permitting patient contact and management.
Nasal oxygen cannula can be placed prior to extubation and are used to provide supplemental oxygen delivery
during recovery. A transtracheal catheter can be placed to provide oxygen delivery in extubated patients. In
emergency situations, a tracheostomy may be performed to provide oxygen support.

Blood pressure fluctuation is expected during recovery. Hypertension is frequently noted due to recovery
associated activation of the sympathetic nervous system. Pain may also contribute to sympathetic activation.
Hypoxemia stimulates cardiovascular performance contributing to hypertension. Monitoring oxygen level during
recovery is important to minimize this response. Hypotension may be noted as a result of residual anesthetic
drug effect, vasodilatation, hypovolemia, sepsis, cardiac tamponade, sudden positional changes, acidosis, and
hyperkalemia. Therapy is directed at identifying the underlying problem and correcting the imbalance.
High-risk patients should be continuously monitored for dysrhythmias during the recovery period. One study
indicates that up to 30% of all recovering patients demonstrate transient dysrhythmias. Potential causes
include hypoxemia, hypercapnia, acid-base and/or electrolyte disturbance, catecholamines and primary cardiac
disease. Simultaneous cardiac monitoring with auscultation and pulse palpation is valuable to detect rhythm
disturbances. Further characterization can be accomplished with an electrocardiographic monitor.
Blood loss may contribute to delayed or incomplete anesthesia recovery. Serial monitoring of membrane color,
capillary refill time, hematocrit and total solids can be used to determine the severity of blood loss.
Central Nervous System Monitoring and Support
Drug metabolism and elimination are major factors in quality and speed of recovery. Delayed recovery may be
due to hypothermia, hypoglycemia, drug metabolism, and shock. Use of warm air blankets and in line fluid
warmers during recovery help to restore core body temperature. Monitoring blood glucose and oxygen levels is
critical in all patients. Hypoglycemia is common in young and debilitated patients. In the critical patient, use of
“reversible” drugs from the opioid, alpha-2 and benzodiazepine drug classes will facilitate CNS recovery.
Pain will be a factor during recovery. Serially assess the patient during recovery for pain and begin pain
management as soon as possible. If the surgical site is located where local analgesia is an option; nerve blocks
with long acting agents such as 0.5% bupivacaine are performed prior to recovery. Parenteral analgesics of the
opioid and NSAID class are primary choices for pain management during recovery.
Emergence delirium may be noted during recovery. By selecting rapidly metabolized drugs and reversal of
anesthetic drug effects, rapid emergence can be accompanied by a delirium. Recovery delirium is the “mirror
image” of Stage II anesthesia. Usually, physical restraint and quiet environment is all that is necessary until
drug metabolism is complete. If protracted or violent delirium is noted, we use small doses of
dexmedetomidine to block this behavior. A dose of 1-2 mcg/kg IV is used. It will take 2-3 minutes to work.
Metabolic (Liver and Kidney) Monitoring and Support
The primary complication in the post anesthesia period is oliguria/anuria. Oliguria can be due to the combined
effects of preanesthetic fluid balance and peri anesthetic ADH release. We routinely monitor urine output in all
anesthesia patients to ensure that 0.5-1.0 ml/kg/hr of urine is produced. If perioperative oliguria is noted, 0.20.5mg/kg furosemide is given IV. This may be repeated up to four times at fifteen-minute interval to facilitate
urine production. If oliguria persists, we begin an infusion of 1-3 micrograms/kg/min of dobutamine. This
combined therapy usually initiates polyuria. Fluid therapy administered is maintained during recovery to
support urine production.
Acute hepatitis is rare following anesthesia. The time course of hepatitis from initial insult to clinical and
biochemical signs is 24-48 hours. This places it outside the immediate post-anesthetic period. Gastrointestinal
motility is always altered by anesthesia. We do not routinely administer drugs to enhance gastrointestinal
motility. If opioids have been selected in the anesthetic protocol, use of opioid antagonists will reverse gut
stasis. A nasogastric catheter may be placed and continuous gastric suction/decompression used if needed.
Metoclopramide may be administered to initiate upper gastrointestinal motility.
Metabolic disorders (diabetes mellitus, hypoadrenocorticism) merit special attention during the recovery
period. Significant changes in blood glucose levels may be noted during the perioperative period due to
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may be due to increased catecholamine level, hypoxemia, hypercarbia, and pain. Tachycardia increases
myocardial work and oxygen consumption. Bradycardia may be due to hypothermia, residual effect of
anesthetic drugs, high vagal tone, late stage hypoxemia or hypercapnia, increased intracranial pressure,
hypoglycemia or primary cardiac disease. Rewarming, pharmacologic reversal of anesthetic drugs, and
attention to individual patient factors are indicated to restore heart rate to the reference range. In rare cases,
anticholinergic drugs may be required to restore normal heart rate.

Fluid therapy
Fluid therapy started during the perioperative period should be continued during recovery. Anesthetic drugs
blunt autonomic regulation of blood vessels causing increased vascular capacity. Fluids “fill” the additional
vascular volume created by venous vasorelaxation enhancing preload and cardiac performance. Polyionic fluids
are preferred for this purpose. Studies in man report that patients administered polyionic fluids maintain
postoperative urine production better than hypotonic (maintenance) or dextrose-based fluids. Fluid support
minimizes hypovolemia associated hypotension and oliguria noted during recovery.
Acid-base management
Significant acid-base disturbances should be treated during the recovery period. Respiratory acidosis is
assumed in all recovering patients due to the residual effect of anesthetic drugs on central control of breathing
and neuromuscular weakness associated with anesthesia. Metabolic acidosis is a common disturbance
encountered in the critical patient. Mild metabolic acidosis, likely due to wash out of lactic acid, is tolerated
under global perfusion is normalized. Severe metabolic acidosis (HCO3 < 15 mEq/L) may warrant correction.
Personal experience suggests that bicarbonate levels below 15mEq/L may not self-correct following recovery.
Supplemental sodium bicarbonate may be administered to facilitate correction. We generally calculate a total
deficit based on standard formula. We initiate replacement with 1/3 the calculated deficit, with the remaining
2/3 administered over the next 12-24 hours. By using this approach, we do not “ overshoot” our correction and
cause metabolic alkalosis. In critical deficits, we will acutely replace 1/2 the calculated deficit, with the
remaining 1/2 administered over the next 12 hours.
The Next Twelve Hours
Recovery from anesthesia does not “guarantee” success. The interface of anesthetic recovery and critical care
occurs during this time. Physiologic disturbance created by the underlying medical/surgical disorder, surgery and
anesthetic drugs is not quickly normalized. The clinician must be vigilant for twelve hours following anesthesia in
any critical patient. Constant monitoring of physical parameters and specified laboratory data are done in a
critical care environment. Good nursing care is a critical factor in successful outcome. Critical patients cannot
be left unattended and unmonitored in general housing areas. A facility that permits administration of fluids
and supplemental drugs, as well as monitoring capability, is mandatory. Trained personnel that can note trends
and have the “intuition” of recognizing when the patient is in danger are essential. Once recovery is complete,
the patient is transitioned to post-surgical treatment protocols. The goal is to have the destabilized in 24 hours.
Summary
Anesthetic recovery is a transitional period that combines management of both preexisting pathophysiology
with physiologic changes inherent with anesthetic drug administration. The patient must be closely supervised
and supported until it can control reflexes and physiologic systems critical to normal function. Until the
clinician is convinced of the patient’s capability to achieve these goals, continuous monitoring, support and
treatment are essential for successful outcome.
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changes in housing, daily routine, surgical stress, and altered insulin scheduling. Monitoring glucose levels is
critical during the postoperative period. The old axiom “better too sweet than too sour” applies to diabetic
patient management. Mildly increased blood glucose level is preferred because hypoglycemia will produce
delayed anesthetic recovery. Patients with hypoadrenocorticism (Addison’s disease) should have glucocorticoid
support administered prior to anesthesia. The patient should be monitored (glucose, Na-K values) for continued
glucocorticoid response in the postoperative period.

Marc R Raffe DVM MS DACVAA DACVECC
Director, VACCA LLC, St. Paul MN USA, vaccallc@gmail.com
The chest trauma patient represents a true anesthetic challenge. Thoracic injury may produce shock,
dysrhythmias, pulmonary contusion/hemorrhage, hemo-pneumothorax, chest wall damage and diaphragmatic
injury. Physiologic “reserves” that compensate for the destabilizing effects of anesthetic agents are diminished
because they are activated in the immediate post-injury period. Unexpected response to anesthetic agents may
occur due to massive change in autonomic, hemodynamic, respiratory and central nervous system function.
In sum, the thoracic injury patient is physiologically compromised and has the potential to further deteriorate
with anesthetic exposure. The anesthetist must be prepared to support the patient and select anesthetic
agents that will minimize additional physiologic and clinical insult.
PREOPERATIVE CONSIDERATIONS
The chest trauma patient should be considered “fragile” and managed in a calm, efficient manner. Preoperative
assessment of the patient is critical to evaluate the location, extent, and severity of injury. History is generally
limited to information associated with the current injury such as type and time course of injury, clinical
progression from initial injury to presentation, information related to any preexisting disease, medications
which may interfere with anesthetic drugs and previous anesthetic history. The time of last meal and water is
helpful in determining the presence of a “full stomach” patient. Extended history taking is usually deferred.
ABC’s
Initial stabilization for anesthesia begins with the same protocol used for trauma resuscitation. Confirm airway
patency in the chest trauma patient. Oxygen support should begin as soon as airway patency is confirmed.
Support measures including mask oxygen, nasal cannula, or transtracheal catheter insufflation are excellent
methods to provide supplemental oxygen. Cardiovascular evaluation should occur at the same time. Assume
shock is present. Establish two large bore (14-16G) intravenous access points because trauma patients have relative
or absolute hypovolemia. Fluid resuscitation with crystalloid or colloid solutions to stabilize cardiovascular indices
is a primary goal. Significant blood loss will require resuscitative therapy with whole blood or packed red blood
cells to replace lost oxygen carrying capacity. Evaluate and monitor fluid balance using hematocrit / total solids,
central venous pressure, blood pressure, and urine output. Patients that appear compensated may still develop
hypotension/hypovolemia signs during anesthesia due to changes in autonomic control.
Secondary survey-to evaluate neurologic status, spinal integrity, and hepatorenal status prior to anesthesia is
important. Blood samples for hematology, coagulation, serum chemistry, arterial blood gases, electrolytes and
urinalysis should be collected. Electrocardiography is highly recommended to confirm presence of
dysrhythmias secondary to myocardial contusion. TFAST and echocardiography are useful in rapidly
determining the extent of thoracic damage and myocardial function. Thoracic and abdominal radiographs or
fast spiral CT scan may be indicated for definitive determination of injury sites and body systems involved.
Type of thoracic injury (i.e. blunt vs. penetrating) and location are important to understand as these facts may
help inform potential complications and management issues. Patient evaluation for cranial and maxillofacial
injuries, cervical wounds, thoracic wall defect, and orthopedic injury to the forelimb are essential information
points in this regard.
ANESTHETIC AGENT SELECTION
Premedication
Premedication is elective in thoracic trauma anesthesia. The main purpose of premedication in trauma
patients is to provide a foundation for pain management. Premedication drugs will decrease discomfort in the
pre-anesthesia period. This benefit must be balanced against potential concerns regarding control of
ventilation if CNS injury status is unknown. If this is a concern, withhold premedication to prevent depression
of central CO2 regulation. Because intravenous access is already present, premedication drugs are administered
IV immediately prior to anesthetic induction. For this reason, premedication agents are discussed below.
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Anesthesia of the chest trauma patient

Tranquilizers
Diazepam and midazolam are safe in unstable patients. These agents are intravenously administered in
conjunction with opioids or immediately preceding hypnotic class agents. They reduce induction drug dose
requirement and provide anti-seizure protection in head trauma. We view these agents as “facilitators” in that
they enhance the clinical effect of co-administered drugs. Combined with opioids, they often permit intubation of
trauma patients. If pharyngeal/laryngeal reflexes are intact, topical lidocaine spray is used to facilitate intubation.
Ketamine
Ketamine is considered a “safe” choice for anesthesia induction. This is true, in part, because ketamine recruits
sympathoadrenal response which distinguishes it from other induction drugs. This response, however, is not
guaranteed in the trauma patient. Reports in human and veterinary medicine indicate variable patient response
following ketamine administration in trauma patients. Patients that exhibit significant pre-anesthesia stress
have an increased risk of cardiovascular depression following ketamine administration. In hypovolemia, ketamine
may produce similar hemodynamic effects to those noted following propofol administration. Ketamine should
not be used in patients with increased intracranial or intraocular pressure because compartmental hypertension
is associated with ketamine administration. It also has been noted in post trauma patients that tachycardia
following ketamine administration may not be well tolerated. For these reasons, we use ketamine as an adjunct
agent in trauma patients. We do not elect ketamine as an induction drug; however, it may be used at low (0.5-1
mg/kg/hr) as an adjunct for pain management in a PIVA or balanced anesthesia protocol.
Alpha 2 agonists
Alpha 2 agonists are used as induction and maintenance “facilitator” drugs in trauma patients. We combine microdose dexmedetomidine (1-3 mcg/kg) plus an opioid to reduce induction drug dose thus sparing cardiovascular
performance. We also use micro-dose (1-2 mcg/kg/hr) dexmedetomidine as a perioperative CRI for its sedation and
analgesic qualities. Including this protocol allows for significant MAC sparing of inhalation anesthesia.
Hypnotic Agents
We do not use propofol unless cardiovascular stabilization and integrity is confirmed. We do use etomidate
(Amidate® Abbott Inc.) to produce hypnosis in association with opioid class agents. Etomidate is selected
because of its ability to preserve hemodynamic indices compared to barbiturates and propofol. Alfaxalone is a
hypnotic agent that may be valuable in trauma cases. Limited data indicates promise; however, definitive data
has not yet been released.
Inhalation Agents
Inhalant anesthetics depress cardiopulmonary function in a dose-dependent manner. Sevoflurane and
isoflurane produce similar physiologic responses: reduced systemic and coronary vascular resistance
(vasodilation), decreased myocardial oxygen consumption, decreased myocardial contractility; decreased
cardiac output, lower blood pressure (hypotension), decreased respiratory rate and increased heart rate.
Sevoflurane has less myocardial wall relaxation during diastole in failing dog hearts. This may induce higher
myocardial workload and oxygen consumption under suboptimal conditions.
Both isoflurane and sevoflurane change intracranial and cerebral perfusion pressure when compared to
injectable anesthetic drug techniques. The impact of these changes is still not fully understood in that most
reports suggest that mean arterial pressure is the most critical factor in maintaining cerebral perfusion
pressure and homeostatic brain function when anesthesia is required following traumatic brain injury or for
intracranial neoplasia surgery.
Because of these findings, it is advantageous to minimize inhalant anesthetic dose, thereby minimizing
unwanted side effects. In unstable post trauma or hypovolemic patients, lower concentrations of inhalant
agents (< 1.0 MAC) are preferred to prevent significant cardiovascular instability. We use inhalation agents in
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Induction and Maintenance
Opioids
We commonly use opioids as part of an induction protocol in unstable patients. Sufentanil and fentanyl are the
primary choices in this class due to their high analgesic potency and minimal hemodynamic effects. Opioids
will depress central control of breathing; this may be an issue in co-existing head trauma as increased CO2 will
result in increased ICP. In patients presenting with depressed LOC, opioids may be adequate to establish airway
management when coadministered with a tranquilizer or hypnotic to produce neuromuscular relaxation.

Local anesthetics
local anesthetic drugs are used as adjuncts during general anesthesia. They provide several benefits including
ECG stabilization, visceral and somatic analgesia and mild sedation. They obtund protective airway reflexes
facilitating intubation and maintaining ET tube tolerance at light anesthetic depth.
Lidocaine is the most common drug used as an anesthesia adjunct. There is significant species variation in
biotransformation rate. In dogs, lidocaine half-life is approximately 15 minutes due to active CY 450 enzyme
system and glucuronide pathways. In cats, lidocaine half life is significantly increased when lidocaine is dosed
during general anesthesia. It’s use as an anesthesia adjunct is not recommended in cats due to its additive
myocardial depression response compared to an equivalent isoflurane dose.
Perioperative considerations
Airway Management
Orotracheal intubation with a cuffed endotracheal tube is the most common method to ensure airway control.
A laryngoscope is used for this procedure because it facilitates laryngeal visualization and visually verifies correct
ET tube location. If orotracheal intubation cannot be performed, alternate airway techniques (tracheostomy,
pharyngostomy intubation) are considered. The animal is supported on oxygen and inhalant via face mask until
airway control is established. If tracheostomy is elected, a controlled surgical approach is performed in the midcervical region; the tracheostomy tube is then introduced into the cervical trachea. A cuffed tracheostomy tube is
preferred to allow the airway to be sealed during anesthesia. For pharyngostomy intubation, an endotracheal
tube is introduced through a pharyngostomy incision and positioned in the trachea at standard location.
Ventilatory Support
Ventilatory support is indicated during anesthesia because hypoventilation is assumed due to the combined
effects of thoracic injury and anesthetic drugs. The goal of ventilatory support is to “mimic” normal ventilation.
Ventilatory support can be provided by manual compression of the reservoir bag in the breathing circuit or by
use of a mechanical ventilator. Under most conditions, digital compression of a reservoir bag attached to the
breathing circuit will be performed to support breathing. Delivered respiratory rate is 6-12 breaths per minute.
A simple way to estimate rate is for the anesthetist to breathe along with the delivered breath to develop a
rhythm and time breath delivery. Gentle compression of the bag will provide information on breath volume;
increased resistance is felt at the end of normal breath volume delivery. In dogs and cats, tidal volume (breath
volume) is approximately 10-22 ml/kg. Maximum airway pressure is 12-18 cm water in the dog and 10-15 cm
water in the cat. The inspiratory : expiratory ratio be 1:2. These benchmarks may be measured using the
pressure gauge incorporated in the anesthesia breathing circuit and a respirometer to measure tidal volume.
Airway pressure of 20-30 cm water may be required to maintain adequate breath volume in diaphragmatic
hernia, pneumo-hemothorax or significant chest wall injury due to change in pulmonary compliance.
It is preferred that higher rate, low volume breaths be used vs. high volume, low rate breath delivery.
Two types of mechanical ventilators are used in anesthesia; pressure-cycled and flow/volume-cycled design.
The operating principles differ in that a pressure-cycled ventilator delivers the tidal volume until a preset
airway pressure value is reached. The tidal volume delivered is variable depending on changes in respiratory
compliance and resistance. A volume-cycled ventilator has a preset tidal volume delivered regardless of airway
pressure. Most anesthesia ventilators are volume-cycled; most ICU ventilators are either pressure cycled or
hybrid in operating principle.
Recruitment maneuvers are used with IPPV to improve perioperative gas exchange. Positive end-expiratory
pressure (PEEP) can be used with IPPV to help keep small airways open in compromised patients. It is useful
with lung trauma or pulmonary edema. It increases functional residual capacity and improves gas exchange.
In most cases, a baseline airway pressure of 5-10 cm water pressure is maintained between breaths. A similar
strategy can be used in the spontaneously ventilating patient. Continuous positive airway pressure (CPAP) is
used keep small airways open to improve ventilation. CPAP allows the animal to take spontaneous breaths
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combination with CRIs of injectable drugs such as opioids, local anesthetics, ketamine and alpha 2 agonists to
produce a MAC sparing (dose reduction) effect during anesthesia. We do not use nitrous oxide due the concern
for compromising inspired oxygen concentration in pulmonary compromised or high oxygen demand patients.
Nitrous oxide is contraindicated in cases of closed air spaces such as gastric torsion, pneumothorax,
pneumoperitoneum and closed head injury patients. Nitrous oxide may expand the volume of these spaces
due to its rapid uptake into these areas.

Massive chest wall injury, diaphragmatic tears/hernia, and/or pulmonary tissue damage may reduce overall gas
exchange, oxygen uptake, carbon dioxide removal and inhalant anesthetic agent delivery. Under these
circumstances, inhalation anesthesia may not be fully delivered to the patient due to poor gas exchange which
results in uneven anesthetic depth. Conversion of anesthesia technique to partial or total intravenous anesthesia
may be warranted. Muscle relaxants may be indicated to overcome breathing resistance and permit increased gas
exchange through chest wall and diaphragmatic relaxation. Cis-atracurium, pipecuronium or vercuronium are
muscle relaxant agents of choice. Following administration of a muscle relaxant or supplemental analgesia,
inhalant agent level can be decreased unless inadequate anesthesia is the initial cause of patient resistance.
Monitoring
Perioperative monitoring of the thoracic injury patient is like other anesthetic patients. Cardiovascular and
respiratory stability, tissue perfusion, and anesthetic depth are critical issues. In acutely injured patients,
additional emphasis must be placed on evaluation tissue perfusion and oxygenation.
Monitoring cardiovascular parameters can indirectly provide information regarding gas exchange. An
electrocardiographic monitor is valuable to detect dysrhythmias that may be associated with thoracic injury
and impaired gas exchange. Atrial or ventricular-origin dysrhythmias may be noted secondary to thoracic
injury. Hypoxemia or hypercapnia are predisposing factors in dysrhythmia development. Tachycardia is a sign
of inadequate anesthetic depth, hypoxemia, or hypercapnia. Bradycardia may reflect anesthetic agent overdose,
severe hypoxemia or extreme hypercapnia. Diminished heart sounds indicate reduced mechanical activity of
the heart related to the factors noted above. Mucous membrane color is a qualitative indicator of gas exchange
and peripheral perfusion. Blood pressure can be measured by direct or indirect methods. Common techniques
of indirect measurement include oscillometry or Doppler principle. Direct pressure monitoring is possible by
femoral or dorsal pedal artery cannulation. Normal blood pressure values are 100-160 mm Hg systolic pressure,
diastolic 60-100 mm Hg diastolic pressure and 80-120 mm Hg mean arterial pressure. Hypoxemia or
hypercapnia will trigger an initial increase in blood pressure followed by hypotension in terminal phase.
Respiratory monitoring should be critically evaluated. Qualitative evaluation of respiratory function will include
respiratory rate and pattern, chest wall motion and abdominal compression during exhalation in the
spontaneously breathing animal. Mucous membrane color and refill provides information regarding tissue
oxygen delivery. End tidal capnography is used to evaluate overall gas exchange and pulmonary blood flow.
Arterial blood gases will provide information regarding ventilatory status of the patient Pulse oximetry is a
noninvasive technology that gives information on tissue oxygenation. Normal hemoglobin saturation is 98100%, moderate desaturation occurs at < 90%, and severe hypoxemia occurs at 85%.
Recovery
Anesthesia recovery is a critical period because 40% of all anesthesia complications occur during this time.
All general standards of care used during anesthesia recovery are performed. In addition, the respiratory
compromised patient requires additional action steps during recovery. Patient positioning in sternal
recumbency and maintaining a clear, unobstructed airway are important. Intubation is maintained until the
patient demonstrates spontaneous ability to maintain a clear, unobstructed airway and active airway reflexes.
Respiratory gas exchange can be monitored with a pressure gauge and respirometer. An anesthesia breathing
circuit pressure gauge is used to evaluate generation of sub-atmospheric (negative) pressure indicating return
of respiratory muscle function. Two methods to measure airway pressures can be used 1) temporary occlusion
of the reservoir bag with the pressure relief valve sealed and oxygen flow meter shut off. This creates a zerovolume circuit which reflects patient generated pressure changes 2) connection of a pressure gauge to an
endotracheal tube via a T fitting. The device can be momentarily occluded during inspiration with a gloved
finger showing patient generated negative pressure. A patient generated pressure of minus (-) 10-20 cm water
indicates the patient has enough thoracic muscle strength and integrity to spontaneously breathe. This test
can be combined with respirometry to measure breath volume. The respirometer is placed on the end of the
endotracheal tube or attached to a tight-fitting face mask that can be placed over the nose and mouth. We
expect to measure a minimum of 10 ml/kg tidal volume. If the animal has a lower tidal volume, assisted
ventilation should continue. Following extubation, CPAP may be required to maintain physiologic gas exchange.
Availability of supplemental oxygenation is important to prevent hypoxemia and hypoventilation in the
immediate postoperative period. Following extubation, evaluation of the patient should continue for a
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while maintaining a continuous positive airway pressure. This technique is useful at the beginning or end of a
surgical procedure that carries the risk of significant lung atelectasis.

Patients undergoing thoracotomy require additional consideration. Pulmonary reinflation following surgery
should be confirmed by direct visualization of the lungs prior to incision closure. Evacuation of the pleural
cavity to restore normal physiologic relationship of the lungs and chest wall must occur. In most cases, a
thoracostomy tube is placed prior to closure. The tube is aspirated to remove air and fluid from the pleural
cavity. Following incision closure, the animal is rolled in several positions during tube aspiration to remove any
residual air or fluid. The tube is clamped to prevent reintroduction of air into the pleural space, and a loose
wrap is placed on the thorax. If the tube is placed after the chest is closed, a radiograph should be taken to
confirm interpleural location.
Pain relief following thoracic surgery is necessary to assure adequate chest expansion and gas exchange. Pain
relief is provided by a combination of regional-local analgesia and systemic pain medication. During lateral
thoracotomy, intercostal nerve blocks are performed to provide analgesia. Intercostal nerve blocks can be used
in both the dog and the cat. Bupivicaine (Maracaine, Nocita) is used for local analgesia. Intercostal nerve block
requires injection at individual nerve locations, ideally under direct visualization. Two nerve segments on either
side of the incision should be blocked. An injection volume of 0.5 ml per nerve is used. Blocking the intercostal
nerves will decrease the amount of systemic analgesic drugs required.
Interpleural administration of local anesthetic agents (0.5% bupivacaine) will also provide significant pain relief.
1.5 mg/kg of 0.5% bupivicaine are instilled through the chest drain or a wound catheter placed in the pleural
space. Following administration, the patient is positioned in dorsal recumbency or injured side down so that
contact of the proximal segmental nerves with bupivacaine occurs. Segmental analgesia is achieved within 15
minutes following administration. The duration of analgesia ranges from 4-12 hours with this technique.
Systemic analgesics are indicated for pain relief in the post-thoracotomy patient. Opioid agonists such as
buprenorphine, hydromorphone or fentanyl may be used. These drugs may be delivered as timed doses or as
constant rate infusions (CRIs). If CRIs are used, concurrent administration of lidocaine and ketamine may
improve analgesia. Concern regarding opioid induced respiratory depression is far outweighed by the improved
tidal volume and reduced respiratory effort.
Specific conditions
Laryngotracheal Injury
Laryngotracheal laceration and tracheal ring fracture/collapse are associated with dog fight injury. Preoperative
preparation includes wound stabilization, premedication to reduce anxiety induced respiratory effort increase
and preoxygenation. A rapid sequence induction and quick airway control are target goals in anesthesia planning.
In cases without concurrent cardiovascular injury, sedative-hypnotics such as propofol or etomidate may be safely
used. In cases demonstrating hemodynamic instability, opioid-tranquilizer induction is preferred. Orotracheal
intubation is accomplished as quickly as possible. Premeasuring ET tube length will ensure tube positioning
beyond the point of injury. Following intubation and cuff inflation, ventilatory support is initiated. For endoscopic
airway examination, oxygen insufflation through the bronchscope side port or use of an endotracheal tube
adapter with a sealed side port for bronchoscope entry are preferred methods to prevent hypoxemia.
Recovery period is critical in these patients. During emergence, airway support is maintained as long as
possible. Supplemental oxygen by nasal catheter or face mask is important to prevent hypoxemia following
extubation. If long term ventilatory support is anticipated, elective tracheostomy and tracheostomy tube
placement is performed at this time.
Chest Wall Injury
Chest wall injury requires special anesthetic consideration due to the effect that injury has on respiratory
mechanics and gas exchange. A common presentation is multiple rib fractures and/or flail chest. Flail chest will
impair gas exchange due to combined effects of thoracic wall dyskinesia and pulmonary injury. Preoperative
patient management should include flail segment stabilization prior to anesthesia. In cases where stabilization
cannot be achieved, the patient can be placed in lateral recumbency with flail side down to improve ventilation.
Chest wall injury patients should be considered an anesthetic risk. Pulmonary injury is assumed in all cases.
Oxygen support is provided during the preparation and induction period. Anesthetic techniques that provide
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minimum of fifteen minutes. Assessment of mucous membrane color, refill, respiratory rate and effort, heart
rate and pulse quality and SaO2 will provide information regarding patient stability.

Anesthetic maintenance is usually via inhalant agents. In severe cases of global pulmonary injury, low doses of
inhalation agents combined with intravenous agents may be necessary to maintain stable anesthetic depth.
Monitoring techniques for high risk patients including arterial blood gases should be used in these patients.
Following surgical correction, airway maintenance and supplemental oxygen delivery is provided as long as
possible. Pain management by local nerve blocks and parenteral analgesics will facilitate normal breathing in
the postsurgical period. External bandages should not be tightly wrapped around the thorax.
Penetrating chest wall trauma requires aggressive management. In all cases, pneumothorax and hemothorax
must be assumed until otherwise proven. Preoperative stabilization includes supplemental oxygen support,
thoracentesis, or thoracostomy tube placement prior to anesthetic induction. In cases that cannot be stabilized
or have massive open wounds, immediate anesthetic induction and airway support is required. Perioperative
anesthetic management is similar to that described above.
Pleural Space Injury
Space occupying lesions hemothorax, pyothorax, pneumothorax, chylothorax or intrapleural mass create abnormal
pulmonary compliance and dynamics. Cases presented with these lesions are considered high risk because
anesthesia may further compromise the patient’s ability to maintain normal gas exchange and oxygenation.
Preoperative stabilization is critical in these patients. Drainage of fluid or air from the pleural space by
thoracentesis or placement of a thoracostomy tube is essential to establish cardiorespiratory stability prior to
anesthesia. Supplemental oxygen administered by nasal catheter or face mask is important. Continued
monitoring of cardiorespiratory parameters during anesthetic preparation and induction is essential. A suction
drain system is used to monitor additional fluid and/or air accumulation in the pleural cavity. In cases with
minimal cardiovascular compromise, induction techniques that permit rapid control and airway management
are preferred. Following induction, anesthetic maintenance with inhalation anesthesia is acceptable. Nitrous
oxide is not used due to potential entrapment and volume expansion in the pleural space.
Postoperative management includes continued pleural cavity drainage until air or fluid are no longer present.
Supplemental oxygenation is critical in these patients to offset poor tidal volume and gas exchange associated
with the underlying injury and residual effects of anesthetic agents.
Diaphragmatic hernia
The most common thoracic injury following trauma is diaphragmatic hernia. A patient with traumatic
diaphragmatic hernia should be stabilized before attempting surgical repair. Supplemental oxygenation by
nasal catheter or face mask is beneficial in all cases. Positional change may improve ventilation. Vertical posture
may produce partial repositioning of visceral structures and improve ventilation. In cases where gastric
entrapment and dilation has occurred, percutaneous gastrocentesis is performed to reduce intragastric volume
prior to surgical correction.
Like other pleural space occupying masses, diaphragmatic produces an increased risk of hypoxemia when the
patient is stressed. Visceral displacement into the thoracic cavity causes impaired venous return to the heart
secondary to right ventricular free wall and great vessel compression. In cases with stable cardiovascular
function, induce anesthesia with a rapid sequence protocol to facilitate airway control. In unstable patients,
select techniques that stabilize cardiovascular function and permit rapid intubation. Following anesthetic
induction and endotracheal intubation, immediately begin ventilation support. Surgical preparation is done in
sternal or lateral recumbency: dorsal recumbency is not permitted until cardiorespiratory variables can be
monitored. Blood pressure should be closely monitored to ensure adequate venous return (preload) to the heart
as hypotension can become progressively worse during the perioperative period. In these cases, dopamine or
dobutamine infusions may be necessary to improve myocardial contractility and cardiac output.
Primary lung injury
These patients should be considered a critical anesthetic risk. Foreign bodies, pulmonary abscess, bullae and
lung lobe torsion will require surgical intervention. Blunt thoracic trauma may result in pulmonary and cardiac
contusion; these injuries result in abnormal pulmonary gas exchange. Preoperative assessment of
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rapid induction and airway control should be selected. Following orotracheal intubation, ventilatory support is
immediately begun. Positive pressure ventilation will reverse transthoracic pressure gradients generated
during normal ventilation and provide a “pneumatic splint” to stabilize the flail segment.

Pericardial Injury
Cardiac tamponade will cause significant hemodynamic changes. These cases are considered “cardiac cripples”
because the heart cannot effectively pump due to restriction in ventricular chamber size thereby reducing preload
and decreasing cardiac output. Bradycardia may also be present adding to the severity of cardiac compromise.
Preanesthetic stabilization by pericardiocentesis is strongly recommended to improve hemodynamic performance
during the anesthetic period. Anesthetic agents that minimally depress myocardial contractility and cardiac rate are
selected for anesthesia. In the dog, a narcotic BNZ tranquilizer combination IM or IV is used for premedication.
Induction by narcotic- etomidate combination IV is recommended. Barbiturates and propofol are avoided. Ketamine
should also be avoided because tachycardia may be undesirable in the compromised heart. In the cat, premedication
with low dose ketamine-midazolam or narcotic-tranquilizer IM is preferred. Low dose ketamine-midazolam IV is
used for anesthetic induction. Topical anesthesia will facilitate intubation. IPPV will decrease cardiac output in
these cases. Inotropic class drugs are commonly used during the perioperative period.
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cardiorespiratory function is critical in these cases. Patient evaluation should include physical examination,
thoracic radiographs and quantitative evaluation of oxygen and carbon dioxide transport using arterial blood
gas analysis, pulse oximetry and capnography. Preoxygenation during preparation and induction periods is
vital to help stabilize the patient. Anesthetic techniques that provide rapid induction and airway control should
be selected. Ventilatory support should be started immediately after intubation. Addition of PEEP during the
perioperative period to maintain alveolar inflation may be indicated. Perioperative patient monitoring must
include end tidal gases, pulse oximetry, and arterial blood gases. During recovery, airway and oxygen support
are maintained as long as possible. A minimum of one thoracostomy tube is placed in all cases to assure
thoracic evacuation. The thoracostomy tube is maintained until no evidence of air or fluid accumulation is
noted. Supplemental oxygen is continued for 12-24 hours following extubation. Pain management by local
nerve blocks and parenteral analgesics facilitates breathing comfort in the postsurgical period.

Tara Bellis BVetMed MRCVS DACVECC
BluePearl, New York
Normal respiratory physiology:
Pleural pressure is the pressure of fluid between the pulmonary pleura and the chest wall pleura. It is slightly
negative at rest (-5 cmH2O) in order to keep the lungs open; and is determined by two opposing forces: the
tendency of the thoracic wall to spring outward and the tendency of the alveoli to collapse inward (elastic
recoil). During inspiration the pleural pressure becomes slightly more negative (-7.5 cm H2O) as the chest wall
expands, pulling the lungs outward. The reverse occurs during expiration. Alveolar pressure is the pressure of
air inside the alveoli. This pressure is zero at rest (close to atmospheric pressure). To cause an inward movement
of air during inspiration the alveolar pressure needs to become sub-atmospheric (- 1cm H20). During expiration
the opposite occurs; alveolar pressure rises and forces air out of the alveoli. Trans-pulmonary pressure is the
difference between the alveolar and the pleural pressures; and is a measure of the elastic recoil properties of
the lung (also called the recoil pressure). Total compliance is a product of lung compliance and chest wall
compliance (the extent to which the lungs will expand for each unit increase in trans-pulmonary pressure).
Lung compliance is a change in volume over change in pressure in the alveoli. Chest wall compliance is
influenced by extra-pulmonary factors (obesity, intra-abdominal pressure, chest wall disease). Airway resistance
is a change in pressure over change in flow and is related to the diameter of the airways. Increased airway
resistance will decrease lung compliance.
‘Work’ of breathing:
Inspiration is an active process, therefore there is some work required (versus expiration, which is passive).
The work of inspiration can be divided as follows:
• Compliance (or elastic) work: energy required to overcome the elastic recoil forces.
• Tissue resistance work: energy to overcome the viscosity of lung and chest wall structures.
• Airway resistance: energy required to overcome resistance to movement of air into the lungs.
Cardiovascular effects of respiration:
Changes in pleural pressure influence right ventricular inflow and left ventricular outflow. Negative pleural
pressure at rest increases venous return and preload, decreases right ventricular afterload, and increases left
ventricular afterload. Positive pressure ventilation increases pleural pressure and thus decreases preload,
increases right ventricular afterload, and decreases left ventricular afterload. Trans-pulmonary pressure has an
influence on right ventricular outflow and left ventricular inflow.
Pulmonary edema:
Pulmonary edema is defined as an increase in extravascular water. Under normal circumstances, there is a
small net efflux of fluid and solutes out of the alveolar capillaries into the interstitium. Peribronchovascular
lymphatics provide drainage, and tight alveolar epithelial cell junctions help keep the alveoli dry. The quantity
of fluid filtered and its protein content depend on the trans-vascular hydrostatic and colloid osmotic pressure
differences, and the leakiness of the endothelial barrier to water and protein. Lymphatic drainage can increase
several-fold, so pulmonary edema cannot occur until the rate of fluid filtration exceeds the rate of lymphatic
removal. Two main types of pulmonary edema are recognized: high pulmonary pressure with normal alveolarcapillary barrier (hydrostatic) and increased alveolar capillary permeability (leak).
Congestive heart failure:
Congestive heart failure is the ‘clinical syndrome in which cardiac dysfunction leads to activation of the reninangiotensin-aldosterone, and sympathetic nervous systems, producing hypervolemia and vasoconstriction,
followed by vascular congestion and edema’. An ineffective stroke volume caused by the failing heart leads to a
decrease in preload back to the heart, which stimulates the renin-angiotensin-aldosterone system to retain salt
and therefore water at the level of the kidney; thereby increasing blood volume to facilitate an increased cardiac
output. Because the failing heart is functioning on the steep portion of the Frank-Starling cure, there comes a
point at which the heart cannot generate any further stroke volume irrespective of the preload volume. An
increase in left atrial and left ventricular diastolic filling pressures occurs, which increases pulmonary capillary
pressures, overwhelming lymphatic drainage and resulting in low protein alveolar flooding. Pulmonary edema
leads to decreased lung compliance, impaired gas exchange, and increased work of breathing.
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Mechanical ventilation for the congestive heart failure patient

Mechanical ventilation:
The general indications to implement mechanical ventilation are as follows: Hypoxemia not responsive to
oxygen therapy (spo2 < 95% with FiO2 0.6), hypercapnia (PaCO2 > 50-60 mmHg), and increased work of
breathing, with possible impending respiratory fatigue/arrest. Oxygenation is the movement of oxygen into
the alveoli; and depends upon the surface area for gas exchange as well as specific qualities of the gas
exchange barrier. Ventilation refers to the removal of carbon dioxide from the blood, via the lungs, and depends
upon the movement of gas into the alveoli. A mechanical ventilator facilitates both oxygenation and
ventilation; and takes over the work of breathing.
Mechanical ventilation for the heart failure patient:
In the veterinary literature, the success rates for weaning and discharging patients that are mechanically
ventilated are generally poor for severe pulmonary parenchymal disease. That said, mechanical ventilation can
be life-saving. There is one veterinary study looking specifically at mechanical ventilation for heart failure
patients, and overall survival rates were good, suggesting that of all the causes of pulmonary parenchymal
disease, heart failure patients may fare better with mechanical ventilation than average. There are a number of
specific reasons that mechanical ventilation may benefit the heart failure patient. Positive pressure ventilation
provides positive end expiratory pressure (PEEP); which is crucial to keeping the alveoli open and facilitating gas
exchange in the diseased lung. PEEP decreases preload by increasing intrathoracic pressure, which is
transmitted to the right atrium, increasing right atrial pressure and decreasing the gradient for venous return
coming back to the heart. This drops the right ventricular preload, which corresponds to a decrease in left
ventricular preload and therefore left atrial pressure. As a result, pulmonary venous congestion is reduced. PEEP
also decreases cardiac afterload by increasing transmural pressures, thereby decreasing LV oxygen demand and
increasing cardiac output. It has also been shown to decrease extra-vascular lung water by directly exerting a
pressure at the level of the alveoli which is opposed by the increase in intrathoracic pressure; this forces fluid
back into the vasculature. PEEP also improves hypoxia-induced pulmonary vasoconstriction, reducing
ventilation-perfusion mismatch, and improving oxygenation of the myocardium. Mechanical ventilation can
modulate the neuro-hormonal effects of heart failure in a number of ways, including augmentation of
parasympathetic activity via stretch receptors in the lungs, effects on cardiac baroreceptors through increased
intrathoracic pressure, and release of endogenous norepinephrine.
The heart failure patients should be ventilated for the least amount of time necessary to clear the pulmonary
edema. Once weaned, the patient should be observed closely for re-accumulation of fluid.
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Treatment for congestive heart failure:
The mainstay of treatment is to provide oxygen therapy, reduce preload with diuretics, reduce afterload with
vasodilators, and increase forward flow with positive inotropes. There are patients that will not respond to this
conventional approach; or that will be at risk of respiratory fatigue whilst awaiting said response. Pulmonary
edema takes time to clear, and if the work of breathing is alleviated with mechanical ventilation, these patients
can be afforded more time.

Efrat Kelmer, DVM, DACVECC, DECVECC
The Hebrew University Veterinary Teaching Hospital
The Koret School of Veterinary Medicine
The initial treatment of dogs and cats that present with CHF and pulmonary oedema typically includes oxygen
therapy, mild sedation in the form of butorphanol (0.2-0.4 mg/kg IM or IV), intermittent boluses of furosemide
starting at a dose of 2 mg/kg IM or IV and placement of the venodilator nitroglycerine sticker. In addition,
diagnostic measures to ascertain that the patient indeed suffers from CHF should be undertaken and include a
FAST ultrasound to rule out presence of free fluid in the thoracic cavity (mainly in cats), measurement of the left
atrial to aorta ratio (La:Ao), serum or pleural effusion NT-proBNP, thoracic radiographs and ultimately an
echocardiogram.
Positive pressure ventilation
In dogs and cats that remain dyspnoeic despite the above interventions, additional treatments need to be
considered. If the animal is significantly dyspnoeic and cyanotic, there is no choice but to anaesthetise, intubate
and ventilate. It is recommended to be prepared with a suction machine prior to intubation to facilitate
removal of pulmonary oedema from the lungs and trachea. Alternatively, small animals may be held upside
down for a few seconds following intubation and with gentle coupage to facilitate fluid removal. If positive
pressure ventilation (PPV) is feasible, anaesthesia induction may include diazepam or midazolam, in addition to
propofol, ketamine or etomidate. If PPV is not feasible, benzodiazepines should be avoided to prevent
respiratory muscle relaxation. Care should be taken to measure the ET tube “in the heat of the action” in order
to avoid one-lung ventilation with an ET tube that is too long. Butorphanol at a constant rate infusion (CRI, 0.2
mg/kg/h) should be considered to decrease anaesthetic doses.
In a study performed at the author’s institution evaluating 31 dogs and cats ventilated due to CHF (proceedings
of this conference), prognosis for weaning and discharge was significantly better compared to 33 dogs and cats
undergoing PPV for all other causes (71 vs 33% for weaning, 53 vs 24% for discharge, P<0.015 for both). Most
patients were ventilated for less than 24 hours. Therefore, clinicians should be comfortable with offering this
short-term intervention to owners of dogs and cats with severe CHF. Long-term survival was significantly longer
for the non-CHF group.
Furosemide constant rate infusion (CRI)
In dogs and cats without a need for immediate “crash intubation”, a furosemide CRI may be considered (0.5-1
mg/kg/hr). The furosemide dose should be tapered as soon as respiratory rate and effort decrease to
reasonable values, in order to avoid significant dehydration and acute kidney injury, which is common in
patients with CHF. In a retrospective study comparing furosemide bolus to CRI in 100 patients with CHF (76
dogs and 24 cats), there were no significant differences between the two treatment modalities in terms of
outcome and decrease in respiratory rate. There was a trend towards a shorter hospitalisation time and a
significantly lower median furosemide dose in the CRI group, while creatinine and total protein were higher in
the CRI group. Treatment with CRI following the initial furosemide bolus carries the advantage of less technical
management and the ability for gradual tapering of the dose.
Sodium nitroprusside (SNP)
Alternatively to a furosemide CRI, a CRI of SNP may be initiated. Sodium Nitroprusside is a potent veno- and
arterio-dilator; therefore, it has the potential to significantly decrease blood pressure (BP) and should not be
used in hypotensive animals. In normo- or hypertensive animals, a CRI may be initiated at a dose of 0.5 ug/kg/
min while constantly monitoring BP. Targeting a MAP of 70 mmHg or a systolic blood pressure of 90 mmHg,
titrate doses upward in 0.5-1 ug/kg/min every 10-15 minutes until pulmonary function improves to a maximum
dose of 5 ug/kg/min. As it is anticipated that BP will fall, the author typically places an additional IV catheter in
preparation for dobutamine CRI, typically initiated at a dose of 5 ug/kg/min and tapered up or down as needed.
Sodium Nitroprusside should be tapered down after 12 hours and discontinued after 24 hours to avoid cyanide
toxicity. In addition, SNP is light-sensitive such that tubing and syringes containing it need to be protected from
light. Currently, no studies assessing SNP for acute decompensated CHF exist in the veterinary literature;
however, the above protocol has been successfully used by the author and other cardiologists and criticalists.
Obviously, studies evaluating this protocol are needed.
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Congestive heart failure - when furosemide and oxygen are just not enough

At the moment, no studies are available regarding use of IV pimobendan in cats; Nevertheless, many
cardiologists and criticalists have used this drug intravenously in cats in the past years, and several studies
were published evaluating its oral use. In one study, cats in CHF suffering from HCM (n=22) or HOCM (n=5)
receiving pimobendan had a significant benefit in survival time. Median survival time of case cats receiving
pimobendan was 626 days, whereas median survival time for control cats not receiving pimobendan was 103
days. It should be noted that some cardiologists fear the use of pimobendan in the subset of cats suffering
from left ventricular outflow tract obstruction (LVOTO) and systolic anterior motion (SAM); the rationale being
avoiding increased contractility in the face of an obstruction. There are no studies to support or contradict this
fear at the moment. In one study evaluating 170 cats receiving pimobendan, 4 were judged to have LVOTO, and
none documented to have worsening of clinical signs or LVOTO after initiation of pimobendan. In another
crossover study evaluating the use of pimobendan in a colony of cats with naturally occurring HCM,
pimobendan did not exacerbate LVOT obstructions; however, no cat was judged to have a significant
obstruction. Lastly, in a study evaluating 27 cats with CHF, 1 cat with SAM became significantly hypotensive
following use of pimobendan and was eventually euthanised. Without an echocardiogram, it is difficult for the
ER clinician to identify the subset of cats that suffer from LVOTO; however, in general, these cats are more likely
to have a loud murmur, and in this subset of cat, when possible, treatment with pimobendan should be based
on an echocardiogram.
In summary, in dogs and cats refractory to traditional treatment for CHF, PPV should be considered if they are
significantly dyspnoeic. In those that are not in need for immediate intubation, furosemide or nitroprusside CRI
may be considered. In most cases, a single intravenous dose of pimobendan is reasonable; however,
pimobendan should be used with caution with cats suspected to have obstruction of the LVOT.
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Intravenous pimobendan
In the most commonly diagnosed cardiac diseases in dogs and cats (i.e. mitral valve dysplasia and DCM in dogs,
and cardiomyopathies in cats), pimobendan should be considered in the initial management of patients with
CHF. With the availability of pimobendan IV, it makes more sense to use the intravenous route, rather than
stressing a dyspneic animal to receive an oral medication; however, prolonged use of pimobendan IV may be
cost-prohibitive. In anaesthetised and ventilated animals, an oro-gastric or naso-gastric tube may be placed to
facilitate the administration of oral medications or water following initial stabilisation. Currently, the
recommended IV dose of pimobendan is 0.15 mg/kg q8-12 hours which is lower than the oral dose of 0.25-0.3
mg/kg q8-12 hours. In addition, only 2 studies evaluating the use of IV pimobendan in healthy dogs have been
published up to date. Based on these studies, use of IV pimobendan is safe in healthy dogs and causes an
inotropic effect that lasts at least 60 minutes. There were no hemodynamic changes after the subcutaneous
pimobendan injection.

Corrin J. Boyd, BSc, BVMS(Hons), GradDipEd, MVetClinStud, MANZCVS, DACVECC
Murdoch University
Background
Anxiety, “an emotional response to stimuli associated with potential danger”, is a state that persists for the
duration of potentially threatening circumstances. Similar to fear, which is directed at more clearly defined
threats, anxiety evolved as an adaptive mechanism to vague threats. However, anxiety is maladaptive when the
circumstance does not contain an actual threat, such as in the case of hospital-acquired anxiety (HAA) in small
animals. The term HAA, rather that hospital-induced anxiety, is used to capture the fact that it can occur in
animals with or without an underlying chronic anxiety disorder.
Anxiety is common in human ICU patients, with 85% of patients in one study reporting some degree. There are
no published data on the prevalence of HAA in small animals, but anecdotal experience and studies of
anxiolytic medications suggest it is common. Likewise, there are little data on the consequences, but they are
likely to be underestimated. Obvious effects are the distress caused to the patient, the owner, and the
caregiving team. Anxiety can activate an array of neurohormonal responses such as the sympathetic nervous
system and the hypothalamic-pituitary-adrenal axis, with direct effects documented in humans and small
animals including immunomodulation, delayed wound healing, gastrointestinal dysfunction, and increased
intensity of pain perception. Additionally, as these are the same neurohormonal systems activated by
conditions such as pain and shock, anxiety can confound the monitoring of critically ill patients. Treatment of
HAA has the potential to both directly improve patient welfare and promote recovery from critical illness.
Assessment
As anxiety is an emotional state, it is impossible to directly assess if an animal is experiencing it. Assessment
relies on behavioural indicators, such as whining, trembling, hiding and postural changes. These may differ
substantially between dogs and cats. There are a large number of potential behavioural indicators, but most
can be caused by other conditions such as pain, nausea, or the underlying disease. Similar to pain, assessment
would be facilitated by a validated multifactorial scoring instrument, which does not currently exist for the
specific setting of HAA. A canine scale was proposed and partially validated in a study of trazodone but has not
been widely accepted. Physiologic indicators such as heart rate and blood pressure may also provide useful
supportive information but should not be used in isolation due to the large number of other differential
diagnoses for tachycardia and hypertension. There will never be a perfect tool for assessment of HAA, and
clinicians must also integrate subjective impressions, owner assessments, and response to treatment.
Non-pharmacologic management
Whilst medication is often a necessary component in the treatment of HAA, it is important to also employ nonpharmacologic means where possible, as these are usually simple, inexpensive, and do not carry adverse effects.
Major stimuli causing HAA include the absence of familiar environmental stimuli and the presence of
unfamiliar environmental stimuli. Thus, familiar toys or food from home can alleviate anxiety in some animals.
Owner visits may be beneficial in some cases, although care should be taken as the owner leaving may be a
trigger for separation anxiety in some animals. Avoidance of unfamiliar stimuli is also useful. Cats should be
separated from dogs in a quiet environment and may benefit from provision of a hiding box. Some dogs will
have a preference for larger runs, while others may prefer smaller cages; the height of the cage may also affect
anxiety. Line of sight to other dogs may be stressful and covering of the cage should be considered. Scents from
other stressed animals should be avoided by using clean bedding and towels.
Sleep deprivation is a contributor to anxiety in humans and promotion of normal sleep patterns is likely to be
helpful in reducing anxiety in small animals. Please see proceedings for Circadian rhythm and management of
sleep in critical illness for further discussion.
Constant physical pressure, such as with the commercially available ThunderShirt®, has been proposed to
reduce anxiety. Current research in dogs has shown mixed results: an experimental study showed less increase
in heart rate but no difference in behavioural scores, while a pilot, uncontrolled, clinical study showed
improvement in a composite behavioural score following ThunderShirt® application. Further research is
required before use can be routinely recommended, but it is reasonable to consider use in situations where
other options are limited.
Whilst evidence of efficacy is currently inconclusive, pheromones such as Feliway® and Adaptil® can be also be
considered.
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Anxiety in hospitalised patients: Recognition and management

Trazodone
Trazodone is a serotonin antagonist and reuptake inhibitor with anxiolytic and mild sedative effects that shows
clinical effects within 90 minutes of a single oral dose in dogs. The sedation effect is usually mild enough to
allow normal alertness, mobilisation, and eating. Effectiveness has been demonstrated for HAA and post-surgical
confinement in dogs and veterinary examination stress in cats. An initial dose recommendation is 4-6mg/kg PO
q8-12h, with titration up to 10-12mg/kg PO q8-12h. Cats are generally administered 50mg (total dose). Trazodone
is a serotonergic medication, but the risk of inducing serotonin syndrome is low. However, the author does take
care and typically uses a lower dose when there are multiple other serotonergic medications or disease states
where elevated CNS serotonin levels may be detrimental, such as brain injury. Trazodone is a good first-line
treatment for HAA, as it provides background anxiolysis without a ‘see-saw’ of sedation and anxiety.
a2 agonists
Medetomidine and dexmedetomidine provide anxiolysis, adjunct analgesia, and sedation through pathways
similar to normal sleep. Whilst not specifically evaluated in HAA, dexmedetomidine has been shown to be
effective for noise-associated anxiety in dogs. Low doses such as medetomidine boluses of 0.5-2mg/kg and/or a
CRI of 0.5-2mg/kg/hour can provide effective anxiolysis whilst minimising adverse effects of cardiovascular and
respiratory depression, hyperglycaemia, and diuresis. Dexmedetomidine is used at half of these doses, and may
provide less sedation for the same degree of anxiolysis.
Benzodiazepines
Benzodiazepines have well-documented anxiolytic effects in humans, and some evidence for their use in dogs
with storm phobia and a variety of chronic anxiety disorders. Parenteral diazepam and midazolam are shortacting, so oral benzodiazepines such as alprazolam (0.02-0.05mg/kg PO q6-12h) are a preferred option for HAA.
Sedation can be variable, and paradoxical CNS excitement or disinhibition of aggression may sometimes occur.
Gabapentin
Gabapentin is most frequently used in small animals for its analgesic, or occasionally its antiepileptic, effects,
but may be an effective sedative and anxiolytic. There is evidence of efficacy for this indication in cats with
capture and veterinary examination stress. There is no scientific evidence for use in this indication in dogs;
anecdotal experience suggests it may be effective. It may be a good option for animals with both HAA and
chronic or neuropathic pain. High starting doses of 10-20mg/kg q8-12h may be efficacious more rapidly than
lower doses but may also cause more profound sedation.
Opioids
Opioids are not believed to be intrinsically anxiolytic but may be helpful in the management of HAA through
their sedative and analgesic effects. Adequate treatment of pain can reduce the stimuli causing anxiety. When
primarily the sedative effect is desired, such as the management of brachycephalic obstructive airway
syndrome, a butorphanol CRI (0.1-0.2mg/kg/hour) can be a good option, often in combination with a true
anxiolytic such as trazodone.
Phenothiazines
Traditionally, many veterinarians used phenothiazines such as acepromazine as a first-line treatment for HAA.
However, as these provide tranquilisation without true anxiolysis, their use as a sole agent is discouraged. They
may even worsen anxiety, as the animal still experiences the anxiety-inducing stimuli but is unable to respond
to them. However, they may sometimes play a role in combination with true anxiolytics to help settle an animal
with potentially harmful behavioural manifestations of HAA such as thrashing or cage biting.
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Pharmacologic management
Definitions
The following definitions will be used for this section:
•A
 tranquiliser is a medication that causes relaxation and reduces activity whilst maintaining wakefulness and
awareness of the surrounding environment;
•A
 sedative is a medication that causes relaxation with drowsiness and a reduced awareness of the
surrounding environment;
•A
 n anxiolytic is any medication that reduces the perception of anxiety. Anxiolytics are usually also
tranquilisers or sedatives. However, not all tranquilisers or sedatives are anxiolytics.

Future directions
The benefits of identification and management of HAA are only starting to be documented but are likely to be
substantial. Clinical trials to compare management strategies are necessary to refine our treatment.
Standardised assessment instruments are necessary for both research and clinical practice.
References
1. Mills DS, Marchant-Forde JN. The Encyclopedia of Applied Animal Behaviour and Welfare. CABI; 2010. McKinley
S, Stein-Parbury J, Chehelnabi A, Lovas J. Assessment of anxiety in intensive care patients by using the Faces
Anxiety Scale. American Journal of Critical Care. 2004;13(2):146-152.
2. Gilbert-Gregory SE, Stull JW, Rice MR, Herron ME. Effects of trazodone on behavioral signs of stress in
hospitalized dogs. Journal of the American Veterinary Medical Association. 2016;249(11):1281-1291.
3. Ray A, Gulati K, Rai N. Stress, anxiety, and immunomodulation: a pharmacological analysis. Vitamins and
Hormones. Vol 103: Elsevier; 2017:1-25.
4. Ebrecht M, Hextall J, Kirtley L-G, Taylor A, Dyson M, Weinman J. Perceived stress and cortisol levels predict
speed of wound healing in healthy male adults. Psychoneuroendocrinology. 2004;29(6):798-809.
5. Gareau MG, Silva MA, Perdue MH. Pathophysiological mechanisms of stress-induced Intestina damage.
Current Molecular Medicine. 2008;8(4):274-281.
6. Colloca L, Benedetti F. Nocebo hyperalgesia: how anxiety is turned into pain. Current Opinion in
Anesthesiology. 2007;20(5):435-439.
7. Hammerle M, Horst C, Levine E, et al. 2015 AAHA canine and feline behavior management guidelines. Journal
of The American Animal Hospital Association. 2015;51(4):205-221.
8. Vinke C, Godijn L, Van der Leij W. Will a hiding box provide stress reduction for shelter cats? Applied Animal
Behaviour Science. 2014;160:86-93.
9. Pires GN, Tufik S, Andersen ML. Sleep deprivation and anxiety in humans and rodents--translational
considerations and hypotheses. Behavioral Neuroscience. 2015;129(5):621-633.
10. King C, Buffington L, Smith TJ, Grandin T. The effect of a pressure wrap (ThunderShirt®) on heart rate and
behavior in canines diagnosed with anxiety disorder. Journal of Veterinary Behavior: Clinical Applications
and Research. 2014;9(5):215-221.
11. Damon M, Rozanski E, Spagnoletti C, Sharp C. Use of the Thundershirt to control canine anxiety in the ICU
(abstract). Journal of Veterinary Emergency and Critical Care. 2014;24(S1):S5-S6.
12. Grimm KA, Lamont LA, Tranquilli WJ, Greene SA, Robertson SA. Veterinary Anesthesia and Analgesia: The Fifth
Edition of Lumb and Jones. John Wiley & Sons; 2015.
13. Hall L, Clarke K, Trım C. Veterinary Anaesthesia. London; 2001.
14. Jay AR, Krotscheck U, Parsley E, et al. Pharmacokinetics, bioavailability, and hemodynamic effects of trazodone
after intravenous and oral administration of a single dose to dogs. American Journal of Veterinary Research.
2013;74(11):1450-1456.
15. Gruen ME, Roe SC, Griffith E, Hamilton A, Sherman BL. Use of trazodone to facilitate postsurgical confinement
in dogs. Journal of the American Veterinary Medical Association. 2014;245(3):296-301.
16. Stevens BJ, Frantz EM, Orlando JM, et al. Efficacy of a single dose of trazodone hydrochloride given to cats
prior to veterinary visits to reduce signs of transport-and examination-related anxiety. Journal of the
American Veterinary Medical Association. 2016;249(2):202-207.
17. Mahmoud M, Mason KP. Dexmedetomidine: review, update, and future considerations of paediatric
perioperative and periprocedural applications and limitations. British Journal of Anaesthesia. 2015;115(2):171182.
18. K
 orpivaara M, Laapas K, Huhtinen M, Schoning B, Overall K. Dexmedetomidine oromucosal gel for noiseassociated acute anxiety and fear in dogs-a randomised, double-blind, placebo-controlled clinical study.
Veterinary Record. 2017;180(14):356.
19. Sinclair MD. A review of the physiological effects of alpha2-agonists related to the clinical use of
medetomidine in small animal practice. The Canadian Veterinary Journal. 2003;44(11):885-897.
20. Raszplewicz J, MacFarlane P, West E. Comparison of sedation scores and propofol induction doses in dogs
after intramuscular premedication with butorphanol and either dexmedetomidine or medetomidine.
Veterinary Anaesthesia and Analgesia. 2013;40(6):584-589.

EVECC CONGRESS GHENT 2020

Balanced anxiolysis
Multimodal approaches to anaesthesia and analgesia have shown to be effective with reduced adverse effects,
and the same style may be useful for anxiolysis. The author frequently utilises the above medications in
combinations of two or three different drugs for an individual patient.
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The use of blood transfusions in veterinary practice has increased dramatically in recent years. Providing safe
and effective transfusion therapy is essential. There are many definitions for the term transfusion reaction (TR),
but the following is simple and clear: “any adverse event following a blood transfusion, attributed to the
transfusion”. The risk of a TR is present whenever a blood product is administered. These adverse effects can
occur despite appropriate prescreening of donors, blood collection techniques and pre-transfusion
compatibility testing. Transfusion reactions can be categorized into acute or delayed immunologic and nonimmunologic reactions (table 1). Febrile non-haemolytic transfusion reaction (FNHTR) and transfusion acute
cardiocirculatory overload (TACO) are the most common TR in dogs and cats. Acute haemolytic transfusion
reactions are the most serious and life-threatening. This lecture is aiming at describing how to effectively
manage transfusion reactions to insure patient recovery.

Acute

Delayed

Immunological

Non-immunological

- FNHR
- Mild allergic
- Anaphylaxis
- Acute haemolytic transfusion reaction
- TRALI
- Delayed hemolytic transfusion reaction

- TACO
- Transfusion-related sepsis
- Electrolyte disturbances
- Hypothermia
- Infectious disease transmission

Table 1: Classification of transfusion reactions.
Febrile non-haemolytic transfusion reactions (FNHR), transfusion acute cardiocirculatory overload (TACO),
transfusion-related acute lung injury (TRALI).
1. Febrile non-haemolytic transfusion reactions (FNHTR)
Definition: A febrile non-haemolytic transfusion reaction is an acute non-immunologic or immunologic
reaction characterised by a temperature over 39°C and an increase in temperature of over 1°C from the pretransfusion body temperature during or within 4 hours of the end of a transfusion where external warming,
underlying patient infection, acute haemolytic reaction, TRALI, and transfusion-related infection have been
ruled out. A large veterinary retrospective study noted fever in 9% of transfusion recipients.
Cause: FNHTR are caused by pro-inflammatory pyrogenic cytokines. These are either produced in the blood
product during storage or by the recipient in response to infused antigen (generally leucocyte-associated) due
to prior sensitisation.
Clinical signs: It is usually self-limiting and of little clinical significance. However, although not medically
dangerous, it can cause patient discomfort.
Diagnosis: Any rise in temperature requires immediate investigation. Diagnosis of a FNHTR is a diagnosis of
exclusion.
Treatment: It aims at slowing or temporarily stopping the transfusion. Active cooling is recommended when
temperature >40°C and should be discontinued once <39.5°C to avoid hypothermia. Administration of a nonsteroidal anti-inflammatory medication can be considered and recommended for temperature over 41.5°C.
Antipyretics (e.g., dipyrone), can also be used.
Prevention: There is evidence that leukodepletion decreases the likelihood of these reactions.
2. Acute haemolytic transfusion reaction (AHTR)
Definition: An acute haemolytic transfusion reaction (AHTR) is an acute, non-infectious, immunologic or nonimmunologic reaction that occurs secondary to accelerated destruction of transfused or recipient red blood
cells and is characterised by acute hemolysis. Acute haemolytic transfusion reactions occur during or within 24
hours of blood product administration. Immunologic acute haemolytic reactions are type II hypersensitivity
reactions that occur due to major or minor incompatibility between donor and recipient red blood cells. Nonimmunologic acute haemolytic transfusion reactions occur due to thermal, osmotic, mechanical or chemical
factors that damage transfused blood cells, causing acute haemolysis. A classic example would be in the case of
a type A unit of blood given to a type B cat. AHTR severity could be non-severe to fatal.
Cause: Complement activation, release of inflammatory cytokines, histamines, bradykinin and vasoactive
amines occur resulting in a systemic inflammatory response in the recipient. Immune reaction is mostly IgG-
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3. Allergic Reactions (Type I Hypersensitivity)
Definition: Allergic reactions result from a response to allergens in the donor blood. Allergic reactions are
reported to occur in about 1% of canine and feline transfusions.
Causes: Allergic reactions are caused by a type 1 (IgE mediated) hypersensitivity reaction to plasma proteins.
Clinical signs: Minor reactions are often cutaneous and include pruritus, urticarial lesions (hives), erythema and
angioedema. They can progress to involve more systemic responses.
Diagnosis: clinical signs.
Treatment: For minor reactions, treatment includes temporarily stopping the transfusion and administering an
antihistamine. Anti-inflammatory steroids should be considered for more severe reactions with the transfusion
discontinued during treatment. Epinephrine should be considered for patients with dyspnoea or those
experiencing anaphylaxis.
Prevention: The veterinary study by Bruce et al. (2015) found an association between pre-transfusion
administration of diphenhydramine and decreased allergic transfusion reactions.
4. Transfusion-Associated Circulatory Overload (TACO)
Definition: TACO occurs when the transfusion volume or rate exceeds cardiovascular compensation.
Causes: Risk factors include compromised cardiovascular function, a volume overload state (concurrent renal
failure, congestive heart failure), high volume fluid infusion, transfusion over a short period, old/young patients,
and patients with severe, compensated chronic anaemia.
Clinical signs: They include tachypnoea, dyspnoea, dry cough, orthopnoea, cyanosis, murmur or gallop rhythm,
weight gain, serous nasal discharge, development of pulmonary oedema or pleural effusion. Patients can have
distended neck veins.
Diagnosis: Clinical signs. This syndrome clinically appears like TRALI but improves with diuresis.
Treatment: Diuretics (generally furosemide) and oxygen therapy.
Prevention: Treatment involves slowing the transfusion or discontinuing it if overloaded, dividing the
transfusion into smaller aliquots, increasing the transfusion time, administration of diuretics and oxygen
support.
5. Transfusion-Related Acute Lung Injury (TRALI)
Definition: TRALI is characterised by its acute onset, severe hypoxaemia, bilateral infiltrates on chest
radiographs, and no evidence of left atrial hypertension. Frequency of TRALI is still unknown in dogs and cats. It
is similar to TACO in appearance but does not respond to diuretic therapy.
Cause: TRALI is caused by activated neutrophils damaging pulmonary endothelial cells leading to an
inflammatory alveolar infiltrate.
Clinical signs: Clinical signs include severe dyspnoea, tachypnoea, hypoxaemia, fever, hypotension, cyanosis,
diffuse crackles, decreased breath sounds, and tachycardia, with no evidence of circulatory overload. The onset
of dyspnoea is usually during or within 6 hours of a transfusion.
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mediated in the dog and IgM-mediated in the cat. In dogs, it is generally thought that pre-formed antibodies
against differing canine blood antigens are not present, so the risk of an AHTR on first transfusion
administration is negligible.
Clinical signs: They can include pyrexia, shaking, hypotension, wheezing, nausea, vomiting, pain, restlessness,
salivation, incontinence, haemoglobinuria, shock and death.
Diagnosis: Until such time as direct or indirect antiglobulin or other confirmatory testing is available, the
following diagnostic criteria must be met: new onset of fever (>102.5F - >39.1C), DIC (three or more of the
following: thrombocytopenia, prolongation of the PT, aPTT or TT, elevated D-dimers, hypofibrinogenaemia,
reduced antithrombin activity, evidence of schistocytosis), hypotension (systolic blood pressure <90-100mmHg)
or AKI (creatinine increased by 0.3mg/dL from baseline) associated with new onset of at least two indicators of
red cell destruction (increased bilirubin, haemoglobinemia, haemoglobinuria, spherocytosis or plasma
discolouration). In the absence of serologic testing to identify a causative antibody, investigation for known
(blood typing) and unknown (cross-matching) incompatibility as well as potential thermal, osmotic, mechanical
or chemical factors should be performed.
Treatment: It is supportive with appropriate fluid therapy and pressors to maintain cardiovascular stability and
renal perfusion (due to the risk of haemoglobinemia induced acute kidney injury). Fluid resuscitation aims to
maintain mean arterial blood pressure > 70-80 mmHg. Efficacy of glucocorticoids is unproved.
Prevention: for a first transfusion: blood typing (dogs and cats), cross-matching (cats). Further transfusion (>4
days after a previous transfusion): bold typing (dogs and cats), cross-matching (dogs and cats).

6. Delayed haemolytic transfusion reaction (DHTR)
Definition: Delayed haemolytic transfusion reactions occur from 24 hours to 28 days after blood product
administration.
Cause: It is caused by the formation of red blood cell antibodies shortly after transfusion and leads to red cell
haemolysis.
Clinical signs: Clinical signs often seen are fever and jaundice. Patient haematocrit decreases.
Diagnosis: Indeed, they may not even be recognised in some cases.
Treatment: do not need any specific treatment.
Prevention: Prevention involves cross-matching any patients which have had a previous transfusion. Patients
should be observed for post-transfusion anaemia and reactions. Unnecessary transfusions should be avoided.
7. Transfusion-transmitted infection
A transfusion-transmitted infection (TTI) is an acute or delayed, non-immunologic reaction secondary to the
transfusion of pathogen contaminated blood or blood components. Adherence to donor prescreening
standards is warranted as recently outlined in the American College of Veterinary Internal Medicine consensus
statement on canine and feline blood donor screening for infectious diseases.
8. Citrate toxicity
This is also a manifestation of massive transfusion of fresh frozen plasma, whole blood, or platelets. Citrate is a
common additive in blood components and when these levels rise in the recipient, it binds ionised calcium
causing clinical signs of hypocalcaemia. Treatment involves slow infusion of the blood product, discontinuation
if tetany occurs, and calcium supplementation.
References
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Diagnosis: It is recognised by bilateral radiographic pulmonary infiltrates and a PaO2/FiO2 ≤ 300mmHg which is
not caused by fluid overload or cardiac failure.
Treatment: Treatment is mainly supportive and involves discontinuing the transfusion, supplemental oxygen,
intravenous fluids, and possibly mechanical ventilation.
Prevention: Careful monitoring and slow rates of transfusion in patients with pulmonary disease.

Claire R. Sharp, BSc, BVMS, MS, DACVECC; Senior Lecturer
School of Veterinary Medicine, Murdoch University, Murdoch, Australia
The objective of this lecture is to review the fundamental concepts and highlight some newer literature
regarding brachycephalic obstructive airway syndrome (BOAS) in dogs with a focus on emergency management
and perioperative critical care.
Brachycephalia introduced
Brachycephalia refers to local chondrodysplasia resulting in a shortened skull that has occurred as a result of
domestication and selective breeding of dogs to produce the characteristic brachycephalic breeds. This
conformation is associated with early ankylosis in the cartilage at the base of the skull that then results in a
shortened longitudinal axis of the skull. While different authors suggest different measurements and ratios of
skull length/width (e.g., the cephalic index), brachycephaly is ultimately a clinical diagnosis.
Brachycephalic obstructive airway syndrome (BOAS) - the aetiopathogenesis
Canine BOAS refers to a syndrome of anatomic and functional abnormalities of the upper airway found in
brachycephalic dogs that results in variable degrees of upper airway obstruction and distress.
Four primary anatomic abnormalities occur singly or in various combinations in brachycephalic dogs; Stenotic
nares, elongated soft palate, distortion of the pharyngeal soft tissues, and hypoplastic trachea. Secondary
abnormalities then develop due to increased airway resistance. As a result of the increased negative intraluminal
pressure generated during inspiration, the soft tissues of the upper airway are sucked into the lumen resulting in
further narrowing of the upper respiratory tract (URT) lumen and further inspiratory difficulty. Secondary
anatomic abnormalities include pharyngeal hyperplasia, hyperplastic tonsils, everted laryngeal saccules, and
eventually laryngeal collapse. I have seen grade 3 laryngeal collapse in a 16-week-old brachycephalic dog, and
there is a similar report of laryngeal collapse in a 4.5-month-old dog in the published literature.
The prevalence of various primary and secondary URT anatomic abnormalities in one study was as follows: 94%
elongated soft palate, 77% stenotic nares, 66% everted laryngeal saccules, 56% everted tonsils. Other sequelae
of increased negative intrathoracic pressure during inspiration include hiatal hernia, gastric bloating, difficulty
swallowing, macroglossia (an enlarged tongue), and bronchiectasis. Some variation between breeds is also
noted; for example, pugs are more likely to have aberrant nasal turbinates, whereas French bulldogs are more
likely to have thickened soft palates.
Non-cardiogenic pulmonary edema (NCPE) is one of the most life-threatening consequences of BOAS that can
develop as a consequence of repeatedly forceful inspiration against severe URT obstruction. Brachycephalic
dogs with NCPE become hypoxaemic, and cyanotic, and can progress to acute respiratory distress syndrome
(ARDS), requiring mechanical ventilation.
Gastrointestinal (GI) consequences of BOAS
One study of 73 dogs with BOAS documented GI lesions in 97.3% of dogs including oesophageal deviation,
oesophagitis (especially distal), gastric reflux, pyloric mucosal hyperplasia leading to stenosis, and gastritis.
Interestingly, histopathology revealed inflammatory changes even in the absence of gross lesions on endoscopy.
Brachycephalic breeds also experience numerous other congenital abnormalities including ophthalmic
conditions (e.g. cherry eye, and lagophthalmos resulting in secondary corneal ulceration), neurologic
abnormalities (e.g. syringomyelia, and Chiari-like malformation of the skull), and spinal malformations (e.g.
screw-tail, hemivertebrae, scoliosis, kyphosis). Other common conditions include dermatologic disease, otitis
media, abnormal dentition, dystocia, and orthopaedic conditions (e.g. patella luxation).
Epidemiology
Affected breeds
The prevalence of BOAS in different breeds likely varies geographically with breeding and breed popularity. One
study of BOAS in 90 dogs, included English bulldogs (61%), pugs (21%), and Boston terriers (9%). In my practice in
Australia, French bulldogs are the most prevalent breed we see with BOAS. Other brachycephalic breeds include
the Shih Tzu, Maltese, Pekingese, Chihuahua, Boxer, and Cavalier King Charles spaniel. Unfortunately, despite
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Age
The literature suggests that the mean age of diagnosis of BOAS is 3-4 years old; however, in my practice we
commonly see young dogs (3-12 months old) presenting with GI and/or respiratory signs. Without early
intervention affected dogs have increasingly severe respiratory problems over a period of years, and thus
although seeing them early is likely associated with a severe phenotype, it provides an opportunity for
intervention.
Risk factors
Dogs affected by BOAS often have a deterioration or decompensation with the development of severe dyspnoea
that is preceded by certain risk factors. These include hot and/or humid weather, being transported in a vehicle
with inadequate ventilation, exertion, or stress/anxiety of any kind (such as coming to the vet). Obesity is also a
significant aggravating factor. When a patient’s respiratory drive is increased by a precipitating factor, even
greater negative pressures must be generated to move larger volumes of air, resulting in additional airway
swelling, and establishing a vicious cycle.
History
Dogs with BOAS often have a presenting complaint of dyspnea, and potentially cyanosis and collapse. When
questioned, their owners usually report a long history of clinical signs including stertor, stridor, heavy snoring
when sleeping, extended neck breathing, exercise intolerance, heat intolerance, syncope, gagging, and
regurgitation. Studies also show that brachycephalic dogs develop strategies to reduce airway obstruction
while sleeping, including elevating their chin, and sleeping with a toy between their teeth to keep their mouth
open.
Physical examination
Dyspnoea is predominantly inspiratory in nature, although some patients may have more of a mixed
inspiratory and expiratory pattern of dyspnoea if they have aspiration pneumonia, or NCPE. Orthopnoea is
common, as is paradoxical breathing. Dogs with BOAS have loud, externally audible respiratory noises, stertor
(+/- stridor), which often makes thoracic auscultation difficult. Note however that the more complete the URT
obstruction the less sound the patient will make, so a decrease in the externally audible noise a brachycephalic
patient is making may be a terminal change requiring immediate intubation. The stenotic nares are the only
externally visible URT structural abnormality. Hyperthermia is common on examination as these patients are
unable to dissipate heat from their URT.
Diagnosis
While the presumptive diagnosis of BOAS is clinical, a sedated URT examination and radiographs of the thorax
are indicated. A sedated URT examination allows for assessment of the presence and magnitude of each of the
aforementioned anatomic abnormalities, while radiographs allow measurement of tracheal diameter to assess
for hypoplasia, and evaluation of the lung fields for evidence of NCPE or pneumonia. Note that the caudal
border of the soft palate should just touch the tip of the epiglottis, so anything longer than this is too long.
Additionally, pulse oximetry and/or arterial blood gases (ABGs) allow assessment of the severity of hypoxaemia.
Venous blood gases (VBGs) are adequate to assess for hypercapnia. Reduced clearance of CO2 commonly results
in hypercapnia and respiratory acidosis.
Treatment
Emergency stabilisation
Obtaining IV access as soon as possible after presentation is imperative for the clinician to have the control that
they need to stabilise a patient with BOAS. Some patients require immediate intubation, and the diagnostic
URT examination can be performed rapidly in the process of intubation following induction with propofol or
alfaxan titrated to effect. Generally, in brachycephalic dogs the primary indication for intubation is
unsustainable work of breathing, rather than necessarily documenting severe hypoxaemia or hypercapnia.
In dogs with BOAS in which intubation is not performed immediately upon presentation, initial treatment may
include the administration of sedatives and/or anxiolytics, cooling if hyperthermic, oxygen supplementation,
and potentially short-acting glucocorticoids. But again, if these fail to rapidly control the patient’s dyspnoea
then orotracheal intubation is indicated.
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increasing awareness of the ethical concerns associated with breeding brachycephalic dogs, these breeds seem
to be increasing in prevalence in many countries (including the UK and Australia).

A single, anti-inflammatory dose of a glucocorticoid (e.g. dexamethasone 0.15mg/kg IV/IM once) is often
provided with the goal of reducing airway swelling. Note however that in patients with severe heat stress,
glucocorticoids are contraindicated as they may exacerbate GI complications such as ulceration.
Aggressive cooling is indicated for hyperthermic patients (rectal temp > 39.5°C). Reducing dyspnoea will help
prevent minimise ongoing heat generation, but room temperature IV fluids, fans, and wetting the patient
down to encourage evaporative cooling are often also required to restore normothermia. Active cooling should
be stopped once the temperature reaches 39°C to avoid inducing hypothermia. During active cooling the rectal
temperature should be checked at least every 10 minutes.
Oxygen supplementation may be provided via a mask, in an oxygen cage, or with nasal prongs (the latter often
fit remarkably well on a brachycephalic face). Nasotracheal oxygen administration has also been reported. An
FiO2 of 40-60% is commonly provided, although if hypoxaemia persists (as may be the case with ARDS), then
mechanical ventilation may be indicated. While successful outcomes can be achieved with brachycephalic dogs
undergoing mechanical ventilation, their prognosis is reportedly worse than for other breeds.
Surgery
Generally, definitive surgical management of the URT anatomic abnormalities associated with BOAS is
indicated as soon as possible. A rhinoplasty (most commonly a wedge alarplasty) is performed for stenotic
nares, and a staphylectomy (also called palatoplasty) for the elongated soft palate. Various techniques for soft
palate resection are published including conventional incision, electrocoagulation, CO2 laser, diode laser, and
use of a bipolar sealing device (Ligasure). Additionally, a folded palatoplasty technique has been described that
addresses both the elongation and thickening of the soft palate. Turbinectomy is performed for aberrant and
obstructive nasal turbinates. Whether or not to excise everted saccular mucosal tissue (and/or tonsils) tends to
be surgeon-dependent and is somewhat controversial, but more likely to be definitively indicated if they are
obstructing the rima glottis. For those with a hiatal hernia, herniorrhaphy is also indicated. Generally as ECC
clinicians the choice of surgical technique is out of our hands but understanding the nature of the surgery a
patient has had is important if we are providing postoperative care.
Unfortunately, surgical correction of some secondary abnormalities such as laryngeal collapse is not possible,
and thus salvage procedures like arytenoid lateralisation or permanent tracheostomy are required in some
patients.
Postoperative care
Postoperative complications may include dyspnoea, URT obstruction due to swelling, NCPE, regurgitation, and
aspiration pneumonia. Brachycephalic dogs should be monitored extremely closely in a 24-hour facility in the
postoperative period given a high risk of postoperative complications. Factors that may predict the risk of an
individual dog experiencing postoperative complications have been investigated by numerous authors. A
recent study conducted across 10 veterinary institutions documented that 10% of the ICU population (125/1254
dogs) comprised of brachycephalic breeds, with 45% in ICU because they were perceived to be at risk of
respiratory complications while recovering from anaesthesia, or had a non-respiratory condition requiring ICU
admission, while 55% were being treated for respiratory disease.
Brachycephalic dogs should be kept intubated for as long as possible after the end of anaesthesia to reduce the
risk of recurrent URT obstruction. They are at particular risk of re-obstruction given that their airway
musculature will be relaxed following sedation or anaesthesia. As such, late extubation should be the goal.
Continuous positive pressure (CPAP) helmets have been used at our institution in the post-extubation phase to
help keep the upper airways open. While CPAP helmets have not been evaluated in brachycephalic dogs in the
context of a research study, the published literature suggests that CPAP provided by a helmet is effective in
improving lung function in dogs recovering from general anaesthesia.
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Sedation is commonly provided with drugs such as acepromazine (0.005 to 0.03mg/kg IV), butorphanol (0.10.5mg/kg IV), medetomidine, or dexmedetomidine (bolus +/- CRI). Oral trazadone may also be indicated in less
severely affected patients. Note that doses towards the lower end of the dose range should be administered
first, and titrated up with very close monitoring since all of these drugs have adverse effects which will be
exacerbated with higher doses. The goal of sedation / anxiolysis is to slow the respiratory rate, and reduce
turbulent airflow.

Many authors advocate the use of GI medications including proton-pump inhibitor antacids and prokinetics in
brachycephalic dogs during hospitalisation. Given the high incidence of postoperative regurgitation it is
reasonable to consider the use of prokinetics such as metoclopramide (generally as CRI) and erythromycin.
Additionally, limiting the use of pure mu agonist opioids that may cause ileus is also prudent. However, there is
unfortunately limited evidence-based medicine regarding the role of GI drugs in these patients.
Prognosis
Is considered guarded for brachycephalic dogs presenting with acute, severe dyspnoea, without rapid
intervention. With surgical correction prognosis can be good to excellent, with < 15% mortality reported. Reports
suggest that 90% of dogs have significant improvement after surgery, but nonetheless most dogs still have
some respiratory compromise. Earlier surgery is generally associated with a better prognosis, as it will limit the
development of secondary abnormalities.
Long-term life-style management is imperative to minimise recurrence of severe clinical signs, and includes
weight loss to maintain as lean a body condition score as possible, avoiding heat, avoiding exertion, and
avoiding stressful situations.
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Monitoring should include assessment of respiratory rate and effort, SpO2, ABG/VBGs, temperature and heart
rate. Sedation and anxiolysis may be required for agitated recovery. Additionally, depending on the case, more
specific monitoring of and treatment for organ dysfunctions (such as AKI, coagulopathy, and hypoglycaemia)
may be indicated.

Efrat Kelmer, DVM, MS, DACVECC, DECVECC
The Hebrew University Veterinary Teaching Hospital
This lecture will include case examples of dogs presented for dyspnea that were challenging to treat. The first
case will discuss a dog presented for spontaneous pneumothorax with multiple bullae in which blood-patch
pleurodesis was performed. Differences in treatment approach between dogs with spontaneous vs. traumatic
pneumothorax, use of MILA® chest tubes and current knowledge regarding blood-patch pleurodesis will be
discussed.
The second case is a Pekinese presented with laryngeal collapse undergoing permanent tracheostomy.
Treatment options available for laryngeal collapse will be discussed with pros and cons of each option.
The third case will discuss a dog with a tracheal tear secondary to a dental procedure that was worsened by
tracheal collapse in which a stent was placed. Challenging tracheal stent cases will also be mentioned.

EVECC CONGRESS GHENT 2020

Challenging Dyspnea cases
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Royal Veterinary College
In this lecture we will discuss the anatomy and physiology of the cholinergic anti-inflammatory pathway (CAP),
where the autonomic nervous and immune systems coincide. The implications of successful therapeutic
induction of this pathway in management of infection and inflammation will be reviewed using experimental
and clinical evidence, and potential future applications will be explored. This cutting edge research topic has
every potential to become clinically available as a therapeutic modality in both human and veterinary medicine
within the next decade.
The autonomic nervous system is responsible for subconscious control of every organ in the body. It is classically
divided into sympathetic and parasympathetic systems, with broadly opposing functions. Anatomically, the
sympathetic and parasympathetic systems emerge from the CNS at different sites (craniosacral output for the
parasympathetic nervous system, and thoracolumbar output for the sympathetic nervous system) but they
coincide at or before target organs, where the balance between sympathetic and parasympathetic activity
modifies the function of that organ. The vagus nerves (CN X) arise in the medulla oblongata, before descending
in the jugular furrows to enter the thoracic and abdominal cavities, giving out widespread branches to
innervate the cardiorespiratory and gastrointestinal systems. Approximately 80% of fibres within the vagus
nerve are afferent, and the cell bodies of these ascending fibres are located with the nucleus of the solitary
tract, again in the medulla oblongata.
Whilst the paradigm of ‘fight and flight’ (sympathetic) versus ‘rest and digest’ (parasympathetic) enables
conceptualisation, the autonomic nervous system is inevitably much more complex. Its fine-tuned control in
both health and disease remains poorly characterised but there are some specific pathways that have been
identified and which offer exciting targets to exploit in the realm of bioelectronics. Most research to date has
focused on the vagus nerve as a means to manipulate parasympathetic tone given its extensive innervation of
viscera throughout the thorax and abdomen.
The heart is innervated by both sympathetic and parasympathetic fibres. Parasympathetic control of the heart
by the vagus nerve is not simply limited to hyperpolarisation of the sinoatrial and atrioventricular nodes, nor is
it solely important in minute-by-minute adjustments of heart rate and contractility. In fact, the ventricular
myocardium also receives parasympathetic innervation from the vagus nerve, and chronic heart rate variability
indices can be used to gauge parasympathetic tone in people and dogs with cardiac disease.(1-3) The association
between indices of parasympathetic tone and outcome in people with heart disease(4) has propagated
therapeutic attempts to artificially maintain a parasympathetic influence by vagal nerve stimulation (VNS),
(5-7) with mixed results to date.
There is a large amount of evidence that autonomic nervous system dysfunction is common in sepsis and correlates
with disease severity.(8) It is also possible that purely inflammatory diseases such as Crohn’s disease and
rheumatoid arthritis are manifestations of autonomic dysfunction and a loss of an anti-inflammatory effect.(9)
The vagus nerve can be stimulated, experimentally and therapeutically, with the intention of modulating both
its afferent and efferent pathways. Harnessing the afferent vagal neurons, vagal nerve stimulation (VNS) is a
licensed treatment for pharmacoresistant epilepsy in people, and is also offered in veterinary medicine. Such
treatment is delivered by a surgically implanted subcutaneous pacemaker-style device that stimulates the
cervical vagus nerve multiple times per day. The precise pathway by which VNS induces seizure control remains
incompletely characterised but is thought to involve activation of the locus coeruleus (LC) by the nucleus of the
solitary tract. The LC releases noradrenaline and has diffuse projections throughout the brain.
Supraphysiological activation of the CAP itself is achieved by efferent vagal nerve stimulation.
The cholinergic anti-inflammatory pathway (CAP) is a well-established, physiological response to infection or
inflammation. On detection of PAMPS/DAMPS by afferent vagal neurons, efferent vagal neurons trigger a
cascade of events, culminating in inhibition of splenic macrophagic production of pro-inflammatory cytokines
such as IL-6 and TNF- . The intricacies are still being elucidated but it appears to involve noradrenaline release
in the spleen, inducing T cell release of acetylcholine, and down regulation of NFkB activation in monocytes and
macrophages via α7nAchR (an acetylcholine receptor).
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In addition to the potential therapeutic benefits in infection/inflammation, a variety of experimental models
have demonstrated promising effects of VNS and CAP induction in the management of renal ischaemia
reperfusion injury, myocardial infarction and pulmonary hypertension; many of which are currently
progressing through translational models.
As mentioned, VNS can be achieved by direct surgical access, percutaneously, transcutaneously and transvenously.
However, as the vagus nerve controls most, if not all, organs of the body, off target effects can occur. Animal
studies have suggested that the spleen and the splenic nerve are essential for the CAP pathway. The splenic
nerve originates at the coeliac ganglia, and travels towards the hilum of the spleen. Direct splenic nerve
stimulation mimics the anti-inflammatory mechanism of VNS by inducing norepinephrine release, reducing
lipopolysaccharide (LPS) induced serum TNF-α levels. In mice, electrical stimulation of the splenic nerve can
reduce the production of the cytokine TNF-α following LPS challenge in both acute and chronic studies. Splenic
nerve stimulation is therefore an attractive means of targeted CAP induction without off target effects.
Therapeutic VNS has been a hugely active area of research over the last thirty years. Whilst management of
epilepsy has spear-headed the progression of VNS into clinical practice, there are a number of other feasible
benefits, supported by vast amounts of experimental evidence to date. In these other areas, however,
experimental efficacy has yet to be converted to clinical safety and proven efficacy. There are currently (2020)
human clinical trials scheduled or underway evaluating transcutaneous VNS or splenic nerve stimulation
protocols in sepsis, various inflammatory diseases, chronic pain disorders, gastroparesis, migraines and
depression. These technologies are likely to be described in veterinary medicine in the near future and may
offer a very exciting and novel means of optimising patient care in the ICU.
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Supraphysiological activation of the CAP by vagal nerve stimulation (VNS) results in reduced systemic
production of pro-inflammatory cytokines and disease activity in animal models and human clinical studies.
It also confers remarkable anti-inflammatory and survival benefits in a range of experimental models of sepsis.
A recent study in pigs demonstrated that VNS applied 6 hours after the initiation of septic peritonitis prevented
the development of a septic, hyperdynamic state within a 24 hour window and limited organ dysfunction.
In people there is evidence that transcutaneous VNS limits cytokine production in ex vivo white blood cells.
However, transvenous VNS (i.e. stimulation via a catheter placed into the jugular vein) has not reported positive
results thus far.
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Importance of calcium
The divalent cation calcium is an important mediator of many vital cellular processes. To many emergency
clinicians, mentioning hypocalcaemia will evoke an image of the severe muscle tremors of periparturient
hypocalcaemia (‘milk fever’). This is a very clear demonstration of the importance of calcium in skeletal muscle
excitability. What is much less frequently appreciated is the important role that calcium has in other types of
muscle (cardiac and smooth), as well as other key parts of cellular physiology. It is a common activator and
regulator of receptors, second messenger systems, and enzymes. Hypocalcaemia may be both more common
and more important than usually appreciated in patients with shock and no obvious external clinical signs of
hypocalcaemia.
Hypocalcaemia can result in cardiovascular dysfunction due to the numerous roles of calcium in both
cardiomyocyte and vascular smooth muscle function. This may manifest as hypotension from reduced cardiac
contractility and vasodilation, or as tachycardia and arrhythmias. This compounds the severity of shock from
other mechanisms. Furthermore, calcium is vital for both platelet and coagulation factor complex function.
Thus, hypocalcaemia may perpetuate haemorrhagic shock by contributing to impaired haemostasis.
Several clinical studies in humans and small animals have investigated the prevalence and relevance of
hypocalcaemia in critical illness. In one study the prevalence of ionised hypocalcaemia in dogs on admission to
the ICU, prior to any therapy, was 16%. In that study, hypocalcaemia was associated with a prolonged duration
of hospitalisation. Hypocalcaemia is associated with more severe cardiovascular compromise and mortality in
traumatised humans and dogs. Large database studies in dogs and cats show hypocalcaemia to be
independently associated with both overall non-survival and death from natural causes. Studies in specific
conditions, including canine and feline sepsis and feline pancreatitis, have also shown associations between
hypocalcaemia and mortality. None of these studies show a causative link between hypocalcaemia and mortality,
but such a link is plausible given the vital physiologic roles of calcium. Further research is needed, especially in
the setting of shock, where hypocalcaemia has the potential to have a substantial detrimental impact.
Effects of shock and resuscitation
Small animals presenting with shock may already have hypocalcaemia present, especially in haemorrhagic
shock due to trauma or septic shock. The treatment of shock has the potential to compound the hypocalcaemia.
Administration of rapid boluses of calcium-free fluid can cause a dilutional hypocalcaemia. As the infused
volume of an isotonic crystalloid is approximately four times the ultimate degree of blood volume expansion,
the degree of dilutional hypocalcaemia is often worst over the first 30-60 minutes, until fluid redistribution.
This is the period of time when any additional cardiovascular instability may have the most detrimental effects.
In our group’s greyhound model of controlled haemorrhagic shock, a large (80mL/kg) calcium-free isotonic
crystalloid bolus caused a substantial drop in plasma ionised calcium (to a median of 0.88mmol/L) immediately
after bolus administration, which had improved by one hour, but did not return to baseline until three hours.
This fluid contained acetate, so it is possible that chelation also contributed to the hypocalcaemia.
Administration of calcium-free synthetic colloid boluses of one quarter volume (20mL/kg) still caused mild
hypocalcaemia, although it recovered quicker than in the crystalloid group. Calcium-containing resuscitation
fluids were not investigated in this study.
Rapid administration of blood products as a massive transfusion may also cause hypocalcaemia due to
chelation by the citrate anticoagulant. Rate of citrate administration is likely to be a more important
contributor to hypocalcaemia than overall transfusion volume. In the aforementioned haemorrhagic shock
model, administration of 20mL/kg of autologous fresh whole blood at a rate of 60mL/kg/hour (i.e. a bolus over
20 minutes) resulted in a median ionised calcium concentration of 0.82mmol/L immediately after transfusion.
Whilst there was recovery of the concentration within an hour, the hypocalcaemia may have been clinically
significant during shock treatment. Whilst not clearly reflected in any single cardiovascular parameter we
reported, the dogs in our study that were administered fresh whole blood seemed to have a much greater lag
time prior to showing cardiovascular improvement than the other fluids. The ionised calcium concentration
was not measured during the transfusion, but we hypothesise that hypocalcaemia may have been a
contributor to this lag.
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Calcium balance during shock resuscitation

Ionised calcium should be assessed immediately upon recognition of shock. The ionised calcium is the
biologically active fraction, so accurate assessment of calcium balance requires specific measurement of that
fraction. This should be coupled with assessment of other electrolytes, acid-base status, glucose concentration,
and lactate concentration using a high-throughput blood gas analyser, if possible. Concurrent electrolyte
disorders, especially hyperkalaemia, increase the potential benefit of calcium therapy. If moderate to severe
hypocalcaemia is identified, even without overt clinical signs, it is reasonable to treat with intravenous 10%
calcium gluconate at 0.5-1.0 mL/kg over 5 minutes. The ECG should be monitored closely during administration,
and administration ceased if new arrhythmias develop. It is worth noting that any patient with shock and
electrolyte imbalances requires close ECG monitoring, regardless of therapy. Fluid resuscitation should be
performed with calcium-containing fluids such as Hartmann’s/lactated Ringer’s solution, if not otherwise
contraindicated. Mild hypocalcaemia warrants use of calcium-containing fluids only. In all cases, ionised
calcium should be rechecked periodically during shock resuscitation.
In shock caused by active haemorrhage, rapid administration of blood products as a massive transfusion may
be necessary. Human trauma guidelines recommend aggressive therapy to keep the ionised calcium
concentration within normal limits in this setting. Similar consensus recommendations are not available for
small animals. The author often proactively administers calcium gluconate to these patients early in the
transfusion, even if hypocalcaemia has not been documented. Regardless of whether initial empiric calcium
administration was provided, frequent rechecking of ionised calcium and aggressive normalisation of
hypocalcaemia is recommended in these patients due to their tenuous cardiovascular position. It is ideal to
administer calcium gluconate through a separate intravenous cannula to blood products to avoid ex vivo
activation of coagulation. If this is not possible, administration of calcium gluconate at a port close to the
patient is unlikely to cause any issues given the rapid rate of blood product administration in these cases.
Conclusions
Calcium is an underappreciated but important mediator during shock. Research into the benefits of treatment
of hypocalcaemia during shock is required. In the interim, the clinician should strongly consider the potential
risks of hypocalcaemia to unstable patients and consider proactive treatment.
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Clinical relevance
Calcium balance should be considered during treatment of severe shock. The author recommends a proactive
approach to treating hypocalcaemia during shock, given the potential adverse cardiovascular and coagulation
effects. There is currently no strong evidence in veterinary medicine on which to base treatment recommendations.
Thus, these recommendations reflect the author’s anecdotal experience. There is some evidence to support
haemodynamic benefits from treatment of hypocalcaemia in critically ill humans.

EVECC CONGRESS GHENT 2020

response to resuscitative fluid administration in dogs. Journal of Veterinary Emergency and Critical Care.
2005;15(3):185-192.
12. Smart L, Boyd C, Claus M, Bosio E, Hosgood G, Raisis A. Large-volume crystalloid fluid is associated with
increased hyaluronan shedding and inflammation in a canine hemorrhagic shock model. Inflammation.
2018;41(4):1515-1523.
13. Vincent J-L, Bredas P, Jankowski S, Kahn R. Correction of hypocalcaemia in the critically ill: what is the
haemodynamic benefit? Intensive Care Medicine. 1995;21(10):838-841.
14. Alegre M, Vincent JL. Dopamine dependence in hypocalcemic patients. Intensive Care Medicine.
1990;16(7):463-465.

Laura Cole MA VetMB MVetMed Cert VPS Cert AVP(ECC) DipACVECC MRCVS
Royal Veterinary College
Acute kidney injury (AKI) is a common presentation in the emergency and critical care department.
Hypertension is also a relatively common, often under recognised, condition (Geigy et al 2011). This lecture will
discuss the relationship between hypertension and AKI taking the format of what we know, what we think we
know, and what we don’t know about hypertension and AKI.
What we know
The definition and classification of hypertension has historically varied in the veterinary literature. However, the
recent ACVIM consensus guidelines on identification of systemic hypertension (2019) have explicitly defined
hypertension and subclassification groups based on the risk of target organ damage (TOD). A hypertensive
emergency is defined as an acute increase in blood pressure leading to TOD including hypertensive retinopathy,
encephalopathy or rapidly progressing azotaemia. A hypertensive urgency is defined as severe hypertension
(systolic >180mmHg) without evidence of TOD.
Hypertension can be further classified as primary, secondary or situational (previously termed white coat
hypertension). Systemic hypertension (SH) has been documented in dogs and cats with AKI with a prevalence of
37%-53% on admission, increasing to 58.7%-81% during hospitalisation (Geigy et al 2011, Cole et al 2016). The author
has data showing hypertensive retinopathy is present in 16.3% dogs presenting with AKI (paper under review).
Blood pressure (BP) is a product of cardiac output (CO) and systemic vascular resistance (SVR). Cardiac output is
predominantly affected by the sympathetic nervous system (SNS) and the renin angiotensin aldosterone
system (RAAS). Systemic vascular resistance is determined by local vasoconstrictors and vasodilators and
systemic factors. Proposed aetiologies of SH in AKI include excessive activation of the RAAS, stimulation of the
SNS and reduced bioavailability of nitric oxide and increased production of endothelin.
What we think we know
Anti-hypertensives commonly prescribed in canine and feline patients with chronic kidney disease (CKD) include
the dihydropyridine calcium channel blocker, amlodipine, angiotensin converting enzyme (ACE) inhibitors and
angiotensin receptor blockers (ARBs). These drugs are given orally, (although there are anecdotal reports of
amlodipine administration per rectum). The oral bioavailability of drugs in a critically ill patient is likely to be
altered and therefore may alter the efficacy of oral anti-hypertensives in management of SH associated with AKI.
In a hypertensive emergency parenteral administration of drugs is often preferred. Hydralazine and
nitroprusside are both direct arteriolar vasodilators. Nitroprusside is metabolised to cyanide which is renally
excreted and therefore should be avoided in kidney disease. Other intravenous therapy that could be considered
in the emergent setting include alpha- and beta-adrenergic antagonists. In people labetalol is a useful
intravenous antihypertensive and it has been shown to reduce blood pressure in canine experimental studies.
The benzothiazepine calcium channel blocker; diltiazem and the selective dopamine agonist; fenoldopam, are
not considered first-line anti-hypertensive agents but may have a role in management of hypertension in AKI
due to their proposed renoprotective effects.
ACE inhibitors, ARBs and aldosterone antagonists are not routinely recommended in azotaemic patients. However,
human and veterinary studies have documented vasodilatory and anti proteinuric effects without significant
change in creatinine excretion. Angiotensin II receptors are upregulated after an acute kidney insult and
aldosterone is pro-fibrotic. Therefore, ARBs and aldosterone antagonists may be useful post an acute kidney injury.
What we don’t know
The pathophysiology of hypertension may be different for different AKI aetiologies, for example
glomerulonephropathy versus intra-renal vasoconstriction. These differences may alter the choice of antihypertensive agent. Furthermore, fluid overload (FO) may contribute to SH associated with AKI. Data from the
author (paper under review) suggests SH is associated with FO and FO itself is independently associated with
worsened outcome. This highlights the importance of preventing FO in patients with AKI and suggests
frusemide and continuous renal replacement may be useful in managing hypertension in these patients.
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What we know, what we think we know, and what we don’t know about hypertension
and acute kidney injury

In summary, hypertension is a known complication of AKI, therefore veterinary patients with AKI should be
monitored for SH and consideration given to management factors that may contribute to SH alongside the use
of anti-hypertensive agents. A greater understanding of the pathophysiological mechanisms involved in the
development of SH in AKI will help better tailor anti-hypertensive therapies and allow us to better understand
the effect of SH on outcome.
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The three outcomes of AKI are death, full recovery or CKD. The effect of hypertension on the risk of developing
CKD is unknown. In an experimental canine study of induced AKI, hypertensive dogs had a significantly reduced
glomerular filtration rate (GFR) post insult compared to normotensive dogs, suggesting SH has significant adverse
effect on renal function. Further clinical studies assessing GFR post AKI will help answer this question further.

Tom Greensmith BVetMed MVetMed DipACVECC MRCVS
Royal Veterinary College
Introduction
Inability to appropriately understand patient-ventilator interaction (and by extension, ventilator graphics as a
major method of assessing this) can readily lead to harm to the patient. Stylised diagrams from books do not
always equate to the real time waveforms generated by the ventilator, and although clinicians may be
exceptionally talented in understanding when and why mechanical ventilation will be useful in their patients,
the level of understanding of ventilator function and respiratory mechanics may not be as optimal. The patient
(and by extension their airways, lungs and chest wall) is only one part of the ventilator system, and as some
ventilators have specific quirks it makes it difficult to develop a “one size fits all” approach to waveform
assessment without appreciating that knowledge of the specific machine being used is also required. This talk
will briefly revisit the most common uses of waveforms (such as detection of overdistention, autoPEEP, air leaks
and dyssynchrony) and discuss when waveforms are less useful (or even useless!) depending on the settings we
apply, as well as some misconceptions about waveform use.
Basic respiratory mechanics
A ventilator breath is not a normal breath – that much is obvious. Although mechanical ventilation can be used
to arrest the decline of the patient, normalise oxygenation or ventilation, alleviate suffering and (in people at
least) offer some protection against severe haemodynamic instability, it is worryingly easy to worsen the
patient with the inappropriate application of mechanical ventilation. A normal breath occurs when the
inspiratory muscles (including the diaphragm) increase the volume of the thoracic cage, thus reducing the
pressure within the thorax. This causes a drop in pleural pressure, which in turn begins to increase the volume
of the lung, and thus the volume of alveoli. Increased alveolar volume causes a drop in alveolar pressure, and
when alveolar pressure falls beneath atmospheric and airway pressure, there will be a gradient for air flow into
the alveolus via the airways from outside the body. When thoracic expansion ceases, air will continue to flow
into the alveoli until their pressure equals that of the airway and atmosphere and no gradient for air
movement exists. For passive expiration, elastic recoil of the thoracic structures increases pleural pressure and
the same steps occur in reverse. For a positive pressure breath, we must simply generate a pressure gradient
between the ventilator and the patient’s airways, once present this gradient inflates the lung tissue, expands
the thoracic cage and overcomes the resistance to flow throughout the airways.
Compliance is a change in volume for a given change in pressure. Although it may be easy to forget, when
considering the entire respiratory system we must account for the compliance of both the lungs and thoracic
cage, both of which may be affected by different things. It should be remembered that ventilator graphics give
us the compliance of the respiratory system as a whole. Static compliance is the pressure required to distend
the respiratory system when there is no airflow, whilst dynamic compliance occurs with the movement of air,
and thus, as well as being a measure of respiratory system compliance it also has contributions from any
resistance to airflow within the system.
Scalars and loops
Scalars are variables when plotted against time, such as pressure-time, flow-time and volume-time. Scalars are
also termed curves. Loops on the other hand are variables plotted against one another, such as pressure-volume
and flow-volume. Immediately we have 5 different graphs to consider, and this is without even considering the
anatomy of each scalar and loop, and in which situations they are helpful or useless - it’s no surprise ventilator
graphics and their interpretation is often considered confusing!
Pattern recognition
There are some reasonably simple “pattern-recognition” assessments often made from graphics, such as air
leaks and autoPEEP. These are very useful when rapid changes are needed for basic problems, but for more
subtle issues a more thorough evaluation of multiple waveforms, and sometimes a trial and error approach to
their management are needed. There are also many times when the pattern recognition simplicity causes
problems, unless we understand how these graphics are generated and the variables that are at play.

EVECC CONGRESS GHENT 2020

Ventilator graphics - are they driving you loopy? Tips and tricks for interpretation

Conditions
Pressure control

Not useful
Scalars - Pressure-time

Volume control

Scalars - Volume time, flow-time
(inspiratory)
Loops - Flow-volume (inspiratory)
-

Set flow, square flow pattern
Decelerating flow pattern,
variable flow settings
Patient effort

Loops - Pressure-volume
(resistance and compliance)
Loops - Pressure - volume
(compliance and resistance)
Manoeuvres - Inspiratory hold,
expiratory hold
Others - Stress index, PIP to Pplat
difference

Useful
Scalars - Volume-time, flow-time
Loops - pressure-volume
Scalars - Pressure-time, flow-time (expiratory)
Loops - Flow-volume (expiratory)
Loops - Pressure-volume (resistance and compliance)
Others - Stress index
-

Key points
•K
 nowledge of normal and positive pressure breath related respiratory mechanics is needed to understand
ventilator graphics
• While some pattern recognition of ventilator graphic changes is often acceptable, there are times when this
will result in difficulties
• The most useful graphic for a given situation varies depending on the ventilator mode
•G
 raphics can be affected by the ventilator settings, and failure to acknowledge this could result in erroneous
interpretation of the patient’s pulmonary mechanics (such as presuming worsening compliance when using
a higher set flow)
•N
 ot all ventilators are made equal, and sometimes quirks of their function may cause graphics to deviate
from the “textbook” examples
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Above left is the classic example of an air leak on a flow-volume loop. What the textbooks don’t explain is that
this can also, believe it or not, be an example of autoPEEP. As this loop is assessing flow, if flow returns to zero
without the same expiratory volume as inspiratory volume having occurred then this loop is plotted - normally
due to an air leak. However, if the problem is such that there is complete air trapping within a lung region this
can cause the same loop to be plotted; flow returns to zero but the expiratory volume is less than inspiratory
volume. To add insult to this, such a deficit will not be detected using an end expiratory hold (unless the lung
unit in question suddenly empties generating flow). Thankfully this is a very rare occurrence (most commonly
seen in cats obstructive airway disease). Understanding that the methods by ventilators actually measure
volume are also important; some measure the movement of bellows, some measure flow per unit time to
generate volume. The diagram on the right above is a classic PV loop with normal in black and abnormal in
orange – it would be very easy to say the patient who has the orange loop has markedly worse compliance, but
actually the only difference (given that it was generated from ventilating a balloon) was markedly increased
airway resistance. This is the problem with our dynamic PV loop and assessment of resistance and compliance,
it can be readily affected by numerous factors.

M.D. Vegas Cómitre, S. Cortellini, L.Pelligand
Department of Clinical Science and Services, The Royal Veterinary College
Introduction:
Antimicrobial pharmacokinetics in critically ill dogs likely differs from normal dogs. The objective of this study
was to determine the pharmacokinetics intravenous amoxicillin and clavulanic acid in a sample of critically ill
dogs.
Material and methods:
Prospective descriptive study involving client-owned dog at a university teaching hospital. Dogs hospitalised in
ICU with prescribed intravenous amoxicillin-clavulanic acid and long stay catheter or central venous catheter
were eligible for the study and enrolled under the European Directive 2010/63. Dogs received intravenously
20mg/kg amoxicillin-clavulanic acid (30 minutes infusion) every 8 hours during a minimum of 48 hours. Blood
samples (1.3mL) were collected at the times T0 (prior amoxicillin clavulanic acid) followed by T30min (end of
infusion), T1h, T2h T4h and trough samples (T8h, T24h, T48h). Plasma was stored within 15 mins at -80°C until
later analysis by liquid chromatography mass spectrometry.
Results:
Thirteen dogs were recruited between 07/2019 and 01/2020. Three dogs were excluded before any sample could
be obtained (catheter failure, euthanasia and transition onto oral antibiotics, 1 dog each). The population (8
males/2 females) consisted of different breeds (3 English springer spaniel, 3 Labrador retrievers and 1 cocker
Spaniel, Irish terrier, Japanese Akita, cross-breed). Median age was 3.1 years [I.R:2.1 - 4], median weight was 16.9
kg [13.5 - 23.8]. Primary diseases were septic peritonitis (5), pyothorax (3), burn (1) and acute haemorrhagic
diarrhoea syndrome. Eight dogs had surgical disease.
On admission, mean Apple FAST score was 24.5 [20 - 31], median albumin was 21.6 g/L [16.0 - 23.9], median
creatinine was 54 mmol/L [37 - 134]. Median crystalloid volume received was 3ml/kg/hr [2.75 - 3.75]. Three dogs
received noradrenaline (for 12, 24 and 48 hours), one dog received mechanical ventilation. Two dogs developed
AKI grade 2 during the sampling period (IRIS criteria). Five dogs required an additional antibiotic (relapsing
septic peritonitis in 3 of these dogs). Seven dogs survived to discharge; 3 dogs were euthanised on welfare
grounds.
Conclusions
The population enrolled was heterogenous. Pharmacokinetics results in sick dogs were delayed due to COVID-19
and will be analysed jointly with a parallel PK dataset generated de-novo in healthy dogs.
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SCIL Grant award 2019: Population pharmacokinetic of amocxillin and clavulanic acid in
crtically ill Dogs
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Positive inotropes are agents used to increase myocardial contractility, while vasopressors are administered to
increase vascular tone. Use of these drugs is mostly confined to critically ill patients that failed reasonable attempts
of fluid resuscitation with either crystalloids, colloids or blood products, and whose hemodynamic impairment is
such that tissue perfusion is insufficient to meet metabolic requirements. Their use requires continuous
monitoring of cardiac rhythm, arterial oxygenation, urine output and in some cases other invasive monitoring.
Inotropic and vasopressor drugs should be administered via infusion pumps that can deliver precise flow rates,
preferably via a central line. These agents are mostly short acting with rapid onset and offset of action.
Therefore, they can be used without an initial bolus and should be titrated frequently in response to perfusion
parameters such as HR and BP to meet a MAP of 65 mmHg. Abrupt discontinuation should be avoided because
of possible hypotension and gradual weaning while monitoring blood pressure is recommended.
Patients in need of inotropic or vasopressor support often suffer from severe sepsis or septic shock accompanied
with compromised myocardial contractility, some undergoing major surgery. Therefore, this lecture will mainly
focus on their use in this context with recommendations extrapolated from the human surviving sepsis
campaign (SSC) published in 2016.
Vasopressor agents
It is important to realize that time matters in hypotensive septic patients. Human studies show that mortality
increases when vasopressor therapy is delayed and the recommended time to intervene ranges from 1-6 hours
following lack of response to fluid therapy and blood products. Based on the 2016 SSC, there is a large plethora
of evidence favoring norepinephrine (NE), and not dopamine, as the initial vasopressor of choice in septic patients
(Strong recommendation, moderate evidence to support). NE can be given at starting dose of 0.05-0.1 ug/kg/
min and titrated up to 2 ug/kg/min. If no response, vasopressin (up to 0.03 U/min) (weak recommendation,
moderate quality of evidence) or epinephrine (weak recommendation, low quality of evidence) can be added to
NE with the intent of raising MAP to a target of 60 mmHg.
The rationale behind this recommendation is that NE increases MAP due to its vasoconstrictive effects, with
little change in heart rate and less increase in stroke volume compared with dopamine. Dopamine increases
MAP and cardiac output, primarily due to an increase in stroke volume and heart rate. NE is more potent than
dopamine and may be more effective at reversing hypotension in patients with septic shock. Dopamine may
be particularly useful in patients with compromised systolic function but causes more tachycardia and may
be more arrhythmogenic than NE. It may also influence the endocrine response via the hypothalamic pituitary
axis and may have immunosuppressive effects. A recent systematic review and meta-analysis that included 11
randomized trials (n = 1710) comparing NE to dopamine did not support the routine use of dopamine in the
management of septic shock NE use resulted in lower mortality and lower risk of arrhythmias compared with
dopamine. No veterinary studies are available at this time to support or negate these recommendations, and
therefore the recommendation to use NE for septic companion animals in need of vasopressors is derived
from the human SSC. A vin survey for 2014 reported that catecholamines are the most common vasopressors
used by diplomates of our college. At the author’s institution, NE replaced vasopressin and dopamine as the
most common vasopressor used in septic patients needing vasopressor support.
A retrospective study comparing NE to vasopressin monotherapy in the first 6 hours of goal-directed therapy in
130 people with septic shock found no difference in the proportion of patients that achieved the goal arterial
blood pressure. There was, however, a potential survival benefit in a separate Vasopressin and Septic Shock Trial
(VASST) that prospectively defined a stratum of patients with less severe septic shock (those receiving 5-15 μg/
min NE at the time of randomization); and vasopressin decreased mortality when compared to norepinephrine
within this stratum. In addition, low-dose vasopressin plus corticosteroid therapy significantly improved 28-day
mortality compared to norepinephrine plus corticosteroid therapy in a post hoc analysis of the VASST study.
Vasopressin has become cost-prohibitive in recent years, and its use has decreased significantly at the author’s
institution both for septic patients and in CPR. In the veterinary literature, only a few studies are available
reporting its use in companion animals. Discussion of other vasopressor agents is beyond the scope of this lecture.
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Positive intoropes and vasopressors in the i.C. Unit, an update

Inotropic agents
Inotropic agents can be divided into those that increase cAMP levels and those that do not. Adrenergic receptor
agonists and phosphodiesterase inhibitors (PDEi) increase cAMP levels and are currently the mainstay of
positive inotropic therapy. Dobutamine is considered the inotropic agent of choice in dogs and cats with
cardiogenic shock in need of inotropic support, especially those in need of PPV or nitroprusside for
management of severe left sided CHF. Nitroprusside and dobutamine should be given in separate IV lines and
titrated to effect. In one veterinary study looking at anesthetized dogs with experimental MR, the dose
dependent hypotensive effect of isoflurane was mainly derived from the decrease in contractility and was
negated by dobutamine. Dobutamine increased aortic pressure without increasing left arterial pressure by
increasing the contractility attenuated by isoflurane.
Inotropic support in sepsis
According to the human 2016 SSC, dobutamine is also the first-choice inotrope for septic patients with
measured or suspected low cardiac output in the presence of adequate left ventricular filling pressure (or
clinical assessment of adequate fluid resuscitation) and adequate MAP. The data supporting dobutamine are
primarily physiologic, with improved hemodynamics and some improvement in indices of perfusion, which
may include clinical improvement, decreasing lactate levels, and improvement in Scvo2. No randomized
controlled trials have compared the effects of dobutamine versus placebo on clinical outcomes. Dobutamine
was used as the first-line inotrope as part of standard care in clinical trials of early goal directed therapy and
adverse effects on mortality were not detected with its use.
Levosimendan is an intravenous PDEi which acts as a calcium sensitizer and increases myocardial contraction
force without increasing intracellular calcium levels. Levosimendan has gained attention in the human
literature in recent years for use in patients with septic shock and compromised myocardial contractility;
however, controversy exists regarding its use. The 2016 SSC campaign states that there is not enough
accumulative evidence to justify its use as an alternative to dobutamine; considering its price; which is
significantly higher compared to dobutamine. This recommendation is based on pooled estimates from 6
studies (116 patients). Since the 2016 SSC, a meta-analysis reviewing its use in 7 studies (246 patients) concluded
that mortality rates were reduced in the levosimendan group and another meta-analysis reviewing the same 7
studies and 3 additional ones (1036 patients) concluded the opposite.
Given the abundant use of pimobendan which shares a similar mechanism of action with levosimendan, it
seems reasonable to consider pimobendan in the initial management of septic patients with a documented
compromise in cardiac contractility, especially in those patients who develop side effects, such as arrhythmias,
from treatment with dobutamine.
In addition to existing inotropic agents, new promising inotropes are being developed for human use. These
include sarcoplasmic reticulum calcium pump (istaroxime), cardiac myosin activators (Omecamtiv-Mecarbil),
gene therapy, nitroxyl donors and ryanodine receptor stabilizers. These drugs have not been used in companion
animals in the clinical setting; however, studies on their use in research dogs have been published.
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When comparing norepinephrine to epinephrine, human studies demonstrate a higher propensity for
tachycardia and hyperlactatemia in patients receiving epinephrine, which can be explained by the stronger
affinity of epinephrine to β receptors. The evidence is less clear about survival outcomes and at this stage,
further evaluation is needed to determine if one drug is superior. Due to the current high cost of vasopressin,
epinephrine may be a more reasonable choice in veterinary medicine for septic patients in need of a second
vasopressor. Outside of select situations, the consensus is against the use of dopamine in septic patients.
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Etiopathogenesis of digestive symptoms
Brachycephalic Obstructive Airways Syndrome (BOAS) is increasingly encountered in small animal practice
because of growing popularity of brachycephalic breeds. Anatomical changes associated with congenital
shortening of the skull lead to obstruction of the upper airways (stenotic nares and vestibules, aberrant nasal
turbinates, thickened and elongated soft palate, pharyngeal and laryngeal collapse). This results in exercise and
heat intolerance, snoring, inspiratory dyspnoea and sleep apnoea. Cyanosis and syncope may also be observed
in more severe cases. Besides respiratory symptoms, digestive symptoms, such as ptyalism, regurgitation and
vomiting, are also frequently reported (up to 97%) in dogs with BOAS with a much higher prevalence in French
bulldogs compared to the English bulldogs and pugs. Reported aetiologies of digestive symptoms include
redundant oesophagus, oesophageal dysmotility, distal oesophagitis, gastro-oesophageal reflux (GER), cardial
atony, sliding hiatal hernia (SHH), pyloric stenosis and/or gastro-duodenitis.
Several studies report a significant relationship between the severity of respiratory and digestive symptoms.
Persistent regurgitation and/or vomiting may further aggravate the upper airway obstruction by inducing
inflammation and encumbering the laryngeal and pharyngeal region, resulting in a self-perpetuating cycle. In
the other way round, more severe upper airway obstruction may also induce more severe regurgitation and/or
vomiting. This is why SHH is suspected to be predominantly involved in the etiopathogenesis as it would occur
secondary to the negative intrathoracic pressure generated by increased inspiratory efforts. Interestingly, SHH is
only occasionally reported (< 5%) during standard radiography or endoscopy. Indeed, a radiograph provides a
static image and is not adequate to detect dynamic abnormalities. Endoscopy is performed under general
anaesthesia with the patient being intubated, which implies the absence of dynamic of upper respiratory
obstruction and inspiratory efforts during the procedure.
Several studies have therefore been conducted to improve the detection of SHH in dogs with BOAS. The use of
fluoroscopy in 36 dogs with BOAS could detect GER and SHH in 75% and 44% of dogs, respectively. In another
study, the use of temporary complete endotracheal tube obstruction (to increase the transdiaphragmatic
pressure gradient) during oesophagoscopy could also improve the detection of gastro-oesophageal junction
abnormalities (including SHH) in dogs with BOAS. With this manipulation, they also found a significant
relationship between the severity of digestive symptoms and gastro-oesophageal abnormalities, underlying
once more the involvement of dynamic gastro-oesophageal junction abnormalities into the etiopathogenesis
of digestive symptoms. Brachycephalic dogs are also predisposed to aspiration pneumonia, which can further
worsen respiratory symptoms and morbidity. A recent study reported that the 3 major brachycephalic breeds
(French and English bulldogs and pugs) have a 3,77 times higher relative risk to develop aspiration pneumonia
compared to all other breeds, with bulldogs being even significantly more at risk than pugs. History of upper
digestive symptoms was the most commonly observed risk factor.
Treatment of digestive symptoms
Treatment should be directed towards reflux oesophagitis and SHH as they seem to be the major cause of
digestive symptoms. Medical treatment may be effective but because of the etiopathogenesis, correction of the
upper airway obstruction should be performed. Several studies have confirmed significant long-term
improvement of digestive symptoms after corrective surgery of upper airways abnormalities (i.e. palatoplasty
+/- nasoplasty +/- ventriculectomy +/- tonsillectomy) followed by short-term medical treatment (i.e. proton
pomp inhibitors (omeprazole), prokinetics (cisapride or metoclopramide), antiemetics (maropitant) and/or
antacids (sucralfate)). This observation was especially true for the French bulldog, which is the breed most
affected by digestive symptoms, compared to the English bulldog and the pug. The use of antacids could even
be started before the corrective surgery. Indeed, a recent unpublished study (from the author) reported that
pre- and postoperative antacid treatments do have a beneficial effect on postoperative digestive abnormalities
and symptoms.
Additional treatments may be considered. Obese animals should lose weight as increased intra-abdominal
pressure may worsen SHH and GER. Feed regular small low-fat diets to enhance gastric emptying and decrease
the volume of gastric acid secretion per feed and decrease GER. Finally, feeding from an elevated position and
changing consistency of food may improve oesophageal clearing.
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Digestive symptoms in BOAS; how to investigate and when to treat?
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On rare occasions, surgical and medical therapy does improve significantly the respiratory symptoms but not
the digestive symptoms. In these dogs, further workup is warranted and if SHH is still observed, surgical
correction (i.e. herniorrhaphy, oesophagopexy and/or gastropexy) might be necessary.

Emily Thomas BA VetMB DACVECC DECVECC FHEA MRCVS
Dick White Referrals, Cambridgeshire, UK
Introduction
Continuous delivery of oxygen (DO2) to cerebral tissue is essential for life. Consciousness is lost within seconds
of profound cerebral ischaemia, and permanent brain damage occurs within 3 minutes. Cerebral perfusion
pressure (CPP) is the pressure driving blood into the cerebrovascular bed and, as such, is essential to maintain
global DO2. Understanding the physiology of CPP and current monitoring/treatment targets may be useful in
our patients, although veterinary outcome data for these targets are lacking.
Factors affecting CPP
CPP is the pressure gradient between cerebral arterial (inflow) and venous (outflow) pressures. Normal CPP is
approximately 60-80 mmHg. For clinical purposes, venous pressure is assumed to approximate to intracranial
pressure, although this is not always strictly true. Therefore:
CPP = MAP – ICP
(CPP = cerebral perfusion pressure; MAP = mean arterial pressure; ICP = intracranial pressure)
In healthy animals, vascular resistance adjusts to maintain constant cerebral blood flow during fluctuations of
MAP within a range of approximately 60-160 mmHg. If MAP increases within this range, vasoconstriction is
triggered (increased vascular resistance). If MAP decreases, vasodilation ensues (decreased resistance). In both
cases, the end result is stable cerebral blood flow. This process is called autoregulation and is governed by
multiple mechanisms including intrinsic myogenic responses, autonomic input, and responses to local
metabolites. Neurocritical care guidelines in people recommend close monitoring of MAP, aiming to maintain it
within the autoregulatory range. However, it is increasingly recognized that autoregulation can be substantially
impaired or absent (dysregulation) with intracranial pathology. Dysregulation may be focal or global and has
been associated with worse outcomes in people.
Another intrinsic protective mechanism holds ICP relatively stable in the face of fluctuations in intracranial
volume. Intracranial contents (brain, cerebrospinal fluid [CSF] and blood) are held within a rigid skull. Within this
confined space, an increase in intracranial volume (e.g. tumour, haemorrhage, oedema) will increase intracranial
pressure. However, a small volume increase in one of these components can be compensated by a decrease in the
volume of another component (volume buffering or intracranial compliance), i.e. displacement of blood or CSF out
of the skull. Up to a critical point, therefore, a significant increase in volume causes only minimal changes in
pressure. Once compliance is exhausted, ICP increases rapidly against volume with resultant fall in CPP.
Monitoring CPP
The Brain Trauma Foundation Traumatic Brain Injury (TBI) guidelines for people recommend monitoring ICP
and CPP in severe TBI patients. CPP is calculated from measured MAP and ICP values.
Invasive blood pressure (IBP) measurement is considered the gold standard to measure MAP but is not always
available or practical in veterinary patients. Of note, some human guidelines recommend aligning the IBP
transducer zero-point level with the middle cranial fossa (approximate level of the tragus of the ear) to reflect
cerebral rather than cardiac MAP when calculating CPP. No equivalent recommendations are available in
veterinary patients.
Both invasive and non-invasive ICP measurement have been described in dogs and cats but neither is routinely
performed at present. Invasive ICP measurement is expensive and requires technical expertise. The gold
standard in people is surgical placement of an external ventricular drain (EVD), inserted into the lateral
ventricle and connected via a fluid-filled line to a pressure transducer. This has the advantage of measuring ICP
whilst allowing therapeutic drainage of CSF. Experimental placement is described in dogs, but clinical studies
are lacking. Intraparenchymal devices consist of sensors inserted directly into brain parenchyma and connected
via a fibreoptic or electronic transducer. These do not allow therapeutic CSF drainage. Again, veterinary data is
limited to experimental studies in healthy or anaesthetized dogs and single case reports.
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When no flow is a no brainer: Cerebral perfusion pressure in Dogs and Cats

Treating abnormal CPP
Guidelines in adult humans with TBI define a target CPP range of 60-70 mmHg, with the caveat that ‘the
minimal optimal threshold is unclear and may depend on the autoregulatory status of the patient’. The CPP
target range is achieved by manipulating MAP and ICP. The target threshold for systolic blood pressure is 100 or
110 mmHg depending on age, and the threshold above which treatment to reduce ICP is recommended is > 22
mmHg. In the absence of a veterinary evidence base these guidelines are often extrapolated to dogs and cats
and applied across the board to patients with any cause of intracranial hypertension.
Systemic hypotension is treated with intravenous fluids and/or vasoactive agents at standard volumes and
doses depending on the underlying cause. Both fluid administration and vasopressor therapy carry risks
including disruption of cerebral haemodynamics. However, the benefits likely outweigh the risks, although overresuscitation (CPP > 70 mmHg) should be avoided. Limited data in people and experimental animals suggest
that noradrenaline may be the most appropriate choice of vasopressor. Noradrenaline is administered at 0.1-2.0
mcg/kg/min, usually starting at the lowest end of the dose range and increasing every 5-10 minutes in 0.1 mcg/
kg/min increments until the desired blood pressure is achieved.
Hyperosmolar therapy is widely accepted as a mainstay of treatment for intracranial hypertension in people
and animals, despite a lack of randomized, placebo-controlled trials. The optimal agent, dose and duration of
treatment are unknown. Mannitol (typically 20% solution, 0.25-1 g/kg IV slowly over 20 minutes via a filter) or
hypertonic saline (HTS) (typically 2-4 mL/kg 7.2% NaCl slowly over 10-15 minutes) are commonly used. Both
agents have complex mechanisms of action and improve cerebral microcirculatory flow regardless of any ICP/
CPP changes, but both ultimately act to decrease cerebral oedema and thus decrease ICP. The Brain Trauma
Foundation TBI guidelines (see further reading) are recommended for a comprehensive overview of the
evidence behind other treatments to reduce ICP, some of which are applicable to cats and dogs.
The bottom line
CPP is undoubtedly an important physiological parameter. However, we are increasingly recognizing that
despite its importance, this global parameter does not necessarily reflect local microcirculatory changes and/or
imbalances between oxygen delivery and consumption. Whilst measurement of CPP remains a cornerstone of
neurocritical care in people, research in people now focuses on combining this information with other
measurements such as brain tissue oxygenation and cerebral metabolism. These multimodal monitoring
techniques are unlikely to transfer to clinical veterinary medicine in the appreciable future. However, veterinary
treatment of intracranial hypertension may change fundamentally with the advent of ultrasound-based
techniques to estimate ICP/cerebral blood flow giving us a better estimate of CPP in our patients. Initial studies
are promising, but more research is needed.
Further reading
Carney N, Totten AM, O’Reilly C, et al., (2017). Guidelines for the management of severe traumatic brain injury, 4th
edition. Neurosurgery. 80(1), 6-15
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Non-invasive ICP and cerebral blood flow measurement using ultrasonography is an active area of research and
appears promising. However, evidence to support its use is limited to date, and more research is needed before
we know whether this will become a safe, cheap, cage-side tool. Two ultrasound techniques are described:
Transcranial Doppler (TCD) flow measurement and optic nerve sheath diameter (ONSD) measurement. TCD
measures blood flow velocity through the basilar arteries of the brain. A recent clinical study reported a
significantly increased ratio of systolic to diastolic mean velocity in dogs with suspected intracranial hypertension.
In people, ONSD measurement is thought to be slightly more reliable than TCD. Transpalpebral ONSD
measurement has been described in healthy dogs and cats, and in cats with presumed intracranial hypertension.

Tiago Abreu, RVN, NCert (PracTec), NCert (ECC)
Hospital Veterinário do Bom Jesus/ Banco de Sangue Animal/ProVetNurse
Nutritional support in companion animals receiving intensive care has a tendency to be delayed. Studies in
human medicine but as well as in animal models show that there are a lot of benefits in starting nutritional
support as soon as possible. Some of these benefits include an improvement in the immunity, wound healing
and an improvement in the survival rate.
Parenteral nutrition is delivered by an intravenous route. This type of nutritional support might be essential in
the outcome of patients who cannot tolerate enteral nutrition. Taking in account its disadvantages, it should
only be used in those cases where the patient has no other alternative in how to receive nutritional support or
in patients where it can be a key factor in the patient’s recovery. Usually, these are patients in which the enteral
nutrition is not indicated or might be dangerous. There are specific solutions for the intravenous administration
of nutrition which should be mixed in a specific order and aseptically. Although it is not mandatory that these
solutions are delivered as a continuous infusion, this is the best way of doing it. The continuous infusion of
parenteral nutrition is associated with some complications, as sepsis or electrolytic abnormalities which can put
the patient in danger. For this reason a cautious and around the clock monitoring is essential.
Venous access
The intravenous catheter should be reserved only to deliver the parenteral nutrition solution, decreasing this
way the sepsis risks associated with administration of nutrient rich solutions. By reserving the catheter only for
this purpose as well as keeping an adequate aseptic care, the risk of bacterial contamination is low.
Central venous access is preferable than peripheral as the administered solutions are hyperosmolar and
associated with thrombophlebitis development. Although this is the case, if a central venous catheter
placement is not possible, these solutions may be diluted in order to be able administer them through a
peripheral catheter, if the patient is not at risk of developing fluid volume overload. Solutions administered via
a peripheral access should never exceed 800 mOsm/l, but if possible, should be less than 600mOsm/l. The risk
of thrombophlebitis development is significantly reduced by using small diameter catheters made of
polyurethane or silicone.
Parenteral nutrition solutions
These solutions are composed by a protein source (amino acid solution), a carbohydrate source (dextrose) and a
fat source (lipid emulsion). Vitamins, electrolytes and minerals might as well be added, making the solution
more balanced and complete.
As these solutions are used in short periods of time, the focus of this nutrition type should be to provide
proteins, calories and vitamins. Electrolyte supplementation should be taken in account the intravenous fluid
therapy plan and not as a part of the nutritional plan.
The costs associated with making a more complete nutritional solution as well as the compatibility between
nutrients can make it difficult to achieve.
If after a week receiving parenteral solution, the patients is not on a balanced enteral nutrition, fat-soluble
vitamins can be administered via subcutaneous or intramuscular injections. In case of long term parenteral
nutrition, folate should be supplemented too.
Special parenteral nutritional compounding bags in which is just required to mix the solutions are available.
Alternatively, these solutions can be made in evacuated glass containers. Parenteral solutions should be made
fresh every day. Initially, the amino acids are mixed with the dextrose, followed by the minerals. If electrolytes as
calcium or phosphorus are to be added, they should be mixed in a very slow manner as they can precipitate.
Multivitamins can then be added, followed by the lipid emulsion which is fragile. The triglyceride particles in
suspension can precipitate and for that reason should as well be added slowly. The precipitation of the lipid
emulsion can be seen by visual inspection after the solutions has been sitting for a while. In the final solutions
there should not be any sign of layering or component separation. When administering solutions containing
lipids the risk of fat embolism can be eliminated by using a 1.2 micron filter.
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Parenteral nutrition

Additionally, the catheter insertion site should be checked every day for signs of inflammation or infection. Any
sign noted, should be reported to the veterinarian in charge.
Monitoring the patient receiving parenteral support
Monitoring a patient receiving parenteral support is similar to monitor any patient receiving intensive care,
and we should perform physical exams, check weight twice daily, check the hydration status, demeanour and
perform laboratory analysis such as total proteins, albumin, haematocrit, electrolytes and urea.
Alterations in any of the above parameters might indicate that the therapy is working or not and the need for
its revaluation.
Parenteral nutrition support complications and their treatment
Complications associated with the parenteral nutrition are more common than those seen with enteral
nutrition and are related to the administration mechanics, sepsis or metabolic abnormalities caused by the
administered components and their portions. Mechanical complications are quite common and include broken,
chewed, bitten or obstructed infusion sets as well as dislodged catheters. Although these complications rarely
have effects on the patient, they increase the risk of the patient developing sepsis. To avoid or reduce
contamination and potential sepsis the ports should be tightly secured and can be wrapped with disinfectant
soaked swabs. The catheter insertion site should be checked daily and gently scrubbed and wrapped aseptically.
Patients receiving nutritional parenteral support should be monitored carefully for signs of depression,
leukocytosis and fever, which may indicate sepsis. If any of these signs are noted, they should be reported to the
veterinarian in charge, and the catheter should be removed. The catheter’s tip should be cut and sent for
culture and sensibility. Aggressive fluid therapy and broad spectrum antibiotics should be started. Metabolic
abnormalities usually happen frequently in patients receiving parenteral nutrition support, but rarely result in
clinical signs. Frequent abnormalities include hyperglycaemia, glycosuria, azotaemia, lipaemia and electrolytic
abnormalities such as hypocalcaemia, hypomagnesaemia and hypophosphatemia.
Feline and canine patients can quickly develop glucose intolerance and might need insulin therapy. Azotaemia
and lipaemia can be due to the intravenous amino acid and lipid infusions at high concentrations, which
overwhelms the body’s capacity to utilizes or store them. Electrolytic abnormalities are more common in
patients that are vomiting. These abnormalities can be dealt with adequate fluid therapy. Early detection of
these abnormalities is the key to minimize them. Blood work, including haematology and biochemistry can be
performed to help correcting of the electrolyte levels. Additionally, anti-emetics should be administered, the
infusion rates adjusted and proportions of components modified.
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Regarding the maintenance and the nursing care related to this nutritional support administration, one port
(central venous catheter) should be dedicated to this purpose as mentioned before. The port should be swabbed
with alcohol impregnated solution for 15 seconds allowing 15 seconds to dry, before connecting it to the
infusion set. Disconnection of the line from the port should be avoided as can increase the infection risk.

Amy Newfield, CVT, VTS (ECC)
BluePearl Veterinary Partners, Waltham, MA USA
Introduction
The veterinary community has experienced numerous disasters throughout the years and each time we learn
something a little different. While there is never a perfect solution on how to handle each disaster there have
been some key lessons learned. Fifty-six percent of Americans own a pet; therefore when a disaster strikes,
animals usually are involved. Today veterinarians and technicians are considered first responders and the
community looks to the them for help.
All clinics should be prepared
Veterinary clinics by themselves are generally not prepared for a disaster. Unfortunately, many practice owners
continue to assume the local, state or federal government will aid them in times of a disaster. Hurricane Katrina
initially closed almost all the clinics in hard-hit areas of the state and affected about 120 practices and 250
veterinarians. The numbers of technicians affected were more than 500. Many veterinarians did not receive
enough compensation to reopen their practices. Those practices that remained open were swarmed with pets
and people who had no money. Many of them handed out free medical care and were never reimbursed. During
9/11 several area veterinary clinics were closed following the immediate aftermath. In 1999 the state of North
Carolina saw more than 1 billion dollars of damage to their farm animal population leaving many veterinarians
without work.
Lessons learned: It is imperative that each individual veterinary clinic has its own disaster plan just like every
human hospital has a disaster plan in place. Veterinary clinics need to work with their local communities to be
incorporated into the local plan. The federal government now has plans in place to offer federal aid to those
clinics who provide services to the community. While no plan is perfect, one thing is certain: any plan is better
than no plan. Numerous chapters, articles and even online videos have been published on how to create your
own clinic disaster plan and how to protect your clinic in case of a disaster.
Veterinarians are the first line of defense to reuniting pets & owners
Lamar Dixon was a fairground outside of New Orleans that held upwards of 6,000 or more animals including
livestock and exotics. Less than 1% of the dogs had identification tags or microchips and the number was even
less for cats. While it is true that contacting the owners of those that had tags/chips created quite a challenge,
the fact remains that most of those owners were eventually tracked down.
Lessons learned: Veterinarians have the ability to ensure that each pet that comes through their doors has
appropriate identification. While microchipping is effective, it’s only effective if the owners remember to update
their information. Reminding owners at the yearly visit is important. Pet tag engravers can offer a clinic more
revenue. If purchasing an engraver is not an option, pre-paying for ID tags at a local pet store and offering them
to owners is also another idea. A computer can be set up in the clinic so owners can purchase them directly
online through a website the clinic trusts or a technician can sit down and fill out the paperwork, take payment
and mail away for a tag for the owner.
Research facilities & zoos are not exempt
For years research facilities and zoos have created their own disaster plans. Most of these plans assume there
will be only a temporary interruption of services and that hardened structures could operate with emergency
generators thus keeping the facility operational. Unfortunately, during Katrina this was not the case. Most of
the research and zoo employees were forced to relocate and the city saw a complete shutdown of all resources.
These facilities had to reach out federal agencies in order for the animals to be rescued. Millions of dollars of
research were destroyed.
Lessons learned: These facilities need to work more closely with the state and federal government to create back up
plans to their pre-existing disaster plans. Unfortunately, sometimes it is impossible to save all the animals in such
facilities. For example, evacuating animals in the aquarium of New Orleans proved impossible during Hurricane
Katrina and the facility lost almost all of its 10,000 fish. Meanwhile the zoo was located on higher ground and most
of the animals survived. No matter all the planning, some animal casualties must be planned for.
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Disaster lessons learned

Lessons learned: When Katrina hit the Louisiana SART team had just formed and during 9/11 New York had no
SART. During Katrina the state veterinarian, Louisiana Veterinary Medical Association and various agencies
pulled together quickly to form some structure to help coordinate efforts. While the work they did was
excellent, it was no means ideal. Every state should have an active SART team. SART team members should be
minimally trained in ICS, haz-mat, personal protection equipment (PPE) and take a beginner animals in
disasters training class. All of these are offered online for free from FEMA at: http://training.fema.gov/IS. SART
teams should hold meetings and trainings and keep an accurate record of members’ expertise (large animal,
small, exotics). While veterinarians/technicians may have their own clinic disaster plan in place it is important
that veterinarians/technicians become involved in their local and state animal response teams.
Take your pets with you
For years pet owners have been instructed to leave their pets behind and in 2005 Mayor Ray Nagin instructed
the same of his residents. Residents had no place to take pets because there were no shelters in place for pets.
During Katrina many local veterinary clinics offered to board pets during the storm so that the people could
evacuate. Unfortunately most of those veterinary clinics took on water and many of those pets were trapped in
cages and died.
Lessons learned: American Red Cross, HSUS and other large human/pet sheltering organizations are working
together for the first time to help solve the sheltering problem. Pets and people must be evacuated together
and should not be boarded at local clinics that are affected by the disaster themselves. There is no perfect
solution, but it is imperative that veterinarians/technicians work with their local and state animal response
teams so that they can identify locations where sheltering can occur. If sheltering together is not possible, then
measures must be in place to create a shelter and care for the pets’ housing and medical concerns.
Save pets = save people
Images of humans, felines and canines together on rooftops waiting to be rescued were all over the news.
Many people died because they refused to leave their pets. No one will forget Snowball, the dog that was ripped
out of the arms of a sobbing child by a military reservist who told the child “no dogs allowed”. As a result from
the poor animal response to Hurricane Katrina many veterinarians, animal organizations, state and local
officials got together and helped create the Pets Evacuation and Transportation Standards Act (PETS Act) which
was signed into law by President Bush on October 6th 2006.
Lessons learned: The reason it was signed into law so quickly was simple. If you save the pets you save the
people. The PETS Act requires local and state emergency preparedness authorities to include in their evacuation
plans how they will accommodate household pets and service animals in case of a disaster. Local and state
authorities must submit these plans in order to qualify for grants from the Federal Emergency Management
Agency (FEMA).
Veterinarians are not the best record keepers
During Katrina 6000 animals entered Lamar Dixon fairgrounds in 14 days (a rate of over 400 animals a day).
When animals arrived, one fact was simple: appropriate records and identification were not kept. Pets that
received veterinary care had a record, but the rest of the animals did not. It wasn’t until weeks later that the
animals were categorized, identified and received an actual record.
Lessons learned: Veterinarians are not the best record keepers. Does your practice have a way to keep records
without a computer? Can you generate receipts, prescription labels and records without electricity? Does the
SART or local animal response team have a way to keep track of every single animal that they shelter or care for?
It is important to develop a system before a disaster hits.
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Every state must have an active SART team
After the state of North Carolina suffered more than 1 billion dollars worth of damage to their farm animal
population during a hurricane in 1999 they realized they needed to be better prepared. They formed the first
SART (state animal response team) and worked with the state using the basic principles of human disaster
response. They set up their own incident command system (ICS) which is the cornerstone to every good disaster
plan. ICS had been established by the California fire department in the 1970s after they had lost more than
600,000 acres of land, 800 buildings and 16 lives due to wild fires and a lack of organization. The system was
integrated into FEMA by President Carter in 1979.

Lessons learned: All good disaster plans account for euthanasia and disposal. Many local veterinary clinics
assume they will not be involved in a disaster and they then find themselves in the front lines. As animals are
brought in and more pets are euthanized, how many bodies can your facility hold? If the local animal pet
cemetery is inoperable, who will dispose of the bodies? Many local and state animal response teams forget to
include euthanasia and disposal plans for all species.
Volunteers will come/are you acting as a volunteer?
From the biggest to the smallest disasters, volunteers will always come especially when it involves animals. All
it takes is one image of a cute helpless animal and the people start arriving. This was the case during 9/11 when
people rushed down to help save the abandoned animals and during Katrina when they just showed up and
starting going through homes. Volunteers included veterinarians and technicians, who sometimes showed up
in flip-flops and tank tops and had no license on them showing they could even practice medicine. Many
veterinarians and technicians just up and left their paying jobs to come help the animals of Katrina. While their
intentions are good, often times volunteers cause more problems.
Lessons learned: All good disaster plans account for volunteers. While not ideal, in large scale disasters
sometimes volunteers are needed. This was the case during Katrina. While technicians and veterinarians
flooded into Louisiana and offered help they forgot one thing…proof they were a technician or veterinarian. The
state of Louisiana waived the ‘state only veterinarians’ from practicing during a disaster, but those that wanted
to practice needed to show concrete proof. Unfortunately, many of these individuals also left their well paying
jobs and returned home to find they no longer had one. Some of the volunteers were injured and did not have
disability insurance. If you want to volunteer the best way is to get involved with a team before a disaster. Many
organizations offer insurance to their members should they become injured or even sued. You must always
check with your employer to see if it’s okay if you volunteer and, if you elect to do so without their consent, then
you must accept the consequences afterwards. With the exception of the federal disaster team, NVRT,
employers are not required to hold your position if you volunteer for a disaster…even if the disaster is in your
own town. If you are already involved in disaster planning then your plan must account for volunteers. What
will be the requirements for allowing volunteers to help? Saying you’ll never allow any volunteers is not
practical when it’s Katrina-sized. How will you keep track of them? What will they be allowed to do? Do you
have any waiver of rights forms for them to sign? All these things must be considered and planned for.
Use the media effectively
During any disaster, no matter the size, the media will come. During 9/11 a comment was made that the
veterinarians who were treating the search and rescue dogs were concerned about their feet. This statement
was aired on television and found its way online. Truckloads of dog booties showed up on the streets of
Manhattan. Only problem? Search and rescue dogs generally don’t wear booties. They have more control and
are more stable without the booties. At Lamar Dixon no one ever predicted the arrival of over 400 animals a
day. It was impossible to keep up with supplies needed and, at one point, the facility ran out of bowls and cages.
Animals were crammed in together and food was just tossed into cages. A call for help was put out and
problem solved! Cages, food, bedding arrived by the truck-load.
Lessons learned: Disaster plans must include how to deal with the media. Only one or two people should be
allowed to speak to the media. If you are not the person who is designated to speak, then don’t. Politely say “no
comment” and refer to the person who is designated as the public information officer (PIO). The PIO should be
responsible for organizing information about the disaster and communicate what is going on and if any
resources are needed. While sometimes the media can be the enemy, they can also act as a friend. In desperate
times, the media has the ability to obtain resources quickly such as food (for both pets/humans), shelter (for
both pets/humans), equipment, cages, bowls, medical supplies, volunteers, leashes and more.
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Euthanasia/disposal plans must be in place
In the 1970s the now well known disposal of a deceased whale took place. After packing in dynamite into the
belly of the whale onlookers had to run for cover as massive chunks of whale blubber rained down upon them.
The result was weeks of cleanup. When housing 6000 animals at Lamar Dixon it should be expected that some
animals would need euthanasia. While euthanizing was not a problem and the organization agreed to a
protocol, disposal plans were not in place. The bodies had been bagged and put into one horse stall and, after a
week of 90 degree heat, the stench became unbearable. It wasn’t until the federal teams became involved that
a refrigerated truck arrived and arrangements were made with the state for pick up and disposal.

Lessons learned: Every disaster plan must include a plan to keep the responders safe. It must include down-time
for responders involved. Adequate food/water and sleeping area should be provided to all those involved.
Human medical treatment should be available to responders if needed. Physical protection should be given to
responders if needed. The military reservists can be called upon if situations are dangerous. Ideally all disaster
teams should also have a safety officer who is trained to spot safety hazards and works towards keeping the
team safe. PTSD must be discussed with each responder. Responders should be given information on how to
take care of themselves during and after the disaster.
Protecting the pets during a disaster
Reports were all over the news of people steeling fireman coats and sneaking into the world trade center pile
site. At Lamar Dixon the numbers of animals started to decline over time. Some of these animals found their
owners and some of them were stolen.
Lessons learned: Even though most people are well-intentioned during a disaster, unfortunately there are some
that are not. Pets must be protected against theft and harm. Louisiana State University Veterinary School
offered to house owned animals during Katrina. Owners were given ID bracelets and were made to check in/out
of the facility which was as secure as it could be. After responders witnessed people steeling animals from
Lamar Dixon, fencing was installed to prevent further theft of animals. While it seemed so obvious after the
fact, it was something no one had accounted for before. Disaster plans must include ways to prevent the pets
from harm or theft.
An ounce of planning is worth a pound of prevention
Disaster planning must plan for all types of disasters: natural and man-made. Most of the lessons learned were
simply because no planning had taken place before the disaster occurred. Scrambling at the last minute only
adds to the chaos that is already present.
Lessons learned: Plan, plan and more planning. Keeping teams organized and trained when there is not a
disaster is difficult because disasters help to motivate people. It is imperative that meetings are held and
training occurs to keep people interested. Disaster plans should be three-fold: local, state and federal. The local
community should be able to help itself first. Sometimes this incorporates a regional response so that
numerous towns work together to help each other. Police, fire and local government should be involved in these
plans. If the local community cannot handle the disaster, then the state animal response team should come in.
The SART should have already met with all local teams and have a relationship with them. An ICS system should
be in place before the disaster. SART teams should have ideally worked with the state government, state
veterinary medical association and state veterinarian before the disaster occurred. Lastly, if it gets beyond the
control of the state the federal teams are brought in.
Conclusion
While there is never a perfect disaster response, it is imperative that we learn from each mistake that has made
in the past. Planning is the key. Veterinarians and technicians need to plan for themselves, for the clinic, for the
community and for the state. Assuming help will come is not okay. It is important we take an active role in
planning to help animals in disasters.
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Protect yourself during a disaster
Mental and physical health is generally forgotten about during a disaster. Working 24 hour shifts and not
eating well is considered normal. During 9/11 the disaster teams were demobilized and sent home without any
post-disaster self care instructions. The responders experienced nightmares, behavior changes and substance
abuse. While it was not new to the military, it was new to many of the first responders. They were suffering
from post traumatic stress disorder (PTSD). After Katrina many organizations reported their volunteers/
employees needing mental health assistance after the event. Besides mental health issues, disasters can be
dangerous for responders. Besides the danger of being bitten by an animal, toxic substances, down power-lines
and even angry looters/mobs can pose a threat. All of these became a reality during Katrina.

Daniele Collura, ICU 1 - Head Nurse, RN, CCRN, MSC
Erasme Hospital - Free University - Brussels (ULB)-Belgium
Ventilator-associated pneumonia (VAP) is defined as a nosocomial pneumonia occurring in patient requiring
invasive mechanical ventilation (MV) and that develops more than 48 hours after MV (given by means of an
endotracheal tube (ETT) or tracheostomy) or within 48 hours after extubation. Approximatively 10 to 20 % of
ventilated patients are diagnosed with VAP, a rate that has not declined over the past decade. The incidence of
VAP increases with the duration of mechanical ventilation and is associated with a high mortality ranging
around 20%. It is the most common nosocomial infection among intensive care unit (ICU) patients and adds
significantly to the cost of hospital care and to the length of hospital stay. VAP results from the invasion of the
lower respiratory tract and lung parenchyma by microorganisms, facilitated by the intubation that compromise
the integrity of the oropharynx and trachea and allows oral and gastric secretions to enter the lower airways.
Two types of VAP can be distinguished: early onset (between 5-7 days of MV) presumably caused by pathogens
colonizing the respiratory tract at the time of intubation and late onset (more than 5-7 days of MV) probably
mainly due micro-aspiration of gastric contents.
Pneumonia is defined as new lung infiltrates on the X-rays associated with clinical evidence that the infiltrate is
of infectious origin, which include new onset of fever, purulent sputum, leukocytosis, and decline in oxygenation.
Many pathogens are involved such as positive gram cocci (Streptococcus, Staphylococcus aureus) and gram
negative bacteria (H. influenzae, Moraxella, enterobacteriaceae, Enterobacter, Citrobacter, Pseudomonas
Aeruginosa, Acinetobacter baumannii,..)
The incidence of VAP depends on the population studied, type of ICU and the diagnostic criteria used.
The diagnosis and management of VAP remains one of the most controversial and challenging topics in
management of critically ill patients. The diagnosis of VAP is imprecise and usually based on a combination of
clinical, microbiological and radiological factors. In the United States, VAP criteria are based on the of ATS
guidelines while in Europe the CPIS scale is used to confirm the diagnostic. To decide to initiate or not an
antibiotic therapy, the physician can use the quantitative culture of lung secretion associated with the clinical
signs. Some biomarkers may be used such as procalcitonin (PCT), a biomarker for identification of bacterial
infections and correlated with the severity of infection or IL-1b and IL-8 concentrations in the bronchoalveolar
lavage fluid. Finally, some doctors prescribe only according to their experience.
It is recommended to initiate broad spectrum antibioc therapy shortly after bacteriological sample and adapt
secondarily to the bacteriological results, taking into account bacterial resistance. Concerning the duration, it
has been shown that an 8-day antibiotic treatment has the same clinical and microbiological efficacy as 15-day
antibiotic treatment. The challenge for clinicians is to reduce the overuse of antibiotics and help to contain the
emergence of multiresistant bacteria in the ICU by using all the recommendations.
Risk factors have been identified and are related to both the patient (medical or surgical disease,
immunosuppression, malnutrition) and the health care personnel (improper hand washing, failure to change
gloves or gown, and related to devices: MV with ETT or tracheostomy, reintubations, nasogastric tube or
orogastric tube).
The best way to reduce VAP onset is prevention. To achieve a significant decrease in VAPs, all elements of the
Clinical Best Practice Suite must be applied, but the means and pace of implementation are left to the
discretion of the institutions. This is necessarily an interdisciplinary operation, requiring a team formed by
representatives of the various professionals caring directly or indirectly with patients under MV (doctors,
nurses, physiotherapists). It has been demonstrated that the maximum reduction in VAP rates is achieved when
adherence to all practices is greater than or equal to 95%.
How can we prevent VAP onset? One solution is applying the “bundle concept” or set of clinical best practices
that can be defined as a set of 3 to 5 evidence-based practices that when performed simultaneously and
continuously have positive impacts on the quality of care.
Use of ventilator bundles has been shown to improve outcomes in intubated patients and to reduce the overall

EVECC CONGRESS GHENT 2020

Mechanical ventilation and VAP prevention in human medicine

The “FAST HUG” mnemonic (for Feeding, Analgesia, Sedation, Thromboembolic prophylaxis, Head-of-bed
elevation, stress Ulcer prevention, and Glucose control) is another tool to remember and check some of the key
aspects in the general care of all critically ill patients and also helps to prevent VAP.
Nosocomial infections are considered as a « tribute to pay to the more aggressive management of the intensive
care population, characterized by the use of sophisticated technologies and invasive devices ». This is an
important consideration in the pulmonary care of critically ill patients. Knowledge of the incidence of
nosocomial infections and their associated risk factors are important to allow the development and use of new
preventive measures. Despite all the steps taken to prevent VAP, mortality and morbidity remain significant.
In conclusion, VAP is a common infection among critically ill patients that can be reduced by the application of
adapted measures. Physicians should identify at risk patients and adjust antibiotics treatment and duration to
reduce the onset of VAP.
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incidence of pneumonia. There are 4 different key elements in the VAP prevention strategy including: elevation
of head of the bed, (semi – recumbent position 30-45°), peptic ulcer disease prophylaxis and deep venous
thrombosis prophylaxis, daily awakening trials (sedation vacation) and daily assessment for ventilator weaning.
A fifth point to reduce VAP, such as oral care and hygiene, chlorhexidine in the posterior pharynx was added by
the IHI in 2010. Other prevention points as specialized endotracheal tubes (continuous aspiration of subglottic
secretions, silver-coated), should be considered for inclusion in a revised Ventilator Bundle more specifically
aimed at VAP prevention. Applying the VAP bundle, VAP rate is reduced by 44.5%.
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Eleanor Haskey RVN BSc(hons) PGCert VTS(ECC) VPAC A1
ECC Nurse at the Royal Veterinary College, London, UK
Any patient entering the veterinary clinic is at risk of infection due to their ill health and immunocompromise
or the invasive procedures we carry out. For this reason, all veterinary clinics should have an infection control
plan to reduce the risk of hospital acquired infections (HAIs) which are linked to increased morbidity/mortality
and to make the clinic a safer environment for both their patients and staff. Infection prevention and control
measures can be broadly divided into the following areas:
Hand hygiene
Hand hygiene has been proven as the single most important, least expensive and simplest way to prevent HAIs.
The CDC and WHO have published extensive guidelines on hand hygiene. Alcohol rubs are preferred for routine
hand decontamination whereas hand washing is recommended for hands which are contaminated with
organic matter. In the clinical setting the 5 moments of hand hygiene should be followed: before touching a
patient, before clean/aseptic procedures, after body fluid exposure/risk, after touching a patient, and after
touching patient surroundings/environment. Training for all personnel on the importance of hand hygiene,
along with a regular reminder and appropriately located resources (hand rub devices/handwashing sinks) will
all help improve compliance. Hand hygiene audits should be incorporated into the clinic’s clinical audit process.
Environmental cleaning and disinfection
An appropriate disinfectant should be chosen based on the common pathogens encountered in the clinic. All
staff should be trained in the correct dilution and contact times to maximise effectiveness of the disinfectant.
Personal protective equipment (PPE) should be worn whenever handling disinfectants to prevent accidental
exposure. General principles of environmental decontamination include removing visible debris/organic
matter and then washing the area with water and a detergent/soap as many disinfectants are inactivated by
organic matter. The detergent residue should be rinsed away (again to prevent the disinfectant denaturing)
and the area dried before finally the disinfectant is used. Depending on the disinfectant used, some require air
drying and others require the area to be dried after the contact time is achieved.
Isolation and barrier nursing
All clinics should have a policy within their infection control plan regarding the isolation of infectious patients.
Many clinics will have a self-sufficient isolation area that staff enter via an anteroom. Such areas should have
separate ventilation and sewerage, separate waste disposal, minimal equipment and consumables not to be
used in other areas of the clinic, PPE, clear signage and guidelines on how to decontaminate the area between
patients. If an isolation facility is not accessible then provisions must be put into place – e.g. a temporary
isolation area set up with a collapsible kennel in a consult room or consideration for referral to another clinic. If
patients are too sick to be housed in the isolation area due to the requirement of intensive care nursing then
barrier nursing should be implemented. These patients should be clearly identifiable as infectious or potentially
infectious, should have separate equipment (stethoscope, blood pressure doppler, clippers etc) and PPE should
be worn by all personnel handling the patient. Where possible high-risk infectious patients that are stable
should be managed as outpatients to minimise the risk of spread of the infectious pathogen in the hospital
environment.
Antimicrobial stewardship
Antibiotic stewardship involves the veterinary profession using antibiotics appropriately in order to preserve
the availability and effectiveness of antimicrobials whilst safeguarding patients, the public and also
environmental health. The clinical relevance of antibiotic stewardship involves using an evidence-based
approach for determining whether antibiotics are indicated, using the right antibiotic at the right dose for the
right amount of time. Where possible, pathogens should be identified through bacterial and sometimes also
fungal culture and sensitivity testing. These results should be included in the clinics clinical audit process so
that infections can be tracked. Patients with indwelling devices such as urinary catheters should not be
administered antibiotics prophylactically to prevent infection as there is no evidence to suggest this works.
Specific hospital acquired infections
Urinary tract infections associated with urinary catheterisation are the most common hospital acquired
infections in veterinary patients. Urinary catheters should be placed in an aseptic manner and connected to a
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Infection control

Surgical site infections are associated with a number of risk factors including anaesthesia time, the degree of
wound contamination, surgical technique and appropriate antimicrobial prophylaxis. Proper skin disinfection
should be achieved with the correct concentration and correct contact time. Perioperative antibiotics are
indicated during contaminated surgery or if the surgical time exceeds an hour and should be administered IV
30 minutes before the first incision and every 90 minutes thereafter during the procedure. Antibiotics are
discontinued 24 hours unless there is wound contamination.
Intravenous catheter related infections are relatively uncommon but can be associated with significant
morbidity and mortality in rare cases. Most catheter related infections cause local signs such as inflammation,
redness or vasculitis. If any of these signs are observed the catheter should be removed, the site monitored and
catheter tip sent for bacterial culture testing. Occasionally catheter related infections can result in more
systemic signs so if a patient unexpectedly develops pyrexia then the IV catheter should be removed in case it is
the source of infection and the patient’s temperature monitored. Hand hygiene and appropriate skin
decontamination during placement can help to reduce the risk of a catheter related infection. There is some
evidence to suggest changing peripheral IV catheters at 72 to 96 hours.
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closed collection system where the bag is kept below the level of the patient. Catheters should be handled with
gloves, wiped with chlorhexidine swabs in a proximal to distal direction and the prepuce or vulva can be
cleaned with diluted chlorhexidine or povidone iodine. The urinary catheter should be removed when no longer
required. Obtaining a sample via cystocentesis after removal of the urinary catheter is a more accurate and
appropriate way to ensure an accurate diagnosis of infection than sampling via the catheter prior to removal.

Amy Newfield, CVT, VTS (ECC)
BluePearl Veterinary Partners, Waltham, MA USA
Introduction
Working in veterinary medicine can be difficult because it involves working in a team. So many went into the
industry thinking that they enjoyed animals more than people only to find out that they work with people the
same amount, if not more. In hospital settings it is a matter of life and death on a daily basis for patients. In
order to perform even the simplest task, like drawing blood, team members must work side-by-side with each
other. This is unlike human medicine were often times the registered nurse performs phlebotomy solo. The
stress of day-to-day experiences, coupled with having to work so very closely if not on top of each other, can
result in a stressful work environment. Being a great team member not only allows for better experience for
everyone else but yourself as well.
The team members
People leave managers, not jobs. That saying is mostly true, but it can be argued that people also leave bad
teams with bad morale. Usually the teams that have bad morale and high turnover are the direct result of also
bad managements. Rarely, but sometimes, a team member may leave a job simply because they want a
challenge outside of what the company can offer.
That said I personally worked in a veterinary hospital where the management was terrible, but my team was
amazing. I stayed because of the amazing team members that I had working alongside me.
A team is made up of many individuals all with different personalities. There are many personality testing
software’s and theories out there that attempt to classify one’s personality. There is no exact or perfect testing
method, but certainly having a good understanding of the different types of personalities out there allows any
team member to interact with their co-worker in a more productive manner.
One of the more popular method is the Myers-Briggs personality test which categorizes people into 16 different
personality types. It is based on the conceptual theory that was proposed by Carl Jung and created by Katharine
Cook Briggs in the early 1900s. It is such a popular personality classification system that numerous websites,
including www.16personalities.com, offer tests to classify you into one of the 16 different personality types.
There are four main groupings of personalities with two choices in each group.
• People tend to be either extroverted or introverted.
- Extroverts tend to drawl energy from action. They like crowds and they react first and think later. Solitude is
stressful to them and take more energy than interacting with people. Being with people recharges them.
- Introverts tend to drawl energy from inaction. They are thinkers first and react second. Crowds are stressful to
them and take more energy than being alone. Being alone recharges them.
• People tend to be either sensing or intuition
- Sensors tend to focus on real senses they can see, touch and feel. They trust the information that are tangible
and that they can see.
- Intuition individuals tend to focus on possibilities. They learn from larger experiences and can apply it to what
could be in the future.
• People are either thinkers or feelers
- The thinkers tend to be over analytical and they do not use feelings to place judgment on a decision
- Feelers tend to look at the impact it would have on those around them and take into consideration others’
feelings
• People are either judging or perceiving
- Judging individuals like to live in a very organized manner. They feel satisfied when a plan comes to a closure.
They like planning and organization
- Perceiving individuals like to keep options open. They are spontaneous and adaptable. While there are plenty
of ways to categorize human behavior, the Myers-Briggs method is certainly one that many people enjoy and
can relate to. There are certainly people who are very extroverted and people that are very much thinkers.
There are also people who fall in the middle. Having the team take a Myers-Briggs test or other personality
test will allow the members to understand how best to interact with each other.
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It’s your Hospital too, stop the blame: taking responsibility in your team

Starting the day
In veterinary medicine all team members perform shiftwork. It might be an overnight shift or day shift, but
team members are expected to arrive and end the shift at a certain time. In order to start the day off on a good
foot (or perhaps it’s the night you are starting) you must arrive on time. This doesn’t mean just in the nick of
time. You must arrive before your shift, put away your belongings, check your cell phone one last time, and be
ready to work at the start of the shift.
Say hello to your team members. Say something nice. The first words out of your mouth should not
complaining. Starting the day off with the complaint sets the tone for the rest of the day. No one wants to hear
about how you’re tired and you didn’t want to come into work. Probably several other team members feel the
same way. Complaining just breeds negativity. Don’t let it be the very first thing that exits your mouth when
you walk into work. Instead, put in a few positive sentences before maybe adding in about how you are tired
and would rather sleep in.
Be kind, respectful & polite to each other
This seems to go without saying, but it is difficult to remember this when there is a patient who is not doing
well or a client yelling at you. If the exam room appointment start getting backed up and a technician is taking
longer than usual to read a blood smear or a fecal, things get said that are not kind. One of the largest issues in
veterinary medicine is that people forget to be polite, kind and respectful to each other.
No one should be permitted to yell at each other. It simply should not be tolerated. Throwing of items or
slamming things on tasks should be immediate reasons that an employee is written up. While at times it
seems like a casual place of employment, it is a working hospital performing medicine. It is a professional
environment that many times employees forget to be professional in.
If there is a heated exchange of words or actions it should be immediately corrected once the individuals have
had time to reflect on the inappropriate behavior. They need to apologize in order to mend the relationship
they have as team members. And while they may not agree with each other, they need to agree that they are
working towards the same common goal and will treat each other in a more respectful manner moving
forward.
Team members should not be permitted to curse frequently. There may be a rare instance where cursing
happens. The team member who said the bad word, should apologize and make it known that it was
inappropriate behavior but that they were reacting to the situation. Cursing directly at a team member is
grounds for immediate action from a manager.
Above all else it is important to remember that every team member works in a professional environment.
Maintaining professionalism and being polite and respectful is important to good team health.
You love animals
All team members love animals. A good team environment is one where the members remember to treat all
animals as if they were their own. In human medicine when a doctor or nurse does not like a particular patient
they don’t announce their grievance to the patient. They don’t say nasty things to the patient or take pictures
to make fun of them or yell at them to try to get them to behave. It is unfortunate that these things happen
frequently in veterinary medicine.
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The 10 Key Traits to Being a Great Team Member
• Start the day off on a good foot.
• Be Kind, Respectful & Polite to each other
• You all Love Animals. Remember That.
• Be a cheerleader or at least offer applause
• Be Observant & Take Initiative
• Be Engaged
• Don’t Gossip & Assume Good Intention
• Remember it’s ONE team, not a department or a group
• Create moments of laughter & fun
• Ending the day with a unicorn flying by

It’s okay if you don’t get along with every single patient. Ask a coworker to work with a particular patient that is
causing you stress rather than take your stress out on the entire team. There’s probably someone on the team
that can connect with that animal better or at least handle the stress better. If you find yourself stressed out
about your patience more often than not, you may be suffering from burnout. It is important to recognize this
and seek the help that you need so you can remember that you love animals.
Be a cheerleader
Not every team member is going to be vocal and cheering on every buddy all the time. That’s okay. However,
whether you’re an introvert or extrovert it’s important to give praise to your team members when they did a
good job. Be genuine about your applause to the person. “Good job getting that catheter in” or “Thanks for
cleaning up the vomit” are important to maintaining the best team.
Even if the day was terrible and not much seemed to go right, it’s important to acknowledge that the team
worked hard in some way despite the failure. Leaving the day without a single complement, praise, or pat on
the back often makes employees wonder “why am I even working here?” Our animal patients do not provide
praise. They rarely provide affection. If we are not kind to each other that it becomes a very long and stressful day.
Doing simplistic things like putting a smiley face on a piece of paper next to someone’s stethoscope is the
difference between that person having a good day or a bad day. If you know what lunch bag they bring in, put a
note on it that says something nice like “thanks for always stocking the drawers” and let them find it at lunch. If
you know what car they drive put a note on the car or just print out a big smiley face emoji with the words
“thanks” and put it on their car for them to see.
Be observant & take initiative
If you do not notice how your team members are doing then you are not a good team member. It may take some
work if it’s not your normal personality type to be a feeler or be perceptive. That’s okay. But even non-feelers and
those that lack perception, can sense when someone is sad or having a bad day. Maybe the non-feelers may only
respond to those they see crying in the corner or those that are vocalizing their distaste for a situation, but being
a good teammate requires you to step up to the plate for your team member when it’s necessary.
If you see somebody always grumbling about having to take care of the dog with the bloody diarrhea or they
talk about how they don’t want to handle the cat that is growling and hissing, ask if you can help. Take initiative
to help that team member out because at some point you will need help yourself.
If you think someone is suffering from compassion fatigue or burnout, talk to their practice manager or them.
It’s certainly not your job as a teammate to coach them through a difficult time, but it is your job to ask them if
they are okay. If that teammate is an introvert and if they want to seek help, going to their friend or their
manager out of concern is important. Losing a team member because they are burnt out or suffering from
compassion fatigue adds stress to the whole hospital.
If you notice that someone is struggling to reach something up high and you know where there’s a step stool,
go help them. Be observant and take that initiative. If you see that someone is setting up for an IV catheter and
looks like they are waiting for someone to help them, be the person to offer the help. Don’t just keep ignoring
them. Take the initiative to help your teammate and they will be a better teammate to you in the future. “Did
you eat lunch” is a simple check in with a team member and can mean so much.
Observing if your teammate needs help, whether it be physical or emotional help is important to being a good
teammate. If you sense that they need some type of physical help in doing a task you need to take the initiative
to help them even if it might be somebody you don’t always get along with. It’s your job to do so. If you ignore
them that’s going to just breed further resentment. If you see someone needs emotional help reach out to
them. For some personalities it’s really hard to do so but recognize that just checking in it sometimes all the
help someone needs.
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If a dog is barking loudly do not yell at the dog. This adds to the stress of the team. No one likes the dog barking.
Don’t be the team member to yell back at it. It only reinforces fear and even resentment in that dog as to why
they were barking in the first place. Instead investigate why the barking is happening. Maybe they have to go
outside to eliminate, maybe they are in pain, maybe they’re lonely or hungry.

There will be days that you are disengaged. It’s important to let the team know that you’re having one of those
days or recognize that you are when someone approaches you. It’s okay to tell your team “I’m exhausted today
because I didn’t get enough sleep and I’m sorry that I’m not cleaning as much as I should.” If this behavior
occurs every day then it’s a symptom of a larger problem. However, being a good teammate means you most of
the times fully engaged.
If you come to work and practice amazing medicine, but sit down in between patients and ignore your team or
you don’t perform the menial tasks that are part of your job, you are still disengaged. You must be fully engaged
in the job entirely. No one likes taking out the trash. Doctors are not usually big fans of staying on phone calls
with clients for hours at times. When a technician or receptionist looks at a full trashcan and decides to ignore
it they are disengaged. When a doctor complains they don’t want to talk to a client or they want someone else
to talk to them, they are disengaged. Passing on your lack of engagement to others is not being a good teammate.
It’s okay to ask for help on days that you are struggling with engagement, but if it becomes a consistent theme
then you need to talk to your supervisor or manager and figure out what will get you back on track.
Don’t gossip & assume good intention
Just don’t do it. When team members gossip it breeds distrust. The trust in a team comes from a respectful and
healthy relationship. It’s okay to make mistakes. Everyone does. However, if people gossip about the person who
made the mistake behind their back and that individual finds out it becomes a very bad team. Even if the
person doesn’t find out, anyone who makes a future mistake will assume that they too will be the brunt of gossip.
A good team is built on trust. Gossip is defined as talking about someone when they are not present. Gossiping
makes people feel uncomfortable and they will shut down and become resentful. The person who is gossiping
requires attention or acknowledgment of what they are saying. It is hard for those who are listening to the
gossip to disagree with the gossiper. Disagreeing with someone who is gossiping creates conflict. No one likes
conflict when they have to work in a team environment. So, even if individuals disagree with the gossip up they
are often times left with just agreeing to get through the situation. Gossiping makes everyone except for the
person who is doing it uncomfortable.
Since most gossip is about something someone did wrong or how someone is bad or how something is
annoying, the best rule of thumb is to “Assume Good Intention”. If all team members can assume good
intention from clients and each other and it will make for a better team environment. Assuming good
intentions and not gossiping go hand-in-hand.
Getting off the phone and complaining about a client who called in for a silly question about their cat’s medical
health and about how much time they took out of your day is gossiping. It’s also not assuming good intention.
The client had good intention. They were worried about their cat. You work in veterinary medicine. You share a
same love of animals as that client. Their only intention is to do right by their cat. Maybe they don’t have all the
answers or maybe they’re not going about it the right way but the end result is they are trying to have good
intention for their cat. When you get off the phone and talk about how the client is “stupid” and “annoying” and
“wasted 15 minutes of your day” that is the opposite of assuming good intention. It also is gossiping. It is unlikely
that your coworkers want to hear you go on and on about the client on the phone. They have other things to
worry about. The reason why you are upset and gossiping in a negative way about that client is because you did
not assume good intention. Take a moment to have compassion for them and assume good intention.
This same scenario can be used with your coworkers. The doctor wasn’t trying to make your life harder because
they forgot to write a prescription that you asked them to do three times. They were busy and they had good
intention doing other things. Maybe they simply forgot. It was not however their personal vendetta against you
to not write the prescription. Don’t gossip about it. Assume good intention.
Remember ONE team
You are part of one hospital team. Within the hospital team there may be smaller teams. There may be the front
office team or the management team, but regardless you all work in the same hospital. You are all striving for
the same goal. No team is better than the other so please, don’t start the team wars.
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Be engaged
If you are not engaged in your job then others will disengage with you. Maybe you are an engaged teammate
but you know somebody who is completely disengaged. Starting off a conversation with “you just don’t seem
that into your job today” or “what’s going on, you don’t seem to want to be here” can go a long way.

Be respectful of the fact that that individual has to do their main job to do. If the team member is constantly
being pulled away from their main job then it will cause more stress within their team. It’s important to
remember that each team member has a very specific job within the hospital in order for the hospital to
function best. Most of that team members job must be dedicated to their original job description. It’s okay to
ask for their help, but don’t be upset if they truly can’t because there is a more pressing issue in their team that
they need to deal with. The person who has declined to help another area of the hospital should provide a
reason OR provide a timeline that they could be able to help them. “I’m just finishing up with this patient and
then I can come over in about five minutes to help restrain that dog.”
Ultimately it is important to remember that every job is important in that hospital. There is not one that is
more important than the other. Doctors would not have appointments if the front office did not make them.
Technicians would not have patient orders if doctors did not provide them. Front office would not have phones
to answer if doctors did not see patients. Remembering that you are all part of the same hospital is important
so that you can help each other when time allows. It is every single team member’s job to help each other out.
Create moments of laughter & fun
The best team member is a fun team member. For those that are introverted this doesn’t mean you have to be
the life of the party. However, even an introvert knows what is fun. Maybe it is simply bringing in some
chocolate or it is playing a good song. Maybe it’s printing out a picture of a unicorn and putting someone’s
name underneath it. Maybe it’s wearing a silly hat or breaking out into crazy dance moves. And it could be as
simple as laughing over something that is not going quite as planned. “Today really stinks like the biggest pile
of stinky poop, right” “Yes, it smells like HGE met IBD”
If you do not have fun then you likely will not last in that particular job for very long. It can be argued that you
spend more time with those that your job then you do with your family and friends. It’s important to have fun
with them. If you notice a team member struggling, hitting the keys of the keyboard in an angry fashion or
maybe just not talking like they usually do, put a candy bar in front of them. That usually gets them to smile.
There has to be silly moments of laughter and fun throughout the day. The best teammate ensures those
moments happen.
Ending the day with a unicorn flying by
There has to be a good end to the day. A good teammate will take in the day and be good to their coworkers on
the way out. Say goodbye. Don’t just walk out the door. Even though veterinary medicine a shift work, it is very
rare that the team members leave exactly at the time they are scheduled to. Don’t be the team member that
runs out the door exactly at 5:00 PM.
If your hospital works on multiple shifts, potentially 24 hours or even evening shifts, set the next shift up for
success. You should leave the end of your shift as if a unicorn ran by and made everything perfect the way you
would want it when you came in for your shift. Set the next team up for success and that will make you a good
team member. Remember that even though you may not work with the next shift they are still part of your team.
End on a high note. It might have been a terrible day but you all stuck it out and no one ran out of the hospital
crying. It’s okay if that was the only good thing that happened. Laugh and say “Today was not a good day, but we
all stuck it out and no one ran out of the building with their hands above their heads screaming.” That’s a
positive end to the day. Ideally the wins for the day will be bigger. It may be a simple “good job everyone” or “see
you all tomorrow” or “I can’t wait to see Mrs. Smith’s new puppy tomorrow”. Regardless, there should be some
conclusive statement that is overall positive to end the day from every team member.
Remember that if you are the team member who didn’t stock the drawer or left the trash overfilling, it will
either be there for you the next day or your teammate who comes in for the next shift is not going to be happy.
End the day with a unicorn not a pile of trash.
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If a team member is struggling in a different department or area of the hospital you don’t normally work, but
you’re able to help them even if it’s not the best help, do so. They are your coworker. If you see the front office
staff struggling to answer the phones, answer a phone. You may not know the answer to the client’s question,
but that’s okay. You can put them on hold or explain to them that the front office is busy and you’re going to try
to get the answer for them. It’s okay to say that you don’t normally work in a certain area of the hospital but
you’re doing your best to help.
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A good team member
A good team member is one that is engaged, comes in on time, helps out their fellow team members, doesn’t
gossip, smiles, and creates moments of laughter. Just think about someone who does all those things and you
likely want them as part of your team. Recognizing that there are so many types of personalities out there and
realizing that none of them are better than the other is important. By understanding a little bit about
personalities and assuming good intention while being kind you can be an amazing team member. Happiness
and laughter mean that when you go home at the end of the day you don’t spend an hour venting to your
family and friends. It means you have an easier life that can be more enjoyable. Being a good team member
means that you want your job to be enjoyable so that you can go home stress-free and enjoy the other parts of
your life. If everybody could have that mindset we would have great teams in every hospital.

I.D. Yozova, L. Londoño, H.Sano, N. Thomson, J. Munday, N. Cave
Introduction: The endothelial glycocalyx (EG) is meshwork of membrane-bound and soluble constituents
lining the endothelial surface layer, influencing vascular permeability. Hypervolemia damages the EG.
Endothelial glycocalyx thickness can be measured using side-stream videomicroscopy and proprietary software
(GlycocheckTM). Reference intervals have been recently established in cats. This study evaluated whether a single
fluid bolus results in changes in EG thickness measured using the GlycocheckTM.
Methods: Thirty male neutered research-purposed cats were randomized to receive a fluid bolus (10 ml/kg/20
min) of Lactated Ringer’s solution (CRYS group), tetrastarch 130/0.4 (HES group), or no fluids (control group).
Investigators were blinded to treatment allocations. After sedation (butorphanol 0.3 mg/kg SC), anaesthesia
was induced with propofol IV CRI to effect (relaxed jaw tone). A video microscope connected to GlycoCheckTM
software was used to evaluate the perfused boundary region (PBR), an estimate of EG thickness in vessels
between 5 and 25 µm based on column width. Measurements were performed prior (T0), during (T10min)
and the end of intervention (T20min). The effect of treatment over time was tested using linear mixed effects
regression modelling, with cat as a random effect.
Results: Twenty-nine cats with an average age of 79 months (range 13 - 146 months) were included for analysis.
One cat was excluded due to an elevated T4. There was no effect on PBR for all vessel segments (5-25 µm) for
either fluid groups when compared with the control group (p = 0.590 and p = 0.091, respectively) and over time
(p = 0.498 and p = 0.144, respectively). When vascular segments were analysed based on size (5-9 µm, 10-19 µm
and 20-25 µm), there was a significant decrease of PBR for vessels 10-19 µm in the HES group (p = 0.009) and
over time (p = 0.011). All changes were within previously established reference intervals for cats.
Conclusion: A single bolus of Lactated Ringer’s solution or tetrastarch did not result in any significant
alterations in EG thickness assessable by the GlycocheckTM in healthy anesthetized cats. Further studies are
required to evaluate changes in EG thickness in critically ill patients.
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Assessment of the endothelial glycocalyx after a fluid bolus in healthy anesthetized cats
using rapid, patient-side glycocheck-tm analysis software

S.N. Hoehne, I.D. Yozova, B. Vidond, K.N. Adamik
Introduction: Changes in electrolyte concentrations and acid-base parameters after administration of
hyperosmolar agents have not been prospectively evaluated in dogs with suspected intracranial hypertension.
Methods: Prospective, randomized, non-blinded cohort study. Twenty-eight client-owned dogs with clinical
indication for hyperosmolar therapy were randomized to either receive 7.2% hypertonic saline (HTS) 4 ml/kg or
20% mannitol (MAN) 1 g/kg intravenously. Electrolytes and acid-base parameters were measured before (T0),
and 5 (T5), 60 (T60), and 120 (T120) minutes after HTS or MAN administration. Differences between treatments
were compared at each time point using Student’s t or Mann-Whitney-U tests. Differences between time points
within treatment groups were evaluated using repeated measures ANOVA, Friedman test or REML mixedeffects models.
Results: No significant differences were found at T0 between treatment groups. Electrolyte concentrations are
presented as mean in mmol/L. Sodium was significantly higher after HTS than MAN at T5 (158 vs. 141; p<0.01),
T60 (155 vs. 147; p=0.01), and T120 (153 vs. 148; p=0.03). Chloride was significantly higher after HTS than MAN at
T5 (126 vs. 109; p<0.01), T60 (122 vs. 112; p=0.01), and T120 (121 vs. 112; p=0.03). After HTS, sodium and chloride were
significantly increased from T0 at T5, T60, and T120 (p<0.01). At T60 and T120, concentrations returned to significantly
lower than at T5 (p<0.01). After MAN, sodium and chloride concentrations were significantly lower at T5 than
T0 (p<0.01), but this was not maintained at T60 and T120. Potassium at T5 after HTS was significantly lower than
at T0 (3.6 vs. 3.9; p<0.01) and compared to T5 after MAN (3.6 vs. 4.1; p<0.1). Ionized calcium at T60 and T120 was
significantly lower after HTS than MAN (1.2 vs. 1.3; p=0.04). No statistically significant differences in acid-base
parameters were found between treatments.
Conclusions: At commonly prescribed dosages, HTS caused an anticipated rise in sodium and chloride
concentrations that peaked at five minutes and was sustained to a lesser degree for at least two hours. MAN
caused a transient decrease in sodium and chloride concentrations that resolved within one hour. Changes to
other electrolytes and acid-base parameters were mild and unlikely to be clinically significant.
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Comparison of the effects of 7.2% Hypertonic saline and 20% mannitol on electrolyte
concentrations and acid-base parameters in dogs with suspected intracranial
hypertension

N. Jones, I. Handel, E. Llewellyn
Introduction: Percutaneous venous catheterisation may be difficult in patients with cardiovascular collapse,
necessitating the need for catheterisation by cutdown technique. It is crucial for the clinician to know which
vein can be most readily cannulated by venous cutdown in a timely fashion. The aims of this study were to
compare the time taken to gain intravenous (IV) access using a cutdown technique in the jugular, cephalic and
saphenous veins in canine cadavers and to compare the time required and success rates by personnel with
varying levels of clinical experience.
Methods: Full ethical approval was obtained to enable dogs euthanised and donated for research and teaching
purposes to be used in the study. Thirteen canine cadavers from recently euthanised dogs were included. Four
groups of personnel participated in the study to give four varying levels of experience (six final year veterinary
students, two registered veterinary nurses, one emergency and critical care intern and one ACVECC diplomate).
Each catheter placer had 5 minutes to attempt cannulisation by venous cutdown at each site. Time to
successful cannulisation was recorded when there was direct visualization of venous cannulisation and blood
within the catheter hub. Time to venous cutdown was compared for each site and group.
Results: The overall success rate obtaining IV access for the jugular, cephalic and saphenous sites were 80%,
84% and 84%, respectively. The median venous cutdown times for all personnel were: jugular site 118 seconds
(range 51-250 seconds), cephalic site 85 seconds (range 50-291 seconds) and saphenous site 113 seconds (range
41-294 seconds) and were not statistically significantly different (P = 0.93). When comparing groups at all three
venous cutdown cannulisation sites, the ACVECC diplomate was significantly faster than the intern and the
registered veterinary nurses (P=0.01 and 0.002, respectively) but not faster than students (P = 0.13).
Conclusions: All members were able to perform venous cutdown at each site with a good overall success.
Venous cannulisation by cutdown technique of the jugular, cephalic or saphenous vein may be considered in
an emergency setting.
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Comparison of time to obtain intravenous catheterisation by venous cutdown technique
at three locations using canine cadavers

K.E. Jandrey, I.D. Yozova, M. Kent
Introduction: Ex vivo global hemostatic function is measured by viscoelastic coagulation monitors. Since many
cats are placed on anticoagulant medications, a convenient and cost-effective monitoring device would enable
thoughtful therapeutic decision making. The primary aim of this study was to use
the VCM-Vet® (Entegrion, Inc.) to monitor the effects of subcutaneous enoxaparin or 0.9% NaCl in heathy cats
in a blinded crossover trial.
Methods: The Massey University Animal Ethics Committee (Protocol 19/109) provided study approval. Twentyone cats were randomized to receive either subcutaneous enoxaparin (1mg/kg) or 0.9% NaCl (equal volume)
with a 7-day washout period. The investigators were blinded until data analysis. Jugular blood samples (2
ml) were drawn using a 23 gauge needle at time 0, and 2, 4, and 8 hours after injection. Blood was divided
into: a VCM-Vet® test cartridge, cryovial with 4% sodium citrate, and an EDTA or serum separator tube. A PCV,
TP, and manual blood smear were evaluated at time 0. Statistical Analysis: After assessment for normality,
a Generalized Linear Model was completed to assess changes between baseline measurements (treated vs.
controls) and all time points. Each VCM-Vet® measurement was used as the dependent variable; independent
variables were created for baseline, for each time point, and for the interaction between the control and posttreatment times. Each cat was considered a random variable. p <0.05 was considered significant.
Results: No significant differences between controls at each time point were found. Significant differences
between the enoxaparin-treated cats at 2 hours were found for CT [clot time (control mean 448.5 sec +/50.3, treatment mean 593.4 sec +/- 78, p <0.0001)], CFT [clot formation time (control mean 155.4 sec +/- 28.0,
treatment mean 183.1 sec +/- 41.7, p = 0.001)] and alpha angle (control mean 56. 9 degrees +/- 3.7, treatment
mean 52.4 degrees +/- 6.1, p = 0.003). These were not significant at 4 and 8 hours.
Conclusions: The VCM-Vet® detects a difference at two hours post-treatment with subcutaneous enoxaparin
(1mg/kg) or 0.9% NaCl (equal volume) administration in healthy cats. Therapeutic monitoring of cats on
enoxaparin may help to individualize anticoagulant therapy.
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Double blind, placebo controlled, cross-over trial for the assessment of subcutaneous
enoxaparin treatment of healthy cats using the vcm-vet ™

L. Locquet, C. Debie, T. Schipper, A. Valcke, L. Ledeganck, T. Roggeman, A. Schlake, T. Bosmans,
D. Paepe, P. Smets
Introduction: The presence of ‘bounding pulses’ in anemic patients has been extensively described in
human and veterinary literature and is presumed to be due to an elevated pulse pressure. To investigate this
assumption, the first objective of this study was to compare pulse pressure of anemic dogs with non-anemic
control dogs. Secondly, the effect of severity, type (non-regenerative vs. regenerative) and etiology of anemia on
pulse pressure was determined.
Methods: A prospective observational study was conducted. Dogs with varying degrees and causes of anemia
were included as well as control dogs with a normal packed cell volume (PCV>37%). Dogs with a continuous
heart murmur at the level of heart base were excluded. Signalment, results of physical examination, PCV and
5 consecutive high definition oscillometric systolic and diastolic blood pressure measurements were recorded.
Pulse pressure was calculated (mean systolic – mean diastolic pressure). A significance level (α = 0.05) was
applied for all statistical tests.
Results: Twenty-two anemic and 16 control dogs were included. The median age of all included dogs was 5
years (0.3-13.3). There were no significant differences in age, sex and body condition score between groups.
The anemic group contained 11 moderately (PCV<30%) and 11 severely (PCV<20%) anemic dogs. Seven dogs had
non-regenerative anemia, while 11 showed signs of regeneration. The cause of anemia could be categorized
as anemia secondary to hemolysis (9), blood loss (8),bone marrow suppression (3) and unknown (2). Median
pulse pressure was 9 mmHg higher in the anemic group than in the control group (Wilcoxon rank-sum test: P
= 0.045) and 11mmHg higher in severely anemic dogs (median 81.2; range: 64.6-117.4) compared to normal dogs
(median: 69.9; range: 51.6-95.3) (Hommel-corrected pairwise Wilcoxon test: P= 0.024). There was no significant
difference in pulse pressure between groups when categorized based on the type of anemia or underlying
cause.
Conclusions: Pulse pressure is higher in anemic than in control dogs and this may be related to the degree of
anemia. The present study could not show an influence on the pulse pressure of the type (regenerative vs. nonregenerative) and etiology of the anemia.
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Effect of varying degrees of anemia on pulse pressure in dogs

M. Patterson, S.Boysen, S. Chalhoub, D. Whiteside
Introduction: Veterinary point of care ultrasound (VPOCUS) has become standard of care in small animal
emergency medicine. VPOCUS is not routinely used in zoological or exotic animal medicine, and there are no
established protocols for non-domestic species. The objectives of this study were to evaluate VPOCUS protocols
for suitability and validity in a population of captive meerkats (Suricata suricatta), and establish normal
baseline findings. Specifically, the presence or absence of pleural effusion, abdominal effusion, and abnormal
lung ultrasonographic features were assessed. Visibility of the heart and caudal vena cava via the subxiphoid
window were also evaluated.
Methods: Eight healthy, captive meerkats of mixed sex and age undergoing scheduled preventive health
examinations were sedated with midazolam intramuscularly, and then induced and maintained with
isoflurane in oxygen delivered via a mask. Meerkats were systematically scanned using previously established
abdominal, pleural space, lung, and cardiac VPOCUS protocols.
Results: All eight meerkats were identified as healthy based on their physical exams and lab work (CBC, serum
biochemistry, and fecal exams). Applying VPOCUS protocols, we were able to accurately identify organs and
landmarks in all meerkats. All scans were completed in 10 minutes or less. There was no free abdominal fluid or
pleural effusion identified in any animal. Pleural glide sign was present in all animals. Caudal vena cava and the
heart were visible at the subxiphoid view in 7/7 animals where this view was assessed. Each meerkat scanned
had greater than three B lines, typically indicating interstitial-alveolar syndrome, however B lines decreased by
more than 50% when one meerkat was intubated, and positive pressure ventilation initiated.
Conclusions: Small animal VPOCUS protocols were successfully performed in meerkats. Base line findings
were similar to domestic small animals; however, the increased number of B lines was unexpected. Passive
spontaneous ventilation likely resulted in partial atelectasis, as the number of B lines decreased in the patient
where positive pressure ventilation was initiated. VPOCUS is a tool that can be successfully used in meerkats,
and should be validated in other non-domestic species.
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Establishing veterinary point of care ultrasound protocols in a non-domestic small
carnivore - the slender tailed meerkat

M. Magnin, E. Foulon, T. Lurier, B. Allaouchiche, J.M. Bonnet-Garin, S. Junot
Introduction: The aims of the study were 1) to evaluate the influence of hemodynamic status on the occurrence
of pressure artefacts, 2) to determine the impact of pressure artefacts on mean flow index (MFI) and
heterogeneity index (HI).
Methods: Seven piglets were anesthetized and equipped for hemodynamic monitoring. A succession of
hypotensive (sevoflurane overdose) and hypertensive (norepinephrine perfusion) phases was performed.
Sublingual microcirculation was assessed using SDF imaging device.
For each video, a pressure score of 0, 1, or 10 was assigned for the category “pressure artefacts” of the
“microcirculation image quality score”. A pressure score of 0 referred to a “good” video (“flow is constant
throughout the entire movie. No obvious signs of artificially sluggish or stopped flow. Good flow in the largest
vessels”). A pressure score of 1 referred to an “acceptable” video (“Signs of pressure, localized sluggish flow in a
specific large vessel, but flow appears to be unimpeded based on good flow in most large vessels”). A pressure
score of 10 referred to an “unacceptable” video (“Obvious pressure artifacts associated with probe movement,
and/or flow that starts and stops, reversal of flow. Poor or changing flow in larger venules”). The videos with a
pressure score of 0 and 1 were considered as “passing videos”. The videos with a score of 10 were considered as
“failing videos”. Multivariate logistic regression models and multivariate linear mixed models with individual
random effects were used.
Results: Blood pressure significantly influenced the risk of obtaining a “failing video” (P = 0.0008). As blood
pressure decreased, the probability of obtaining a “failing video” increased. After exclusion of the “failing
videos”, only videos rated 0 or 1 remained. Pressure score influenced significantly (P<0.00001) the probability of
obtaining abnormal MFI. The pressure score was associated with a significantly higher HI (P < 0.00001).
Conclusion: This study shows that the probability of obtaining pressure artefacts during recordings of
microcirculation videos by SDF was higher when the mean arterial pressure was low. In addition, the presence
of even acceptable pressure artifacts is associated with a decrease in MFI and an increase in HI.
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Evaluation of microcirculation by sidestream dark field: impact of hemodynamic status
on the occurrence of pressure artifacts

D. Beeston, R. Jepson, S. Cortellini
Introduction: Hypertensive emergency (HE) is a well-recognised in human medicine, yet to date there are
no veterinary studies exploring this condition. The objective of this study was to determine clinical features,
treatment, outcome and risk factors for death in dogs and cats with HE.
Methods: A retrospective cohort study was conducted with dogs and cats with HE identified as follows: acute
history with non-invasive Doppler systolic blood pressure (SBP) > 180mmHg and target organ damage including
acute onset seizures, altered mentation with or without lateral recumbency, or blindness. Data collected
included signalment, history, physical examination and clinicopathological findings, SBP, number and type
of anti-hypertensive medications prescribed and survival to discharge. Continuous variables were tested for
normality and compared between outcome groups. Categorical data were compared using Chi-Square tests.
Significance was set at P <0.05.
Results: Eight dogs and eight cats were included presenting with seizures (n = 9), blindness (n = 3), altered
mentation with (n = 2) or without (n = 2) lateral recumbency, or other (n = 1). Mean age was 8.75 years ± 4.3
and duration of clinical signs prior to presentation was 1.5 days (range 1 – 14). Median SBP on presentation was
225mmHg (range 190 – 300) and peak SBP 242.5mmHg (range 200 – 300). Amlodipine was the most common
first line agent (n = 10), followed by hydralazine (n = 4) and hypertonic saline (n = 2). Aetiology of hypertensive
emergency was renal disease (n = 8), idiopathic hypertension (n = 3), leptospirosis (n = 1), Angiostrongylus
vasorum infection and intracranial haemorrhage (n = 1), hyperthyroidism (n = 1), lymphoma (n = 1), and
suspected cutaneous and renal glomerulonephropathy (n = 1). Five cats and three dogs survived to discharge
with an overall survival of 50%. Age was significantly higher in survivors (11.1 ± 3.3) compared to non-survivors
(6.3 ± 4.1; P = 0.022). There were no other significant differences between risk factors and non-survivors.
Conclusions: Mortality is common in patients with hypertensive emergency.
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Evaluation of treatment, outcome and risk factors for death in hypertensive emergency in
dogs and cats: 16 cases (2003-2019)

D.M. Starybrat1, R. Jepson, P. Bristow, Y.M. Chang, S. Peterson, J. Quinn, M. Yerramilli, M. Yerramilli,
S. Cortellini
Introduction: Acute kidney injury (AKI) occurs in up to 50% of people following cardiac surgery and is
associated with increased morbidity and mortality. This population provides a clinical model of AKI. This study
aimed to assess the occurrence of AKI in dogs undergoing cardiac surgery under cardiopulmonary bypass (CPB)
and explore associations between traditional and novel serum and urinary biomarkers.
Methods: Dogs undergoing open heart surgery under CPB with preoperative creatinine <1.6mg/dl were
enrolled. Blood and urine samples were obtained at 4 points: induction of general anaesthesia (T1), immediately
post-operatively (T2), 2 days post-operatively (T3), 4 days post-operatively (T4). AKI was defined as an increase
in serum creatinine (≥0.3mg/dl) within 48 hours. Serum creatinine, C-reactive protein (CRP), symmetric
dimethylarginine (SDMA), inosine, beta-aminoisobutyric acid (BAIB), urine clusterin (uClus) and urine cystatin
B (uCysB) were measured. Differences between time points were assessed in all dogs using linear mixed effects
models. Adjusted mean ± standard error are presented with data log-transformed (log10) when appropriate.
Results: Eighteen dogs were enrolled (median age 8.4 years, weight 11.25 kg) for mitral valve repair (n = 15) or
tricuspid valve repair (n = 3). AKI was documented in 3/18 dogs (16.7%). One dog did not survive to discharge and
did not develop AKI. No statistically significant changes in serum creatinine, SDMA and BAIB concentrations
were observed between time points. There was a significant difference between time points for inosine
(P<0.001), log10CRP (P<0.001), log10uClus (P<0.001), log10uCysB (P<0.001). Inosine increased post-operatively, and
then gradually decreased. log10CRP values were similar at T1 and T2 but increased subsequently. log10uCysB
increased at T2 and remained high, while log10uClus increased significantly at T3 and did not return to baseline.
There was a significant positive association between serum creatinine and SDMA (P <0.001) and between
log10CRP and log10uClus (P < 0.001) for all dogs at all time points.
Conclusions: AKI was identified in 16.7% of dogs following cardiac surgery under CPB. Concentration of serum
inosine, serum CRP, urine clusterin and urine cystatin B changed over time in all dogs suggesting a potential of
those novel biomarkers to detect acute changes in renal function.
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Prospective evaluation of novel biomarkers of acute kidney injury in canine patients
following cardiac surgery under cardiopulmonary bypass

J.G. Guillaumin, P. Satchell, P. Yaxley, M. Bruckman, A. Sen Gupta
Introduction: Study’s objective was to assess the safety and efficacy of intravenously administered
SynthoPlate™, a biocompatible nanoparticle that mimics the adhesion and aggregation properties of natural
platelets, on organ function and hemostasis in dogs. Secondary objective was to assess its feasibility and safety
in repeated administration.
Methods: SynthoPlate™ was administered to 6 dogs at three different doses using a randomized cross-over
design, with each dog serving as its own control. Dose was 8x1010 particles/10 kg based on recommended
platelet dosing for canines. Each dog received full dose (F), half dose (H), and ten times the dose (T) with a
minimal washout period of 14 days, which is at least 5 times SynthoPlate™ half-life. Biochemical, PT, aPTT, and
fibrinogen analysis were performed at baseline and 96 hours. A complete blood count (CBC), kaolin-activated
TEG, PFA-100 closure time (CT) and buccal mucosal bleeding time (BMBT) were performed at baseline and 1, 6,
24, 48, 72, and 96 hours post infusion.
Results: No significant changes were observed over time in the TEG parameters, CT and BMBT. At baseline, all
CBC values were within institutional reference range except for the platelet count for one dog (135 x 109/L).
Following administration of dose H, the hematocrit significantly dropped at hours 1, 6, 24, 48, and 96, with
all values remained within the institutional reference range. That drop was not significant for doses F or T.
Platelet count was significantly decreased at hours 1, 6, 24, 48, and 72 following dose H, with values below the
reference interval at hours 1, 6, 24, and 48. Serum biochemistry, coagulation panel, and fibrinogen for each
dog were within institutional reference ranges at baseline and no significant difference was observed 96
hours post infusion for all doses. No dog experienced an adverse event during the first infusion. Three dogs
experienced mild events during repeat infusions (i.e. sedation and nausea), that resolved within 2-3 minutes
after completion of the infusion.
Conclusions: SynphoPlate™ infusion resulted in some dilution of hematocrit and platelets, and did not
significantly alter hemostasis. Repeated doses should be further investigated in dogs, along with efficacy
evaluation in appropriate canine bleeding models.
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Safety and efficacy of synthoplatetm, a synthetic platelet surrogate nanoparticles to
impact bleeding time in dogs

E. Ciuffoli, R. Troia, G. Mascalzoni, V. Pianini, M. Giunti
Introduction: Septic shock is a subset of sepsis characterized by significantly increased mortality in humans.
A novel proposed classification of septic shock based on three different phenotypes (cryptic, hyperlactatemia
without persistent hypotension; vasoplegic, persistent hypotension without hyperlactatemia; and dysoxic,
persistent hyperlactatemia and hypotension) seems helpful for outcome prediction. Our aim was to report the
clinical features and outcome of dogs with septic shock, including the prevalence of the three different septic
shock phenotypes, compared to dogs with uncomplicated sepsis.
Methods: dogs with sepsis, identified as SIRS plus confirmation of infection, and hospitalized in the intensive
care unit were prospectively included (June 2018 – December 2019). Presence of septic shock was defined
by persistent hypotension requiring vasopressor therapy and/or persistent hyperlactatemia after adequate
fluid resuscitation. Dogs with septic shock were further classified as affected by cryptic, vasoplegic or dysoxic
shock according to the previously cited human criteria. The canine Acute Patient Physiological and Laboratory
Evaluation (APPLEfast) score was calculated and the presence of multi-organ dysfunction syndrome (MODS),
defined as previously reported for dogs, was evaluated upon admission in the whole population. Nonparametric statistics were performed, and significance set at P<0.05.
Results: One-hundred-thirty-one septic dogs were enrolled; 31/131 (24%) had septic shock: cryptic (10/31, 32%),
dysoxic (18/31, 58%) and vasoplegic (3/31, 10%). Septic shock dogs had significantly higher APPLEfast Scores (28,
13-38 vs 25, 6-33, P=0.0051) and blood lactate (3.5, 1.3-9.9 vs 2.2, 0.4-7.1, P<0.0001), and significantly greater
frequencies of MODS (74.2% vs 7%, P<0.0001) and death (64.5% vs 24%, P<0.0001) compared to patients with
uncomplicated sepsis (n=100). There was no significant difference in the investigated variables, including
mortality rate (cryptic, 60%; dysoxic, 67%; vasoplegic shock, 67%), among the three different phenotypes of
septic shock.
Conclusions: canine septic shock is associated with greater disease severity, occurrence of MODS and higher
mortality compared to uncomplicated sepsis. Dysoxic shock was the most prevalent phenotype of septic shock
reported; however, the incidence and the prognostic relevance of the three septic shock phenotypes need to be
addressed in larger study populations.
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Septic shock in dogs: clinical features and prognostic significance

A. Kruppert, K.N. Adamik, S.N. Hoehne
Introduction: In 2012, the Reassessment Campaign on Veterinary Resuscitation (RECOVER) published evidencebased CPR guidelines to optimize outcomes of small animals suffering cardiopulmonary arrest. Even though
a RECOVER-based CPR approach has been shown to improve patient outcomes, guideline awareness and
compliance is necessary to see benefits. The aim of our study was to characterize current CPR practices of Swiss
small animal veterinarians and to assess their compliance with RECOVER guidelines.
Methods: A nationwide, internet-based survey was conducted. Invitations for participation were distributed via
Swiss veterinary society mailing lists. Survey questions covered respondents’ demographics, CPR preparedness,
Basic Life Support (BLS) and Advanced Life Support (ALS) techniques, and awareness of the RECOVER guidelines.
Results: One-hundred and fifty participants completed the survey and were grouped by level of expertise:
board-certified specialists (BCS, n=19), individuals with postgraduate training (PGT, n=27), and practitioners
in emergency (GPE, n=30), and general practice (GPG, n=74). Of BCS respondents, 58% (95% CI: 36-77%) were
conversant with the RECOVER guidelines and 53% (95% CI: 32-73%) stated that they apply them in daily practice.
Only 8% (95% CI: 4-17%) of GPG were aware of guideline existence and only 16% (95% CI: 10-26%) were confident
in their CPR skills. Large disparities in preparedness, BLS, and ALS techniques emerged among the levels of
expertise. Incompliance with preparedness measures varied from 89% (95% CI: 69-98%) in BCS to 100%
(95% CI: 95-100%) in GPG and was predominantly due to failure to attend CPR training. Compliance with BLS
techniques ranged from 26% (95 % CI: 12-49%) in BCS to 5% (95% CI: 2-13%) in GPG and incompliance was mostly
characterized by targeting lower than recommended chest compression rates. Compliance with ALS techniques
varied from 21% (95% CI: 9-43%) in BCS to 0% (95% CI: 0-5%) in GPG and was compromised by limitations in the
resuscitation environment such as lacking access to monitoring equipment, defibrillator, and rescue drugs.
Conclusion: Awareness of RECOVER guidelines in Switzerland is acceptable in specialists, but inadequate
among general practitioners and CPR practices are largely not in agreement with RECOVER guidelines. An
educational strategy is needed to improve Swiss small animal CPR practice.
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The clinical practice of small animal cpr and compliance with recover guidelines in
switzerland: an internet-based survey

C.M.C.F. Estenbergh, N. van Israel
Introduction: Determination of total white blood cell (WBC) counts at the point of care can be important in the
emergency setting to guide immediate clinical decision-making. The Hemocue® WBC System is a point-of-care
device for determination of total WBC counts in human medicine. The aim of this prospective study was to
evaluate the accuracy of this device in performing total WBC counts in canine blood samples.
Methods: Blood samples were taken from 86 dogs that were presented for various disease conditions.
The sample was immediately put in an EDTA tube (Vacutainer®). For each animal one drop was immediately
analyzed in-clinic using the Hemocue® WBC System, while the rest of the sample was sent to a referral lab
(Synlab, Belgium) for measurement of the total number of WBC.
Results: Results from both measurement methods could be obtained in 79 cases (91.9%). For these cases, mean
total WBC count (quartile 1-3) was 11.3 (8.05 - 14.15) x 109/L with the Hemocue® WBC System and 10.9 (7.28 - 13.4) x
109/L when measured by the referral lab. Agreement between the two methods was shown by a mean bias of
0.5 and a narrow range of agreement (lower level of agreement: -4.0; upper level of agreement: + 4.95). Mean
bias was 4.1% and did not exceed the method quality specifications for total allowable error (6.5%). BlandAltman plot of data did not show significant differences in data sets. Measurements could not be obtained with
the Hemocue® WBC System in 7 cases (8.1%). In 3 animals the device indicated ‘High’ while the total WBC counts
performed by the referral lab (respectively 38.9, 41.7 and 48.9 x 109/L) were above the reference range (6 - 15 x
109/L). In 4 animals the device indicated ‘Error’ while the total WBC count measured by the referral lab was
below the reference range for 2 animals (respectively 4.5 and 4.6 x 109/L) and within the reference range for the
remaining animals.
Conclusion: the Hemocue® WBC System can be used reliably for obtaining total WBC counts in EDTA blood from
dogs. In 8.1% of cases, no measurement could be obtained.
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Accuracy of the Hemocue� WBC system in performing total white blood cell counts in
dogs

A. Barbarino, N. Detable, P. Verwaerde
Introduction: The usefulness of animal trauma triage (ATT) score has been recently demonstrated to predict
outcome in various injured cats. Feline high rise syndrome is one of the major causes of trauma at presentation
in emergency room (ER). However, the clinical interest of the global ATT score and its sub-scores has never been
specifically studied to predict short term outcome of feline high rise syndrome.
Methods: Cats admitted in Alfort’s emergency unit from July 2014 to September 2018, with complete anamnesis
including stories of the falling, a complete clinical exam at admission and a detailed lesion examination were
included. ATT score has been calculated for studied patients, which have been then divided as survivors and
non-survivors, based on short-term outcome. Conventional non-parametric statistical analyses have been used
to compare studied parameters.
Results: Four hundred fifty-five cats were included (Females/Males= 172/283), divided in 51 (11.2%) non-survivors
and 404 (88.8%) survivors. The median age was 14 months old (min/max=2/222 months). The median weight
was 4kg. The median storey of the falling was the 4th (min/max= 1/14th floor). The median time before
presentation to ER was 3h (min/max= 0.1/144 hours). Age, weight and time before ER presentation were not
significantly different between the two groups (p=0.221; p=0.493 and p=0.692 respectively). On the contrary, the
median ATT score values as well as the drop height were significantly different between survivors and nonsurvivors (3 vs 6; p<0.0001 and 4th vs 5th; p<0.0001, respectively). ATT score (threshold=4; se/sp=76.9/84.3) was
more useful than the drop height to predict short-term outcome in feline high-rise syndrome (AUC=0.857 vs
0.667, p=0.001). Only median values of perfusion, respiratory, skeletal and neurological ATT sub-scores were
significantly different between survivors and non-survivors (0 vs 2, p<0.0001; 1 vs 1, p=0.001; 1 vs 2, p<0.0001 and
0 vs 1, p<0.0001, respectively).
Conclusion: Even though internal lesions are not considered to determine ATT score value, the latter seems to
be efficient to rightly predict short term outcome in feline high rise syndrome.
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Clinical interest of the animal trauma triage score to predict short term outcome in feline
high rise syndrome: a retrospective study in 455 cats

A.L. Cheroto, L. Ribeiro, H. Ármes, A. Pereira, D. Ferreira
Introduction: Interindividual morphologic and physiologic variation in dogs is very large. The development of a
normalized external jugular vein (EJV) collapsibility index (CI) as a quantitative tool for identifying
normovolemia in every dog, regardless breed, body weight and morphological structure, is challenging.
Nevertheless, it would allow veterinarians to objectively direct intravenous fluid administration towards a
quantitative normovolemic goal.
Methods: Twenty-six client-owned mixed breed healthy dogs were studied during clinical routine. The
maximum and minimum ventrodorsal diameters of the EJV were measured during inspiration and expiration,
respectively, using an ultrasound transducer with a linear probe placed perpendicularly over the EJV, at the
middle third of the cervical region. Cervical circumference measurement, weight and heart rate were also
registered. Body surface area (BSA) was calculated. Spearman’s Rank correlation was used for comparing the
variables with EJV maximum and minimum diameters, and polynomial regression equations were used for
better curve fit for variables with significant Spearman’s Rank correlation. Data are mean±SD and significance
P<0.05.
Results: Fifteen females and eleven males were studied. Weight 13.1±8,8 kg, age 5.3±3 years, BSA 0.54±0,25 m2,
cervical circumference 31.9±8,5 cm and heart rate 123±18 bpm. The EJV maximum and minimum diameters
were 4.84±1.21 mm and 4.50±1.18 mm, respectively. Correlations were observed between EJV maximum diameter
and cervical circumference (rho= 0.816; P<0.0001), and BSA (rho= 0.848; P<0.0001); and between EJV minimum
diameter and cervical circumference (rho= 0.79; P<0.0001), and BSA (rho= 0.833; P<0.0001). Significant
polynomial regression correlations were observed between EJV maximum diameter and BSA (R2= 0.66), and
cervical circumference (R2= 0.61).
Conclusions: EJV measurements using ultrasounds was easy and swiftly performed. Data suggest that it is
possible to develop a standardized EJV CI for normovolemic dogs by increasing the number of dogs, and by
using multiple regression analysis with additional morphologic data, in order to improve the curve fit.
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Comparison between external jugular vein diameter, and morphologic and physiologic
variables in dogs towards developing an external jugular vein collapsibility index for
healthy dogs

J. Tünsmeyer, B. Prause, S. Kästner, J. Nessler, A. Tipold, K. Rohn
Introduction: Methadone has additional analgesic actions such as NMDA-receptor antagonism, particularly
interesting for neuropathic pain therapy. The hypothesis of this study was that methadone is superior for
perioperative analgesia in dogs with complex pain due to intervertebral disc disease compared to fentanyl.
Methods: In a blinded, clinical study 42 dogs of different breeds and ages received randomly either a 0.1 mg kg-1
h-1 methadone-CRI (M) or a 2 µg kg-1 h-1 Fentanyl-CRI (F) postoperatively. For premedication, intraoperative
analgesia and rescue analgesia boli, dogs received the opioids according to their group allocation at higher
doses.
Short-form Glasgow Composite Measure Pain Scale (CMPS-SF), number of rescue analgesia boli (administered if
CMPS-SF > 5) and mechanical thresholds at different locations by von Frey filaments were evaluated at distinct
time points for 96 hours post extubation. Data were analyzed by Kolmogorov Smirnov, Wilcoxon and Mixed
Fischer test (α = 5%).
Results: There were no differences between groups in CMPS-SF, nor in von Frey filament thresholds at any
timepoint. In both groups 8/21 dogs needed several rescue analgesia boli, with the median overall number of
rescue boli not being different between groups.
Conclusion: At the investigated doses postoperative analgesic effects of methadone were not superior to
fentanyl opiod analgesia in dogs with intervertebral disc herniation.
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Comparison of a methadone continous rate infusion (cri) with a Fentanyl CRI for
perioperative analgesia in dogs with intervertebral disc disease

A. Barbarino, P. Verwaerde, K.N. Adamik
Objective: To evaluate the value of admission plasma C-reactive protein (CRP), albumin (Alb), and CRP-toalbumin (CRP/Alb) ratio to diagnose the presence of a systemic inflammatory response syndrome (SIRS) or
sepsis, and as a predictor of short-term outcome in dogs.
Methods: Medical records of dogs presented to the emergency room between January 2014 and June 2019 were
retrospectively reviewed. Dogs were included if they were hospitalized for at least 24 hours. Dogs were allocated
to have either SIRS (based on published criteria for SIRS), sepsis (SIRS in conjunction with a documented
underlying infectious cause), or control (no SIRS or sepsis). Evaluated parameters were plasma concentrations of
CRP and Alb, and CRP/Alb ratio. Kruskal-Wallis test and receiver operator characteristic (ROC) curve were applied
to investigate the diagnostic potential of each parameter, and P<0.05 was considered statistically significant.
Results: Of 905 included dogs, 505 were classified as having SIRS, 258 as having sepsis, and 142 were control dogs.
CRP concentrations were significantly different between dogs with sepsis, SIRS and control dogs (median 99
mg/L vs. 40 mg/L vs. 17 mg/L; P<0.000001). Albumin concentrations were significantly different between dogs
with sepsis, SIRS and control dogs (median 30 g/L vs. 31 g/L vs. 34 g/L; P<0.000001). The CRP/Alb ratio was
significantly different between dogs with sepsis, SIRS and control dogs (3.66 vs. 1.46 vs. 0.48; P<0.000001). The
best cut-off for the distinction between control and sepsis dogs for CRP, Alb, and CRP/Alb ratio were 49.7 mg/L
(area under the curve [AUC] 0.74, sensitivity 67%, specificity 71%), 32.6 g/L (AUC 0.73, sensitivity 80%, specificity
61%), and 3.19 (AUC 0.75, sensitivity 55%, specificity 85%), respectively. The ability for distinction between SIRS
and control, or SIRS and sepsis, was poor. Median CRP, Alb, and CRP/Alb ratio did not discriminate survivors from
non-survivors in any group.
Conclusion: Concentration of CRP and albumin, and the CRP/Alb ratio revealed significant differences between
SIRS, sepsis and control dogs. CRP/Alb ratio at admission may represent a useful additional parameter to
diagnose sepsis in dogs.
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Diagnostic and prognostic value of plasma C-reactive protein, albumin, and C-reactive
protein-to-albumin ratio in dogs with sirs and sepsis: a retrospective study in 905 dogs

C.M. Drolet, C. Pinard, L. Gaitero, G. Monteith, S.Bateman
Introduction: The optic nerve sheath diameter can be measured using point-of-care ultrasound and may
increase in the face of intracranial disease. General anesthesia is commonly used for neurodiagnostic imaging,
however its effects on sonographic ONSD are unknown. The objective of this study was to measure ONSD in
dogs at different time points during general anesthesia, using point-of-care ultrasound.
Methods: Client-owned dogs requiring advanced head imaging were prospectively enrolled. Exclusion criteria
included signs of elevated intracranial pressure, glaucoma and optic nerve disease. Using a transpalpebral
technique, two ONSD measurements were recorded for each eye at three time points: following pre-medication,
within 7 minutes of induction, and prior to discontinuing isoflurane. A general linear mixed model was tested
to characterize ONSD behavior and investigate the effects of time, side (left versus right eye), age, weight and
anesthetic protocol.
Results: Fourteen dogs of various ages, breeds and weights were enrolled. A linear increase in ONSD was
observed following induction (p<0.01), followed by a decrease when anesthesia duration exceeded 80 minutes
(p=0.012). Age and anesthetic protocol did not significantly affect change in ONSD. A positive linear relationship
was detected between weight and ONSD (p<0.01). No significant association was noted between ONSD and
end-tidal CO2 at any time point (p=0.99), and no significant difference in ONSD was seen between the left and
right eyes.
Conclusions: When using point-of-care ultrasound, a transient increase in ONSD occurs following induction and
this should be taken into consideration if serial monitoring is performed.
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Effect of general anesthesia on the Optic Nerve Sheath Diameter (ONSD) of dogs assessed
using point-of-care ultrasound

K. Shaw, A. Bersenas, S. Bateman, S. Blois, L.V. Guieu, R. Wood
Introduction: Sepsis leads to endothelial glycocalyx degradation and potential challenges for fluid
management. Hyaluronic acid (HA) is a direct marker of glycocalyx integrity. The primary objective was to
describe changes in HA concentration throughout the course of septic peritonitis in dogs. Secondary aims were
to explore HA concentrations and their interactions with patient daily fluid status and inflammatory markers.
Methods: The study was performed at a university teaching hospital. Daily serum samples were prospectively
collected from dogs diagnosed with septic peritonitis from admission through hospitalization. Samples were
stored at -80C since collection (2012-2014). Serial measurements of HA, IL-6, IL-8, and IL-10 were performed.
Retrospectively, patient data including admission APPLEfull score, daily fluid administration (mL/kg/day), type of
fluid, and daily CBC and lactate results were recorded. To determine significant predictors of HA a general linear
model was developed. Parameters of interest included time, cytokine concentration, total WBC count,
segmented neutrophil count, band neutrophil count, lactate concentration, and daily fluid volume.
Independent predictors of HA were identified using multivariable logistic regression.
Results: 33 samples from 8 dogs were included. All survived to discharge. Mean APPLEfull score was 26 (IQR =
19-28). HA concentration ranged from 18-1050 ng/mL (IQR = 49-119 ng/mL) throughout daily analysis. The
median daily fluid volume administered was 69 mL/kg/day (IQR = 47-109 mL/kg/day). IL-6 concentration was a
significant predictor (p< 0.0001) of HA concentration, as was the daily fluid volume (p= 0.04) when the patient’s
IL-6 concentration was accounted for. However, when analyzed independent of inflammatory status, fluid
volume was not significant. There was no direct interaction between IL-6 and daily fluid volume. There was no
significant association with HA concentration over time. However, HA concentrations were noted to increase on
days 2 or 3 of hospitalization, before declining throughout recovery.
Conclusions: The study supports the concept that inflammation is associated with glycocalyx degradation. It
also suggests that in a state of inflammation, patients recovering from septic peritonitis may become more
susceptible to further glycocalyx damage as increasing fluid volumes are delivered; further work is needed to
verify this finding.
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Evaluation of hyaluronic acid as a marker of glycocalyx degradation in dogs with septic
peritonitis

R. Ferreira, I. Mesa, I. Cardoso, S. Vieira, R. Gopegui, N. Danti, M. Morais, A. Matos
Introduction: Routine clinical practice in feline blood donors includes ruling out the presence of retrovirus by
detection of Feline Leukaemia Virus (FeLV) antigens and Feline Immunodeficiency Virus (FIV) antibodies.
However, the American College of Veterinary Internal Medicine (ACVIM), in the Consensus Statement on blood
donor infectious disease screening for minimising risks of infectious iatrogenic complications at the 2015
ACVIM Forum, listed the following core pathogens for worldwide screening of candidate feline blood donors:
FeLV (rapid FeLV antigen test and FeLV provirus PCR); FIV (Rapid anti-FIV antibody test); Mycoplasma spp. (blood
PCR); and Bartonella spp. (Anti-Bartonella antibodies and/or blood PCR). The objective of this study was to
determine the prevalence of these agents in healthy indoor FeLV and FIV SNAP-negative cats, eligible to become
blood donors.
Methods: During 2019, according to our blood bank protocol, 1122 client-owned healthy indoor cats, previously
tested negative with rapid test for FeLV and FIV (SNAP FIV/FeLV, IDEXX®), were selected to be potential blood
donors in Spain and Portugal. After the first donation, additional analyses were regularly performed, while the
units waited to be released. The following tests were also performed: FeLV provirus PCR (159/1122), Leishmania
spp. PCR (157/1122); Mycoplasma spp. PCR (1122/1122) and Bartonella spp. PCR (1222/1122).
Results: Blood samples from 39 of the 1122 (3,5%) client-owned healthy indoor FeLV and FIV SNAP-negative cats
were positive to another infectious disease: 32/1122 (2,9%) were positive to Mycoplasma spp [12/1122 (1,1%) to
Mycoplasma haemofelis; and 20/1122 (1,8%) to Mycoplasma haemominutum]; 6/159 (3,8%) were positive to FeLV
provirus PCR; and 2/1122 (0,2%) were positive to Bartonella spp. None of 157 tested samples was positive to
Leishmania spp.
Conclusion: Our results confirmed the presence of other pathogens in client-owned healthy indoor, FeLV and FIV
SNAP-negative cats. Testing healthy cats, eligible to become blood donors, for infectious diseases other than FIV
and FeLV is highly recommended, as it may reduce the risk of other important transfusion-transmitted
infections.
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Importance of an extended screening panel in feline blood donors

R. Ferreira, I. Cardoso, S. Vieira, I. Mesa, R. Gopegui, A. Matos
Introduction: Leukoreduction is a common practice in human blood banks, but not routinely performed in
most canine blood banks. Removal of WBCs prior to pRBC storage will decrease inflammatory responses to
transfusion in dogs. Human studies also highlighted the significant odds reduction of postoperative and
injured patients’ infections, along with lower rates of non-febrile haemolytic transfusion reactions. Changes in
cell membranes, described as storage lesions, also decrease after leukoreduction, as lower levels of
microparticles formation were found in stored canine pRBC units. This study aimed to evaluate haemolysis in
leukoreduced (LR) and non-leukoreduced (non-LR) pRBC units before and after storage.
Methods: A total of 1294 non-LR pRBC units collected with a triple pack system with CPD and SAG-Manitol
(Terumo®) were evaluated for haemolysis (HemoCue® Hb and Plasma Low Hb) - 389 immediately after whole
blood processing (T0) and 905 after 28-42 days of storage at 2-6°C (T1). The same analysis was performed in 1649
LR pRBC units collected in quadruple pack systems with CPD, SAG-Manitol and WBC filter (Fresenius®) – 361 at
T0 and 1283 at T1. Leukoreduction was performed in the whole blood units before centrifugation.
Results: Non-LR units evidenced a mean haemolysis of 0.06% (SD 0.05) at T0 and 0.75% (SD 0.53) at T1, while the
mean haemolysis of LR units was 0.06% (SD 0.05) at T0 and 0.64% (SD 0.32) at T1. Our results also evidenced
that 25.5% of non-LR and 21.4% of LR units presented a haemolysis higher than 0.8% at T1. Haemolysis of pRBC
at T1 presented significant differences between LR and Non-LR Units p=0.05. No difference was registered
between the same units at T0. Mann-Whitney test was used.
Conclusion: In this studied group, the use of leukoreduction filters did not increase haemolysis in pre-stored
pRBC units, as the mean haemolysis % was the same in both non-LR and LR groups, suggesting that WBC filters
may be safely used in canine blood banks. Results obtained after pRBC storage also highlight the benefits of
their use, as LR units presented a lower mean haemolysis than non-LR units. Furthermore, according to our
study, the use of these filters will significantly decrease discharged units, if a maximum 0.8% haemolysis is
accepted as recommended by European Council.
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Leukoreduction effect on the haemolysis of canine packed red blood cells units

Z.S. Vizi, D. Szabó, K. Szabó, A. Sterczer
Introduction: Hepcidin is an acute-phase protein with antimicrobial properties that regulates the iron
homeostasis and causes iron sequestration in macrophages. Induced by inflammatory cytokines (IL-6), hepcidin
inhibits bacterial growth in this manner. In human patients, increased hepcidin concentrations is associated
with bacterial infections and secondary nonregenerative anaemia.
Aim of this study was to evaluate serum hepcidin concentrations in canine septic patients.
Methods: This prospective study included 12 dogs with various septic conditions (pyometra, septic peritonitis,
generalized pyoderma). Blood samples were collected during the first diagnostic evaluation of the patients for
complete blood count and serum biochemistry. Left over samples were used to measure serum hepcidin
concentration with liquid chromatography-tandem mass spectrometry method. Results from a healthy dog
population (n=86) from our previous study were used as controls.
Results: Mean hepcidin concentration of the septic population was 45.73 ng/mL (10.7 – 110.1) compared to the
healthy controls 16.6 ng/mL (2.3 – 41.1). 8/12 dogs had hepcidin levels over the previously determined reference
range (5.3–36.4 ng/mL). The patient group had significantly increased C-reactive protein (p<0.001) and
decreased hematocrit (p=0.002) and albumin (p<0.001) concentrations compared to the control group.
Conclusion: Serum hepcidin concentration tends to be increased in canine septic patients and may contribute
to the development of nonregenerative anaemia. Determination of the prognostic role of elevated hepcidin
concentrations requires further studies with increased sample size.
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Measurement of serum hepcidin in septic canine patients - preliminary results

E. Jose Cunilleras, J. Sanmartí Fierro, L. Armengou, J.A. Robles Guirado, A. Bassols, J. Ríos
Introduction: The association of magnesium disorders with Systemic Inflammatory Response Syndrome (SIRS)
in horses is less well established compared to human critical care medicine.
The purpose of this study was to (1) determine plasma ionized magnesium concentrations [iMg] in horses with
and without SIRS upon admission to a referral hospital, (2) identify differences in plasma ionized magnesium
concentration and diagnostic categories or outcome, and (3) identify if there is an association between
hypomagnesemia and hypocalcemia.
Methods: Observational prospective study. Sixty-seven horses (n=57 adults and n=10 neonatal foals) were
included in the study if a blood sample was obtained on admission from May 2019 to January 2020 from horses
admitted to a referral veterinary hospital. Diagnostic categories were inflammatory colic (n=6), ischemic colic
(n=7), obstructive colic (n=11), respiratory diseases (n=7), ophthalmologic diseases (n=3), sick neonatal foals
(n=9), other diseases (n=14) and healthy controls (n=10). As previously described in horses, SIRS was defined as
presence of two or more of the following: 1) hyper- or hypothermia, 2) leukocytosis or leukopenia or >10%
immature neutrophils, 3) tachycardia, and 4) tachypnea. Preliminary data are summarized as mean and
standard deviation (SD) and absolute frequency and percentage for quantitative and qualitative variables,
respectively.
Results: Twenty-one (31,3%) horses on admission fulfilled SIRS criteria. Nineteen were adult horses and two were
neonatal foals. Plasma [iMg] from SIRS horses on admission was 0.47 ± 0.09 mmol/L (mean ± SD), 19% of them
had hypomagnesemia (<0.4mmol/L). Horses with obstructive colic presented the lowest [iMg] (0.37±0.09
mmol/L). Plasma ionized calcium concentration [iCa] from SIRS horses on admission was 1.48 ± 0.12 mmol/L
(mean ± SD), 28.5% had hypocalcemia (<1.4 mmol/L). Horses with ischemic colic presented the lowest [iCa]
(1.39±0.1 mmol/L). Only 9.5% of SIRS horses presented both hypomagnesemia and hypocalcemia on admission.
Mean [iMg] and [iCa] ± SD from nonsurvivors was 0.48 ± 0.08 mmol/L and 1.43 ± 0.19 mmol/L, respectively.
Conclusions: Horses with severe colic presented hypomagnesemia and hypocalcemia. Altered ionized calcium
and magnesium plasma concentrations on admission were not associated with SIRS. Overall, neither low or
high ionized calcium and magnesium were associated with poor outcome.
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Plasma ionized magnesium in horses with Systemic Inflammatory Response Syndrome
(SIRS)

C. Rutter, U. Jeffery, V. Pugnetti
Introduction: The VCMVetTM is a patient-side viscoelastic testing monitor that is smaller, requires less training,
has less inter-operator variability, and has decreased sensitivity to environmental factors than traditional
viscoelastography. The purpose of this study is to determine how well the VCMVetTM performs in simulated
veterinary hospital environments compared to a recommended testing situation.
Methods: Nine fresh whole blood samples from healthy dogs were collected and evaluated simultaneously with
VCMVetTM monitors under 4 environmental conditions: (normal) alone and undisturbed on a raised tabletop,
(centrifuge) on a countertop 6 inches from a blood tube centrifuge that operated at 12000 rpm for 10 minutes
every 20 minutes, (workspace) on a tabletop workspace in proximity to two heavy-use computers, (gurney) on a
rolling gurney at a walking pace for 10 minutes every 20 minutes. Samples were randomly assigned to a testing
order prior to sample collection by envelope number pull.
Results: Samples were collected and evaluated by two investigators over a two-month period. Interim analysis
performed on the first 6 samples revealed no need for further evaluation of the gurney group due to bizarre
visual tracings and significant and unpredictable data generated on 7 of the 8 measured values. Values for CT,
MCF, LI30, and LI45 were not significantly different among groups. The workspace group did not differ
significantly from the normal group or the centrifuge group. The centrifuge group had significantly higher
clotting indices A10 (19.4 +/-2.5), A20 (23. +/-4.9), and alpha angle (49.2 +/-3.7) than the normal group (18.0 +/-3.1)
(21.4 +/-4.7) (46.6 +/-4.1). When results were compared to the reference interval, the classification of alpha angle
was changed or decreased to within reference interval for 1/9 between normal and centrifuged conditions.
Conclusion: The VCMVetTM provided reliable data in its recommended environment and in a simulated
workspace environment. Although the distortions in clot indices introduced by operation near a centrifuge are
likely of limited clinical significance, it is recommended to run the test in a protected, low vibration
environment. Movement on a gurney during sample testing caused invalid results.
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Response of the VCM Vet viscoelastic testing monitor to veterinary environmental
simulation challenges

G.B.F. Hall, D. Stoye, E. Thomas, G. Culshaw
Introduction: Immune-mediated haemolytic anaemia (IMHA) is a common autoimmune condition in dogs
associated with a high rate of morbidity and mortality. Further work is required to understand the systemic
consequences of IMHA and identify novel therapeutic targets. In people, there is increasing evidence that
hypertension has an inflammatory aetiopathogenesis and that hypertension is a negative prognostic indicator
with autoimmune disease. However, the prevalence and clinical significance of hypertension in canine IMHA
has not been investigated. Study aims were to determine the prevalence of hypertension in dogs with IMHA,
and the relationships of systolic blood pressure (SBP) and hypertension with short-term mortality and canine
haemolytic anaemia objective score (CHAOS), a prognostic indicator in previous studies.
Methods: Retrospective study in a university teaching hospital intensive care unit (ICU). Dogs with IMHA were
compared with a control group of dogs with idiopathic epilepsy hospitalized in the ICU. Hypertension was
defined as SBP ≥160mmHg and severe hypertension as SBP ≥180mmHg. Patient data, treatments and withinhospital mortality were recorded. Statistical analyses were performed with significance set at P< 0.05.
Results: 26 dogs with IMHA and 23 control dogs met the inclusion criteria. The populations were comparable
with respect to age (P=0.125),weight (P=0.311), there was an even spread of sex and breeds. Mean SBP was
increased in dogs with IMHA (161mmHg SD 21) compared to controls (138mmHg SD14; P<0.01). There was a
greater prevalence of hypertension in IMHA dogs (P<0.01), with 50% of IMHA dogs being hypertensive. CHAOS
was associated with within-hospital mortality (P=0.013). However, neither hypertension nor severe
hypertension were associated with within-hospital mortality or CHAOS.
Conclusion: IMHA is a risk factor for hypertension. However, hypertension did not predict short-term mortality
in this study. Hypertension in dogs, as in people, may have an inflammatory aetiology.
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Retrospective evaluation of systemic hypertension in dogs with non-associative
immune-mediated haemolytic anaemia

F. Sänger, R. Dörfelt
Introduction: Sonography of the Vena cava is an established tool to assess fluid status in dogs, but has not been
studied in cats. Aim of this study was to evaluate the diameter changes of the caudal vena cava during blood
donation in healthy cats.
Methods: 21 client-owned healthy cats were evaluated during blood donation anesthetized with butorphanol,
alfaxalone and sevoflurane. Caudal vena cava was assessed at the subxiphoid area in longitudinal view (SV), the
right hepatic intercostal area, transverse view (HV) and at the right paralumbar area behind the right kidney,
longitudinal view (PV) during blood donation. Measurements were performed before (T0) and after a blood
donation of 10 ml/kg (T1) and after volume resuscitation of 30 ml/kg lactated Ringer´s solution (T2). Minimum
and maximum vena cava diameters were measured for each position. Vena-cava-index was calculated. To
evaluate interobserver and intraobserver variability minimum and maximum diameters of Vena cava were
measured in 11 client-owned cats at the same locations by two observers.
Results: Complete measurement could not be obtained in 3 cats at position HV and in 5 cats at position PV. At
SV the minimal diameter was significantly different between T1 and T2 (P<0.0001). Maximum diameter was
significantly different between T0, T1 and T2 (P<0.0001). At HV minimal vertical diameter, maximum vertical
diameter and minimal horizontal diameter were significantly different between all three time points
(P<0.0001). Maximum horizontal diameter was significantly different between T1 and T2 (P=0.0024). At PV
minimal and maximum diameter were significantly different between all 3 time points (P<0.0001). Vena cava
index was not significantly different at any location. Vertical diameters had a better intraobserver variability
compared to horizontal diameters at all positions, which was also true for interobserver variability. The lowest
interobserver variability was detected at position PV.
Conclusion: Sonographic assessment of the caudal vena cava in cats is challenging and should be performed by
the same observer. Most changes in diameter were observed between hypovolemic status and after fluid bolus.
Cava-index does not seem to be useful in cats.
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Sonographic assessment of caudal vena cava for volume estimation in cats during blood
donation

E. Gori, F. Dondi, I. Lippi, E. Monari, A. Pierini, V. Marchetti
Introduction: Acute kidney injury (AKI) is a well-known comorbidity of acute pancreatitis (AP) and markers of
early kidney impairment may be useful for a prompt diagnosis and treatment. Urinary Neutrophil GelatinaseAssociated Lipocalin (uNGAL) has been shown as an early marker of AKI in both dogs and humans. We
hypothesized that uNGAL might be able to diagnose AKI in dogs with AP, thus the aim of the study was to
compare uNGAL in AP dogs, AP dogs with AKI, and healthy dogs.
Methods: Retrospective analysis of frozen-stored urinary samples of hospitalized dogs with AP.
AP was diagnosed if there were: compatible clinical signs, compatible abdominal ultrasound for AP within 48
hours from hospitalization and abnormal SNAP cPL test. Dogs with previous renal diseases, urinary tract
infection and/or dogs managed by hemodialysis, together with dogs which received potentially nephrotoxic
drugs were excluded. AKI was diagnosed and graded using currently IRIS proposed criteria on admission.
Students or staff-owned healthy dogs were recruited as a control group. Dogs were divided into three study
groups: AP dogs (AP), AP dogs with AKI (AP-AKI) and healthy dogs (healthy). Urinary NGAL was measured using a
commercial canine ELISA on urine supernatant stored at -80° and reported as uNGAL to urine creatinine ratio
(uNGAL/uCr). Results were reported as median and range and differences among groups were evaluated using
Kruskal-Wallis test, followed by Bonferroni’s post-hoc comparisons. A P-value <0.05 was considered significant.
Results: Study population was composed by 45 dogs: AP group (n=23), AP-AKI group (n=7) and healthy group
(n=15). In particular, in AP-AKI group 3/7 dogs were classified as IRIS AKI grade 1, 2/7 dogs were AKI grade 2 and
2/7 dogs AKI grade 3. uNGAL/uCr results were significant different and increased among healthy, AP and AP-AKI
dogs (1.3, 0-11.8 healthy; 171, 0-3183.1 AP; 4639.5, 280.1-17956.5 AP-AKI; P<0.0001)
Conclusions: Urinary NGAL was significantly increased in both AP and AP-AKI dogs compared to healthy ones
and could act as sensitive marker of subclinical AKI in dogs with AP.
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Urinary neutrophil gelatinase-associated lipocalin (ungal): early biomarker of acute
kidney injury in dogs with acute pancreatitis?

C. Molina, L. Bosch, M.M. Rivera
Introduction: Hypoglycaemia is a well-known risk factor in neonatal puppies and kittens, and glycaemia control
becomes crucial during the first days of life. Kidneys immaturity provokes the presence of physiological
glycosuria during the first 2-3 weeks of life in small animals. The aim of this study was to evaluate the potential
of glycosuria as a predictor of glycaemia in newborn puppies during the first two weeks of life.
Methods: Prospective study. Blood and urine samples for glucose measurement were obtained from the
puppies and compared in order to determine a possible correlation. 33 client-owned healthy neonatal puppies
admitted to the Veterinary Teaching Hospital of Autonomous University of Barcelona were included in the
study and divided into four different groups: day 1, 4, 7 and 11 after delivery.
Results: Hypoglycaemia was diagnosed only on day 1 after delivery in 40% of the puppies. A positive statistical
correlation between blood and urine glucose concentration on day 1 after delivery was observed. Statistical
correlation of glucose concentration between blood and urine levels on day 1 yielded the following
mathematical formula to calculate blood glucose concentration from urine glucose concentration, with glucose
concentration expressed in mg/dL: Blood glucose concentration = (0.314 x Urine glucose concentration) + 56.436.
No significant correlation between blood and urine glucose was observed on days 4, 7 and 11 after delivery.
Conclusion: Urine concentration of glucose is a useful parameter to establish glycaemic status on the first day
of life in canine puppies helping to decrease blood sampling.
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Urine glucose concentration: a useful parameter as a surrogate for glycaemia on the first day of
life in canine neonates

J. Combet-Curt, C. Pouzot Nevoret, A. Nectoux, A.Barthelemy
Introduction: The ultrasonographic (US) measurement of caudal vena cava to aorta (CVC:Ao) ratio was
successfully used to assess volume status in experimental models of hypovolemia in dogs. It has been shown to
be an easy, quick, and non-invasive technique with acceptable inter and intra-operator variabilities. The aim of
this study was to determine the utility of the CVC:Ao ratio to detect naturally-occurring hypovolemic shock in
dogs and evaluate its evolution after fluid resuscitation.
Methods: Dogs with hypovolemic shock presented in our ICU (SIAMU) between September 2018 and January
2020 were prospectively included. Hypovolemic shock was defined as the presence of at least 3 physical signs
consistent with hypovolemia (altered mentation, tachycardia, weak or absent femoral pulse, pale mucous
membranes, capillary refill time (CRT) > 2 seconds and cold extremities). CVC:Ao ratio was measured on the
spleno-renal view of the AFAST protocol as previously described. All measures were performed before and after
an intravenous crystalloid fluid bolus of Ringer lactate solution at 10 mL/kg. Reference intervals for CVC:Ao ratio
were previously defined at our institution with the same US protocol as follows: 0.93-1.32.
Results: Seventeen dogs were included in the study.CVC:Ao ratios were below reference intervals at admission
in 16/17 dogs and significantly increased after the fluid bolus (before=0.82 and after=0.92; P=0.007). Specifically,
7/17 dogs had a CVC:Ao ratio within reference intervals after the fluid bolus. Blood lactate did not significantly
change between before and after bolus (before=4.0 mmol/L and after=3.9 mmol/L; P=0.273). Heart and
respiratory rates were significantly decreased after the bolus (before=132 bpm and after=106 bpm, P=0.002;
before=40 bpm and after=34 bpm, P=0.032; respectively). Capillary refill time significantly shortened between
before and after bolus as well (P=0.003). No significant linear correlation was observed between the CVC:Ao
ratio and physical parameters or blood lactate before and after fluid bolus.
Conclusions: The US measurement of the CVC:Ao ratio appears as a valuable and promising tool for the
diagnosis and the therapeutic follow-up of naturally-occurring hypovolemic shock in dogs. It appears to allow
earlier quantitative detection of changes in intravascular volume status than blood lactate concentration in dogs.
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Utility of the ultrasonographic measurement of caudal vena cava on aorta ratio for the
diagnosis and the therapeutic follow-up of naturally-occurring hypovolemic shock in dogs

C. Amorim
Background: This report documents a case of intoxication and subsequent death following ingestion of
Amanita phalloides occurring in a 5-month-old male neutered, Domestic short haired cat. The patient
presented for investigation of acute vomiting, icterus and progressive obtundation. A cursory history identified
exposure and ingestion of mushrooms on the day of presentation. Serum biochemistry revealed marked
hypoglycaemia (2.9, range 4.1–7.9 mmol/L), moderate hyperbilirubinemia (15.3, range: 0.1 - 4.2 umol/l), increased
serum alanine transferase (1100, range: 10-125 U/L) and raised alkaline phosphatase activity (428, range 20–150
U/L).
Case presentation: Within 24 hours, the patient’s mentation worsened and oliguria was identified. Serial
biochemistry analysis revealed worsening of hepatic parameters with severely increased bilirubin (58.6, range:
0.1 - 4.2 umol/l), ALT (5397.7, range 19.8 - 124 U/l ) and ALP (1063, range 0-163 U/l), hypoalbuminema (19.4 , range
26.3 - 38.2 g/l) and low cholesterol (2.19, range 3.2 - 6.2) mmol/l) and impaired renal function characterized by
moderate azotemia [(Creatinine 244 (range 20 - 144.5 umol/l), urea 28.3 (range: 3.1 - 10.1 mmol/)], hyperkalemia
(5.5, range: 3.0 -5 mmol/L), and hyperphosphatemia (3.62, range 0.8 - 1.6 mmol/L). Mushrooms provided by the
owner were later identified as Amanita phalloides species by a fungal expert.
New/Unique information: Based on the patient’s clinical history, physical examination findings and diagnostic
investigations the presumptive diagnosis was acute hepatic and renal failure following mushroom ingestion.
Unfortunately, death occurred within 36 hours despite aggressive therapeutic measures. To the author´s
knowledge this is the first case report of death in a feline patient following ingestion of Amanita phalloides in
the UK.
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Acute, fulminant hepatic and renal failure and subsequent death following amanita
phalloides ingestion in a 5-month-old kitten

M.A. Evangelisti, G. Carta, I. Ballocco, F. Cubeddu, M.L. Manunta
Background: Early diagnosis and management of raised intracranial pressure (ICP) is essential for preventing
brain damage and even death. Methods for diagnosing and monitoring hypertension are necessary in
veterinary medicine.
Case presentation: An 8-year-old 4.8 kg male Yorkshire dog was presented for investigation of seizures and
circling of 2 months duration. Physical examination, bloodwork, thoracic and abdominal radiographs were
unremarkable. Brain MRI scan before and after gadolinium administration showed an intraxial lesion localized
in the right frontal lobe compatible with neoplasia. MRI findings were suggestive of diffuse increased
intracranial pressure (ICP). In agreement with the owner, a device for direct monitoring of ICP was positioned
intraparenchymally (Codman® microsensor ® 2005-2011 Codman & Shurtleff, Inc.), and hyperosmolar therapy
was started with NaCl 3% (5,3 ml / kg IV-1026 mOsm / L), administered over 5 minutes intravenously. At the
same time, indirect monitoring of ICP with ultrasonographic examination of the optic nerve sheath diameter
(ONSD) was performed. Direct and indirect ICP, HR, RR, direct blood pressure, spO2, ETCO2 and Sevofluorane MAC
were monitored over 15 minutes after NaCl 3% administration. Before treatment, measurement of direct ICP
was 34 mmHg, ONSD measured 1.7 and 2.0 mm respectively on left and right eye. Two minutes after starting
hyperosmolar therapy, direct ICP measured 24 mmHg. Five minutes after NaCl 3% administration, direct ICP
measured 21 mmHg and ONDS 1.4 and 1.7 mm respectively on left and right eye. Ten minutes after NaCl 3%
administration, direct ICP measured 18 mmHg and ONDS 1.3 and 1.5 mm respectively on left and right eye.
Cardiovascular parameters were stable during all the procedure. Direct measuring of ICP was discontinued, the
dog was transferred to intensive care where ONSD measured was 1.2 and 1.5 mm respectively on left and right eye.
Unique Information: Hyperosmolar therapy caused a rapid decrease of ICP. Direct ICP measurements were
directly related to ultrasound ONSD values. Ultrasonographic ONSD evaluation is a simple and effective noninvasive procedure to detect and monitor increase of ICP. Large multi-center studies involving high number of
patients are required to validate this hypothesis.
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Direct and indirect monitoring of intracranial pressure during hyperosmolar therapy in a
dog: a case report.

S. Klainbart, E. Kelmer, I. Aroch, R. Atamna
Background: Echis coloratus is a Viperid, endemic to the Middle-East. Clinical reports describing E. coloratus
envenomation in humans are scarce, while natural envenomations in animals were not reported. The
envenomation can culminate to systemic coagulopathy. This report describes a confirmed E. coloratus
envenomation in a dog, with assessment of global hemostasis by thromboelastometry.
Case presentation: A 6-year Belgian-Shepherd was presented in shock, with oral mucosal bleeding and swelling
due to snakebite. Laboratory tests showed prolonged prothrombin-time (PT) and activated-partialthromboplastin-time (aPTT). Because Daboia palaestinae is the most common venomous snake in Israel,
immunoglobulin-G monovalent D. palaestinae antivenom was administered, with supportive care. The dog
improved clinically, was discharged, and was readmitted with active bleeding from the bite-site, the dead snake
was identified as E. coloratus. PT, aPTT and fibrinogen concentration were unmeasurable. Thromboelastometry
showed severe hypocoagulability. The dog was treated with a polyvalent antivenom against venoms of several
Middle-Eastern snakes, including E. leucogaster, (3 units; IV), fresh-frozen plasma (FFP; 3 units), and packed red
blood cells (1 unit). Bleeding completely ceased, and thromboelastometry results improved. The dog was
discharged. Three days later, all hemostatic test results, including thromboelastometry were normal.
New/Unique Information: This is the first report of naturally occurring E. coloratus envenomation in dogs, and
the first of thromboelastometry in any such envenomation. Based on the present TEM results, the venominduced hypocoagulability responded to antivenoum and FFP. The efficacy of given antivenom is largely
considered restricted to envenomations by the same snake species whose venom was used for antivenom
production. Evidence shows that anti-E. ocellatus monospecific antivenom EchiTabG neutralized the lethal
effects of venoms of other Echis species. In our hospital, specific E. coloratus antivenom was unavailable at the
time, however, a polyvalent F(ab’) snake antivenom against a variety of Mediterranean snake venoms is used,
recommended by the manufacturer against other Echis envenomations. Based on the present favorable
response to the administration of this antivenom, it possibly has some neutralizing activity against E. coloratus
venom. Thromboelastometry was useful for monitoring and managing E. coloratus envenomation induced
coagulopathy, and may guid FFP and antivenom treatment, when the biting snake species is unknown.
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Echis coloratus envenomation in a dog, clinical, hemostatic and thromboelatometric
findings and treatment

A. Nectoux, G. Hoareau, I. Goy Thollot, A. Barthélemy, C. Pouzot Nevoret
Background: Extracorporeal renal replacement therapy (ERRT) has been proposed for the treatment of dogs
with acute kidney injury (AKI) when renal function fails to recover despite adequate medical management.
Canine leptospirosis is associated with profound cytokine imbalances, which lead to significant systemic
derangements. Reducing the concentration of cytokines with pathological overexpression by hemoadsorption
offers a promising therapeutic option in critically-ill patients to control the inflammatory response, decrease
vasoplegia, and improve organ function. This case report describes, for the first time, the use of a novel
hemoadsorption device (VetresQ) as an adjunct therapy.
Case presentation: A non-vaccinated 4 years-old intact Labrador was referred to the intensive care unit for four
days of depression, polydipsia, hematemesis, and vomiting. The patient was severely azotemic (urea 86.3
mmol/L and creatinine 988 µmol/L) and not anuric. Leptospirosis was diagnosed based on positive blood and
urine PCR and MAT. At admission, the dog presented marked obtundation, ptyalism, and hypothermia.
Abdominal ultrasound showed biliary mucocoele, bilateral acute nephropathy, and slight perirenal effusion.
Thoracic radiographs showed images consistent with pulmonary hemorrhages. The dog received 5 ERRT
sessions and VetresQ was implemented on the first session. VetresQ® device was easily implemented and this
first ERTT session was well tolerated. Each ERRT session was a 4-hour intermittent venovenous
hemodiafiltration. During hospitalization, the dog received fluid therapy, ampicillin/sulbactam,
ursodesoxycholic acid, metoclopramide, maropitant citrate, and amlodipine. The patient’s general condition
gradually improved and the dog was successfully discharged 15 days after admission, with persistent azotemia
(urea 12.3 mmol/L and creatinine 410 µmol/L). Blood renal parameters were within normal limits 1 and 6
months after discharge, with a normal physical exam.
New information:This case report is the first description of the well-tolerated and successful use of a
hemoadsorption device in a dog with AKI associated leptospirosis during ERRT in veterinary medicine. VetresQ
might be a promising adjunctive therapy for ERRT in the management of AKI secondary to diseases with
pathologic elevation in cytokine concentrations, such as leptospirosis. Adsorption is concentration-dependent,
cytokines with a reduced expression are not removed from circulation, bringing the patient’s cytokine profile
closer to a physiologic balance.
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First use of a novel hemoadsorption device (Vetresq�) as an adjunct to renal replacement
therapy for the management of a dog with leptospirosis

T. Bodnarova, A. Alexander, S. Phillipps, P. Weston, S. Baines
Background: Gastric dilation and volvulus (GDV) is rare in cats, with only 10 patients previously reported. This
condition has been documented secondary to traumatic diaphragmatic hernia. There are also reports of
spontaneous GDV, which is more common in older cats (De Gresti and Leonardi 1968, Turner 1968, Herr et al.
1973, Key 1977, Kieval and Dykes 1989, Frormaggini et al. 2008, Leary and Sinnot-Stutzman 2018) but
anticlockwise GDV with splenic torsion has not been reported to date.
Case presentation: A 14-year-old neutered female Siamese cat presented for acute onset non-productive
retching and collapse two hours post-prandially. There was no previous medical history of gastrointestinal
disease or other co-morbidities. On physical examination the cat was collapsed and obtunded, with pale and
tacky mucous membranes and a capillary refill time of one second. Auscultation revealed a heart rate of 140
bpm with no murmur or arrythmia. Femoral pulses were synchronous with the heart beat but of poor quality.
The respiratory rate was 60 breaths/minute with increased effort. No adventitious lung sounds were
auscultated. Abdominal palpation revealed painful distention. Rectal temperature was 35.0 °C. The patient’s
body condition score was 3/9. Clinically significant findings were increased total solids (89g/L; reference interval
60-75g/L) with normal PCV and profound hypokalemia (2.4mmol/L; reference interval 3.5 – 5.8mmol/L). Point of
care abdominal ultrasound revealed a large heterogeneous, mass-like structure in the mid-cranial abdomen,
marked splenomegaly and no free fluid. Thoracic radiographs identified a hypovascular lung pattern and
microcardia consistent with hypovolemia. Abdominal radiographs identified massive gastric dilation with
compartmentalisation. After initiation of analgesia and fluid resuscitation the cat was pre-oxygenated and
anaesthetised for exploratory coeliotomy. Due to hypoventilation stomach was decompressed percutaneously
prior to surgery. Intra-operatively splenic torsion and 180-degree anticlockwise gastric rotation were identified.
Hilar splenectomy facilitated stomach de-rotation followed by routine incisional gastropexy. The patient’s
recovery was uneventful.
New Information: To the authors’ knowledge it is the first reported GDV in a cat with a 180-degree
anticlockwise volvulus and concurrent splenic torsion. This case illustrates the importance of a step by step and
logical approach to our patients to allow diagnosis of rare conditions.
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Gastric dilation and volvulus and splenic torsion in a siamese cat

P. Richter, H. Fischer, R. Dörfelt
Background: Immune-mediated canine hemolytic anemia is a life-threatening disease accompanied by severe,
acute hemolysis. Standard therapy is a combination of transfusion
and immunosuppression. As resources of canine blood are limited, it is necessary to find
alternative treatments for severe cases to reduce transfusions. Removal of antibodies by immunoadsorption is
an established therapy for autoimmune diseases in humans.
Presentation of the case:
A 5-year-old female castrated, 23 kg Entlebucher mountain dog, was presented with a hematocrit of 16 %,
autoagglutination, positive COOMBS test, negative infection titers and negative tumor screening. Despite of 5
days of immunosuppression, the dog required daily transfusions of DEA 1.1 - negative blood. Immune-mediated
hemolytic anemia also caused an increase in bilirubin to 331 µmol/L. On day 5, immunoadsorption was started
by using a plasma centrifuge (COMtech®), an immunoadsorption machine (Adasorb®) and an adsorber
(Ligasorb®) for humans. During the 77-minute treatment, 1.630 ml plasma was processed. Side effects were
vomitus and shivering during the treatment as well as coagulation in the extracorporeal circulation due to
calcium bolus application. Since this treatment the hematocrit remained stable at 17% and increased during
the following days. A transfusion was no longer necessary. Plasma concentrations of Immunoglobulin G (IgG)
and Immunoglobulin M (IgM) decreased from 600 mg/dL to 250 mg/dL and from 85 mg/dL to 51 mg/dL,
respectively. Hemolysis stopped immediately after immunoadsorption. Bilirubin decreased from 331 µmol/L to
181 µmol/L within 12 hours after immunoadsorption. The dog was discharged 4 days after immunoadsorption
for ambulant immunosuppressive treatment.
New/Unique Information: In severe cases of immune-hemolytic-anemia, the removal of autoantibodies by
immunoadsorption in order to stop hemolysis can be live-saving. It may decrease requirements for transfusion
and hospitalization time addition to conventional treatment.
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Immunoadsorption in a dog with severe immune mediated hemolytic anemia

S. Klainbart, H. Chen, S. Padan, E. Kelmer
Background: In dogs with immune-mediated thrombocytopenia (IMT) antibodies bound to the surface of
platelets cause premature platelet destruction by macrophages. Thrombocytopenia may be the only abnormal
laboratory finding in IMT; and in some cases, anemia secondary to hemorrhage may occur. Glucocorticoids are
the initial therapy of choice for dogs with IMT. Adjunctive therapies, including vincristine, azathioprine,
cyclosporine, cyclophosphamide, danazol, mycophenolate-moeftil, human-intravenous-immunoglobulin-G
(hIVIG), romiplostin and splenectomy have all been suggested, with various success rates. We describe the
application of multiple treatment modalities, including therapeutic plasma exchange (TPE) and romiplostin, in
a dog with IMT.
Case Presentation: An 8-year-old male intact Cocker Spaniel was diagnosed with IMT. The dog presented with
severe thrombocytopenia (platelet count 12,000 cells/µl, reference interval (RI) 150-400) and anemia (PCV 14%;
RI 35-55), and was actively bleeding from the gastrointestinal-tract and urinary system. It was initially treated
with prednisone, doxycycline and mycophenolate-mofetil, as well as packed red blood cells and fresh whole
blood. Later on, leflunomide , vincristine, and 2 courses of hIVIG were added to the treatment regimen. A week
later there was no improvement (0 platelets on repeated blood smears) and TPE was initiated. Three TPE
treatments were performed over 4 days, in each treatment 1.3 plasma volumes (corresponding to 1000 mL and
900 mL of plasma in the 1st and both the 2nd and 3rd treatments, respectively) were exchanged and replaced by a
combination of fresh frozen plasma, HES and crystalloids. Platelet counts increased to 26,000/µl and 138,000/µl
after the second and third TPE treatments, respectively. Five days post TPE the platelet count dropped to 50,000/
µl, and treatment with romiplostin was initiated. Four days later, the platelet count increased to 90,000/µl, and
continued to rise up to 202,000/µl. Throughout its long hospitalization, the dog also suffered from sepsis and a
blood clot in its bladder with secondary acute kidney injury, that resolved with treatment. The dog died 30 days
post presentation due to a suspected embolic shower.
New/Unique Information: This is the first report describing multiple treatment modalities, including TPE, in a
dog with IMT.
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Multiple treatment modalities, including therapeutic plasma exchange in a dog with
immune mediated thrombocytopenia

G. Ceccherini, A. d’Urso, A. Battini, V. Marchetti
Background: Entrapment in washing machines can be a risk in young cats.
Cases description: Case 1 - A 6-month-old, intact female domestic shorthair kitten, trapped in a washing
machine for an estimated 15-20 min on the hot cycle. Cat presented a wet coat, laboured breathing, pale
mucous membranes, 35.6°C rectal temperature, a 142 bt/min heart rate, absent menace response and miotic
pupils. Immediately located in oxygen cage, was actively warmed. Warm Ringer lactate (Fresenius Kabi Srl, Italy)
was administered (5 mL/kg/h) IV. Blood gas showed a mixed metabolic and respiratory acidosis: pH 7.21 (7.347.38), pCO2 50 mmHg (35-45 mmHg), Hct 45% (31.7-48%), Na+ 148 mmol/L (135-150 mmol/L), K+ 4.5 mmol/L (4.0-5.5
mmol/L), Cl- 120 mmol/L (115-125 mmol/L), BUN 23 mg/dL, Creat 1.0 mg/dL, Mg 1.8 mg/dL (1.9-2.6 mg/dL), Ca++ 1.3
mmol/L (1.1-1.4 mmol/L), BE -15 mmol/L, HCO3-11 mmol/L. Leukocytosis (20x10-3/mL; 4.0-181.7x10-3/mL) was found
and total solids were 6.7 mg/dL. Mannitol (0.5 g/kg, IV) was administered to treat suspected cerebral edema.
Thoracic radiographs showed a patchy alveolar pattern in the right cranial lung lobe and amoxicillin/clavulanic
acid (12.5 mg/kg SC) was administered. Clinical condition improved after 20h and after 72h kitten was
discharged.
Case 2 - A 7-month-old, intact male domestic shorthair kitten was presented after being in washing machine for
approximately 5 min. Cat presented alert and responsive. Heart rate was 180 bt/min, temperature was 39.5 °C
and minimal respiratory effort was present. Skin lesions, similar to burns, were noticed dorsally on the neck and
on the abdomen and were treated with application of Hypermix® unguent (Hypermix, RI-MOS srl- Italy). A
lesion on right eye was observed and locally treated with administration of tobramicin and Epigel® (Ceva-italy).
A total body radiograph revealed a slight alveolar infiltrate in right cranial lung lobe, without evidence of limb
fractures or spinal lesion or pleural/abdominal effusion. A moderate anemia was found at CBC. Ringer lactate
(3ml/kg/h IV), amoxicillin/clavulanic acid (12.5 mg/kg SC) and N-acetylcisteine (70 mg/kg IV) were administered.
After 3 days kitten was discharged.
New/Unique Information: Our cases showed the challenge to manage this type of emergency, especially in
pediatric patients.
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Successful management of two polytraumatized kitten accidentally trapped in front-load
washing machines

S. Klainbart, E. Kelmer, I. Aroch, H. Chen
Background: Hypoalbuminemia is a common complication of several disease processes in dogs and in some is
associated with mortality. The use of human albumin (HA) in hypoalbuminemic, critically ill dogs has been
advocated, but was found to be associated with development of anti-HA immunoglobulin (Ig) G, including lifethreatening type III hypersensitivity reactions. Therapeutic plasma exchange (TPE) is an extracorporeal
treatment, in which pre determined amount of the patient’s plasma (and its constituent components, e.g. IgG)
is removed via centrifugation or filtration and replaced with allogenic plasma transfusion, isotonic crystalloids,
synthetic colloids or their combination. We describe TPE treatment for the management of immune mediated
vasculitis and acute kidney injury (AKI) suspected to be caused by HA in a dog.
Case Presentation: A 3-year-old male neutered mixed breed dog was diagnosed with severe immune mediated
vasculitis, fever, hypoalbuminemia (2.6 g/dL; reference interval, 3.0-4.4), edemas and coagulopathy two weeks
after receiving HA (400 mg/kg) due to severe hypoalbuminemia (1.1 g/dL) as a result of septic peritonitis. The
dog was treated with fresh frozen plasma (FFP) and steroids but remained severely hypoalbuminemic (1.8 g/dl)
and developed AKI. Over four days, three TPE treatments were performed, with a total of 2.7 plasma volumes
exchanged. Replacement fluids consisted of a combination of FFP, hydroxyethyl starch 6% and 0.9% saline
solution (46%, 17% and 37% respectively). Following the TPE treatments, serum albumin increased (from 1.8 g/dL
to 2.5 g/dL), serum creatinine decreased (from 3.9 mg/dL to 0.98 mg/dL), clotting times normalized (activated
partial thromboplastin time from 33 seconds to 14.5 seconds), and there was a gradual improvement of the
edemas and overall clinical status of the dog. No significant adverse effects were noted during the TPE
treatments and the dog was discharged after 6 days of hospitalization. Following discharge, the dog had
complete resolution of vasculitis, edemas and AKI.
New/Unique Information:This is the first report describing successful use of TPE for the management of an
immune mediated reaction (type III hypersensitivity) following HA administration causing severe vasculitis and
subsequent complications.
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Therapeutic plasma exchange for the management of immune mediated vasculitis
suspected to be caused by human albumin in a dog

A.L. Cheroto,C. Almeida, L. Ribeiro, D. Ferreira
Background: Alternatively to the vena cava, researches have been proposed using the jugular vein to evaluate
the hemodynamic status in human patients. The location outside the abdominal cavity, the possibility of being
evaluated in several recumbencies and the ease of localization through ultrasonography make the external
jugular vein (EJV) a possible alternative also in veterinary medicine. The objective of this case report was to
describe the variability of the EJV diameter and collapsibility index (CI) pre and post fluids resuscitation in a dog.
Case presentation: A 13 year old neutered female Chihuahua with hypoadrenocorticism, treated with
fludrocortisone for the last two years was presented with weakness, vomiting and anorexia. The dog was off the
medication for one week. On the primary survey the dog presented pale mucous membranes, moderately
dehydrated (6-7%), 60bpm of heart rate (HR), 24brpm of respiratory rate (RR), temperature of 36.5°C, weak
peripheral pulses, systolic blood pressure (SBP) 90mmHg and lactate 4mmol/L. The EJV maximum and
minimum diameters were 23mm and 19mm, respectively. The EJV CI was 17%. It was initiated fluid therapy with
crystalloids and a 10mL/kg bolus administrated during 20 minutes, followed by a secondary survey where the
dog presented HR 112bpm, RR 20brpm, temperature of 36.5°C, weak peripheral pulses, and SBP 140mmHg. The
EJV maximum and minimum diameters were 33mm and 31mm, respectively. The EJV CI was 5%. It was
administered another 10mL/kg bolus of crystalloids and the fluid therapy continued. After 40 minutes the
patient presented HR 76bpm, RR 24brpm, temperature of 37.3°C, SBP 130mmHg, and lactate 1.3mmol/L. The EJV
maximum diameter and minimum diameters were 35mm and 34mm, respectively. The EJV CI was 3%. The
patient continued hospitalized receiving fluid therapy, and appropriate treatment with corticosteroids, and was
discharged after 48 hours.
New/Unique Information: Using the EJV diameter and CI variation to estimate the hypovolemic condition
contributed to an adequate rapid volume replacement during an emergency approach in a dog. The successful
EJV CI targeted reestablishment of normovolemia is reflected in a controlled fluid administration that allowed a
reduction of the CI from 17% to 3% in just 40 minutes.
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Using the external jugular vein collapsibility index as an indicator for reestablishment of
normovolemia in a hypotensive dog - a case report
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EVERY URINARY CONDITION
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BEYOND THE CLINIC
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Care for your feline patients with Lower Urinary Tract
Diseases (FLUTD) from the comfort of their home simply
by adding Hematuria Detection granules in their litter box.
If granules turn blue, it is an early sign of potential FLUTD
that will inspire owners to bring their cats to your clinic
before the condition becomes more serious.

❙ Small footprint and
light weight (1.4kg)
❙ Adjustable - up to
three pumps on
one pole clamp
❙ Flow rates starting
from 0.01 ml / h
(adjustable)
❙ No hemolysis
during blood
transfusion
❙ Dose rate
calculation
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handling

B. BRAUN VET CARE
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Inhouse Diagnostics
for Daily Use!
scil vCell 5
5-part differentiation with
combined laser and impedance
measurement method!
Benefits
» reduce reagent consumption with
microfluid technology
» bi-directional data transmission
» environmentally friendly
» small sample volume
» Remote Access
» modern navigation menu

+ newly validated species:
Guinea Pig, Foal, Camel

Important additional
parameters for daily use!
Parameter Portfolio:
» Ammonia
» Bile Acids
» cCRP
» Cortisol
» Fibrinogen
» Fructosamine
» GLDH
» Lactate
» Lipase (pancreas-specific)
» Progesterone
» SAA
» Thyroxine (T4)

Clinical Chemistry

EUROLyser
Cube Vet

CONTACT US: WWW.SCILVET.COM
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Discover your
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Win a free registration for the
Cert VN ECC worth over £750!
It’s simple to enter, just email us at vncertecc@vets-now.com
and tell us in no more than 50 words, why you want to do
the Cert VN ECC. Closing date is 1st August 2020.
Don’t worry if you don’t win though, you can still take
advantage of an exclusive 15% discount for EVECC
attendess, by using the code EVECC20

Find out more or apply online now at www.vets-now.com/certvnecc
Annual intakes in April & October
Free registration is valid for 2020/21. Winner will be notified by email. Full terms & conditions are available on request.
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Critical Care Animal Testing Made Simple
Introducing a new generation veterinary critical care
analyser that combines the micro-electronics of the
consumer world with Nova Biomedical’s innovative
MicroSensor Card™ for a simple, small, fast, and
economical analyser.

22-test stat menu

pH PCO2 PO2 Na K Cl iCa iMg TCO2 Glu Lac
Urea (BUN) Creat Hct Hb SO2% O2Hb COHb
MetHb HHb HbF tBil

New tests added for urea, creatinine,
ionized magnesium
Maintenance-free cartridges for
sensors and reagents
22 tests on 135 µl of whole blood,
results in 1 minute
Automated quality control

novabiomedical.com

IDEXX Catalyst One®
Packed Red Blood Cells
Fresh Frozen Plasma
Platelet Concentrate
Cryo-precipitate

Ongoing medical innovations
ensure all your biochemistry
testing needs are fulfilled

Cryo-supernatant
Platelet Gel
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Contact your IDEXX Sales Representative
today to learn more:
www.idexx.co.uk/CatalystOne
www.bsanimal.co.uk | bsa@bsanimal.co.uk
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Temperature sensors and
control algorythms
Acoustic alarm
Robust
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New!
Blood Delivery Set with Filter
High flow blood administration set for delivery of
whole blood, cellular components and
fresh-frozen plasma for transfusions from a bag.
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IntensoBox Oxygen cage
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Fast, longterm,
high oxygenlevel
Cooling
CO2 absorber
Heated floors
Dehumidification
Multiple sizes
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www.intensovet.de
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Set Includes:
80 inch (203 cm) of large bore tubing
200 micron blood filter
Needle-free injection site
360⁰ spinner
Flow Rates:
Without Catheter:
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10 Ga x 15 cm Catheter: 475 ml/min.
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14 Ga x 13 cm Catheter: 180 ml/min.
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DOES MORE FOR YOUR PET’S MOBILITY
 The No. 1 nutritional supplement for dogs with osteoarthrosis in Belgium
and the Netherlands
 Contains the unique and patented UC-II® (non-denatured collagen type 2),
Boswellia serrata, Omega 3 fatty acids and Vitamin E
 Very tasty chews
 Only 1 chew / day needed , regardless of body weight
 Available in packs of 30 and 60 chews
Flexadin Advanced is a dietetic complementary feed for dogs, to support the metabolism of joints in case of osteoarthritis.
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Patient warming systems
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