CONGRESS 2-4 JUNE 2022
THE PROCEEDINGSBOOK

VECCUS SYMPOSIUM 1 JUNE 2022

Dear delegates
It’s been a while, but here we are, finally able to meet up again at EVECC! We couldn’t have thought of a
better place to reconnect than in the city of Ghent, one of Europe’s best hidden secrets, which I hope you’re
ready to explore over the next couple of days. It offers a combination of the history offered by Bruges and
the vibrant livelihood of Antwerp. Ghent has many squares with typical Belgian pubs, hundreds of restaurants
offering the best food of any corner of the world, as well as plenty of museums, historical buildings and
even boat trips whilst all of these remain within walking distance in the historic, compact city center.

On the right bottom of each page,
you will find the navigation buttons:
WEDNESDAY 1 JUNE
THURSDAY 2 JUNE

This EVECC congress offers parallel streams for veterinarians oriented towards emergency and critical
care (advanced), general practitioners seeking applicable information for their clinics (refresher) and a
stream focused on veterinary nurses. Delegates can freely move from stream to stream, in order to take
the most out of the event. Moreover, during the congress several wet- and dry labs are organized on
different topics such as resuscitation or point of care ultrasound. This should allow each delegate to
return home feeling energized and enlightened with up to date knowledge and practical training in
veterinary emergency and critical care.

FRIDAY 3 JUNE

Moreover, our exhibition gathers companies offering solutions for your every day problems in emergency
and critical care. Whether you are looking for nutritional solutions, state of the art equipment, continued
education, or applications, you’ll be able to talk to representatives across the field, and establish valuable
connections. Regarding those connections, we’ve also gone out of our way to ensure you’ll have an enjoyable
social programme. You can meet up in the central hub to discuss lectures or clinical cases, and hopefully
we’ll celebrate a fantastic event during the gala dinner on Saturday evening.

PAGE FORWARD

On behalf of the Local Organizing Committee, we truly wish you’ll enjoy your stay in Ghent, and will go
back home afterwards with gained knowledge, new friends and warm memories.
Kind Regards,

Kris Gommeren		
Chair of the Local Organizing Committee 		

Céline Pouzot-Nevoret
Chair of the Congress Organising Committee
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SAVE THE DATE

21ST EVECC CONGRESS
30 MAY - 1 JUNE 2024
GOTHENBURG - SWEDEN
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VECCUS | Room: Hubert Van Eijck
09:05-09:30
09:30-09:55
10:00-10:25
10:25-10:55
11:25-11:50
11:50-12:20
12:20-12:45
13:45-15:05
15:05-15:30
16:05-16:30
16:30-16:55
17:00-17:25
17:25-17:50

Abdominal POCUS: “Basics in the unstable patient” | Maxime Cabournac & Céline Pouzot-Nevoret
Abdominal POCUS: “A deeper dive” | Laura Cole & Simon Cook
Thoracic ultrasound: “Technique matters” | Søren Boysen & Laura Cole
Pneumothorax: “Rule in or rule out” | Søren Boysen & Kris Gommeren
Focused cardiac ultrasound: “Fact or fiction?” | Anne-Christine Merveille & Andrea Armenise
Focused cardiac ultrasound: “Application in shock” | Kris Gommeren & Christopher Kennedy
Organization of the VECCUS interest group | VECCUS Board
Key-Note Lecture: Lung ultrasound in COVID-19 | Giovanni Volpicelli
POCUS curriculum: “Prepare for change” the results of the VECCUS questionnaire | VECCUS Board
POCUS curriculum: “Prepare for change” Possible implementations | VECCUS Board
POCUS Technical skills: “Vascular Access, catheter checks and regional blocks” | Angela Briganti & Søren Boysen
POCUS: Case Presentations and Discussions | Moderator: Andrea Armenise
POCUS: Case Presentations and Discussions | Moderator: Andrea Armenise
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Refresher stream | Room: Van Rysselberghe
09:20-10:05
10:10-10:55
11:25-12:10
12:15-13:00
14:10-14:55
15:00-15:45
16:25-17:10
17:15-18:00

Controversies and pearls of fluid therapy in critical care | Alessio Vigani
Volume overload, prevention, identification and management | Alessio Vigani
Acid-base at the bedside: an integrated approach | Christopher Kennedy
Occurrence and management of common arrhythmia’s in the emergency setting | Pascale Smets
What have we learnt from COVID-19? | Karen Humm
Techniques to cope in a crisis | Dan Lewis
Using simulation for quality improvement | Duana McBride
Debriefing panel & CPR simulation | Duana McBride

Advanced stream | Room: Auditorium
09:20-10:05
10:10-10:55
11:25-12:10
12:15-13:00
14:10-14:55
15:00-15:45
16:25-17:10
17:15-18:00

The 2021 UK feline pancytopenia outbreak: Mystery solved? | Karen Humm
Blood transfusion in critically ill human patients | Anders Perner
How Animals Give the Gift of Life: Blood Donor Programs | Ken Yagi
Round Table: TRACS - Where are we now? | Karen Humm & Isabelle Goy-Thollot
Advanced oxygen delivery method: NIV or High Flow oxygen? What do you prefer? | Céline Pouzot-Nevoret & Angela Briganti
Bronchoscopy in ER | Yaron Bruchim
Locoregional anaesthesia in ER | Alessio Vigani
POCUS around CPR | Kris Gommeren & Søren Boysen

Nurse stream | Room: Hubert Van Eijck
09:20-10:10
10:15-10:45
11:25-12:10
12:15-13:00
14:10-14:55
15:00-15:45
16:25-17:10
17:15-18:00

Critical Care Nursing Following Kirby’s Rule of 20 | Courtney Waxman
Nurse handover | Elle Haskey
Introducing the newly qualified nurse to the HDU | Samantha Thompson
Veterinary leadership | Helen Silver-MacMahon
Tips and tools to improve patient safety in the emergency care setting | Helen Silver-MacMahon
Utilising care plans and admits questions to facilitate optimal care of the critical patients | Samantha Thompson
Care of the human cardiac ICU surgery patient | Daniele Collura
Mythbusters: ECC Nursing myths and facts | Ken Yagi
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Refresher stream | Room: Van Rysselberghe
09:00-09:45
09:50-10:35
11:15-12:00
12:05-12:50
14:00-14:45
14:50-15:35
16:20-17:05
17:10-17:55

Antibiotics in acute diarrhoea: don’t kill all the bugs | Mark Kim
Interpreting culture and susceptibility testing | Filip Boyen
Hospital-Aquired infections | Massimo Giunti
Antimicrobial use in the surgical patient | Nausikaa Devriendt
Location, location - How to take the stress out of respiratory distress | Laura Cole
Panel discussion: Should POCUS replace thoracic radiographs in diagnosing pulmonary disease in the emergent patient? | Laura Cole
Gary Stamp Memorial lecture: Airway support for the emergent/critical care patient | Marc Raffe
Gary Stamp Memorial lecture: Total Intravenous Anesthesia: What is it? How do I do it? | Marc Raffe

Advanced stream | Room: Auditorium
09:00-09:45
09:50-10:35
11:15-12:00
12:05-12:50
14:00-14:45
14:50-15:35
16:20-17:05
17:10-17:55

Crisis Resource Management | Dan Lewis
How do we manage errors? | Karen Humm
Heuristic traps for the ECC clinician | Dan Lewis
Panel discussion: Effective M&M Rounds – Can we develop a consensus? | Duana McBride
The utility of antimicrobial continuous infusions in the critically ill patient | Sam Stewart
Nebulisation in pneumonia: take a deep breath and smell the roses, saline, and gentamicin | Mark Kim
Advanced microbiology techniques: what are the possibilities? | Filip Boyen
A novel veterinary sepsis definition: what are the priorities? | Massimo Giunti & Rob Goggs

Nurse stream | Room: Hubert Van Eijck
09:00-09:45
09:50-10:35
14:00-14:45
14:50-15:35
16:20-17:05
17:10-17:55
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Peritoneal Dialysis 101 | Courtney Waxman
Gary Stamp Memorial lecture: Vasopressors in emergency and critical care | Marc Raffe
The IV League: Critical Care Fluid Resuscitation | Courtney Waxman
Monitoring of blood pressure under GA | Nathalie Hack
Blood Gas Tic-Tac-Toe | Courtney Waxman
Tracheostomy Tubes 101 | Chloe Fay
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Friday 3 June 2022

Refresher stream | Room: Van Rysselberghe
09:00-09:45
09:50-10:35
14:05-14:50
14:55-15:40
15:45-16:30

Prehospital care and primary survey | Rita Hanel
Stabilisation of the polytrauma patient | Rita Hanel
Top 20 poisons: part 1 | Justine Lee
Top 20 poisons: part 2 | Justine Lee
Extracorporal treatment of toxicities | Alessio Vigani

4

Advanced stream | Room: Auditorium
09:00-09:45
09:50-10:35
11:30-12:25
12:25-12:40
12:40-13:00
14:05-14:50
14:55-15:40
15:45-16:30

Global coagulation: beyond viscoelastic testing | Mark Kim
A new approach to treat spontaneous haemorrhages | Fabio Vigano
Plenary Lecture: 7D’s of fluid therapy and stewardship | Manu Malbrain
Abstract Award Ceremony
EVECC Research Grant Winner: Carboxyhemoglobin as a diagnostic and prognostic biomarker of hemolytic anemias in dogs | Ran Nivy
Hepatic Encephalopathy | Nausikaa Devriendt
Hyperglycaemia in the criticall ill | Simon Hagley
Panel discussion: To be, or not to be, CIRCI? | Laura Cole

Nurse stream | Room: Hubert Van Eijck
09:00-09:45
09:50-10:35
14:05-14:50
14:55-15:40
15:45-16:30

Placement of Naso-oesophageal tubes | Nathalie Hack
Top 5 mistakes to avoid in toxins patients | Justine Lee
Management of acute liver failure | Goncalo Babau
Not so cute: acute anaphylaxis | Courtney Waxman
Diabetic Ketoacidosis; An interactive case | Chloe Fay

Resident stream | Room: Van Der Goes
09:00-09:45
09:50-10:35
14:05-14:50
14:55-15:40
15:45-16:30

Cutaneous and renal glomerular vasculopathy (CRGV) and the approach to acute kidney injury (AKI) | Pedro Alves
Biomarkers to diagnose acute kidney injury in small animals | Dominique Paepe
Respiratory defense mechanisms | Christopher Kennedy
Correlation between SpO2 to FiO2 ratio and PaO2 to FiO2 ratio: What’s the evidence? | Jiwoong Her
Antidotes | Justine Lee
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Oral abstracts
Original study
Nurse Case reports

Poster abstracts
Original study
Case reports
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Abstracts

Original Study | Room: Van Der Goes
09:00-09:15 Medical management of dogs and cats with metallic sharp-pointed gastrointestinal foreign bodies: 15 cases | Chiara Crino
09:20-09:35 Prevalence of azotemia and its association with severity and outcome in veterinary trauma patients: a single centre study | Emily Stacey
09:40-09:55	Prevalence of acute kidney injury in critically ill dogs undergoing prolonged positive-pressure ventilation in an intensive care unit |
Richie Trinder
10:00-10:15 Multicentric aortic thromboembolism retrospective study in 158 cats: the maters study | Maxime Cambournac
10:20-10:35	Xenotransfusion of canine blood to cats: indications, effectiveness, limitation and adverse effects in comparison to allotransfusion,
a retrospective study | Maria Elkin
11:15-11:30	Self-reported clinical practice of small animal cardiopulmonary resuscitation and compliance with recover guidelines among
veterinarians in Western Europe | Simon Hagley
11:35-11:50	Effect of blindfolding lead resuscitators on closed-loop communication (clc) in veterinary cardiopulmonary resuscitation (cpr) training |
Olivia Walesby
11:55-12:10 A retrospective study on the incidence of parapneumonic effusion in 130 dogs with a clinical diagnosis of pneumonia | Nicolas Graziano
12:15-12:30 Evaluation of new-onset organ dysfunction in dogs with systemic inflammation | Elena Ciuffoli
12:35-12:50 The diagnostic utility of hypophosphatemia for differentiation of generalized tonic-clonic seizures from syncope in dogs: a case control
study | Efrat Kelmer
14:20-14:35	Prevalence, clinical manifestations, laboratory findings and outcome of intermediate syndrom in anticholinesterase intoxication of dogs
– a retrospective study | Sigal Klainbart
14:40-14:55	Retrospective evaluation of the agreement between thoracic point-of-care ultrasound and thoracic radiographs in cats with recent
trauma: 111 cats | Pierre-André Vidal
15:00-15:15 Effects of hypovolemia and volume overload on ultrasonographically derived caudal vena cava parameters in healthy lightly sedated cats
| Steffi Jalava
15:20-15:35 Evaluation of B-lines with two point-of-care lung ultrasound protocols in cats with radiographically normal lungs | Manon Rigot

Nurse Case reports | Room: Hubert Van Eijck
11:15-11:30 Nursing of a dog with leptospirosis, a zoonotic disease | Claire Ravachol
11:30-11:45 Stoatally stoned- ventilation of a domestic ferret for marijuana toxicity | Lucy Sumners
11:45-12:00 The case of hematogenous pneumonia with an unknown origin | Brandie Johnson
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Oral Abstracts Friday 3 June 2022

Original Study
Impact of a cell saver machine on blood transfusions to dogs undergoing surgery at a referral veterinary hospital | Nuria Comas
Establishment of reference intervals for ultrasonography derived caudal vena cava parameters in healthy lightly sedated cats – preliminary results |
Tove Maria Hultman
Erythrocyte Sedimentation Rate (ESR) as a monitoring marker in canine intensive care unit (icu) | Eleonora Gori
Dysmagnesemia in dogs with systemic inflammatory response syndrome | Aina Bonet-Barceló
Thromboelastometry as a tool for assessment of hemostasis and disease severity in dogs with naturally-occurring heatstroke | Efrat Kelmer
Canine blood donation adverse reactions: classification and description of reactions in a donor population | Helena Ferreira
Thrombolytic therapy with reteplase in cats with arterial thromboembolism | Esther Hassdenteufel
Prevalence of transmissible canine blood pathogens in a blood donor population tested on every donation | Bárbara Correia
Feline arterial pressures evaluation in sedated and non-sedated blood donors | Mafalda Morais
Inter-rater reliability of the icu veterinary coma scale | Arianna Shivji
Hypocobalaminemia in dogs with acute gastrointestinal diseases | Clara Mattavelli
Short- and long-term outcomes of unlicensed gs-441524-like antiviral therapy at-home treatment of feline infectious peritonitis | Yael Goldman
Arterial blood gas monitoring in dogs during hemodialysis | Gianila Ceccherini
Evaluation of treatment protocols for primary immune-mediated thrombocytopenia in 54 dogs (2010 - 2022) | Stefania Gelendi

Case Reports
Resolution of chylopericardium after balloon dilatation of tricuspid valve stenosis in a labrador retriever | Niels Groesser
Bubble study test in a cat presenting with uroabdomen | Alina Andreea Zăvoi
Suspected acute kidney failure secondary to topic ketorolac 0,5% administration in three kittens | Marta Hita Rubio
Oculocardiac reflex induced by ocular trauma in a dog | Miki Hatzav
Patient-ventilator dyssynchrony induced by mechanical ventilation in a dog with tetanus: the reverse triggering | Maria Stella Calabria
A nosocomial infection by acinetobacter baumannii in a tracheostomized dog underwent long-term mechanical ventilation | Maria Stella Calabria
A case of cerebral salt-wasting syndrome following the application of a ventriculoperitoneal shunt in a dog | Chiara Fattori
Generalised tetanus in a cat successfully managed with magnesium sulfate and dexmedetomidine | Marzia Moretti
Severe non-cardiogenic pulmonary edema caused by a near-drowning in a dog: successful management with cpap helmet ventilation | Gianila Ceccherini
Bilateral sub-obstructive ureteral and bladder hematoma in a dog poisoned by anticoagulant rodenticide | Gianila Ceccherini
Successful intraluminal tracheal stenting in a cat with severe tracheal collapse due to suspected congenital tracheal malformation | Iris Green
Cocaine toxicity in a cat associated with hyperkalemia and aki | Gianila Ceccherini
Peripherally inserted central catheter (picc) line for long-term antibiotic treatment due to infective endocarditis in a dog | Maria Elkin
Laser ablation of a mid-tracheal mast-cell tumor causing severe inspiratory dyspnea in a dog | Efrat Kelmer
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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, Arcueil, France
Fast and accurate triage is crucial in the admission of critically ill patients. As there is
only one health, improving the speed and accuracy of diagnostic testing represent the
core of veterinary and human medicines research efforts. Point-of-care ultrasound
(POCUS), defined as a goal-directed ultrasonography evaluation performed by a
non-specialist to answer specific diagnostic questions, guide management, or help to
perform technical procedures has been shown to achieve these goals. While its
importance in cardiovascular and respiratory assessment has been now widely
accepted, within critical care at least, abdominal ultrasonography is not yet so.
Probably because of so many potential differential diagnoses and the fact that the
abdomen is often the private game of diagnostic imaging. Often regarded as
adversaries, the key difference between diagnostic imaging specialists and intensivists
is that the first aim to define a diagnostic, if possible, while the second is more focused
to (1) answering a specific clinical question or (2) assess a (dys)function (rather than a
disease). In veterinary emergency and critical care medicine, admission of unstable
patients is common, while concise or absent anamnestic information are common,
and will represent a diagnostic challenge. Using ultrasound-based evaluation
protocols enhance the speed of initial assessment, is available at the cageside,
achievable during the resuscitation phase and reduce the exposure of ionizing
radiation. POCUS in the unstable patient allows for rapid and accurate differentiation
between the distributive, cardiogenic, hypovolemic and obstructive shock types.
In this presentation, the aim is to present an overview of abdominal evaluation with
POCUS and expected findings in veterinary medicine. Among the ultrasound-based
protocols, the famous AFAST, modified from the original FAST study, requires 4 views:
the diaphragmaticohepatic (DH), splenorenal (SR), cystocolic (CC), and hepatorenal (HR).
AFAST is performed with the patient in standing or sternal position. Dorsal recumbency
should be avoided, as it increases the risk of cardiovascular decompensation. When free
fluid is detected, the patient is placed in lateral recumbency when safe, followed by
waiting 3-minutes to allow ascites to redistribute into gravity dependent regions
before scoring. Originally, each respective view was scored as 0 (negative all 4 views) to

4 (positive all 4 views). However, more recent research has shown that scoring smaller
positives as 1/2 either by measurement or a visual approach better categorizes animals
with smaller amounts of fluid. This approach scores ½ if the fluid measurement is less
than 5 mm and 1 if more. Based on total AFS, patients are categorized as small-volume
bleeder/effusion if AFS<3, and large-volume/bleeder effusion if over. In a clinical
setting, small-volume bleeders are not expected to become anemic directly from their
intra-abdominal hemorrhage. Thus, if a patient has an AFS less than 3 and is anemic,
then major rule-outs in the acute setting include (1) bleeding elsewhere, (2) preexisting
anemia, (3) hemodilution and (4) laboratory error. POCUS can detect up to 10 ml free
intraperitoneal fluid (IPF) by experienced operators. In veterinary medicine, recent data
suggest a sensitivity and specificity around 80 to 90%.
Diaphragmaticohepatic (DH) View
The DH view rapidly images the peritoneal cavity, liver, gallbladder, caudal vena cava
(CVC) and its associated hepatic veins, the thorax, pleural space, heart, and lung along
its pulmonary-diaphragmatic interface. On the ultrasound machine, the operator
should set with enough depth to visualize the triad of gallbladder, caudal vena cava,
and the diaphragm. Gallbladder Wall Edema is referred to as the double rim sign and
halo sign, recognized as sonographic striation, and represents a marker of anaphylaxis
shock or right sided congestive heart failure. When GBWE is present, the clinician
should integrate physical and other variables to differentiate congestive heart failure
from anaphylaxis, as therapeutic interventions differ.
Splenorenal (SR) View
The splenorenal view images both the retroperitoneal space and the peritoneal cavity
by imaging the left kidney and the spleen, respectively. In some small veterinary
patients, the operator may be able to image the opposite (right) kidney. In right lateral
recumbency, this region can be used for the detection of pneumoperitoneum, by the
presence of free gas in the abdomen. Usually described as an enhanced peritoneal
stripe sign, this has been highly associated with digestive tract rupture, unless an
abdominocentesis or abdominal surgery has already been done. Physiologic air can be
seen in the lumen of the bowel as small stars. Larger air bubbles can appear as
hyperechoic stripes generating comet tail artefacts (these are rare in the small bowel
but frequent in the large bowel), much like a linear view of the lung would look. In the
splenorenal view, measurement of CVC and CVC:Aorta ratio can be done directly
during the FAST exam. The evaluation of volaemia by measuring the caudal vena cava
(CVC) diameter is a common practice in adult humans, whereas the evaluation of the
CVC:aorta (Ao) ratio is preferred for paediatric patients as it is considered to be
independent of bodyweight and size. After identification of the left kidney, the probe
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Cystocolic (CC) View
On the CC view, the focus is on the bladder. Clinicians should aim for free fluid and
remember that direct visualization of a bladder does not rule out leakage or rupture.
In fact, the bladder can leak when distention is among a specific volume. Urinary
bladder measurements may be used to estimate urinary bladder volume. This could
be done either by using a formula and a set of two perpendicular measurements or by
integrated software calculation directly in the newest probe. If the latter option is
used, validation of measurement and formula should have been done before.
Hepatorenal (HR) View
POCUS fluid scoring should end at the HR view, being most gravity dependent where
fluid would accumulate. While some authors advocate the use of focused spleen
evaluation, this could be really confusing in younger clinicians with limited
experience. In fact, differentiating malignancy from benign changes in splenic
ultrasound appearance is not possible. By seeing a “mass” on the POCUS, younger
clinician may conclude to a neoplasia, which could lead to altered owner consent.
Conclusion
POCUS has become an integral part of emergency medicine, widely considered as the
emergency clinician stethoscope. While POCUS applications are permanently
expanding, veterinary clinicians should remember that utilization and interpretation
of such techniques requires very little training and experience, not to overinterpret
results.
References
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needs to be moved caudally and then oriented dorsally to allow identification of the
CVC and Ao, with the caudal part of the left kidney in the same field. Then, shift the
probe 90° to obtain a transverse view of the CVC and Ao, with visual assessment of the
best cross sections of both vessels (Cambournac). Diameters are measured in B-mode
using lines perpendicular to both vessel walls. A CVC:Ao ratio of 0.9 to 1.2 is considered
normal, whereas lower measurement is suggestive of hypovolemia and higher ones of
fluid overload or congestive states (Cambournac, unpublished data).
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Laura Cole MA VetMB MVetMed Cert VPS CertAVP (ECC) DACVECC DECVECC MRCVS
Simon Cook BVSc DipACVECC MVetMed MRCVS
Royal Veterinary College, North Mymms, Hertfordshire, United Kingdom
Focused abdominal ultrasound assessment is increasingly being adapted for use in
non-traumatised emergency patients as well as in the critical hospitalised patient. In
people, the role of abdominal point-of-care ultrasonography (POCUS) in emergency
and critical care settings has evolved to expedite management of non-traumatic
surgical conditions and has potential to be equally beneficial in our veterinary
patients. This lecture will focus on advanced veterinary abdominal POCUS techniques
as diagnostic, monitoring and procedural aids.
The original veterinary abdominal POCUS technique (abdominal focused assessment
with sonography for trauma (AFAST)) involved placing the ultrasound transducer at
four different anatomic landmarks; the diaphragmatico-hepatic view, the splenorenal
view, the hepatorenal view and the cystocolic view. Gross abnormalities of organs such
as the liver, kidneys, spleen, bladder and uterus would also be assessed at these sites.
These views can be adapted in order to individually tailor the POCUS technique to the
clinical situation and your clinical question. For example, documentation of overt
renal pelvic dilatation in a cat with renal colic and a newly documented azotaemia
would raise the index of suspicion for ureteric obstruction, expediting the decision to
pursue diagnostic abdominal ultrasonography.
In animals with ‘acute abdomens’, particularly in the early stages, there may be no
evidence of peritoneal fluid on initial inspection. Where index of suspicion for a
surgical condition exists, alongside routine diagnostic imaging, repeat abdominal
POCUS even within 1-2 hours would be recommended as free fluid may unveil itself.
The ultrasound protocol may even be adapted to assess for the presence of a
pneumoperitoneum as evidence of gastrointestinal tract perforation.
Pneumoperitoneum is characterised by an enhanced peritoneal stripe sign; a
reverberation artefact that originates from the interface between the parietal
peritoneum and adjacent peritoneal gas. This reverberation artefact extends distally,
obliterating normally visible intra-abdominal structures. Accurate detection of
pneumoperitoneum requires practice, however, and there may be a steep learning
curve. Common pitfalls include mistaking reverberation artefacts from normal

luminal intestinal gas, especially where intestinal walls are thin (e.g. colon), or
misinterpretation of a thickened linea alba as a peritoneal stripe sign. Detection of the
peritoneal stripe sign must also be interpreted in light of the patient’s history and
physical examination findings; this is particularly important in animals that have had
recent abdominal surgery. Pneumoperitoneum can persist post laparotomy for
approximately 3 weeks but will tend to resolve within 2 weeks.
Abdominal POCUS may be useful for the early detection of small intestinal
obstructions. Abdominal pain is a common complaint associated with gastrointestinal
obstructions but abdominal palpation in such cases may be unrewarding. Placement
of the transducer in the area of focal pain may identify findings compatible with small
intestinal obstruction including; segmental dilation of small intestines, and to-and-fro
or whirling motions of luminal content. In people, abdominal POCUS performed by
emergency clinicians has been found to be specific for the diagnosis of small
intestinal obstruction but intestinal obstructions were commonly missed; when
utilised, it should not be considered a diagnostic test, but a useful adjuvant to the
physical examination.
Intussusceptions are commonly palpated as firm tubular structures. However, by
palpation alone it may be difficult to differentiate them from faeces or foreign
material. Ultrasonographically, however, intussusceptions have a characteristic
cross-sectional appearance; a target-like lesion comprising of multiple hyperechoic
and hypoechoic concentric rings with a hyperechoic centre, created by juxtaposition of
the wall layers of the intussusceptum and intussuscipiens. Recent literature describes
advanced ultrasound techniques being used to facilitate external manual reduction
of the intussusception. This technique involves application of pressure to the intestine
aborally to the intussusception with one hand to stabilise, and pushing of the
intussusception orally with the other. Ultrasound can subsequently be used to confirm
resolution of the intussusception.
Abdominal POCUS can also be used to assess gastrointestinal motility; aiding the
detection of ileus, the monitoring of the prokinetic interventions you make, and the
assessment of the patient’s tolerance of enteral nutrition.
Early enteral nutrition is recommended in many critical inpatients. This is often
delivered via naso-oesophageal or nasogastric feeding tubes. The benefit of the latter
is that gastric decompression can also be performed. Point-of care ultrasound can be
used as a non-invasive method to confirm correct tube placement. The tube can be
directly identified in the oesophageal lumen or stomach. Ultrasound of the cervical
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Proficiency in POCUS is also of crucial importance for sampling and instrumentation
purposes. It is common that a small volume of peritoneal effusion carries huge
diagnostic potential, and sampling of that effusion should be ultrasound guided.
Sampling can be performed both in- and out-of-plane, but is perhaps most frequently
performed in-plane. These ultrasound guided techniques are also extremely useful for
ultrasound guided abdominal drain placement; for example when harvesting
haemorrhagic effusions for autotransfusion purposes, or securing urinary diversion in
cases with urogenital tract rupture.
Point-of-care abdominal ultrasound beyond the four-point scan shows promise in
ensuring prompt diagnosis and management of abdominal emergencies and in
improving the care of critical patients. Although POCUS plays an important role
assisting the detection of life-threatening abnormalities, it does not replace a
complete abdominal ultrasound examination. Further research is required to
determine the extent of the utility of POCUS in the management of small animal
emergency and critical patients.
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oesophagus and stomach performed by emergency veterinarian has high specificity
for correct feeding tube placement and has the advantage of being possible at the
patient side. However, this high specificity is associated with low sensitivity for tube
detection, meaning alternative tests may be required to confirm placement if the tube
is not readily identified.
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The first published thoracic point-of-care ultrasound (POCUS) exam in veterinary
patients was a technique developed for assessment of trauma patients; thoracic focused
assessment with sonography for trauma (TFAST). Since then, several refinements and
numerous techniques have been published to improve the accuracy of TFAST.
The original TFAST technique, was adapted for use in triage and tracking of critical
patients but the technique remained the same; placement of the transducer
bilaterally at two sites on the thorax; the 7-9th intercostal space on the dorsolateral
thoracic wall (chest drain site) and the 5-6th intercostal space on the ventrolateral
thoracic wall (pericardial site). A 5th site, the diaphragmatico-hepatic (subxiphoid) view,
was later added, which is the same site used for abdominal POCUS, with the depth
increased to assess the thoracic region beyond the diaphragm. Because TFAST was
developed to assess only the pleural and pericardial spaces, and is very limited at
detecting lung pathology, subsequent POCUS techniques were developed to assess
greater lung surface area by scanning multiple sites on each hemithorax. These
techniques include a four quadrant technique; the elbow and sixth intercostal space
act as limits to the quadrants and four sites are scanned on each side of the
hemithorax, Vet BLUE; four sites are scanned on each side of the hemithorax
corresponding to the caudodorsal lung region, perihilar lung region, middle lung
region and the cranial lung region, vertical sliding ultrasound technique; the
sonographically scannable lung surface of each hemithorax is examined by sliding the
probe from dorsal to ventral between each intercostal space, and a horizontal sliding
technique; each hemithorax is scanned in the dorsal, middle and ventral thirds by
sliding the probe between the cranial (forelimb/thoracic inlet) and caudal (abdominal
curtain sign) sonographic lung margins. Other techniques have been developed to
answer clinically driven questions; the ABCDE protocol is a trauma-specific protocol to
determine the full extent of injuries secondary to trauma. This technique includes an
extended thoracic and abdominal ultrasound including assessment of the circulation
as well as scanning of the airway and measurement of the optic nerve sheath
diameter. The thoracic scanning technique in this protocol is the horizontal sliding
technique described above. Another iteration of this technique can be seen in the

PLUS protocol, which was developed to better assess the caudal border of the lung
where air is most likely to accumulate and the ventral most regions of the thorax
where fluid is most likely to accumulate. In this protocol the probe is turned parallel to
the ribs at the pericardio-diaphragmatic window in an attempt to further improve
the detection of small volume pleural effusions.
The original TFAST protocol was found to have moderate agreement with CT for the
detection of the pleural effusion and poor agreement for detection of pneumothorax.
Similar findings were found when the Vet BLUE protocol was compared to CT;
pneumothorax was not detected in 2/3 animals confirmed to have pneumothorax
using CT. Pleural effusion was identified in most animals it was detected in using CT,
but it was less accurate for detection of site-specific pleural effusion. The PLUS
protocol has the potential to improve accuracy of diagnosing a pneumothorax as the
scanning protocol involves evaluating a novel ultrasound finding; the abdominal
curtain sign present at the caudal border of the lungs. PLUS also uses sonographically
identifiable borders to ensure the most caudo-dorsal sites of the thorax are assessed,
where free gas is likely to accumulate in the sternal/standing patient. Although there
are no studies comparing the PLUS protocol to CT, a small study comparing PLUS
protocol to Vet BLUE in detection of pleural effusion found these protocols to be
comparable in the detection of moderate-large volume pleural effusions, but the PLUS
protocol was superior in the detection of small volume pleural effusion.
Most veterinary studies exploring the utility of thoracic POCUS for the detection of
lung pathology follow the Vet BLUE technique. This protocol has been found to be
superior to radiographs for the detection of pulmonary contusions in small canine
trauma population when using CT as the reference standard and has high specificity
but low sensitivity for detection of alveolar-interstitial syndrome (AIS, defined as
presence of ≥3 B lines). Thus, detection of lung pathology using Vet BLUE is likely
significant but relevant findings may also be missed. By altering the definition of AIS
to include the presence of any B lines as abnormal the sensitivity of the protocol to
detect AIS increases. Although there are no veterinary studies comparing other lung
ultrasound protocols with CT, it may be assumed that those protocols with increased
number of scanning sites would have a greater accuracy for detection of lung
pathology. There is evidence to suggest the number of B lines detected in healthy cats
and dogs does increase as the lung surface area scanned increases. VetBLUE detects B
lines in roughly 10% of healthy cats and dogs, while the vertical sliding protocol is
reported to detect B lines in up to 50% of healthy cats. The other protocols fall
between these two values. However, one of the key advantages of emergency
ultrasound compared to other imaging modalities is its time efficiency. Increasing the
number of scanning sites invariably will lead to longer scan times, which leaves the
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When considering what technique is “best” for use in the emergency and critical
setting there are various factors to consider including the experience of the person
performing the technique, the ultrasound machine, and transducers available and
most importantly the clinical question. The technique used should be tailored based
on the clinical question you are attempting to answer when performing point-of-care
ultrasound. If your question is “does my patient have a pneumothorax?” then you may
prefer to choose a protocol that assesses the caudal lung border, such as the PLUS
protocol to improve the chance of detecting a pneumothorax. If your clinical question
is “does my markedly dyspneic patient have diffuse pulmonary parenchymal disease,
such as cardiogenic pulmonary oedema?” you may choose a protocol that involves
scanning a minimum number of sites as quickly as possible. If your clinical question is
“does my mildly dyspneic patient have focal parenchymal disease, such as isolated
pulmonary nodules?” you may choose a protocol that involves scanning as much lung
surface as possible, such as the sliding lung technique.
The scanning technique chosen considerably affects the sensitivity of point-of-care
thoracic ultrasound for the detection of lung pathology and pleural space disease.
Veterinary ultrasound protocols have not been validated in regards to what is
considered ideal in terms of number of scanning sites, but it is likely that there is no
one size fits all. Like all diagnostic tests, thoracic POCUS should be tailored to the
individual patient and the technique chosen is the one, or combination of techniques
that best help answer the clinical question for the individual patient.
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question unanswered; does scanning of additional sites provide additional clinical
information? Literature from the human emergency and critical care setting suggests
scanning more than six sites does not provide additional clinical information,
particularly when pathology is diffuse. A single abstract involving 25 dogs
demonstrated an extended lung ultrasound protocol may detect more lung pathology
than VetBLUE. It may prove that different protocols are required depending on what
pathology needs to be ruled in or ruled out, how diffuse the pathology is likely to be,
and depending on how stable the patient is. Studies exploring the relative merits of
techniques with additional scanning sites, or different sites than currently used in
veterinary patients are needed.
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Human studies demonstrate a sensitivity and specificity of 87% and 97% for lung
ultrasound and 28% and 100% for thoracic radiography for identification of
pneumothorax. The sensitivity and specificity of ultrasound to diagnose pneumothorax
in companion animals is variable and likely depends on the experience of the
sonographer, underlying pathology, patient positioning, scanning protocol, and
criteria used to diagnose pneumothorax.
Pleura and lung ultrasound findings that rule out pneumothorax
Pneumothorax is ruled out when there is evidence the pleura (parietal lining of the
inner chest wall and visceral outer lining of the lung) are in apposition to each other.
The following sonographic findings confirm the pleura are in apposition below the
probe; 1) detection of lung sliding and/or a lung pulse, and 2) detection of B-lines and/
or lung consolidation (see below) arising from the pleural line. The absence of all these
signs should “prompt” consideration of a pneumothorax, however, lung sliding is not
always easy to detect, the lung pulse may be lost with aerated lung or not visible distal
to the heart, and B-lines and lung consolidation are often not seen in healthy animals.
In human medicine the positive predictive value of absent lung sliding for the
detection of pneumothorax is 87% in the general population, falls to 56% in the
critically ill, and to 27% in patients with respiratory failure. If the history and clinical
exam are supportive, thoracocentesis is indicated when lung sliding, lung pulse and
lung pathology are not visible, particularly when assessed at locations where free gas
is most likely to accumulate (widest part of the thorax with a patient in lateral
recumbency, caudo-dorsal site with a patient in sternal or standing).
Pleura and lung ultrasound findings that rule in pneumothorax
If the patient is sufficiently stable, the operator may rule in pneumothorax by finding;
1) the lung point and/or 2) an abnormal abdominal curtain sign. The lung point is the
location within the thorax where the lung recontacts the parietal pleura and creates
an intermittent or partial glide sign within a section of the ultrasound image when
the patient breathes. The lung point is located by moving the probe from an area with
no perceived lung sliding, to an area where lung sliding reappears within a region of

the ultrasound window. Pleural space pathology tends to compress the lung around
the hilus: to identify the lung point, slide the probe from a region of absent lung sliding
towards the lung hilus (often from the caudo-dorsal lung regions towards the elbow).
The lung point will not be seen if the lung fails to recontact the chest wall in cases of
massive/complete pneumothorax, and has an overall sensitivity of 66%, and a specificity
of 100% to detect pneumothorax in human patients. An experimental study of
anesthetized dogs demonstrated a specificity of 100% and a sensitivity of 20% and 40%
for the lung point to diagnose pneumothorax with volumes of 2 and 10 mL/kg,
respectively.
Abnormal abdominal curtain signs, including asynchronous and double curtain signs,
have been described in a clinical case series of dogs with confirmed spontaneous and
trauma induced pneumothorax. These dogs were considered to have only mild to
moderate degrees of pneumothorax, and extrapolation of these findings to largervolume pneumothorax is unknown. Of note, dogs with pneumothorax of mild to
moderate volume had all 3 types of abdominal curtain signs (normal, double, and
asynchronous) present over each hemithorax, with normal curtain signs visible in the
ventral third of the thorax. The asynchronous curtain sign is defined as the cranial
movement of a pneumothorax-induced curtain sign with concomitant caudal
movement of abdominal contents during the inspiratory phase of the respiratory cycle,
with caudal movement of a pneumothorax-induced curtain sign and cranial
movement of the abdominal contents during the expiratory phase of the respiratory
cycle. Therefore, it is not only the direction of movement of the curtain sign and visible
abdominal structures that is important but also their direction of movement during
the respiratory cycle. The double curtain sign is defined as 2 parallel vertical abdominal
edge artifacts (pneumothorax induced) visible in the same sonographic window, or
within close proximity to each other over the same hemithorax. Their appearance can
vary, and they are sometimes identified as the sudden inspiratory visualization of
abdominal soft tissue structures within an area that previously contained only A-lines
and an absence of lung sliding. Alternatively, the double curtain sign may be visible
throughout the respiratory cycle, appearing as abdominal soft tissue structures that
are bound cranially and caudally by vertical air edge artifacts, which diverge away from
each other on inspiration and converge toward each other on expiration. In addition, it
is possible for both visible edge artifacts of the double curtain sign to slide caudally on
inspiration in combination with the findings described earlier.
M-mode sonography and pneumothorax
The use of M-mode, which detects motion over time, can be used to detect the motion
of lung sliding. When the M-mode cursor is situated over the pleural line, 2 different
patterns are displayed on the screen: the motionless portion of the thorax above the
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Summary
Evidence in the human literature suggests PLUS is highly accurate at diagnosing
pneumothorax, outperforming thoracic radiography, particularly when performed by
experienced sonographers and when multiple PLUS criteria are considered. Although
PLUS shows tremendous promise for the diagnosis of pneumothorax in small animals,
study results are conflicting, likely because of species differences, lack of methodology
standardization between studies regarding reference standards and PLUS criteria
used to diagnose pneumothorax, limited training opportunities and expertise, and
inclusion of only small study populations. Further research will likely provide insight
into the true accuracy of PLUS and the various PLUS criteria to diagnose pneumothorax
in small animal patients.
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pleural line creates horizontal lines and the sliding below the pleural line creates a
granular pattern, likened to a sand like pattern found at the beach. The resultant
picture is one that resembles waves crashing onto the sand and is therefore called the
seashore sign, which can be identified in normal lung. If the patient has an expiratory
pause between respirations, then the seashore sign is temporarily lost and appears as
a barcode sign. With pneumothorax, M-mode only shows 1 pattern of parallel horizontal
lines above and below the pleural line, exemplifying the lack of lung sliding at the
level of the pleural line. This pattern resembles a barcode or stratosphere sign. The use
of M-mode has been suggested in people when the detection of lung sliding may be
subtle using B-mode alone. When both the seashore and barcode sign are visible
within the same window during the active phases of respiration, it is consistent with
the B-mode finding of the lung point. Individual sensitivity and specificity of M-mode
for detection of pneumothorax is rarely reported because it is generally considered in
conjunction with B-mode to confirm the presence or absence of lung siding (eg, lung
sliding is reported regardless of which mode of ultrasonography is used to detect it).
To the author’s knowledge, M-mode has not been clinically reported in dogs or cats for
the detection of pneumothorax, although it was reported in the experimental canine
study by Hwang and colleagues, where it was used in conjunction with B-mode to
determine the overall presence of lung sliding.
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In the last decade, the use of focused cardiac ultrasound (FCU) has been growing in
small animal emergency and critical care settings, due to its ability to provide several
important pieces of information for the criticalist and the general practitioner
evaluating traumatic and non-traumatic critically ill patients.
It consists in the acquisition of four basic echocardiographic views including (left or
right) long-axis view also called 4-chamber view, right parasternal transventricular
view, right parasternal transaortic view allowing the measurement of left atrium to
aorta and subxiphoid view. FCU allows subjective assessment of heart chamber
dimensions and function, such as left ventricular contractility, left ventricular
chamber size, left atrial size and right heart changes. It is also useful to detect the
presence of pericardial effusion with or without cardiac tamponade and the presence
of cardiac tamponade due to extracardiac causes (thoracic tumors, pleural effusion).
This diagnostic tool allows the identification of various clinical conditions such as left
and right-sided congestive heart failure, severe systolic dysfunction, hypovolemia,
cardiac tamponade, and moderate to severe pre-capillary pulmonary hypertension.
Early detection of these clinical scenarios is pivotal for the criticalist and the general
practitioner allowing better management of critically ill patients. FCU has also been
shown to detect chronic cardiac disease such as hypertrophic cardiomyopathy in cats
and degenerative mitral valve disease in combination with careful cardiac auscultation.
Those are facts. Why can those important diagnoses become fiction? Essentially, like
other imaging techniques, FCU is an operator dependent exam, and it depends on
experience, knowledge and practice achieved by the clinician performing it. If good quality
image acquisition is the first difficulty when performing FCU, several studies have shown
that this technique is reproducible with a relatively short learning curve.
On the other hand, image interpretation is more challenging and knowledge of normal
cardiac morphology on echography is pivotal to correctly interpret this exam. In adult
human cardiology, 3 months of hands-on work including 75 performed scans and 150

interpreted scans are the training requirements to detect large pericardial effusion,
marked right ventricular dilatation and recognize severe left ventricular systolic
dysfunction. Non-expert operators can improperly interpret a pericardial effusion as
pleural effusion and vice versa, can interpret dilated right chambers as pleural effusion,
can misinterpret right heart remodeling as left ventricular concentric hypertrophy etc.
The examiner should be trained with a proper hands-on training program, covering all
cardiac scans, most common alterations evaluated with FCU, and common pitfalls.
Why is clinical training so important? The answer is quite easy. We evaluate our patients,
sometimes unstable, with a point-of-care approach. It means that patients can be
evaluated in the emergency room, in the treatment area, in a surgery suite and in ICU.
Scans can be performed in patients in lateral or sternal recumbency, so operators
should be familiar with all scans and common diagnostic scenarios.
While FCU can be beneficial for patient care, there is potential for harm with
inappropriate use. The implications of relying on a false negative exam could include
delayed or missed diagnoses. Similarly, false positive findings or misinterpretations
could lead to unwarranted testing or procedures and increased owners spending.
Despite the potential for those things, formal training programs have not been widely
embraced, and quality control metrics are often lacking.
Creating training standards and possibly certificate programs for FCU will be the
future in which we trust, as happened in human medicine.
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Focused cardiac ultrasound (FCU) can be used in veterinary patients. In the acute care
setting, FCU provides useful information to help diagnose and treat patients that
present in states of extremis. Importantly, current veterinary FCU is restricted to basic
assessment of the morphology of the heart and provides significantly less information
compared to a comprehensive echocardiogram performed by a cardiologist. The field
of veterinary critical care echocardiography - advanced bedside echocardiography for
assessment and decision making in intensive care patients - is in its infancy; FCU
should be used cautiously in decision making in the intensive care patient that has
already received fluids, medications and life-supporting interventions.
The learning objectives of this lecture are:
• Describe a systematic approach to focussed cardiac ultrasound.
• Appreciate the role of focused cardiac ultrasound for patients presenting in shock.
• Understand the limitations of focused cardiac ultrasound.
FCU Views
Focused cardiac ultrasound is intended to be quick and easy to perform. As such, we
use views that are familiar and relatively easy to acquire. Three main views exist:
• Right parasternal short axis (PSAX) at the level of the papillary muscles (the ‘mushroom
view’).
• Right parasternal short axis (PSAX) at the level of the heart base (the ‘LA:Ao view’).
• Right parasternal long axis (PLAX) four chamber view, which includes the two
ventricles and the two atria.
Other views can be useful, though require additional time to acquire and/or to master:
• Subxiphoid (transdiaphragmatic)
• Right parasternal short axis at the level of the mitral valve.
• Right parasternal long axis five chamber view, which includes the aorta.
Left sided and apical views are achievable, though require significant expertise and
are typically not included in basic FCU protocols.

FCU and shock classification
There are three ways to use FCU to investigate shock in the acute patient.
1. Classification by shock pathophysiology
There are four major classes of cardiovascular shock: hypovolaemic vs obstructive vs
maldistributive vs cardiogenic. Using FCU to classify shock this way is quick, easy and
logical; it is an example of a pattern recognition approach. This approach starts at the
end and works backward, i.e., you already suspect the type of shock and, perhaps
subconsciously, try to fit the FCU findings to affirm your suspicions. This might work
with, for example, a dog with haemoperitoneum and a small left ventricle – i.e.,
hypovolaemic shock – or pericardial effusion – i.e., obstructive shock. However, it is less
useful for complex situations, where multiple processes are occurring concurrently,
which may not fit nicely into one class.
2. Classification by heart type
This approach starts differently, though remains an example of pattern recognition.
Using FCU, a quick idea of the apparent phenotype of the heart is obtained, e.g., ‘it looks
like hypertrophic cardiomyopathy’ in a cat. This approach works on the principle of
simplicity: what you see is likely what is happening, or at least is contributing to the
patient’s clinical status. History and physical examination improve this approach, e.g.,
an older cat with a gallop rhythm and pleural effusion, with a heart that looks
hypertrophic. It assumes that the apparent phenotype explains the clinical presentation
and defines the type of shock. It is prone to over and under-inference (we see things
that are not there and we miss things that are there). Its usefulness is limited in
complex situations.
3. Systematic classification
Individual regions are systematically assessed and their structural appearance
described. A very basic assessment of function is obtained. The FCU description of the
heart is then integrated with the clinical presentation. This approach is expected to
improve detection of abnormalities, particularly in complex situations, providing a
better understanding of the current structure and function of the heart. This should
improve communication, particularly with the cardiology service. It separates the
heart from the disease, which is not clinically accurate, so it is essential to integrate
the FCU findings with the clinical findings. Importantly, it accepts that FCU does not
solely define shock. Developing a systematic FCU approach is a step towards
formalizing veterinary critical care echocardiography.
A systematic approach will be discussed below. It is presented as four steps. The FCU
does not need to be performed perfectly in order, with each step isolated from the others.
For example, assessing fluid tolerance (step four) can be ongoing throughout FCU.
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Cardiac tamponade occurs when fluid accumulating in the pericardial sac impedes
cardiac filling. We frequently infer cardiac tamponade via a classic presentation of
compromised perfusion (hypotension/syncope/collapse/poor pulses) + tachycardia +
right atrial inversion. Right atrial (RA) inversion is not specific for tamponade in
humans. Inversion occurs first at end diastole, when the atrioventricular valves are
closed, and the RA pressure is at its lowest. Inversion that occurs > 1/3 of the cardiac cycle
is more specific for tamponade. This is very difficult to identify bedside with canine
and feline heart rates. Thus, the longer the RA inversion, the more likely tamponade
physiology exists. The pressure in the RV is higher than the RA; the RV pressure is lowest
in early diastole; RV inversion tends to occur in early diastole when the atrioventricular
valves are open. Right ventricular inversion is less sensitive and more specific for
tamponade than RA inversion. Left atrial inversion is considered very specific for
pericardial tamponade. Left ventricular inversion is unexpected: it is sometimes seen
with regional PCE-tamponade in humans after interventional procedures. Other
indicators of tamponade physiology include: pulsus paradoxicus (a decrease in systolic
blood pressure by 10 mmHg on inspiration, as a function of ventricular
interdependence) and electrical alternans (beat-to-beat alterations in QRS complex). The
caudal vena cava (CVC) can be evaluated by the subxiphoid view: if it is not dilated or
there are good respiratory variations in diameter, reconsider tamponade physiology.
Caveats exist for PCE in veterinary medicine. Small breed dogs with PCE tend to have
left atrial tears associated with mitral valve disease: Pericardiocentesis might not be
advisable. In trauma, rapid accumulations can cause tamponade; pericardial thrombi
might be seen and cannot be removed by pericardiocentesis. With chronic pulmonary
hypertension, the right heart chambers might not invert due to pressure elevations;
LA inversion may be seen.

2. The right heart (specifically, the right ventricle)
The right heart is evaluated using the two right PSAX and the PLAX 4 chamber views;
other views, such as the subxiphoid and the PLAX 5 chamber, can provide useful
information. Slight adjustments can optimize the right heart views. Apical views are
used in human critical care echocardiography, though they are difficult to acquire in
veterinary species.
The geometry of the RV makes evaluation of systolic function difficult using FCU. We
therefore rely on markers of right heart “health”. The right heart appearance can vary
with haemodynamic status and with acute versus chronic diseases. Right heart
abnormalities suggest that a patient will be a fluid non-responder, perhaps fluid
intolerant. Right heart dysfunction can be associated with left ventricular (LV)
underfilling and decreased cardiac output; it can simulate “fluid responsive” profiles,
even with more advanced dynamic tests. Right heart changes are also important
during positive pressure ventilation.
The RV:LV size ratio is typically 1:3. Above 1:2 suggests RV enlargement; 1:1 implies, with
relatively high certainty, that the right heart is contributing to the current clinical
status of the patient. Generally, the RV wall is half as thick as the LV. A thickened RV
wall implies chronicity (adaptation). The absence of hypertrophy does not rule out a
right heart problem, as acute processes can cause severe right heart compromise.
The interventricular septum is useful for FCU right heart assessment. Diastolic
flattening of the right heart indicates volume overload. Pressure overload can result in
septal flattening throughout the cardiac cycle. Either way, there is a right heart
problem and the patient might be fluid intolerant. Using FCU we can only see the
more extreme cases and we miss early or mild cases. In states of haemodynamic
instability, moderate right heart compromise can sometimes seem less severe – this is
a significant limitation of right heart FCU.
The CVC via the subxiphoid view is useful when considering the right heart. A dilated
CVC that lacks respiratory-linked size variations suggests either volume status is OK, or
the right heart cannot accommodate more fluids. The hepatic veins, which have less
echogenic walls than the portal veins, can engorge in right heart diseases, similarly
suggesting fluid intolerance. What if the right heart looks big but the CVC is highly
collapsible? This situation is unclear and different methods should be used to assess
the patient. Recently our group developed a 10-point FCU score for pulmonary
hypertension in dogs. A score > 5 is strongly indicative of pulmonary hypertension,
providing the history and clinical findings are similarly consistent. A score ≤ 2
suggests pulmonary hypertension is not present. This scoring system assumes cardiac
changes have occurred in a patient with pulmonary hypertension. The eccentricity
index, which is the ratio of two orthogonal diameters of the LV, is a marker of LV
deformation due to RV overload and has been investigated briefly.
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Systematic approach to FCU
1. Pericardial effusion – is there pericardial effusion?
Pericardial effusion (PCE) is the accumulation of excessive fluid within the pericardial
sac. The first question of the systematic approach is ‘is there pericardial effusion?’ If
the answer is no, move on to the next step. Pericardial effusion is easily identified by
the right PSAX and PLAX views; if in doubt, a subxiphoid view can be useful. The main
differentials for peri-cardiac fluid accumulations seen via FCU are an enlarged left
atrium (LA) and pleural effusion. Due to the limited ultrasound sector size, an
enlarged LA can appear as a large fluid accumulation: using multiple views can help
differentiate LA enlargement from PCE. Pleural effusion can present a challenge: PCE
tends to be ventrally dependent (collects preferentially around the apex) and can be
differentiated using multiple views. Grading of PCE has been suggested (mild < 1 cm,
moderate 1 – 2 cm, marked > 2 cm) with the implication that mild effusions are
unlikely the cause of shock; however, this does not consider the rate of accumulation.
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Various FCU techniques to assess segmental area change exist. Using orthogonal (right
PSAX at the level of the papillary muscles and the right PLAX 4 chamber) views, an idea
of LV contractile function can be obtained. The LV is divided vertically and horizontally
into four segments in each view. Three questions are asked of each segment during
contraction: 1) Is the lumen reducing (is the anechoic space becoming smaller)? 2) Is the
LV wall moving centripetally? 3) Is the LV wall thickening? If the answer to any of these is
‘no’ in any segment, there is an LV problem. This technique improves the identification
of regional LV abnormalities. Fractional shortening (FS%) is a quantitative method
measured via right PSAX at the level of the papillary muscles, just below the mitral valve.
Positioning is important: measurements too far apically or basally will give false results;
the ventricle must be cut perpendicularly. Fractional shortening is limited by poor
imaging quality, regional wall abnormalities, abnormal septal motion and electrical
conduction abnormalities. Smaller LVs tend toward higher FS%, larger LVs tend toward
lower FS%: this does not reflect alterations in cardiac output. Significant breed variation
exists. B-mode acquisition may be useful with FCU when alignment for M-mode is not
possible. The accuracy and repeatability of fractional shortening measured via B-mode
using FCU in emergency settings is unknown.
The normal/hyperdynamic heart: with hypovolaemia, the LV is typically small with
obliteration of the lumen during systole (‘kissing ventricles’). History, physical
examination (rectal examination) and point-of-care-ultrasound can confirm situations,

such as haemorrhage. This patient is likely fluid responsive. Caution is advised with
cats, as hypertrophic phenotype cardiomyopathy (HCM) can mimic these signs and
normally indicates fluid intolerance: a LV wall thickness ≥ 6mm cat supports the
suspicion of HCM. In sepsis, hyperdynamic LV contractions are suggestive of highoutput shock. This is a function of ventriculoarterial coupling. With hypotension +
normal LV diastolic area + LV collapse during systole, we can infer decreased afterload.
In septic humans, LV and RV dysfunction is estimated to occur in 70% and 30%,
respectively. Vasopressors can unmask systolic dysfunction, as increasing afterload
alters ventriculoarterial coupling. Hyperdynamic contractions can also be seen with
mitral regurgitation: alternative outflow into the LA can be considered to decrease
afterload. Whereas septic patients might benefit from fluids, patients with significant
mitral regurgitation are likely fluid intolerant. Breed, history and LA enlargement can
assist in identifying significant mitral regurgitation. Colour Doppler can also be helpful.
Diastology, the study of diastolic function, is currently not considered in FCU. As critical
care echocardiography evolves, diastology is likely to become increasingly important.
4. The fluid intolerant heart
Fluids are a mainstay of shock treatment. Predicting which patients may benefit from
fluids (fluid responders) and which may experience a detrimental effect (fluid intolerant)
is challenging. Focussed cardiac ultrasound highlights morphological features that
are quicker and easy to identify; it does not sufficiently evaluate functional parameters.
There are no FCU parameters that accurately and consistently predict fluid
responsiveness.
Fluid tolerance describes the capacity to accept fluids without adverse effect.
Tolerance is specific to each organ and each vascular bed. For example, it is conceivable
to experience pulmonary endothelial damage, where fluid administration results in
oedema, with concurrent increase in cardiac output if that patient is also preload
responsive. Haemodynamic fluid intolerance can be evaluated via central venous
pressure (CVP) and venous flow parameters, where an elevation in CVP or venous
congestion (or flow reversal) suggest intolerance. Dynamic fluid intolerance occurs
when a patient seems fluid tolerant considering venous parameters but fails to
respond to a fluid bolus. This may be encountered with sepsis-induced vasodilation
and concurrent myocardial depression. This has been demonstrated in humans where
¼ patients with CVP < 5 mmHg and 1/5 patients with a collapsible inferior vena cava
were fluid non-responders.
Though FCU may not provide specific commentary on cardiac function, it can provide
relatively strong suggestions that a patient is a fluid non-responder, perhaps fluid
intolerant. While not an absolute contraindication to fluid infusion, these findings
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3. The left heart (specifically, the left ventricle)
Contraction of the left ventricle is complex, with longitudinal, radial and circumferential
deformations. Assessing LV function independent of loading conditions (preload,
afterload) is difficult using FCU. It can be simplified, accepting significant limitations in
our assessments. Qualitative assessment can be performed quickly and easily bedside
and avoids measurement errors associated with quantitative assessment, which can
lead to significant inaccuracies with FCU. Qualitative assessments can themselves be
inaccurate, lack repeatability and have a tendency toward false findings (over and
under-inference). Imaging the LV is easily achieved via the two right PSAX and the right
PLAX 4 chamber views; care must be taken to avoid foreshortening of the ventricle. The
right PLAX 5 chamber and subxiphoid views can be used. Apical views are useful, though
perhaps not for FCU currently. Initial characterization: ‘is the LV function subjectively
normal/hyperdynamic versus decreased?’ Eyeballing may be useful for overtly decreased
systolic function, though in other scenarios is probably only accurate when performed
by an experienced echocardiographer. Increased end systolic diameter (ESD) and end
diastolic diameter (EDD) measurements can suggest decreased contractile function and
ventricular dilation, respectively. These measurements are not independent of loading
conditions. They are weak surrogates for ejection fraction: increased ESD and EDD can
occur with normal ejection fraction. Image acquisition and measurement error can lead
to false findings.
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Right ventricular failure results in underfilling of the LV, which can mistakenly be
interpreted as hypovolaemia if the left heart is considered in isolation. Right heart
pathologies strongly indicate that, if fluids are necessary, they should be given cautiously:
rapid, high-volume boluses should be avoided. Early use of vasopressors and/or inotropes
may be considered. Decreased LV systolic function suggests fluid intolerance. With
concurrent b-lines on lung ultrasound, fluid intolerance should be assumed until proven
otherwise. Breed and history are helpful (e.g., a Doberman with exercise intolerance).
An empty LV, or systolic obliteration of the LV, is not specific for hypovolaemia – history
and clinical exam findings should be integrated with FCU. A patient with
hypertrophic-phenotype cardiomyopathy, which may present with decreased LV
lumen diameters, is fluid intolerant unless there is good reason to believe otherwise.
Ejection fraction is often measured by cardiologists and is dependent on
ventriculoarterial coupling (the balance between arterial elastance and LV end-systolic
elastance). Changes in ejection fraction do not equate to fluid responsiveness; using
FCU surrogates to comment on perceived ejection fraction does not equate to fluid
responsiveness.
Inferior and superior vena cavae measurements have been investigated in humans.
Data are also available for dogs. Assessment of the CVC is in vogue; however, there are
significant limitations in the published data, acquisition of measurements and
interpretation of results. In short, CVC measurements comment on the x-axis of the
Frank-Starling curve, distinct from the y-axis. Caudal vena cava measurements
assessed by FCU are subject to significant confirmation and desirability biases. A
recent (2018) meta-analysis considering inferior vena cava static and dynamic
measurements in humans concluded that they do not reliably predict fluid
responsiveness (typically defined as an increase in cardiac output following a fluid
challenge). ‘Extreme heterogeneity’ was reported amongst the studies included, which
likely prevented a single meaningful conclusion from the batched data. Vena cava
measurements may be useful in specific cases, particularly when combined with a
comprehensive clinical assessment. Currently, a dilated/fat caudal vena cava, which
lacks respiratory variations, in a dog, suggests that this patient is unlikely to respond
to a fluid bolus: by extrapolation, fluids may be harmful.

Challenges when interpreting FCU findings
Arrhythmias and tachycardias complicate FCU interpretation. In human medicine,
rates over 120 beats per minute are often described as problematic: these rates are
common in shocked veterinary patients. Concurrent ECG may be useful but adds time
and complexity. The heart that looks small (e.g., with reduced LV diameters), in a
patient that is ambulatory can be confusing. A small heart in isolation does not
necessitate fluid therapy; however, some patients (e.g., a dog with pre-crisis
hypoadrenocorticism) may indeed have a decreased total body fluid status.
Changes to FCU findings should not be expected to occur following an intervention
(e.g., fluid bolus). Focused cardiac ultrasound is mostly a tool to assess morphological
appearance, not functional response. This emphasises that FCU is not a target itself,
rather it is a descriptive tool. That said, overt changes are often seen with vasoactive
medications. Vasopressor administration can unmask occult systolic dysfunction,
though FCU is unable to quantify true systolic dysfunction versus iatrogenic changes
to ventriculoarterial coupling.
The septic patient with pre-existing cardiac disease presents a challenge. Normally,
patients with structural heart diseases (e.g., mitral valve disease, dilated
cardiomyopathy) are considered fluid intolerant. However, studies in human medicine
suggest that fluid loading in septic patients with pre-existing heart failure is not
detrimental and perhaps advantageous. A similar situation might be envisaged in a
dog with pre-existing systolic dysfunction and acute gastric dilation-volvulus.
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the encroaching atrium and fluid intolerance.
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The use of bedside lung ultrasound (LUS) is extremely impactful in the first approach
to suspected COVID-19 pneumonia. The LUS signs of interest in COVID-19 include all
those which are well known in human ARDS. However, in the diagnosis of COVID-19
some specificities need to be considered.
B-lines
We may describe COVID-19 pneumonia as a storm of clusters of B-lines, both in
separate and coalescent forms, sometimes giving the appearance of a shining white
lung. They arise from the pleural line or from small peripheral consolidations and
spread down like rays maintaining their brightness without fading. These artifacts
represent the typical signs of the disease but can be also observed in other interstitial
diseases of various etiologies. However, we observed that one aspect of these artifacts
is invariably visualized in pneumonia from COVID-19. It is a shining band-form artifact
spreading down from a large portion of a regular pleura, often appearing and
disappearing with an on-off effect in the context of a normal A-lines lung pattern
visible on the background. This sign is demonstrative of a very acute phase of the early
spread of the active disease, when limited areas of viral lesions, corresponding to the
ground glass opacities seen at CT scan, alternate with lung parenchyma not yet
involved. We think that the name “light beam” more faithfully describes this artifact,
because it resembles a large beam of light appearing and disappearing during
respiration.
LUS patterns
All the LUS signs of COVID-19 pneumonia, including the light beam, can be observed in
a variety of different lung conditions. However, what gives specificity to LUS is the
distribution of the pattern. Bilateral patchy distribution of multiform clusters with
representation of all these signs together, sharply alternated to “spared areas”, is
typical of the disease. Included in the clusters, evidence of the light beam is crucial to
assign a diagnosis of high probability of COVID-19 pneumonia. Any other combination
of signs should be considered at intermediate probability and should demand further
testing. Finally, some patterns allow to rule-out the disease and orientate towards
alternative diagnoses. For instance, a regular pleural line with uniform, homogeneous,

and symmetric distribution of B-lines at an intensity that is proportional to the
severity of respiratory symptoms, is typical of cardiogenic pulmonary edema. Diffuse
irregularities of the pleural line without the typical patchy distribution are more
typical of chronic diffuse pulmonary diseases, like fibrosis. Isolated large lobar
consolidation with or without effusion and with air bronchograms indicates bacterial
infection. Large pleural effusion with atelectatic consolidation of the base of the lung
and signs of peripheral recruitment during inspiration demonstrate a compressive
origin of the lung condition. The presence of echoic septa or other images inside the
effusion demonstrates a different origin of the infection, as SARS-CoV-2 does not give
exudate.
The combinations of LUS signs and patterns with the patient’s clinical presentation,
including presence or absence of respiratory failure and other confounding
respiratory diseases, allow for a LUS guided first diagnosis of COVID-19 pneumonia.
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Ultrasound-guided peripheral and central venous catheterization is commonly used in
human emergency and critical care (ECC) settings as it has a higher success rate, lower
complication rates, and is faster than blind/landmark techniques, particularly when
peripheral vascular access is difficult. The success rates and time to place ultrasoundguided catheters in veterinary medicine have not been well studied. Based on the
limited evidence available, the complication rate and time to place ultrasound-guided
central lines in dogs under anesthesia is similar to that of blind peripheral catheter
placement. The success rate of using ultrasound-guided catheter placement in canine
cadavers is very high in situations where edema and hematoma make palpation of
landmarks difficult. There is also evidence that ultrasound-guided femoral arterial
catheter placement has good success and low complication rates in anesthetized dogs.
Indications for ultrasound-guided catheter placement include hematoma formation,
inability to palpate landmarks for peripheral percutaneous catheter placement, edema
formation, obesity, and failure to place a percutaneous catheter after 3 attempts
(defined as difficult vascular access). Contraindications and complications of ultrasoundguided catheter placement are similar to those of percutaneous vascular access.
An advantage of ultrasound-guided catheter placement is that the depth, radius
(which may help choose the catheter size), and patency (presence of thrombus) of the
vessel can be assessed prior to placing a catheter. Although peripheral superficial
vessels can be challenging to access via ultrasound guidance, human studies
demonstrate very high success rates with ultrasound guidance when vessels are only
millimeters from the skin surface and as small as 0.3 mm in diameter. Blood sampling,
including dorsal pedal arterial access for blood gas analysis, can be performed using
ultrasound guidance, which has the advantage of visualizing the vessel of interest to
avoid accidental venous sampling.
The two common techniques for ultrasound-guided catheter placement include
in-plane and out-of-plane techniques. The authors have the greatest success using an
out-of-plane technique and sweeping the transducer along the vessel as the catheter
is advanced. The out-of-plane technique works well for accessing vessels when the

vessel remains visible and can thus be centered as the transducer is swept and/or
fanned to follow the tip of the catheter stylet (i.e., you do not slide off vessels). One
should keep the stylet tip visible when using the out-of-plane technique to avoid
accidental puncture of the far vessel wall. The catheter tip should be adjusted as
needed to keep it centered over the vessel while the tip is still within the subcutaneous
tissue (proximal to the vessel wall); such adjustments are easily accomplished with
out-of-plane ultrasound-guided catheter techniques. Aseptic technique should be
followed, including the use of sterile ultrasound gel applied in combination with
isopropyl alcohol, and if necessary, covering the transducer with a sterile glove or
sleeve. Sterile standoff ultrasound pads or jelly pads have been used in some human
studies to facilitate ultrasound-guided catheterization, although their application in
veterinary medicine has not been evaluated.
A major advantage of the out-of-plane technique is that it is more forgiving; the
operator does not have to maintain both the catheter and the transducer in the same
plane to be able to visualize the stylet tip. It is also possible to adjust the stylet tip
location within the subcutaneous tissues to re-center the catheter over the vessel if
alignment is slightly off. The disadvantage of out-of-plane technique is the risk of
passing the catheter tip beyond the ultrasound beam without realizing this has
occurred. A black shadow will often appear below the white dot when this happens.
The difficulty with the in-plane technique is that it requires more practice to keep the
catheter perfectly aligned in the plane of the ultrasound beam, as being off plane by
even 1-2 degrees, or failing to maintain the catheter directly in the center of the
ultrasound transducer, precludes catheter visualization. Achieving this alignment is
more difficult with smaller peripheral vessels, particularly given the narrow width (1-2
mm) of the ultrasound beam projected by linear array transducers. An advantage of
in-plane technique is the fact that surrounding structures can always be visualized as
the catheter is advanced.
Complications are uncommon and occur at a similar rate to blind peripheral catheter
insertion techniques. In human medicine reported complications vary depending on
which site is used for ultrasound-guided vascular access and include paresthesias,
brachial artery puncture, hematoma formation, and IV decannulation.
To avoid complications: The best target will be the vessel that is the largest and most
superficial, for deep vessels, angle your catheter at a steeper angle than you would for
a superficial vessel (35-45 degrees). Ultrasound can be used to verify the state of the
vessel before and after the catheterization, in order to remove the venous access
before inflammation or infection will be evident. In veterinary medicine a standardized
evaluation of the state of vessel has been published by Lodzinska et al in 2019; in their
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Ultrasound guided regional anaesthesia (UGRA) is well documented in veterinary
medicine, becoming one of the most popular fields of research in veterinary
anaesthesia over the past 10 years. The use of ultrasound guidance to perform nerve
blocks allows greater precision with less risk; it allows visualization of the needle as it
is advanced through the tissues and ensures the needle tip is precisely located in
proximity to the desired nerve/structures prior to final injection of local anaesthetics.
The most common technique used is in plane with the nerve visualized in short axis.
This allows verification that the needle is in proximity to, but not in contact with or
located within the nerve. Moreover, UGRA allows distribution of local anesthetic in real
time during the injection process. Use of specific UGRA echogenic needles, that are
less sharp than standard hypodermic needles, reduces the risk of nerve damage and
increases needle visualization.
The easiest nerve to block using ultrasound guidance is the sciatic nerve, along the
lateral aspect of the hindlimb. A successful nerve block at this level provides partial
analgesia of the knee and near complete analgesia of the portion of the leg distal to
the knee. This block has a high success rate because the sciatic nerve is easily
recognizable as two hypoechoic round structures (tibial and peroneal nerves)
surrounded by a hyperechoic layer located between the fascia of the biceps femoris,
the adductor, and the semimembranosus and semitendinosus muscles. The location
of the sciatic nerve (due to its depth within the surrounding muscles) allows good
visualization of the needle throughout the procedure when using the lateral
approach, reducing the possibility of nerve damage and increasing the rate of success.
This block can be performed under light sedation making it very useful when lower
dosages of systemic analgesics are desired (e.g. in some trauma patients).
More recently, a new kind of UGRA has started to find its way into practice: interfascial
anesthesia. With this approach the target structure is not a specific nerve, but rather

an interfascial plane, within which several nerves are located. The technique requires
use of higher anaesthetic volumes to block as many nervous structures as possible,
within proximity to each other.
Regional interfascial anesthesia in the emergency patient can be very advantageous,
as it reduces systemic analgesic requirements, thus reducing the unwanted side
effects of sedation, anorexia, nausea, and vomiting. The ultrasound-guided
transversus abdominis plane (TAP) block was the first and most famous block within
this category; the target is the interfascial plane between the transversus muscle and
the internal oblique muscle, where the abdominal nerves run. When successful it
provides analgesia of the abdominal wall. It is therefore indicated to control pain
related to surgical incisions following laparotomy or caudal mastectomy. There is also
a small case report (n=3) in which a TAP block was used to successfully manage pain
secondary to pancreatitis in dogs; a TAP block is believed to desensitize the parietal
peritoneum which, along with the visceral pleura, becomes sensitized secondary to
the inflammation associated with pancreatitis. This is a relatively simple block which
can be performed in the sedated animal.
Another interesting interfascial block is the quadratus lumborum block. In this case
the target is the interfascial plane between the quadratus lumborum muscle and the
psoas muscle or the transverse process of the first lumbar vertebra. When successful
the spread of local anesthetic covers the ventral branches of the last thoracic and the
first lumbar nerves, producing both visceral and somatic analgesia of the abdominal
compartment. This block is often used in human medicine, and although results are
promising, the majority of veterinary publications are limited to cadaveric studies.
This block is more technically challenging and requires greater operator experience to
perform for several reasons; the depth and the position of target structures require an
inclination of the needle that can limit the visibility of the entire needle during
ultrasound guidance, which makes the target structures more challenging to identify,
and target structures are located in proximity to several important abdominal
structures (kidney, large blood vessels, etc.).
The last but not least interfascial block is the erector spinae (ESP) block. This technique
is one of the newest UGRA blocks. The target is the interfascial plane between the
transverse processes of the thoracic vertebrae and the erector spinae muscle group,
which includes the iliocostalis, spinalis and longissimus muscles. It thus blocks the
dorsal-medial and dorsal-lateral branches of the spinal nerves and provides analgesia
to the dorsal portion of the back, however a systematic review of the human literature
demonstrates it is also beneficial for thoracotomies, mastectomies and abdominal
surgeries. The mechanism of action of this block is not clear but a case report in
veterinary medicine suggests this block can also be useful for abdominal pain
secondary to pancreatitis. An advantage of this block is that it can be done with the

EVECC CONGRESS 2022

study the authors put in evidence that wall thickening, decreased compressibility,
filling defects consistent with intraluminal thrombus, vessel wall hyperechogenicity
and abnormal color Doppler flow were related to clinical phlebitis. Early identification
of phlebitis, verification of venous thrombosis and the correct positioning of a venous
or arterial catheter are all valuable applications of the ultrasound in critical care. With
ultrasound it is therefore possible to check the positioning of the tip inside the vessel
and also how much of the catheter is inside the vessel. The inclination of the catheter
when entering the skin and the tissues is a key factor when positioning an ultrasound
guided venous/arterial access; a small slope will make the needle to enter in the vein
more distant in respect to the punctioning site in the skin, thus a shorter portion of
catheter will enter inside the vessel, increasing the possibility of the catheter to exit
from the vein.
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In conclusion ultrasound is becoming more and more important in clinical veterinary
practice and its use can increase the quality of the medical care of veterinary patients.
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animal slightly sedated, and the region of injection is lacking vital structures (es:
organs, vessels etc.).
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A major example of ongoing debate and controversy is the management of fluid therapy
in acute kidney injury. Pre-renal azotemia, better defined as fluid responsive AKI,
occurs when the kidneys are not being perfused adequately or there is increased urea
production. If the kidneys are not being perfused adequately, the animal should be able
to produce concentrated urine that is marked by the following urine specific gravities:
1. Dog >1.030
2. Cat > 1.035
Of interest, normal dogs concentrated to 1.050-1.076 with 4-16% dehydration following
water deprivation. With only 5% dehydration, 95% of dogs had a specific gravity of
greater than 1.048. With 5% dehydration, cats could concentrate to greater than 1.052.
So the numbers above are the minimum urine specific gravity that a dehydrated
animal should be able to attain. Identification of azotemia plus appropriately
concentrated urine makes the suspect diagnosis of pre-renal azotemia in most
situations. In most situations, pre-renal azotemia will disappear rapidly (within 12
hours) after correction of underlying cause (e.g., improved cardiovascular function,
correction of hypovolemia, return to appropriate renal perfusion).
The severity of AKI is also now staged based on the increase in serum creatinine and
reduction in urine output as follows:

Important aspects of fluid resuscitation of patients with suspect fluid responsive
azotemia are:
• Treat aggressively hypotension and hypovolemia to restore renal perfusion
• Clinical assessment of dehydration is largely subjective and unreliable (the reliability
of clinical signs to define moderate dehydration (<8%) is equivalent to flipping a coin!)
• When dehydration is suspected as possible cause of azotemia, expect a resolution of
the azotemia within 24 hours from initiation of fluid therapy
• Weigh your patients at regular intervals: if azotemia does not resolve and weight gain
occurs, the patient is retaining excess water and sodium!!! This is the first indication that
the azotemia is NOT FLUID RESPONSIVE and the patient is at risk of volume overload!
• Avoid IV fluid solution with high chloride content (such as 0.9% NaCl): excess
chloride is responsible for further reduction in GFR by activation of the macula densa
feed-back and also causes metabolic acidosis. Clinical trials in humans have
demonstrated worse outcome and worsening of AKI in patients treated with high
Chloride solution as Normal Saline compared to balanced solution (ie LRS)
• Use of colloid solutions in fluid resuscitation have been recently proven to not have
any advantage over crystalloid solutions in regards to intravascular volume
expansion. In septic human patients has also been demonstrated a direct
association between use of synthetic colloids and occurrence of AKI.
• Avoid liberal fluid therapy at all costs!!! Volume overload kills your patients!!!
• In polyuric AKI it is critical to replace ongoing losses of water and maintain
electrolyte intake. Close serial monitoring of urine production, serum electrolytes
and acid-base status are mandatory to optimize fluid therapy in these patients.
• In oligo/anuric AKI, limit fluid therapy to the metabolic needs and insensible losses
of the patient. Accurate and serial monitoring of patient body weight is necessary to
avoid volume overload.
• When available, ultrasonography is extremely useful in the early identification of
cardiovascular volume overload: atrial chamber dilation, caudal vena cava distension,
and presence of cavitary effusion are some of the attainable parameters suggestive
of excessive intravascular fluid volume
• NOTE: in the course of AKI, particularly in patients affected by glomerulonephritis, it
is common to recognize systemic edematous conditions (systemic fluid overload)
concurrently to intravascular volume deficit (low effective circulating volume). This
occurs especially in the course of hypoalbuminemia and in the presence of severe
inflammatory states and secondary capillary leakage.
What is the current evidence in regard to the type of intravenous fluid choices in the
course of AKI?
• Use of 6% hydroxyethyl starch (HES) 130/0.4 for fluid resuscitation is associated with
increased in-hospital mortality and an increased need for renal replacement therapy
compared with Ringer’s acetate in patients with severe sepsis.
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Another trial analysed data from more than 30,000 patients who exclusively received
either 0.9% saline or Plasma-Lyte on the day of a major general surgical procedure.
Patients who received 0.9% saline required dialysis five times more often than those
who received Plasma-Lyte®. In addition, saline-treated patients had a higher incidence
of postoperative infections and interventions (buffer administration, fluids and blood)
than those who received Plasma-Lyte.
Fluid choices in hyperkalemia
Often the choice of using 0.9% NaCl in patients with AKI is based on the presence or
possible risk of developing Hyperkalemia. The choice of this type of crystalloid solution
is often based upon the fact that Normal Saline does not contain any potassium, so it
would “FLUSH THE KIDNEYS” without adding any extra potassium to the body. Sadly
this explanation does not have any physiological nor physicochemical rationale.
First of all, the amount of potassium contained in any replacement balanced
crystalloid solution (i.e. Normosol R, LRS, Plasmalyte148) is negligible compared to the
amount of potassium present in the patient’s body. As a reminder 1L of LRS contains a
total of 3.9 mEq of potassium. The total body potassium of a mammalian is 150 mEq/
kg of body weight, of which 98% is distributed intracellularly. The serum concentration

of potassium is tightly regulated by the organism by maintaining a constant
electrochemical gradient between intracellular and extracellular compartments. In
presence of acidosis we assist to an alteration of the balance between intracellular
and extracellular potassium, inducing hyperkalemia. Therefore, even a tiny shift of
potassium out of the cellular compartment will have a major effect on extracellular
potassium levels. Normal Saline causes a non-anion gap metabolic acidosis, which
shifts potassium out of cells, thereby increasing the risk of extracellular shift of
potassium and increase in serum potassium level. On the other hand, LRS, despite
containing potassium and being mildly acidifying (LRS has a Lower Strong Ion
Difference compared to plasma), does not cause hyperchloremia and secondary
acidosis. Potassium shifts have a much greater effect on the serum potassium than
the actual concentration of potassium in the infused solution.
How much fluid does your AKI patient need?
Although fluid resuscitation and optimization of renal perfusion pressure are central
to the prevention and treatment of AKI in presence of pre-renal conditions, excessive
fluid administration is terribly harmful. Normal, healthy kidneys can easily handle
excessive water and solute intakes by increasing GFR and decreasing water and salt
reabsorption by the tubules. In the course of AKI, the ability of the kidneys to maintain
such a tight homeostatic regulation is lost and any fluid or solutes administered in
excesses will be retained in the organism with significant detrimental effect. The most
obvious result of this is tissue edema, however the consequences of volume and salt
overload are far more severe than the simple accumulation of water in the tissues.
Volume overload negatively affects the function of nearly every organ including GI tract,
myocardium, lungs and kidneys.
3% increase in Mortality for each 1% increase in degree of Fluid Overload
Effect of renal Renal Edema on GFR
Renal Edema And GFR - Normal Conditions -
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• Use of 6% HES 130/0.4 is associated with an increased need for renal replacement
therapy in a general intensive care population.
• Liberal administration of chloride-rich solutions is associated with an increase in the
incidence of acute kidney injury and an increase in the need for renal replacement therapy.
• In critically ill patients, normal saline is associated with a significant increase in the
need for renal replacement therapy compared with use of Plasma-Lyte.
• Multiple studies have shown that 0.9% saline is associated with the development of
metabolic acidosis and that its high chloride content affects kidney function. The
administration of large quantities of chloride anion leads to a reduction in
glomerular filtration rate via a tubuloglomerular feedback mechanism and afferent
arteriolar vasoconstriction.
• One human trial examined the association between a chloride-liberal or a chloriderestrictive fluid administration strategy and acute kidney injury in critically ill
patients. Any use of chloride-rich intravenous fluids (0.9% saline, 4% succinylated
gelatin solution and 4% albumin in sodium chloride) was restricted to being used
only after prescription by the attending specialist for specific conditions. The
intervention resulted in an average decrease in the amount of chloride anion
administered from 694 mmol to 496 mmol per patient. Patients in the chloriderestrictive group showed a lower incidence of severe acute kidney injury and less use of
renal replacement therapy compared with those admitted in the chloride-liberal group.
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Maintenance fluid therapy needs
Daily water and electrolyte needs are determined by obligatory losses from the body.
Sensible loss of both occur via urine and feces; insensible evaporative loss of water via
the skin and respiratory tract is largely electrolyte-free in dogs and cats. Because most
evidence suggests that the estimates of water needs for healthy, active laboratory
animals are higher than the requirements for sedentary/sick dogs and cats, the authors’
intensive care unit employs an rational estimate of daily water requirement of 97*BW0.655.
This formula provides an excess of water that is sufficient to produce at least a mild
diuresis. In this application, a sick 10 kg dog would receive 456 mL of water/day (19 mL/
hour). Since a significant amount of water is derived from metabolism, estimates of
water requirements in hospitalized animals should account for whether the animal is
eating or not. Moreover, in oligo-anuric patients the maintenance fluid requirements
are reduced to the insensible losses (15-20mL/kg/day), unless pathologic GI losses are
occurring in the form of vomiting and diarrhea.
Maintenance therapy
• Hypotonic ﬂuids (“Low” Na): 0.45%NaCl PlasmaLyte 56
• Minimum Na requirements in dogs: 1mEq/kg/day
• GOAL: ﬂuid distribution to intra- and extracellular compartments
• Minimum water requirements:1mL/kcal of metabolic energy in DOGS; 0.6mL/kcal of
metabolic energy in CATS.
• 0.75
• ME= 70x (BW)
• Short-cut calculations:
• 20mL/kg/day = insensible losses (breathing)
• 40 mL/kg/day = maintenance requirements in DOGS (it includes required water

losses in urine and feces and breathing)
• 30mLs/kg/day = maintenance requirements in CATS (it includes required water
losses in urine and feces and breathing)
• *use lean body weight
In addition to the reduction in water requirement associated with inactivity, several
features of illness may reduce the need for both water and electrolytes. After
addressing existing deficits and contemporaneous ongoing pathological losses in
those patients, a modified maintenance fluid therapy plan may be required. Classic
examples of common conditions altering water and salt balance in hospitalized
patients are decreased renal water and sodium clearance. The mammalian response
to severe illness is to conserve both sodium and water, and excessive medical
administration of water (hypotonic fluid) or water and sodium (isotonic solutions)
yields complications. Overzealous fluid administration will result in free water
accumulation and secondary hyponatremia when using hypotonic solutions, whereas
salt overload and hypervolemia without occurrence of hyponatremia will complicate
excessive isotonic fluid administration. Both conditions represent a supra-physiologic
increase of total body water, the first associated with altered osmoregulation and the
second associated with salt and water retention in equal proportions, expanding the
extracellular compartment. It is the responsibility of the clinician therefore to be
attentive to early signs of fluid overload with or without associated alterations in
water/solute balance, and promptly intervene with adjustments of fluid therapy.
Replacement Therapy
• Isotonic ﬂuids (high Na): LRs, NS, PlasmaLyte, Vetivex
• GOAL: Restore Extracell ﬂuid Compartment
• Estimate deﬁcit in % (clinical estimate)
• mLs to replace: deﬁcit (%) x BW (kg)
• *use lean body weight
• Rate of replacement 12-48 hours based on preexisting condition and severity of deﬁcit.
Very severe deﬁcit require initial resuscitation to stabilize circulation and perfusion.
• TM
• Vetivex 11 : similar to LRs
• Na in LRS 130mEq/L, Vetivex 131mEq/L
• Cl in LRS 109mEq/L, Vetivex 111mEq/L
• Ca in LRS 2.7mEq/L, Vetivex 4mEq/L
• K in LRs 4mEq/L, Vetivex 5mEq/L
• bicarb (as L-lactate) n LRS: 28mEq/L, Vetivex 29mEq/L
References
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Overzealous fluid administration is undoubtedly one of the most common drug
overdose: why?
• Fluids are not properly considered as “drugs”, so there is a more naïve tendency
among clinicians to use them compared to other medications.
Important questions to answer before administering IV fluids to prevent overload:
• Why do we give fluids to a specific patient? Often even this question does not find a
reasonable answer when IV fluids are given (i.e. administering maintenance IV fluids
to a patient in ICU that is eating and drinking).
• Which therapeutic goal do we want to reach?
• Which is the real need of fluids of the patient? Has the patient the ability to handle a
possible excess of administered fluids?
In the critically ill patient the homeostatic balance is impared, therefore many organic
functions of volume regulation (cardiovascular, renal, endocrine) are impaired. This
predisposes such patients to the risks of overzealous fluid administration. Importantly
the critically ill patient doesn’t need to be explicitly azotemic or in congestive heart
failure to retain fluids in excess and consequently develop volume overload.
Fluid plan
• FLUID RESUSCITATION (Hypovolemia)
• FLUID REPLACEMENT (restore ECF from dehydration, excessive ongoing fluid losses)
• FLUID MAINTENANCE (= actual patient needs, depending from metabolic rate and
physiologic losses)
Approach
• GOAL: why do we give fluids?
• TYPE: which is the right fluid for that patient?
• RATE/TIMING
• CONSIDERATIONS/LIMITS
Example: Addisonian crisis: hypovolemic shock → prerenal azotemia → AKI
Goals
Correct hypovolemia, restore circulation and perfusion, restore GFR (fluid responsive
AKI) TYPE: iso-osmotic crystalloid solution

Rate
Fluid resuscitation boluses to restore circulation and perfusion, followed by fluid
replacement to correct dehydration and and replace ongoing losses
CONSIDERATIONS: prevent rapid correction of hyponatremia
Where do fluids DISTRIBUTE in the body? It depends on the type of fluid.
- Isosmolar REPLACEMENT solutions with plasma osmolarity (Na fluid = Na plasma)
= isotonic crystalloids (balanced or not balanced), are compartmentalized to the
extracellular space fluid (ECF) volume. ECF (1/3 of total body water): isotonic fluids
tend to stay in ECF and not cross the cell membrane in absence of a concentration
gradient of solutes.
- MAINTENANCE fluid solutions are characterized by lower Na concentration than
plasma. Administering this type of fluids represents then a source of free water which
can cross the cell membrane based on electrochemical gradient between ECF and ICF.
Fluid maintenance
Requirements of fluid correlates to energy metabolism:
DOG 1 ml water / 1 kcal of resting fed energy requirement CAT 0.7 ml water / 1 kcal of
resting fed energy requirement
Overestimation of fluid needs can be due to misinterpretation of dehydration signs.
Common dogmas are:
5% dehydration: dry Mucous membranes
6-8% dehydration: decreased skin elasticity, sunken eye, dry Mucous membranes
The correlation between clinical signs and the degree of fluid deficit in a patient is
extremely weak and unreliable. As a general reminder 5% dehydration in an adult
human being represents a 3.5 Liters fluid deficit. Keeping this in mind may be helpful
when we estimate the fluid deficit of small animal patients. It may make it easier to
realize that it is extremely unlikely that a cat or a dog would become 5% dehydrated
just because he/she had vomited a couple of times over the previous 12 hours.
Positive fluid balance → increase in mortality
A strong correlation between iatrogenic positive fluid balance and worsening of
outcome has been largely demonstrated in multiple clinical conditions. The most
obvious conditions for which a positive fluid balance represents a negative prognostic
factor are heart failure and pulmonary diseases. The same strong correlation however,
between fluid overload and negative outcome has been demonstrated also for
post-operative patients undergoing gastrointestinal surgery, for septic patients, as
well as for AKI. IV fluids represent a mainstay therapy in renal patients. A patient
presenting with evidence of AKI often is treated with IV fluids to determine fluid
responsiveness of the initial azotemia. If the form of AKI is fluid-responsive (i.e.
Addisonian crisis), the restoration of renal perfusion by IV fluids will promote an
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Administration of excessive fluids → redistribution in ECF → ECF enlarges and
increases intracapsular pressure → causing RENAL EDEMA (the kidney are not
compliant organs due to the presence of renal capsule) → GFR is regulated by a
pressure gradient, that is neutralized in course of edema → ANURIA
Mean glomerular capillary pressure 45 mmHg - Intracapsular pressure 10 mmHg =
Mean hydrostatic pressure gradient 35 mmHg – Mean colloid pressure 25 mmHg =
Mean pressure driving UF 10 mmHg → production of urine
If intracapsular pressure increases up to 20 mmHg (RENAL EDEMA) → mean pressure
driving ultrafiltration 0 mmHg = ANURIA
Careful evaluation of daily body weight changes of hospitalized patients still represents
the best tool to reliably identify changes in the patient’s fluid balance. In high risk
patients, body weight should actually be checked multiple times daily to even better
prevent the risk of excess fluid accumulation. The development of obvious subcutaneous
edema is unfortunately a late consequence of fluid overload and once it is present
normally reflects a massive expansion of the extracellular space volume also of the
viscera and parenchymal organs.
Once volume overload is present, homeostatic organic and hormonal compensatory
mechanisms become impaired and the patient may become unable to spontaneously
eliminate the excess fluid. Discontinuation of fluid administration, diuretic therapy
and in extreme cases extracorporeal fluid removal represent the therapeutic
interventions necessary to restore the physiologic fluid status.
References
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improvement of GFR with improvement/resolution of the azotemia within hours. If
the patient however has a NON fluid responsive AKI, the administration of IV fluids
will not induce any significant improvement of GFR. In these patients, especially the
oligo/anuric ones any excess of fluid will induce an increase in total body water.
Insisting with fluid administration then will expand the extracellular compartment
inducing edema formation.

Thursday 2 June 2022 | Refresher stream

Christopher Kennedy BVetMed DACVECC
University of Liège, Faculty of Veterinary Medicine, Liège, Belgium
There are many ways to interpret acid-base disorders. The deeper you dive, the more
complex the world of acid-base becomes. The added complexity can improve our
understanding and identification of specific disease processes, which can help guide
treatment. However, complexity removes the user-friendly nature of traditional
acid-base analysis and limits its use bedside. Moreover, the more complex things
become, the more likely it is that an error in calculations or interpretations will occur.
The learning objectives for this lecture are:
1. To review the basic principles of acid-base chemistry.
2. To briefly describe the three major approaches to acid-base.
3. To introduce an integrated approach to acid-base
• Understand how to use the bicarbonate-centered approach, including the anion gap.
• Explore the use of base excess and strong ion to assess complex cases.
Principles of acid-base
pH represents the activity of hydrogen within a solution. pH is a measure hydrogen
proton concentration: pH = -log10[H+]
As there is a negative (-) in the equation, the lower the pH the higher the
concentration of protons in that solution:

When an acid is added to a solution, it dissociates into its conjugate base + protons.
A strong acid will dissociate more, such that the number of protons released will be
higher, thus the pH will be lower: Acid ⇌ Conjugate base- + H+
The pH of an acid in solution can be obtained using the following equation:

where pKa is the acid dissociation constant. This is the Henderson-Hasselbalch
equation. Carbonic acid is the major buffer in the body. It has two equilibria, as it can
dissociate into carbon dioxide and water, or bicarbonate and protons. We can apply
the above equation for pH to carbonic acid:
Carbonic acid equilibria: CO2 + H2O ⇌ H2CO3 ⇌ HCO3- + H+

The acid in this equation is represented by PCO2, which is measurable. Using this
equation, the pH of a blood sample can be calculated. It is important to realize that
clinical acid-base is not perfect. There are inherent errors associated with sampling
and machine errors. The formulae used by machines can differ and are typically
designed for humans. There is still much that we do not know and many variables
that we do not measure.
Approaches to acid-base
The three typical approaches to acid-base disorders are the bicarbonate-centred
approach (also called the traditional or Boston approach), the base excess approach
and the strong ion approach (also known as the Stewart approach).
The bicarbonate-centred approach uses the carbonic acid equilibria and the
associated Henderson-Hasselbalch equations (see above). Carbon dioxide describes
the respiratory component and bicarbonate describes the metabolic component. Four
processes can be described: respiratory acidosis, respiratory alkalosis, metabolic
acidosis and metabolic alkalosis.
The base excess approach is similar; however, it recognizes that bicarbonate is not the
only descriptor of the metabolic component. Bicarbonate is also influenced by carbon
dioxide (see the carbonic acid equilibria), so does not truly describe the metabolic
component separately from the respiratory component.
The Standard Base Excess (SBE) is defined as:
• The amount of acid/alkali needed to return extracellular fluid to pH 7.4 (i.e. normal)
• Under standard conditions (37OC, PCO2 40 mmHg, haemoglobin [Hb] 50 g/L).
This allows a more comprehensive description of the metabolic component, having
controlled for temperature, carbon dioxide and haemoglobin (another buffer system).
The normal base excess is between – 2 to + 2; a positive base excess describes a
metabolic alkalosis, whereas a negative base excess describes a metabolic acidosis.
The strong ion approach uses a different definition of an acid. An acid is commonly
defined as a proton donor (Brønstead-Lowry), i.e. add protons to a solution. With more
protons, the pH decreases, thus a proton donor is acidifying. Strong ion defines an acid
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• Compensation occurs in the same direction (i.e., if PCO2 increases, HCO3- increases to
compensate).
• If ΔPCO2 > ΔHCO3- → respiratory acidosis/alkalosis with metabolic compensation.
• If Δ HCO3- > Δ PCO2 → metabolic acidosis/alkalosis with respiratory compensation.
• If HCO3- and PCO2 change in different directions → mixed disorder.
B. Compensation
5. Evaluate compensation

An integrated approach
Various simplified forms to the strong ion approach have been proposed. These approaches
are easier to use bedside and allow swifter analysis of complex acid-base disorders. These
simplifications typically only consider the strong ion approach; we can combine the
bicarbonate-centred, base excess and strong ion approaches bedside, swiftly and easily.

If the change in the secondary process is explained by compensation, there is a simple
disorder with compensation. If not, there is a mixed disorder (i.e., two processes
occurring concurrently).

Disorder

Compensation

Metabolic acidosis

1 mEq/L ↓HCO3- → 0.7 mmHg ↓PCO2

Respiratory acidosis acute
Respiratory acidosis chronic

1 mmHg ↑PCO2 → 0.15 mEq/L ↑HCO31 mmHg ↑PCO2 → 0.35 mEq/L ↑HCO3-

Metabolic alkalosis

Respiratory alkalosis acute
Respiratory alkalosis chronic

1 mEq/L ↑HCO3- → 0.7 mmHg ↑PCO2

1 mmHg ↓PCO2 → 0.25 mEq/L ↓HCO31 mmHg ↓PCO2 → 0.55 mEq/L ↓HCO3-

(Adapted from Silverstein and Hopper 2015)

An integrated approach…
1. Starts with the bicarbonate-centred approach
2. Initial steps
B. Compensations
C. Anion gap
2. Then uses a base-excess approach to strong ion to further evaluate complex cases
and search for hidden processes.
A. Initial Steps
1. What is the pH? – this defines the overall process as normal/acidaemia/alkalaemia
2. What is the respiratory component? – acidosis/alkalosis
3. What is the metabolic component? – acidosis/alkalosis

C. Anion gap
1. The anion gap further describes a metabolic acidosis using “unmeasured anions.”
There are two forms of metabolic acidosis, either bicarbonate is lost from the system
(through the kidneys or the intestines), or an acid is added to the system. If an acid is
added, the associated conjugate base accumulates, leading to an increase in the anion
gap: Anion Gap = [Na+ + K+] – [Cl- + HCO3-] (range 15 – 20 mmol/L, various with machines)
2. There are three modifiers of the anion gap:
• Albumin is a weak acid. Loss of albumin causes alkalaemia. This will decrease the
anion gap.
• Phosphates are acids. Hyperphosphataemia causes acidaemia. This will increase the
anion gap.
• Bromide is falsely measured as chloride. Patients receiving potassium bromide for
seizures can have a very low or negative anion gap.

4. Which changes the most? – this identifies the primary disorder.

Base excess approach to strong ion
3. The base excess represents the sum of everything metabolic. The Standard Base
Excess (SBE, see above) is provided by the blood gas analyzer. The effects of lactate,
NaCl and albumin on SBE can be evaluated.
4. Lactate is an anion and therefore it is acidifying. The lactate effect can be simplified
as BELactate = [lactate] mmol/L x -1. Lactate will decrease base excess.
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as something that, when added to a solution, causes an increase in protons (Arrhenius).
Strong ion theory respects the law of electroneutrality, where positive and negative
charges must be equal within a solution. The addition of an anion, e.g. chloride or
lactate, will cause positively charged protons to be released from the solution (from
water). Thus, anions are acidifying and the magnitude of acidification depends on how
dissociated (hence ‘strong’) that anion is when added to a specific solution.
The strong ion approach defines three independent variables that determine acidbase status: the strong ions (Na+, Cl-, lactate, …), the total non-volatile weak acids and
carbon dioxide. The first two represent the metabolic component, the latter represents
the respiratory component.
Each approach has pros and cons. For example, strong ion provides a more detailed
analysis of the processes that are occurring; however, it is complex and cumbersome
to use bedside. When analysing acid-base bedside, the two most important things are:
1. The pH (the overall balance of effects), as this has direct clinical consequences.
2. The process(es) that are occurring: what makes protons [H+] change in one direction
or the other.
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Conclusion
Each approach to acid-base has its pros and cons. Determining the pH (the overall
balance) and the individual processes that are occurring may be more useful than
specific numbers and measurements. An integrated approach combines the
bicarbonate-centred, base excess and strong ion approaches to better understand the
processes that are occurring. With practice, this approach can be used efficiently bedside.
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5. The sodium (i.e., free water effect) and chloride effects can be evaluated separately. It
is simpler to evaluate them together. The normal difference between sodium and
chloride is 30 to 35 mmol/L, though this depends on each laboratory’s reference range.
BENaCl = (Na+ - Cl-) – (normal difference).
• The normal BENaCl should equal 0.
• If BENaCl is positive, there is an alkalosis
• If BENaCl is negative, there is an (hyperchloraemic) acidosis
• As both sodium and chloride are univalent, the result for BENaCl can be directly added
to the SBE to accommodate for the NaCl effect.
6. Albumin is negatively charged. For every 10 g/L decrease in albumin, base excess
increases by 2.5 mmol/L. Thus, BEAlbumin can be calculated.
7. The base excess gap (BEGap) is the resultant SBE after BELactate, BENaCl and BEAlbumin have
been accounted for:
• BEGap = SBE – (BELactate + BENaCl + BEAlbumin)
• BEGap = normal base excess = -2 to +2
• A high BEGap indicates a hidden alkalosis.
• A low BEGap indicates a hidden acidosis.
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Pascale Smets, DVM, PhD, Dipl. ECVIM-ca Cardiology
Small Animal Department, Faculty of Veterinary Medicine, Ghent University, Belgium
In the emergency setting, we are commonly confronted with cardiac arrhythmias
either as a consequence of an underlying disease or as a primary cause of potentially
life-threatening clinical signs. This refresher lecture aims to provide a practical
summary of common tachy- and brady-arrhythmias in the emergency setting, their
ECG diagnosis and initial treatment.
When confronted with an irregular heart rhythm, bradycardia (< 60-70 bpm in dogs,
< 140 bpm in cats) or tachycardia (> 160 bpm in dogs, > 220 bpm in cats) in the
emergency room, the basic questions to answer are:
1. Is the arrhythmia hemodynamically significant?
2. What is the rhythm diagnosis?
3. What is the underlying cause (non-cardiac or cardiac)?
To answer these questions, the first steps to undertake are to monitor the ECG and to
non-invasively measure blood pressure. Arrhythmias that cause a decrease in blood
pressure require emergency management, most commonly these are severe
tachycardias, very slow bradycardias or tachycardias/normal heart rate followed by
long pauses. These are often life-threatening and commonly have a primary cardiac
cause.
Luckily, primary cardiac arrhythmias occur less frequently than arrhythmias due to
underlying systemic disease. They are less likely to be acutely life-threatening, but
nevertheless may have hemodynamic consequences, requiring adequate diagnosis
and potential treatment.
Possible systemic causes for arrhythmias include (non-exhaustive list):
• Electrolyte abnormalities
• Hypoxia
• Abdominal disease: gastric-dilation volvulus, pancreatitis, splenic disease
• Intracranial disease
• Myocardial trauma / blunt chest trauma
• Heat stroke
• Hypothermia
• Intoxication/Drug-related

• Infectious diseases
• Endocrine disease
• Vagotonia/dysautonomia
• Autoimmune disease
• Electrocution
Arrhythmias can be classified according to their rate into tachyarrhythmias or
bradyarrhythmias, and according to their anatomical site of origin into ventricular
arrhythmias and supraventricular arrhythmias. Tachycardias are often described as
narrow complex tachycardias (QRS-duration < 70 ms in dogs and < 40 ms in cats) or
wide complex tachycardias (QRS-duration > 70 ms in dogs and > 40 ms in cats).
Usually narrow-complex tachycardias are supraventricular and wide complex
tachycardias are ventricular in origin. However, conduction delays cause widened
QRS-complexes and one needs to be aware that this can make a supraventricular
tachycardia appear like a wide complex tachycardia.
Ventricular arrhythmias
ECG diagnosis
The hallmark of ventricular complexes is that they are too wide (> 70 ms in dogs, > 40
ms in cats), not associated with a P-wave and their T-wave direction is opposite to the
main deflection of the QRS-complex. Ventricular premature complexes can occur as
single premature beats, as couplets, triplets or as runs (≥ 4 complexes), that can be
sustained (lasting more than 30 sec) or non-sustained (less than 30 sec). Importantly,
when a ventricular complex occurs after a pause, it is an escape beat, functioning as a
rescue mechanism and treatment is of course contra-indicated.
Assessment
To determine the danger of ventricular arrhythmias the first thing to assess is the rate
and duration of the ventricular tachycardia. If the rate is in the normal range (within
10% of variation of the underlying sinus rhythm or in the dog arbitrarily ≤ 160 bpm)
ventricular runs are usually called an ‘accelerated idioventricular rhythm’. The
ventricular rhythm is competing with the sinus rhythm often causing ‘fusion beats’.
It is usually monomorphic (1 QRS-morphology), non-sustained and repetitive with
periods of sinus rhythm. Usually this rhythm has limited hemodynamic significance
and does not require treatment, unless cardiac structure or function is compromised.
For example, a Great Dane with gastric dilatation volvulus and underlying dilated
cardiomyopathy may need medical intervention for an accelerated idioventricular
rhythm during postoperative care, whereas a dog with normal cardiac function may not.
If ventricular runs are present at a rate higher than 160 bpm, they are often referred to
as ‘ventricular tachycardia’. Ventricular tachycardia (VT) can be caused by underlying
systemic disease or can have a primary cardiac cause. They are described as
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Occurrence and management of common
arrhythmias in the emergency setting
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Treatment
First line treatment for ventricular arrhythmias is IV lidocaine, in a bolus of 2-4 mg/kg
IV in dogs (to be repeated up to a cumulative dose of 8 mg/kg) followed by a CRI of
25-80 µg/kg/min. The dose in cats is lower, with 0.25-0.5 mg/kg boluses (up to a
cumulative dose of 2 mg/kg) and CRI of 0.01-0.04 mg/kg/min. Amiodarone is another
option, but water soluble amiodarone may not be readily available. If lipid soluble
amiodarone is administered, this must be done very slowly (at least over 10 min) to
reduce the risk of hypotension.
For ventricular fibrillation the treatment consists of electrical defibrillation (2-5 J/kg)
potentially in combination with magnesium sulfate IV (20 mg/kg) in refractory cases
as demonstrated in a recent case report. Alternatively, a precordial thump can be
attempted or IV lidocaine or amiodarone.
Supraventricular arrhythmias
ECG diagnosis
The main ECG criterion of supraventricular complexes is that they are narrow (< 70 ms
in dogs, < 40 ms in cats), except when there is an intraventricular conduction delay.
Supraventricular tachycardias have a rate > 180 bpm in dogs and > 220 bpm in puppies
and cats.
Sinus tachycardia must be differentiated from other supraventricular tachycardias
(SVTs). In sinus tachycardia QRS-complexes are narrow, and p-waves have normal
morphology with a physiologic PQ-interval, but sometimes are superimposed on the
previous T-wave. The maximal sinus rate is poorly defined but probably lies around
250 bpm in dogs. Differentiation between sinus tachycardia and other SVTs can be
made by treating the underlying cause of the sinus tachycardia, vagal manoeuvre or
sedation of a nervous animal.
Atrial fibrillation (Afib) is the most common supraventricular tachycardia. The ECG
characteristics are an irregular, narrow complex tachycardia without visible p-waves.

Instead fibrillation waves are seen at a rate of 400-600 bpm. Luckily the AV node slows
the ventricular response to an average rate of 130-260bpm in dogs and 200-280 bpm
in cats. When there is aberrant conduction, QRS complexes can be wide and in that
case Afib mimics VT. The key criterion to differentiate Afib with aberrant conduction
from VT is the presence of irregular R-R intervals in Afib.
Other SVTs include atrioventricular tachycardias mediated by accessory pathways,
junctional tachycardias, focal atrial tachycardia and atrial flutter. Usually these
tachycardias have non-sinus p’-waves (or in the case of atrial flutter, F-waves), which
distinguishes them from Afib, where p-waves are absent. It is outside the scope of this
lecture to discuss the ECG diagnosis of all these tachycardias.
Assessment
Clinically, SVTs are better tolerated than VTs and also less likely to degenerate into
ventricular fibrillation and death in the emergency room. However, when incessant
they cause tachycardia-induced cardiomyopathy, a myocardial dysfunction mimicking
dilated cardiomyopathy. When confronted with a narrow complex tachycardia, first
steps are to define the ventricular rate and analyse the regularity of the R-R intervals,
this will help to decide if it is Afib or a different SVT. Distinction between Afib and
other SVTs is crucial because it influences treatment choice. Atrial fibrillation mainly
occurs in 3 clinical scenarios: vagally mediated, associated with structural heart disease
and ‘lone’ Afib in large breed dogs without structural heart disease. Differentiating
these scenarios is important because they require a different therapeutic approach.
Treatment
Most commonly Afib is associated with underlying structural cardiac disease and the
patient presents in congestive heart failure (CHF). With appropriate management of
the CHF, the Afib rate will decrease and there usually is no need for emergency
treatment with IV drugs. Vagally-mediated Afib is likely to occur in large breed dogs
(as atrial mass is important in Afib) in situations with sudden alterations of vagal
tone, for example anaesthesia/ analgesia with opioid drugs, gastrointestinal surgery
or pericardiocentesis. In this case IV lidocaine is the drug of choice, especially when
administered <1hr after onset of Afib. Large breed dogs with lone Afib usually have
slow ventricular rates without hemodynamic compromise and do not require
emergency treatment. In these dogs the arrhythmia usually is an incidental finding.
Care must be taken with the administration of lidocaine in SVTs other than vagallymediated Afib. Although it can be effective, a recent case-series described potential
adverse effects, including ventricular fibrillation and cardiac arrest.
For other types of hemodynamically important SVTs (usually very high rates e.g.
around 300 bpm), IV drugs that may be used in initial management are diltiazem,
verapamil or esmolol, usually a bolus followed by a CRI.
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monomorphic when there is a single QRS-complex morphology or pleomorphic when
there are 2 or more different QRS-complex morphologies. Criteria to determine the
immediate danger are again the rate, duration and cardiac function.
Ventricular arrhythmias may also manifest as single premature ventricular beats,
couplet, triplets or in patterns such bigeminy and trigeminy. When these ectopic beats
have a short coupling interval, e.g. the R-wave occurs close to the peak of the previous
T-wave (R-on-T phenomenon) this may initiate ventricular fibrillation as a potentially
fatal rhythm. In Dobermann Pinschers it has been documented that a fastest coupling
interval of ≥ 260bpm of ventricular ectopic beats is associated with a higher risk of
sudden cardiac death.
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ECG diagnosis
High grade degree AV block is characterised by blocking of 2 or more consecutive
p-waves, with normal QRS-complexes following the conducted p-waves and a normal
or prolonged PQ-interval. In third degree AV block, p-waves are not conducted to the
ventricles at all. The ECG shows p-waves that are completely unrelated to a ventricular
(wide QRS) or junctional (narrow QRS) escape rhythm at a rate < 40-60 bpm in dogs
and between 80-140 bpm in cats.
Assessment
Severity is assessed by the heart rate, systemic blood pressure and clinical signs. Very
slow (< 30 min), irregular or variable escape rhythms may be at higher risk to stop
abruptly than faster, regular and uniform escape rhythms.
Treatment
High-grade second degree may be responsive to atropine, but third degree AV block
generally is not. In clinically unstable dogs with very slow heart rates and hypotension,
often the only effective emergency treatment is temporary pacing. This can be
achieved with a temporary pacing lead inserted into the right heart via the jugular or
saphenous vein, or via external placement of defibrillation patches on the chest wall
and use of the pacing function of a defibrillator.
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Bradycardias
Most bradycardias in the emergency setting are secondary to systemic disease such as
sinoventricular rhythm due to hyperkalemia or sinus bradycardia associated with
increased vagotonia, increased intracranial pressure or hypothermia. Some patients
present with clinical signs due to severe bradycardia caused by high grade second
degree or third degree AV block, which usually has a primary cardiac cause.
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The Royal Veterinary College, London, United Kingdom
The changes humans across the planet have made over the past 2.5 years to attempt
to deal with the COVID-19 pandemic have been huge. The veterinary profession, and
perhaps particularly emergency veterinary workers, have had to cope with huge
upheaval to working practices. As it becomes clear that ‘things will never be quite as
they were before’, we need to work out which of the changes that we have made that
we want to continue with if possible and which working practices we would like to
return to pre-pandemic methods. It is also worth considering how the pandemic has
impacted the veterinary team and what we can learn from this.
Positive changes?
While it can seem difficult to think of positive aspects of COVID-19, some of the
changes made to working practices may well be ones we want to maintain. One of the
most notable changes for many workers was the practice of working from home. This
would often previously have been thought of as impossible for those working in
veterinary practices, but actually many roles can be performed very effectively at
home including telephone reception duties, many administrative duties (standard
operating procedure (SOP) preparation, prescription writing etc) and continuing
professional development. Whether remote consultation (and prescription) is
allowable is governed by the veterinary professional bodies, but while clearly not
possible for many patients and disease processes, its efficacy for others may be good.
Allowing people to work at home in this way may increase worker satisfaction,
removing their commute and therefore decreasing their working day. It can also allow
them to work more flexibly.
Telephone triage has been performed for emergency out of hours patients for a long
time, but has been developed further during the pandemic, with the BSAVA providing
simple clear guidance for which cases must be seen. If higher caseloads continue, this
tool can be used going forwards to allow non-veterinary professionals to help
determine which cases need to be seen most urgently. Alongside working from home,
the requirement for more flexible working patterns was present, particularly during
periods of full lock down when many of those with children or other caring
responsibilities found it difficult to work normal shifts. This was often stressful for all
involved, but it did teach us that we can afford to be more flexible with schedules
when required and that an understanding employer who allows changes to be made
will often reap the rewards from an employee who feels more appreciated and
therefore more bonded to a practice.

Impact of the pandemic upon veterinary staff
Changes in staffing due to sickness, vulnerable people ‘sheltering’, isolation and
furlough schemes led to huge stress, both for those at work and those not working. In
the UK, veterinary practices reported a large decrease in income. Staff were asked to
reduce their hours and/or pay in many cases adding potential financial strains to a
difficult time. They were also asked to change their working practices, with clients
often no longer allowed in the hospital which could be stressful. For many hospitals,
client numbers increased and routine (perhaps simpler) work decreased. A Romanian
study of veterinary professionals found that a high number felt exposed to a medium
to high risk of COVID-19 infection and a majority felt their professional environment
was more stressful during a lockdown period, while a multi-national study found the
frequency of ethically challenging situations had markedly increased during the
pandemic. Overall, therefore, work seemed more stressful and coping mechanisms
such as outdoor/group exercise, socialising with friends and family, and travelling
were all curtailed. Those with caring duties had less ‘down time’, trying to fit in work
around these duties and therefore often had long and interrupted working days.
People also often had concerns outside of work, being worried about friends and
family with health issues, illness and also possibly having to cope with bereavement.
Studies of the general public revealed lower psychological well-being and higher
anxiety and depression scores compared to before COVID-19, and studies investigating
health care workers specifically found increased depression/depressive symptoms,
anxiety, psychological distress and poor sleep quality. In medical workers, the impact
on nurses and women seemed to be greater than on doctors and men respectively.
The challenge for vets, nurses, managers and other veterinary workers is how to deal
with these issues. It seems that some team members feel undervalued and this is
leading to decreased job satisfaction and some people looking at leaving the
profession. The WSAVA reports that this is a trend which has been increasing in recent
years and was exacerbated by the pandemic. Therefore making sure people do
recognise that they are valued members of the team, that they are listened to and
appreciated is paramount for managers. If people are working from home, it is
thought to be important to maintain contact with ‘catch ups’ at least once weekly,
even if they are virtual, ensuring these staff members feel included in the team. For
those at work, having brief daily team catch ups, to discuss patients and to give
everyone a quick chance to relax and relate to one another are thought to be
beneficial. Providing the team with resources for them to understand if they have poor
mental health and how to proceed if they do is useful. And trying to help deal with an
increase in caseload is also very important. Part of dealing with this increased
caseload though may be about changing both staff and client perceptions of what is
‘an appropriate standard of care’. The level of contact clients expect in terms of phone
calls and updates may need to be addressed for example. And staff may need to
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What have we learnt from COVID-19?
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recognise that, particularly in emergency practice, the use of triage tools will prevent
some patients from being seen which would have been seen previously, but that this
will lead overall to better care to those patients who are treated. Finally, it is worth
looking at the CIA model when considering how we, as individuals, can cope with
increased stress within the workplace. This involves identifying what you can control
in a situation (e.g. your personal response, any ability to you have to change protocols
etc), what you can influence (e.g. talking to a manager and explaining changes you
would like to occur) and what you have to accept (e.g. other people’s decisions, world
events, government restrictions). This can help an individual feeling overwhelmed or
unhappy at work to deal with their stressors and to come up with a positive plan.
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As we all are aware, veterinary Emergency and Critical Care medicine and surgery
requires a high level of information recall, physical examination skills and technical,
clinical abilities. However, to survive in such a high pace, high risk environment also
requires proficiency in a range of non-technical areas such as communication, stress
management, cognitive reflection and self-care.
In many high stress performance-based activities, successful proponents devote a
significant amount of their preparation to the acquisition of psychological skills to
manage attention and arousal. Under-arousal is associated with a lack of performance
effort, whereas hyperarousal can produce chaotic inattention at the expense of execution.
The effects of stress upon performance and the key importance of matching arousal
state to the task at hand is based on an individual’s appraisal of the planned work
versus the available resources, the complexity of the task and the relationship
between the stressor and the activity, as well as prior experience and coping strategies
(both innate and acquired).
Once task demands outstrip perceived resource availability, a threat or stress response
– with physiologic sympathetic system consequences – ensues. This increased
sympathetic tone, designed through evolution to ensure the individual’s survival,
unfortunately has adverse effects on the performance of complex tasks:
HR >175BPM
220
rationality decreases, cognitive freezing occurs, 200
gross motor skills deteriorate
180
160
HR 115-145 BPM
140
Complex motor skills deteriorate, cognitive 120
reaction time increases, visual reaction time
increases
HR <115 BPM normal cognitive and motor 100
function
80

HR >145 BPM complex motor skills lost

HR >115 fine motor skills lost

As well as these more externally apparent effects, the ‘perceived threat’ response also
has impacts upon attention, working memory, decision making ability and teamrelated behaviour.
Unfortunately, in a clinical environment, these stress threats can have multiple
impacts upon each individual as well as on the interaction between team members.

A number of different psychological techniques can be employed to help teach the
body to cope with the transient effects of stress and better manage the situation. It is
currently unclear, but appears likely that repetitive training in these techniques, as
well as their application in stressful contexts may have a beneficial effect in reducing
the degree and impact of chronic stress upon individual mental and physical health.
One key factor that appears highly relevant for busy veterinary practitioners (who may
not have much time to practice these sorts of things in isolation) is that these
‘stress-ameliorating techniques’ do not appear to be context-specific; i.e. performing
these techniques is as protective in a busy work environment as it is when asking the
bank manager for an extension to the overdraft or when you enter the exam hall, and
(like most training exercises), repetition has cumulative beneficial effects.
Training techniques
This lecture will present two different processes for helping deal with complex
environments: the first focused on the individual, with the second centered around
improving team performance via controlled leadership. Delegates will notice
similarities between both techniques and a variety of calming/focusing systems
employed in meditation, martial arts training, and other fields.
‘BTSF - Beat The Stress, Fool’ as proposed initially by Mike Lauria, a US emergency
physician who was previously trained as a military pararescue technician (like a
Helicopter paramedic but whilst being shot at – probably a fairly stressful environment
in most people’s opinion!):
• B - Breathing: square breathing – deep, controlled – 4 seconds in, 4 seconds hold,
4 seconds out, 4 seconds hold. Reduces heart rate & blood pressure.
• T - Talk: self-talk – can either be self-confidence driving (“you can do this”, “you’ve
done this before”) – affirmation statements – or can be verbal descriptors of the task
to be performed – rehearsal statements. These also serve as a useful anchor point in
reminding other team members of what is about to happen
• S - See: visualize the task to be performed. Mental model creation (Physical
Environment Task Timing Learning Emotion Perspective) is a vital step in technical
skill acquisition; it needs to be based on having witnessed or performed the task
previously, together with iterative guidance from a skilled practitioner for best results
(deliberate practice). Incidentally, repeated visualization of accurate mental models
appears to be just as good in maintaining skills as performing the live task
• F - Focus: use of cue words – either to assist with T & S in cognitive reframing (“now
placing the wire”) or to help trigger previously learned physiologic aids (“calmly”)
The second approach, CALM DOON (“calm down” in Glasgow dialect!), devised by
Dr. Stephen Hearns, an Emergency Medicine consultant and lead of the Scottish
helicopter medical retrieval service, utilizes some of the same self-calming processes,
but recognizes that clinical emergencies are dealt with by teams:
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breath
• A – Articulate. Pause for a rally point when tempo allows. Share your observations &
how you are feeling. Seek advice & opinions from the team.
• L – List and Prioritize. Agree a list of required actions and which ones are most
urgent.
• M – Mental Model. During the rally point aim to achieve a shared and accurate
mental model throughout the full team. Problems, resources available, objectives,
actions. Leaders should avoid stating their model first - let others speak then
summarize.
• D – Delegate. Delegate tasks & decisions safely. Delegate to those known to have the
required competencies. Distribute tasks evenly throughout the team.
• O – Outside. Remove yourself from the auditory and visual stimuli of the situation
for a short period to Cognitively Reframe. Think about or do something simple and
familiar.
• O – Outsource. Make use of cognitive guidelines. Phone a trusted colleague who can
help with decision making.
• N – Nutrition and Hydration. For prolonged high-pressure situations ensure you eat
and maintain hydration.

More advanced practice techniques can also be employed, such as stress inoculation
training, as well as overtraining in ‘dry lab’ drills in CPR, Seldinger technique, difficult
airways, laparoscopy, etc., although it should be remembered that routine ‘recipebased’ overtraining can result in rigid mental scripts and non-adaptive behaviours (i.e.
the inability to troubleshoot).
Stress inoculation training and dry lab drills can also be useful in team training – for
familiarity with a challenging environment, experience with techniques and therefore
acquisition of shared mental models, as well as refinement of communication skills
and the mutual recognition of the importance of a well-balanced team structure. The
same comments regarding the importance of varying team composition (creating
‘flash teams’) and the familiarity of the training scenario apply to team training
sessions just as much as to the individual skills training described above.
Unfortunately, traditionally, it has always been assumed that for highly skilled and
motivated individuals (such as doctors, vets & nurses) effective team behaviours
develop naturally and organically by way of a semi-random process of trial, error and
repetition. This is in complete contradiction to other high-stakes performance
professions, where team training is recognized as vital in organizational culture.
In team training scenarios a number of other factors have been shown to be useful in
generating effective team building and shared mental models:

• maintain a common language;
• set common expectations – pre-briefing;
• modify team structure to meet dynamic patient needs
• adaptive coordination
• thorough and flat-hierarchy debriefings

In addition, the creation of a logistically ‘clean’, planned, consistent clinical
environment cannot be over-emphasized, with this equally being altered and adapted
as experience determines. 3 key times are vital for this to be effective – well before,
immediately before, and in real time (during).
As evidenced by other high-performance teams from other settings – emergency
services, the military, elite sport – familiarity with and application of the techniques
described in this lecture will over time prove beneficial – to the individual, to their
colleagues and, perhaps most importantly, to their patients.
References
Available upon request
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• C – Controlled breathing. Slow breathing rate to 8 breaths per minute, 8 seconds per
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Quality improvement (QI) is defined as systematic, data-guided activities designed to
bring about immediate, positive changes in the delivery of healthcare. The ultimate
goal of QI is to improve patient outcome, through enhancing clinical performance
through an understanding of the effects of teamwork, tasks, equipment, workspace,
culture and organisation on human behaviour and abilities and application of that
knowledge in clinical settings.
Despite advances in medicine and enhanced training opportunities, medical errors
continue to occur, where up to 4% of hospitalised patients in human hospitals have
been reported to have serious negative outcomes due to adverse events, and 50% of
these events were deemed preventable. A landmark document from the institution
of medicine, ‘To err is human’, acknowledged that medical errors are not a result of
isolated individual actions, but rather faulty systems, processes and conditions that
lead people to make mistakes. This has been described in Reason’s Swiss Cheese Model
of Error, which differentiates ‘active’ errors such as cognitive errors and ‘latent’ errors,
which are systems errors including non-technical skills (e.g. team work, leadership,
communication, decision making), staffing, equipment design and availability, policies,
and environmental factors (e.g. noise, lighting, room layout); all which can contribute
to medical errors.
The Agency for Healthcare Research and Quality (AHRQ), has recommended medical
simulation as one of the most important safe practice interventions to reduce errors
and risks associated with the process of care. People often imagine medical simulation
as an exciting and elaborate process involving virtual reality or manikins in a simulation
center. However, in situ simulation, which involves undertaking a mock example of
practice within the hospital setting can be very rewarding and cost effective for
teaching/training and QI. Most common example of in situ simulation in veterinary
ECC is a mock CPR code using a basic manikin. Immediately following the simulation,
debriefing is important to help identify cognitive processes of participants which may
have contributed to latent or active errors. Debriefing will also give opportunities for
participants to actively contribute to the QI process by contributing ideas of causes of
errors and how to improve processes for the future. Please see the lecture on
debriefing for further information and references.

Simulation is particularly beneficial in high risk, low frequency scenarios (e.g. CPR,
mechanical ventilation); training new skills; and multidisciplinary team training. This
same concept can be applied to the use of in situ simulation for QI. Simulation can be
used during analysis of an isolated or repeated incident as a result of a medical error.
Simulation can be used to reenact the incident, in the same setting and shift time
(often errors are identified during certain shift times, hence timing is important), to
find out what latent errors may have contributed to the incident. Examples of latent
threats which have been identified during simulation include hospital layout (e.g. not
able to work around a table), not enough reception staff, training gaps, crash alarm
too quiet, lack of knowledge of medications or location of medications, equipment not
available, battery dead, ineffective medical records, ineffective hand-over processes,
inappropriate expectations of role, and inconsistencies in protocols, just to name a few.
Once the cause of errors has been identified, a new policy, procedure or equipment may
be introduced to your hospital. Before introducing new changes, simulation can be used to
trial the new procedure or equipment in the hospital setting, and further improvements
can be made before introducing to real patients. Simulation has also been used for
hospital design processes. For example, simulation can be used to assess communication
between reception and floor team, test effectiveness of new alarm systems, time taken
to move patients, and identify hazards or difficult access to equipment/medications.
Studies in human hospitals have found improvement in CPR success rates, compliance
to sepsis protocols, decrease in MRSA infection and ICU mortality rates with the use of
in situ simulation for QI and training. Once changes have been made as a result of the
QI process, it is important to undertake data analysis to determine if the introduction
of new procedures, systems or equipment has improved patient outcomes. There are
many publications in the human literature on improved outcomes using simulation
for QI which can be found in the references. As demonstrated in published literature,
this data collection process can be important contributions to scientific literature;
however, even without major publication efforts, it can be just as rewarding to analyse
the data for hospital systems improvement to ensure and demonstrate success of any
changes made. This is an important process, as the data can be presented to the QI
committee (if available), and senior members of the hospital which will further help
support QI processes and simulation within your hospital.
In summary, simulation can be used as part of QI processes in veterinary hospitals to
identify latent threats; trailing new protocols/equipment; and fulfilling training needs
identified as part of QI processes.
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Debriefing is defined as a directed, intentional conversation that can be used for
knowledge or skill attainment, or to answer questions about threats to patient safety
and patient care based on a recent event or a hypothetical situation. Debriefing has
traditionally been used as part of simulation-based training in high stakes industries
such as human health care and aviation. However, it’s utility scopes beyond simulation
training, and has become an integral part of clinical practice in human healthcare.
Debriefing is broadly classified into 3 categories: 1) Hot debriefing – e.g. immediate
clinical debriefing; 2) Warm debriefing – e.g. at the end of shift; 3) Cold debriefing –
e.g. scheduled morbidity and mortality rounds. This lecture will focus on hot clinical
debriefing; however tools and techniques from this lecture can also be utilised in
other forms of debriefing.
Ultimately, the goal of debriefing is to improve patient outcome. This is not only
dependent on knowledge and technical skills, but also on human factors including
non-technical skills, hospital systems and ergonomics. Keeping this in mind,
debriefing should take a learner-centred approach for clinical staff. One of the benefits
of debriefing, is that it encourages reflective learning, part of Kolb’s experiential
learning cycle. Reflective learning promotes self-directed learning and assessment,
encourages attitude and behavioural change, which as a result improves performance,
organisational change and patient outcomes. Debriefing identifies areas of potential
growth and improvement within a hospital, which is an integral part of hospital and
institutional quality improvement processes. And finally, debriefing helps towards
developing a safety culture within a hospital. Safety culture includes having a ‘just’
culture, learning culture, flexible culture, reporting culture and informed culture. By
undertaking regular quality debriefing, it will improve your hospital and institutions
safety culture and patient outcome.
Clinical debriefing (a form of hot debriefing) is performed immediately after an event,
and should be a short, focused debrief on less-controversial content and discusses
team, rather than individual performance. Anything controversial or heavily involving
hospital systems should be directed towards a cold debrief during morbidity and
mortality rounds. Any severe critical incident in which a staff member may be
distressed by should be addressed as a critical incident debrief, focusing on the
psychological safety of the staff members, as a cold or warm debrief.

Now that we have a general concept on the purpose of clinical debriefing, we need to
ask ourselves, ‘what’ should we actually debrief? You could consider different events
which would trigger a debrief, which could include certain presenting complaints (e.g.
on every cardiac arrest, every ventilator patient); final diagnosis (e.g. every septic
shock); acuity level; location (e.g. ICU); level of complication (e.g. near-miss or patient
harm); or interpersonal interactions (e.g. upset client, interdepartmental transfers).
You may encounter a complicated case which you want to debrief which has many
layers, however, focus on one or two aspects of the case to keep the debrief focused.
Consider non-technical skills such as teamwork and communication, as well as technical
skills. And focus on team performance rather than individual performance. Another
rabbit hole people can get into is focusing too much on systems errors, which a cold
debrief by the quality improvement committee or M&M rounds may be more
appropriate. Digging too deep into systems error can create negative attitudes within
a hospital, and deters from the ‘learning objective’ of the debrief.
Location of debriefing should also be carefully considered. Debriefing in the clinical
area of the event has the benefit of being immediately without people dispersing, and
can help discuss issues associated with equipment or procedures, giving opportunities
to practice techniques or experimenting with improved equipment location or design.
Debriefing in a separate room has it’s benefit of providing privacy for learners and
patients, allowing tension to diffuse if it was a high stress event, and limits distractions;
however, this space may not be available in busy hospitals.
Multidisciplinary (e.g. anaesthetist, criticalist, surgeon) and multi-professional (e.g.
nurses, animal care attendants, triage team, vets) debriefing should be encouraged.
Debriefing can be vet or nurse led, and not necessarily need to be the most senior staff
member. Ideally, facilitators should be trained in debriefing, though this is not always
possible. Therefore, there are simple designed and validated debriefing tools available
to be used even by the most novice debriefer (see below on debriefing tools). If training
is limited, co-debriefing with a more experienced debriefer should be considered,
followed by a debrief on the debriefing (called meta-debriefing). Facilitators should be
guiding a conversation allowing for reflective learning, rather than giving advice. The
conversation should be focused on teamwork, rather than individual performance. A
good facilitator will not only discuss ‘what’ happened, but also lead the conversation
on the ‘whys’ (e.g. Sally was a good leader => What areas of Sally’s leadership skills
made this a successful CPR => Sally led the CPR well because she had identified and
clearly coordinated the roles of each individual participant). Another important role of
the facilitator is to ensure psychological safety of the staff, by being aware of the
participants emotions and non-verbal cues; being conscious of hindsight bias; creating
a non-hierarchical conversation; being a humble lead acknowledging own limitations;
and encouraging everyone to speak in a non-judgmental environment.
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Using a validated debriefing framework is important in having a structured and
efficient debrief. A hot debrief should take no more than 5 – 10 minutes. There are
many debriefing frameworks available, however many of them focus on a debriefing
framework for simulation based, rather than a clinical debrief (e.g. Diamond
debriefing), which is often more in depth and takes longer to undertake. However,
more recently on the floor clinical debriefing tools have been developed and validated
in the human healthcare sector. The most commonly used framework and simple
framework is ‘plus-delta’ debrief, which involves firstly discussing ‘what went well’,
followed by ‘what could be improved’. Other debriefing frameworks have been
validated for use including ‘STOP5’, ‘TEAM’, ‘SHARP’, ‘GREAT’, and ‘CIRCLE UP’. Some of
these frameworks use an integrated approach (e.g. incorporating ‘Plus-Delta’ into
‘STOP5’). Many of these validated debriefing tools have toolkits and forms available
on-line which can help facilitate the debrief by novice debriefers. Have these toolkits/
forms readily available in the emergency room for easy use, and use these forms to
steer the conversations during a debrief.
Once a debrief is completed, it is important to ensure the debrief is followed up. Ensure
all staff members feel safe after the debrief, and follow up any participants who you may
be concerned about. A ‘distress protocol’ may be handy to help staff members after a
critical incident, with resources for further professional help (e.g. free telephone
counseling). If you have used a debrief toolkit, ensure the form is completed and

lodged in a dedicated location (e.g. a tray, scanned into a digital folder, data entered
into a spreadsheet). Have a system in place to follow up action points which may be
raised from the debrief. Having a debrief champion and a quality improvement
committee can help.
So, I have now convinced you to integrate debriefing into clinical practice. What do you
need to do to get this off (or rather ‘on’ the floor?). Involve important stakeholders,
such as senior management, quality improvement groups, clinical directors, head
nurses, and education teams. Before launching a program, inform the hospital of the
purpose of clinical debriefing which will be taking place, and lay down the ground
rules and objectives. This can be done in the form of a meeting, email or newsletter.
Important ground rules can include mutual respect and blame free conversations;
time keeping; following a framework and filling out a form for follow up. As mentioned
above, have a system in place for follow up of action points, and communicate the
resolution of action points to the hospital staff, for example in the form of a regular
newsletter, email or updated protocols. This can help demonstrate positive outcomes
from the debrief, and encourage others to continue debriefing.
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One of the most important goals of clinical debriefing is creating a safe space for open
discussion, ensuring psychological safety for all participants. Psychological safety is
defined as a person’s sense that the immediate environment is safe for interpersonal
risk taking; and allows making mistakes without consequences. It creates a safe space
to share and acknowledge each other’s experiences and feelings, which may be mutual
but often unspoken between staff. It is important to carefully select the most
appropriate events to debrief on, as if the event is to distressing, participants may not
be ready to discuss the event immediately. A warm debriefing or one-on-one debriefing
may be more appropriate in such situations. It is important to maintain psychological
safety during the debrief by reminding participants of the ground rules (mutual respect)
and objectives (learning outcomes), being aware of participants verbal and non-verbal
cues, having a non-hierarchical team discussion, being aware of hindsight bias and
careful facilitation of conversations. It is important to also focus on what went ‘right’,
which is known as ‘Safety-II’. Phrases which can be used to encourage safety-II
discussions can include: ‘Why did X go so well in this case? How can we ensure this
happens again in the future?’; ‘How did people adapt to overcome challenges in this
case?’;’ Are there strategies that were used in this case to make work more efficient/
effective?; ‘Were there any near misses? If so, how did the team adapt to prevent harm
from occurring?’; ‘What is needed to ensure this happens reliably again in the future?’.
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In May 2021 a suspected outbreak of feline pancytopenia of unknown cause was
recognised in the United Kingdom. A relatively high frequency of cases was recognised
in the small animal veterinary community in both referral hospitals and first opinion
practices. To gather further information about cases an on-line survey was set up on
May 24th 2021 which allowed any veterinary practitioner to submit information about
cases of feline pancytopenia they had seen. 570 pancytopenic cats from 368 veterinary
practices in the UK were registered between 26th February 2021 and 2nd September
2021. The clinical pathological findings of the cats were most consistent with an
aplastic pancytopenia, which is characterised by cytopenias of erythrocytes, leukocytes
and platelets in the blood combined with a hypo- or a-cellular bone marrow with the
marrow space replaced by adipose tissue (Weiss 2003). Aplastic pancytopenia is a rare
disorder in cats which can be caused by destruction of bone marrow stem cells,
genetic mutations causing inadequate stem cell function or haemopoietic
microenvironment disorders (Weiss 2003). Idiopathic aplastic pancytopenia is
described in humans but this has not been reported in cats (Weiss 2003). Reported
toxic causes of feline aplastic pancytopenia include phenobarbitone (Lyraki and
Wilson, 2020), griseofulvin, trimethoprim/sulphonamide and various
chemotherapeutic agents (Weiss 2003). Infectious causes include feline leukaemia
virus, feline immunodeficiency virus, Erlichia spp. and parvovirus (Weiss 2003).
Cobalamin deficiency has also been reported to cause feline aplastic pancytopenia
(Stanley and Eatroff 2017).
Overall, 362 (63.5%) affected cats died, whilst 204 (35.8%) cats were alive at time of
follow-up, with this information unknown in 4 (0.7%) cats. There was no recognised
infectious cause for this outbreak and no obvious link to medication or vaccination
detected in the data gathered, but 3 different brands of cat food (which were found to
all be made at the same factory) were noted as being fed to a large majority (86.8%) of
the affected cats. This led to a voluntary removal of one of the brands from shops on
11th June 2021 and a product recall of all 3 brands on 15th June 2021.
The association with feed suggested either a feed deficiency or intoxication.
Diagnostic tests in individual cats showed no evidence of vitamin deficiency or heavy
metal intoxication so further investigations into other possible causes were carried

out including assessment for the presence of trichothecene mycotoxins. The group A
tricothecene mycotoxins T-2 and HT-2 (a metabolite of T-2), produced by Fusarium spp.
fungi, cause alimentary toxic aleukia in humans in which pancytopenia and bleeding
due to bone marrow toxicity are seen (Pitt and Miller, 2017; Smith and McGinnis, 2009;
Joffe, 1971). Experimental studies have shown that the T-2 and HT-2 trichothecene
mycotoxins are fatal when administered enterally and parenterally to cats, with
clinical signs prior to death including lethargy, anorexia, bloody diarrhoea and weight
loss (Lutsky et al., 1978; Lutsy and Mor, 1981; Sato et al., 1975) consistent with the clinical
signs seen in the affected cats in this outbreak.
Although strict controls are in place for maximum levels of trichothecene
contamination of human foodstuffs (Open Government License, 2006) there is no
legal limit for pet foods. Due to lack of data on the feline-specific biotransformation
and toxicodynamics there are no ‘no observed adverse effect level’ (NOAEL) or ‘lowest
observed adverse effect level’ (LOAEL) for trichothecenes in cats. There is European
Union guidance for a maximum combined T-2 and HT-2 level of 50μg/kg in dry cat
food however which is based on experimental studies (Lutsky et al., 1978; Lutsy and
Mor, 1981; Sato et al., 1975). This level is lower than that for other animal feeds as it is
recognised that cats are extremely susceptible to T-2 toxin induced haemotoxicity
compared to other species which is postulated to be due to their decreased ability to
form glucuronide conjugates.
Combined T-2 and HT-2 levels over 50μg/kg were found in several samples of recalled
cat food but no samples of control brands. The trichothecene diacetoxyscirpenol (DAS)
was also detected in all food samples of the recalled foods but none of the control
brands. DAS is another group A trichothecene with a similar structure to T-2 (Hoerr et
al, 1981), but data regarding its effect in cats are lacking. In chickens it has been shown
that bone marrow, lymphoid, hepatic and intestinal tissue necrosis induced by DAS is
similar to that induced by T-2, but that it is less severe for equivalent μg/kg dosing
(Hoerr et al., 1981). There is no data describing the levels of DAS found in cat food, but
estimated exposure levels based concentrations in cereal grains and their relative
proportions in diets suggest 95th percentile diet concentration of 13μg/kg in dry cat
food (Knutsen et al., 2018) and this is therefore thought to be a safe level. The levels of
DAS detected in the recalled foods were higher than this 95th percentile.
Although there is a clear association between the ingestion of the recalled food
brands and the pancytopenia outbreak , they cannot be definitively stated to be the
cause in this situation as they were not shown to be deficient in any essential
minerals or vitamins and toxin contamination can be proved as there is no LOAEL for
T-2, HT-2 and DAS in cats. However, given the high proportion of affected cats known to
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be consuming the 3 brands, their common manufacturing source, the detection of T-2
and HT-2 in the feeds at levels much higher than those previously reported in cats
(and above that recommended by the European Union), the consistency between the
clinical signs seen with intoxication with these trichothecenes in various species
including cats and those seen in this outbreak and the decreased severity of clinical
signs and eventual resolution of the outbreak when the 3 brands were withdrawn
from the market, trichothecene contamination of the recalled food brands should be
strongly considered as a possible cause of this feline pancytopenia outbreak.
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Transfusion medicine and the use of blood products have become extremely valuable
treatment options in emergency and critical care situations. Our knowledge and
ability in selecting and administering suitable blood components for specific disorders
and conditions have advanced. Some examples of these advancements include using
red blood cells (RBCs) for anemia to supplement oxygen carrying capacity, plasma and
its contents to provide coagulation factors in coagulopathies, platelets to aid in
hemostasis in patients with life-threatening hemorrhaging due to thrombocytopenia.
In addition, supportive evidence is emerging for canine specific albumin to positively
affect the outcome in hypoalbuminemic patients. Less commonly, intravenous
immunoglobulin (IVIG) is administered for its immunomodulatory effect in immunemediated hemolytic anemia (IMHA), immune-mediated thrombocytopenia (ITP), and
sudden acquired retinal degeneration syndrome. Furthermore, specific immunoglobulins
are utilized as antitoxins for snake envenomation and tetanus. Providing these
products poses a realistic challenge as the supply is limited by donor availability and
our ability to process the blood into its components. Commercial blood banks have
increasingly available supply and variety of blood products, though are not exempt
from resource limitations. Veterinary practices would benefit from making a conscious
choice about how to supply and administer blood products in a practical manner.
Practical Banking
Equipped with the knowledge of the various blood products available, a veterinary
practice must decide the most practical and reasonable way to provide patients with
the best course of treatment. The method of supplying blood products will be strongly
influenced by the type and size of the practice. Historically, it has not been uncommon
for a practice to have a “hospital cat/dog” or the pets of the staff members donate
their blood (whole blood) for the patients. While many lives have been saved this way,
it is difficult, with current knowledge and availability of blood products, to recommend
this method except in dire circumstances. If caught in a situation where blood
products are unavailable, seeking help from a nearby practice with an in-house blood
bank to obtain blood products or referring the patient may be available options.
In-house Banking
The next logical step is to store blood products at the practice as an in-house blood
bank. Larger practices or emergency specialty practices are more likely to have an

in-house blood bank as need for blood products arise more frequently. This can be
accomplished with a blood banking specific storage system or a simple household
refrigerator and freezer. A variety of blood products can be purchased from
commercial blood banks.
Since blood products have limited shelf lives, financial viability is a real concern. In an
ideal situation, every blood product should find its way into a patient in a helpful
manner prior to its expiration, without ever having a patient wait for the product any
longer than necessary for appropriate testing. After all, the purpose of an in-house
bank is to have our blood components available to us swiftly when needed. By
maintaining transfusion logs or reports, usage of these products can be tracked and
help the practice fine-tune their supply based on historic demand. Unfortunately, even
with the most diligent planning, it is unlikely we will prevent all situations of blood
component unavailability.
Donor Selection
It is at this point, the practice should evaluate taking the next large step in blood
banking, which is to set up and maintain a blood donor program. While this may feel
like a huge endeavor, donor programs can vary in scope and size. If the decision is
made to move in this direction, a practice can start at a smaller scale to supply their
basic needs while products requiring more investment can be purchased from
commercial banks. There are some minimal requirements of a donor program,
regardless of its size, noted below:
Canine
•B
 etween the age of 1 and 8 years
•B
 ody weight greater than 55 lb or 25kg
• I n good general health
•C
 urrent on vaccinations
•M
 aintained on heartworm and
ectoparasite preventatives
•N
 ot currently on any drugs aside from above
•S
 creened free of bloodborne pathogens
•H
 ave never received a blood transfusion
•C
 onformation and suitable jugular
vasculature for repeated venipuncture
•A
 good temperament, being able
to stay still through a donation
•B
 lood type desired by the bank
•A
 committed owner

Feline
• Between the age of 1 and 8 years
• Body weight greater than 10 lb or 4.5kg
• In good general health
• Current on vaccinations
• Maintained on ectoparasite preventatives
• Not currently on any drugs aside from above
• Screened free of bloodborne pathogens
• Have never received a blood transfusion
• Conformation and suitable jugular
vasculature for repeated venipuncture
• A good temperament, without being
overly stressed from donation process
• Kept indoors and have no
contact with outdoor cats
• A committed owner

General Screening
A blood donor must be screened based on multiple criteria. First and foremost, the
healthiness of the donor is determined so the donor is not harmed by donating.
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institutions such as Antech Laboratories, Animal Blood Resources International, and
UC Davis provide blood screening services (some offer blood typing and screening
with a single submission). This screening should be repeated at least on an annual
basis and the donor removed from the donor program if positive results are seen.

Blood Typing
Ideal canine blood donors possess blood which will not cause an immunologic
reaction when transfused to any random canine recipient (the concept of a “universal”
donor). In canines, 98% of populations have been reported to be positive for DEA 4.
Because of this, potential donors that are negative in all but DEA 4 (“DEA 4 positive
only”) are considered to be ideal for donation. Dogs that are DEA 1 positive but still
negative in every DEA aside from DEA 4 can be considered to enter the donor pool.
They will provide blood for patients that are DEA 1 positive and stable enough to be
blood typed prior to transfusion. Extensive DEA typing is offered by commercial
laboratories (though DEA other than 1, 4, 5, and 7 are unable to be typed due to
antisera being unavailable) and is recommended for canine donors entering a donor
program. Typing for DEA 1 with a point-of-care typing kit as the only blood typing for
canine donors may be the protocol implemented by banks because other DEAs rarely
cause clinically significant transfusion reactions. Other antigens such as Dal and Kai
are known to exist, though typing is not readily available.

Other factors
Any previous transfusions will exclude the candidate from becoming a donor. While
we are unclear how long antibodies produced from previous transfusions remain,
currently accepted recommendation is to remove them from the donor pool. In the
past, pregnancies were thought to induce production of antibodies against fetal blood
in the mother, making their blood unsuitable for transfusions. A study in 2009 has
shown there is no significant antibody production through pregnancy, allowing
previously pregnant dogs to stay in the donor pool. Donors of both species should also
be selected for their level of cooperation. While blood components are valuable, it is
hard to justify collecting blood from a “volunteer” donor who gets extremely stressed
in the process. Many blood banks are successful at building a canine donor pool solely
on donors who willingly donate without the need of sedation. Every canine donor
program should aim to do so, as donating stress-free without any sedation is a good
sign our canine donors are “volunteering” their blood. The use of sedation in feline
donors still seems necessary, however, in order to have a stress-free donation.

Feline donors of both type A and B blood are necessary. Majority of felines are type A,
but a small portion of the population are type B, or on very rare occasions type AB. An
antigen called Mik (though currently unable to test in-house) has been described, and
may be responsible for hemolytic transfusion reactions in type-matched blood
transfusions. Naturally occurring antibodies against different AB blood group
antigens in cats leading to severe transfusion reactions require blood banks to keep
both type A and type B feline blood on hand. The rarity of type B poses a difficulty in
having blood components of the type on hand, making type B donors very valuable to
have in your donor pool. Point-of-care blood typing kits for felines are reported to be
accurate and are inexpensive, allowing for typing solely in-house.

Blood Donation
On the day of the donation
Prior to each donation, the donor should be evaluated for their eligibility to donate.
Each donor should undergo a physical exam and have bloodwork (PCV or Hemoglobin
minimally) performed prior to donation to detect any health issues. A CBC may be
performed to ensure an adequate HCT (>40% canine, >30% feline), hemoglobin (>13g/
dL canine, >10g/dL feline), and platelet count (>200 x 103/µL). Paying close attention to
any sudden changes to these values is also important. As an example, if a greyhound
that normally has a 55% HCT comes in to donate and has a 40% HCT on the day of donation,
the greyhound should be examined further to determine a cause. If none is found the
HCT should be rechecked at a later date (and pass on the donation this time around).

Bloodborne Pathogen Screening
Canine blood is to be screened for heartworm, and other pathogens. The ACVIM
consensus statement issued in 2016 recommends screening for babesiosis,
leishmaniasis, ehrlichiosis, brucellosis, anaplasmosis, neorickettsiosis, trypanosomiasis,
and bartonellosis. Feline blood is to be screened for FeLV and FIV, as well as other
pathogens. The ACVIM consensus statement issued in 2016 recommends screening for
hemoplasmosis, bartonellosis, cytauxzoonosis, ehrlichiosis, anaplasmosis, and
neorickettsiosis. Feline donors should be kept strictly indoors to eliminate interactions
with potentially infected cohorts. Commercial blood banks and veterinary teaching

Canine donors can donate 19-22mL/kg of blood once every 6-8 weeks (though many
programs often give a longer recuperation time in between). Donors weighing greater
than 55 lb will be able to donate 450mL of blood; the required amount for
commercially available multi-bag collection systems. The term blood “donation”
implies a voluntary giving of the blood. In reality, our donors, at least initially, are
volunteered by their owners to donate blood and usually require restraint. However,
many of our canine donors will tolerate donating without sedation and with gentle
handling and proper training, will learn to willingly donate. Blood donation will
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A veterinarian will conduct a full physical and health exam on the potential donor.
Complete blood chemistry, urinalysis, and complete blood counts should be run on
each potential donor prior to admittance into the donor program. This helps rule out
any underlying systemic disease which will make the donor unsuitable to donate.
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Feline donations are performed similarly, though sedation is almost always required
for a stress-free collection. A ketamine/benzodiazepine or ketamine/opioid
combination is commonly used. Great effort should be made in making the donation
process as pleasant as possible. This effort starts with the owners making trips to the
veterinary clinic a non-threatening process, and the medical staff being conscious of
stress points during the cats’ stay and donation. Feline donors can donate 11-15mL/kg
of blood once every 6-8 weeks (though many programs often give a longer
recuperation time in between). Donors weighing greater than 10 lb will be able to
donate 50mL of blood. Similar steps as canine donations are followed, with the major
difference being the collection system used. Feline donations are collected through a
“semi-closed” system; a sterilized assembly of a 19ga butterfly catheter, 60ml syringe,
and a 60-100ml collection bag, connected through a three-way stopcock. An anticoagulant preservative solution (7-8ml CPDA-1 for a 50ml collection, for example) is
added to the syringe just prior to the collection, leading to a “semi-closed” system,
causing a compromise to the sterility. Administration of a crystalloid fluid through the
subcutaneous or intravenous route is often performed for cats, as hypotension is more
common in comparison to dogs.

Component Separation
Because component therapy is overall beneficial due to the ability to provide targeted
therapy for specific diseases, eliminating unnecessary risks of transfusions, and
efficiently using limited biological resources, component separation should be
considered by any practice supplying themselves of blood products through
donations. Component separation requires additional equipment and is a significant
financial investment for a practice, but will allow a practice to be in better control of
blood component supply, providing better care for their patients.
Storage
Blood components have different storage requirements depending on the product.
Blood refrigerators are equipped with efficient and fast cooling mechanisms that
control the temperature at desired levels. Plasma freezers easily maintain
temperatures of -40ºC or less. These storage devices can have built in thermometers
with history recording and alarm settings with remote notifications, allowing blood
bank personnel to constantly keep tabs on the bank. Storage is another large financial
investment for a blood bank, and in veterinary settings, many use a household
refrigerator/freezer unit for their needs. This practice, while not completely ideal, is a
realistic solution and viable as long as the storage units are used solely for blood
products (preventing loss of temperature due to frequent opening and potential
contamination) and temperature levels are monitored.
Centrifuge
A variable speed, large volume capacity, and temperature controlled centrifuge is
necessary as standard equipment for processing blood components. A couple of
prominent manufacturers of these centrifuges include Beckman-Coulter and Sorvall
(Thermo Scientific). Benchtop and Floor Model centrifuges are available. Benchtop
models are compact and have a smaller footprint, but typically require a higher
rotation per minute (RPM) to create the required relative centrifugal force (RCF). Floor
models have a larger footprint, but require lower RPM for the RCF required, improving
stability. These centrifuges cost thousands of dollars, making purchasing of secondhand centrifuges not uncommon in veterinary applications. Depending on the model,
controls may be quite simple; dial settings for temperature, RPM, and spin duration,
allow computerized programmed pre-sets for spin settings.
Plasma Extractor
A spring loaded plasma extractor is used to gently squeeze the blood bag after
centrifugation in order to push the plasma out of the blood collection bag into a
satellite bag. The even gentle pressure this device provides makes plasma extraction
more reliable without disturbing the centrifuged red blood cells. Plasma extractors
cost $100-140, making them a relatively inexpensive investment.
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become a pleasant and routine experience. A quiet, secluded room should be set aside
and regularly used as the donation room. Effort should be made to habituate the
donor to the room by providing ample praise and treats. The collection process will
require 2-3 people (one person for restraint, one person for the venipuncture, and an
optional person to handle items surrounding the collection). The involvement of the
owner should be gauged on an individual basis as some donors do well in the owner’s
presence while others may not. The donor can be placed in lateral or sternal
recumbency during the donation process. If a vacuum collection setup is used, the
donor will be able to stay on the floor. If gravity assisted collection is chosen, the donor
will be placed on a higher surface (table, for example). The venipuncture area is gently
clipped and prepped to minimize irritation. The venipuncture is performed with the
blood tubing clamped to prevent entry of air into the bag. The clamp is removed once
the needle enters the jugular vein. The progress of the collection is monitored with a
gram scale. The goal is to collect 450mL (474g), though 405-495mL (426-521g) is
allowable. If flow is disrupted, troubleshoot by adjusting the needle or working out
occlusions. Gently rock the blood bag intermittently if using gravity assisted collection.
Once the desired amount is collected, re-clamp the blood line close to the needle, and
remove the needle from the donor. Pressure should be applied to the venipuncture site
and should be monitored until hemostasis is achieved. Donors typically will be able to
get up and walk around the donation room. Complications such as hypotension,
bruising or extravasation, and irritation of the clipped and prepped area may occur.
Food and water should be offered. Donors should be restricted from exercising for at
least 24 hours. Placing pressure on the jugular with neck leads should be avoided.
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Platelet Agitator
Platelet concentrate requires storage at room temperature and under constant agitation.
This is achieved with a piece of equipment called the platelet agitator, which rocks the
contents of the bag back and forth in a gentle side to side motion. A practice’s decision to
purchase a unit will depend on whether the demand for platelet concentrate is high
enough to justify the cost of regular processing and storage, given its short shelf life of
5 days.
Component Separation Process
Fresh Whole Blood (FWB)
FWB is simply blood collected that has not been altered and used within 8 hours of
collection. FWB contains RBCs, platelets, labile and stable coagulation factors, albumin
and other plasma proteins. No processing or storage equipment is required for use of
blood in this manner, and is the most traditional method of use in a veterinary
practice. Bags should be stored upright and rotated twice a week to allow mixing of
nutrient poor portions of the plasma with nutrient rich portions through storage.
Stored Whole Blood (SWB)
If the collected blood is not due to be used within 8 hours, it can be stored at 1-6ºC for
21-28 days depending on the anticoagulant-preservative solution (APS) used. SWB
contains RBCs, stable coagulation factors, albumin and other plasma proteins. The
amount of labile coagulation factor decreases as time passes on. A temperature
controlled storage unit dedicated to blood products is necessary for SWB storage. Bags
should be stored upright and rotated twice a week to allow mixing of nutrient poor
portions of the plasma with nutrient rich portions through storage.
Packed Red Blood Cells (PRBC)
In order for packed red blood cells to be separated from plasma, blood should be
collected into a collection system with a satellite bag. The bag undergoes
centrifugation at 5000 x g RCF for 5 minutes (plus spin down time) for canine blood at
4 ºC. The plasma portion is transferred into one or two satellite bags with a plasma

extractor, leaving a dense RBC portion. If no additive solution (AS) is added to the RBC,
the PCV must remain lower than 80% by leaving 50mL of plasma within the bag. If an
AS is used, the maximum amount of plasma possible is removed. In canines, a
donation of 450mL blood typically yields 220-260mL of RBC/AS solution mixture. This
volume is typically divided into two separate bags to yield approximately 125mL units.
In felines, a donation of 50mL of blood typically yields 15-20mL of pRBC after
centrifuging at 3000 x g for 10 minutes. 10mL of AS solution is added to yield a
25-30mL mixture, which is considered a feline pRBC unit. Special equipment required
for this process includes a plasma extractor and a temperature controlled centrifuge.
Bags should be stored upright and rotated twice a week to allow mixing of nutrient
poor portions of the plasma with nutrient rich portions through storage.
Fresh Frozen Plasma (FFP) and Frozen Plasma (FP)
The extracted plasma, which is placed in one or two satellite bags and frozen within 8
hours from collection (placed in the freezer before 6hrs to allow for freezing by 8hrs),
is considered as FFP. FFP contains both labile and stable coagulation factors. FFP can be
stored for 1 year at lower than -20ºC. If the plasma is not frozen within 8 hours, FFP is
left unused for 1 year, or FFP is thawed but not opened, it can be stored as FP at -20ºC
for 5 years total. Frozen plasma products should be handled with care and storing
them in storage cartons protecting the frozen plastic bags from cracking is
recommended. The plasma can be stored vertically to allow visualization of any
thawing that may have occurred during storage, especially if a household freezer is
used (which achieves the minimal temperature needed for plasma product storage,
and may have an auto-defrost cycle).
Cryoprecipitate and Cryosupernatant
Plasma can be separated into cryoprecipitate and cryosupernatant. The plasma is
frozen as usual, except with an empty satellite bag attached to it. The plasma is then
placed in a refrigerator at 1-6ºC to slowly thaw until it reaches a slushy consistency
(10% frozen). It is then centrifuged at 5000x g for 7 minutes, and the supernatant is
transferred to the empty satellite bag. The 10-15mL of precipitate remaining is called
cryoprecipitate, containing von Willebrand factor, coagulation factor VIII, fibrinogen,
fibronectin, and factor XIII. The supernatant removed is called cryosupernatant. Both
cryoprecipitate and cryosupernatant should immediately be refrozen and has an
expiration date of 1 year. Administering desmopressin at 0.6µg/kg diluted in 15ml
saline IV 30-60mL prior to donation will result in an increased yield in vWF. The
plasma can be stored vertically to allow visualization of any thawing that may have
occurred during storage, especially if a household freezer is used (which achieve the
minimal temperature needed for plasma product storage, and may have an autodefrost cycle). Production of cryo-products for felines is typically not performed.
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Tubing Sealer
Aluminum sealing rings and a hand sealer can be used to crimp the tubing on the
blood bag, pinching the plastic together, creating a barrier within the tubing where
the crimps are applied. Aluminum seals are inexpensive to acquire, and the crimping
mechanism is built in with the tubing stripper, making this a financially light option.
Thermal tubing sealers replace aluminum rings, physically fusing the plastic to form a
true seal, which is more certain in its ability to prevent contamination. Benchtop and
hand-held thermal tubing sealers are available on the market for a few thousand
dollars, though acquiring one second-hand for far less may be possible.

Thursday 2 June 2022 | Advanced stream

PRP can be centrifuged further with varying protocols such as 2000 x g for 10 minutes
or 5000 x g for 5 minutes at 20-24ºC and have all but 35-70mL of platelet-poor plasma
removed, to produce PC. This second spin creates platelet pellets, which are allowed to
rest undisturbed for 1 hour to promote disaggregation of platelets. The pellets are
gently broken down and resuspended through manual agitation. Once the platelets
are resuspended, it is stored under continuous gentle agitation in a platelet agitator
at 20-24ºC. The required room temperature storage makes platelet products more
prone to bacterial contamination, making them viable for only 5 days.
Platelet products are not typically processed with feline blood, though feline PRP has
been observed to contain platelets with in vivo efficacy. Special equipment necessary
for platelet processing and storage include a platelet agitator and possibly a blood
tubing welder to add additional satellite bags for processing.
Donor Programs
If commitment in proper screening and simple forms of component separation can be
made, there are various possibilities in acquiring your donor pool. An immediate
option may be the hospital cat/dog and pets of the staff. Staff members may also have
close friends or family members who are just as enthusiastic about canine or feline
blood donation, aiding in the creation of an in-house donor program. Rescue
organizations and various breed groups in the area could prove to be great allies in
finding potential donors. A well-established blood bank may choose to operate a
completely community based blood donor program, taking volunteers from the public.
It is important to take to heart that a donor program (in-house or community) is
based fundamentally on altruistic intentions of providing a life-saving resource to
treat the critically ill. This makes our donors and their owners very special, and they
should be treated as so. Donor programs often provide small tokens of appreciation
and “goodie bags” to give to their donors at each donation, while others have “The Wall
of Heroes” displaying photos of long-term donors. Some may consider providing a
retirement gift after a dedicated career in blood donation. There are multitudes of
methods as gestures of appreciation, showing our donors some gratitude.
Finally, a community program is an excellent way to make an additional positive
connection and raise awareness of our increasing blood component needs. After all,

the veterinary medical community, along with the pet-loving community is made up
of individuals who share the passion of providing the best care for our furry (or
sometimes non-furry) friends.
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Platelet Rich Plasma (PRP) and Platelet Concentrate (PC)
Platelets can be separated out from fresh whole blood through a two-step process.
Fresh whole blood is centrifuged at a “light spin” setting. Settings are variable
depending on blood bank protocols. Protocols utilizing 1000 x g for 4-6 minutes or
2000-2500 x g for 2.5-3 minutes at 20-24ºC are seen. The platelets above the buffy coat
are extracted into a satellite bag along with the plasma, referred to as PRP.
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In 2018, an international committee of veterinary specialists convened in partnership
with the Association of Veterinary Hematology and Transfusion Medicine (AVHTM) to
develop consensus guidelines regarding transfusion reactions in veterinary patients
(Davidow et al, 2021a, Davidow et al 2021b, Odunayo et al, 2021). The aim was to
produce veterinary definitions for specific transfusion reactions and provide evidencebased recommendations for prevention and treatment of transfusion reactions. The
process allowed us to recognise where evidence was lacking and therefore where
further investigations were required. These notes discuss some of those findings.
What is a transfusion reaction?
An acute transfusion reaction was defined as an adverse reaction to blood, blood
components or plasma derivatives within 24 hours of administration. A delayed
transfusion reaction was defined similarly, but after 24 hours post administration. The
guidelines noted that, although transfusion reactions have traditionally been split
into immunological and non-immunological reactions, this is not necessarily very
helpful clinically as often this distinction is unclear during initial patient assessment
(and may not ever be fully understood if investigation into the event is not very
thorough). Therefore, algorithms were produced based on changes in physical
examination findings that may occur during or after the transfusion period which
could allow recognition of the likely transfusion reaction occurring (if any). Hopefully
this approach should allow a simpler and consistent approach to recognition and
treatment of reactions (Davidow et al, 2021a).
Leukoreduction - yes or no?
Leukoreduction can be used both pre- or post-storage to remove white blood cells
from blood products, but in the vast majority of cases it is performed immediately
post-donation and pre-storage. It is suggested to be advantageous in decreasing
cytokine levels in blood products, preventing adverse recipient reactions to donor
white cells and also in decreasing the likelihood of infectious disease transmission.
The TRACS guidelines reported there was insufficient veterinary evidence to either
recommend for or against the use of leukoreduction to decrease the likelihood of
transfusion reactions. However, they argued that it should be considered given human
evidence suggesting it decreases the rate of febrile non-haemolytic transfusion
reactions (Davidow et al, 2021b). Since the publication of the AVHTM guidelines,

Radulescu et al. (2021) reported a randomised controlled trial of 194 dogs which
showed no difference in transfusion reaction rate between leukoreduced and nonleukoreduced blood product recipients. But, Davidow et al. (2022) found that dogs
receiving leukoreduced packed red blood cells were less likely to have a febrile
non-hemolytic transfusion reaction than those receiving non-leukoreduced cells in a
large retrospective trial. This suggests there may be a benefit to leukoreducing packed
red blood cells, but that it requires a large number of cases to be treated for this
benefit to become evident.
Storage lesion, is it an issue?
The AVHTM guidelines describe 10 veterinary studies looking at the influence of age of
red cell products on the likelihood of transfusion reaction. The evidence was deemed
difficult to interpret due to lack of use of illness severity scores, small sample sizes in
some studies and inconsistency in transfusion reaction definitions. One clinical study
found that administering older units was associated with decreased survival in dogs
with a haemolytic cause of anaemia leading to the suggestion that fresher units
should be considered in these patients (Hann et al., 2014). Many changes occur in red
cells containing units as they age, including modifications in electrolytes, glucose, pH,
cytokines etc. The implications of these are generally not clear, but increased
haemolysis of older units has been noted in several studies and this is consistent with
human evidence. Experimental canine studies suggest that free haemoglobin is
detrimental (Wang et al., 2014) and a clinical case series discusses adverse effects
thought to be due to the transfusion of a haemolysed product (Patterson et al., 2011).
To assess for haemolysis, samples should be taken directly from the bag rather than
using a segment. Measurement can be made using a haemoglobin monitor, which
many practices may not have, but they may have the ability to measure haemoglobin
as part of a critical care/emergency profile on an ISTAT or similar. Testing for
haemolysis should probably be considered in any red cell unit over 28 days of age.
Further prospective studies in this area are needed to determine the clinical severity
and relevance of storage lesion and its various components.
Typing or not typing?
In dogs, DEA 1 is considered the most clinically important blood group in dogs due to
its strong antigenicity. Dogs are either DEA 1 negative or weakly, moderately, or
strongly DEA 1 positive (Kessler et al., 2010, Acierno et al., 2014). Naturally occurring
alloantibodies against DEA 1 antigen have not been described and no AHTR have been
reported following a DEA 1 mismatched transfusion. However, there are laboratory and
clinical reports of severe AHTR in previously immunized dogs who receive a further
DEA 1 mismatched transfusion (Callan et al., 1995, Giger et al., 1995). Typing both
recipient and donor for DEA 1 before a first transfusion prevents further immunization
against DEA 1 antigen. DEA 1 negative dogs should only receive DEA 1 negative blood.

EVECC CONGRESS 2022

Rounde Table: TRACS - Where are we now?
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Should we pre-treat prior to transfusion?
There is a large veterinary retrospective study which found a decreased rate of allergic
transfusion reactions in dogs administered pre-transfusion diphenhydramine (Bruce
et al., 2015). Despite this the AVHTM guidelines did not support pre-transfusion
treatment with an anti-histamine due to large prospective human studies which
suggested the practice was not helpful, as well as possible adverse effects and
cumulative costs associated with administration (Davidow et al, 2021b). This advice
was consistent even when a patient had had a previous allergic reaction as this was
found not to increase the risk of a further allergic reaction. When considering the use
of paracetamol as a pre-medicant, again this was not recommended. These guidelines
were fairly clear compared to other PICO questions considered.

Should we be crossmatching?
There is good evidence to support crossmatching prior to a transfusion more than 4
days after a first red cell transfusion. However, whether or not a crossmatch should be
performed prior to the first red cell transfusion itself is less obvious. In human
medicine a crossmatch is generally performed prior to every transfusion and so we
could not use the human evidence base so readily as we did with other AVHTM PICO
questions. There is, however, more veterinary research in this area, unusually with a
bias towards feline studies. The guidelines suggest that major crossmatching should
be performed prior to first feline red cell transfusion alongside AB typing (Davidow et
al., 2021). Prospective studies have not shown a benefit in crossmatching, but they may
be underpowered and the guidelines suggest the most compelling reason for
crossmatching is the knowledge of cats with pre-formed antibodies against non-AB
antigens, most commonly FEA1 which is thought to be the same antigen as the
previously described Mik (Binvel et al., 2021).
In dogs, it could be hypothesized that even naturally occurring alloantibodies that are
of less importance and strength in transfusion-naïve dogs could gain further clinical
significance, if enhanced in their expression after multiple incompatible transfusions.
The immunogenicity of blood types other than DEA 1, the presence of naturally
occurring antibodies against them, the type of antibodies they generate, and their
potential clinical relevance even after first time transfusion, remains largely unknown
(Goy-Thollot et al., 2017, Goulet et al., 2018, Guidetti et al., 2019). Major crossmatching
may not be necessary for transfusion-naïve dogs. Crossmatching is strongly
recommended in any dog that has been previously transfused more than 4 days prior,
independent of initial DEA 1 typing and crossmatching results. The use of the same
compatible donor dog will not assure compatibility for a second transfusion even if
the original testing was compatible. Better standardization of pre- and posttransfusion immunohematology testing, including crossmatching, is needed to
understand blood type-mediated immunologic reactions (Davidow et al., 2021b).

Overall the AVHTM TRACS project allowed a gathering of large amounts of data to
provide guidance on a variety of pertinent clinical questions. They showed many areas
where veterinary, and human, medical literature is lacking, which should hopefully
spur researchers on to examine these areas more closely.
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DEA 1 positive recipients can receive eitherDEA1 negative or positive blood. Because
approximately half of the dogs are DEA 1 positive, the use of DEA 1 positive blood
products for DEA 1 positive recipient, is encouraged to make better use of blood
resources.
Thus, while blood typing is mandatory prior to transfusion, typing alone is insufficient
to prevent all AHTRs in cats. The presence of Mik antigen and potentially other
unrecognized antigens remain a potential cause of severe transfusion reactions
despite AB type-matching (Auer et Bell, 1983, Giger et al., 1990, Weingart et al., 2004,
Weinstein et al., 2007, McClosky et al., 2018,). While there are no confirmed reports of
non-immunologic AHTR in cats, this also remains a potential in feline type-matched
transfusions.
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Oxygen administration is frequently used in veterinary medicine to treat hypoxia.
Conventional oxygen administration methods are readily available in most hospitals
or clinics and don’t require specialized equipment or skills to administer to the
patient. Conventional oxygen therapies include nasal cannula, oxygen cage, hood
oxygen and flow by/mask administration. With conventional oxygen therapy (COT),
FIO2 is limited to 30–75% and no significant pressure support is provided. Moreover,
increasing flow rate could lead to intolerance of the technique and lesion of nasal
mucosa. In patients with severe hypoxemia (PaO2 < 60 mm Hg) who fail COT, more
aggressive treatment is warranted. The purpose of this lecture is to describe pro and
cons for indication and use of 2 advanced oxygen therapy techniques:
• High flow oxygen therapy
• Non-invasive ventilation
High flow oxygen therapy
High flow oxygen therapy (HOT) is a non-invasive respiratory support modality that
provides a humidified and heated air-oxygen mixture to the patient via specific nasal
prongs, at flow rates up to 2 L/kg/min. HOT is carried out using an air/oxygen blender,
active humidifier, single heated tube, and specific nasal cannula. Those specific nasal
cannulas should ideally be 50% or less the diameter of the nares.
Based on the actual literature, these settings could be recommended:

• Flow rate: 1 to 2 L/kg/min
• FiO2: Titrated to have a SpO2 of 98-100%
• T emperature: a study comparing 31 and 37°C did not show any difference in HOT
tolerance in healthy dogs. 31° should be preferred in hyperthermic patients.

HOT is considered to have several advantages:

• Good tolerance via administration of warm and humidified gas
• High delivered FIO2
• Controllable delivered gas temperature
• Improve gas exchanges
• Provision of Positive Airway Pressure at flow rate above 1L/kg/min
• Reduction of work of breathing and respiratory rate
• Improvement of dyspnea score
• Ability to eat and drink under Oxygen therapy
• Low level of sedation in the dog
Cons of HOT are:

•H
 igh associated costs (dedicated machine, high consumption of oxygen, high level of
cares)

• Some patients will need heavy sedation, especially in cats
•D
 evelopment of gastric dilation has been described, but usually non clinically
relevant

• Prong dislodgement
• Decrease Positive pressure support with open mouth breathing
• Oxygen toxicity
• No sufficient evidence to use HOT in hypercapnic patients
• P neumothorax/pneumomediastinum: The risk of air-leak syndrome is considered
very low, though persistence of a pre-existing pneumothorax that ceased upon
discontinuation of HFNC has been reported.

Non-invasive ventilation
Non-invasive ventilation (NIV) is a ventilation mode in which intubation of the patient
is not required but. The most common NIV used is the Continuous Positive Airway
Pressure (CPAP) ventilation applied by a face mask or by a helmet. The good adaptation
to the muzzle and the sealing of the interface are the key points to maintain the
required positive pressure during the respiratory cycle. In fact the efficacy of the CPAP
is related to the positive pressure inside the alveoli at the end of expiration, thus
maintaining the alveoli open and recruiting the collapsed ones. The veterinary
literature is mostly about the use of the helmet, while there are only 2 papers about
the use of the face mask. An important aspect of the use of CPAP by face mask or
helmet is the possible rebreathing of CO2 due to an inadequate flow of gas (oxygen
and/or air). For this reason animals should not be left unattended during CPAP
administration and the adequate inflation of the helmet should be always evaluated.
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NIV CPAP is considered to have several advantages:

• Moderate to good tolerance
• High delivered FIO2
• Improve gas exchanges
• Provision of a predetermined Positive Airway Pressure
• Reduction of work of breathing and respiratory rate
• Improvement of dyspnoea score
• Low level of sedation in the dog
Cons of NIV CPAP are:

•H
 igh associated costs (disposable helmets, high consumption of oxygen, high level of
cares)

• Some patients will need heavy sedation, especially in cats
• Not immediate access to the airways of the patient in case of vomit
• The helmet needs to be removed for feeding and drinking
Conclusion: HOT and NIV CPAP are 2 useful techniques for improving oxygenation in
critical patients, HOT should be taken in account in case of hypoxemia without
ventilatory impairment, whilst NIV CPAP should be the first choice in case of
hypoventilation. However the tolerance of the patient towards a technique or another
and the monitoring of the respiratory effects should be used to guide the clinician for
the choice. Severe hypoventilation or respiratory fatigue should be treated with
intubation and mechanical ventilation.
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Based on the actual literature on the use of the helmet, these settings could be
recommended:
• F low rate: 8-10 L /min with the use of a Venturi valve which increases the flow to the
helmet
• FiO2: can be titrated adding an oxygen line to the helmet
• CPAP pressure:3-7 cm H2O depending on the patient
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Regional anesthesia in human and veterinary patients has become invaluable for the
treatment of pain in the perioperative period. However, its use in the nonsurgical
setting has been less investigated. Regional anesthesia can provide selective and
sustained pain control with beneficial systemic effect profiles for critically ill patients.
Indications for regional anesthesia in this population are not limited to surgical and
postsurgical analgesia but extend to the management of trauma, medical conditions
(ie acute pancreatitis), and procedural pain at the bedside/cageside.
Pain control in critically ill human and small animal patients still represents a major
challenge. A certain degree of pain is expected in nearly all patients in the ICU setting.
Furthermore, pain in critically ill patients is often difficult to quantify and is frequently
not easily treatable by means of systemic analgesia, while trying to avoid unwanted
side effects. In these circumstances the use of regional anesthesia and its potential
impact on patient care and outcome should be highly considered.
Regional analgesia can play an important role in a multimodal approach to pain
control in the critically ill patient to achieve optimum patient comfort and to reduce
physiologic stress and, although hard to assess in animals, likely psychological stress.
Indications
In the perioperative period, regional anesthesia has been associated with superior
analgesia, reduced nausea, vomiting, ileus, and decreased requirement of
supplemental analgesics when compared to opioid- based pain control. Moreover
other potential benefits of regional anesthesia in critical care patients are the
improved gastrointestinal and hepatic macro and microcirculation, anti-inflammatory
effects, relaxation of bronchial smooth muscle, and antithrombotic effects.
In trauma the main role of regional anesthesia is intraoperative and postoperative pain
management. After thoracic trauma, adequate analgesia is effective to reduce pain
associated with breathing, subsequently improving the patient’s ventilation, and
possibly averting the need for mechanical respiratory support. Use of thoracic
paravertebral analgesia and intercostal nerve block have proven effective in humans for
this purpose. These techniques are easily applicable to small animal critical care as well.
Nonsurgical patients in the ICU benefit from sustained analgesia and selective
sympatholysis provided by regional anesthetic techniques. Indications for neuraxial
anesthesia include conditions in which adequate pain control is often difficult to
achieve by systemic analgesia, including acute pancreatitis and peritonitis. The

sympatholysis conferred by neuraxial techniques is the key mechanism for providing
abdominal visceral vasodilation and improving blood flow.
A peculiar use of regional analgesia in ICU is the prevention of procedural pain when
performing painful procedures. Examples for this include repeated wound debridement,
chest tube placement, and burn treatments. Depending on the anatomical location of
a required intervention at the cage side, the choice of a specific peripheral nerve block,
plexus block, neuraxial anesthesia, or local infiltration can be considered.
Special Considerations
Altered coagulation is common in critically ill patients, either iatrogenic, primary, or
secondary to associated conditions, possibly restricting the use of regional anesthesia.
Prophylactic and therapeutic anticoagulation is prominent in ICU patients because of
the presence of numerous risk factors for thromboembolic events, including
immobility, indwelling IV catheters, and inflammation.
The American Society of Regional Anesthesia provided guidelines on the suggested
management of regional anesthesia in human patients receiving antithrombotic
therapy. According to these guidelines, epidural catheter placement should be delayed
for 12 hours after the last dose of low molecular weight heparin (LMWH), and removal
of the epidural catheters should occur 12 hours after the last dose of LMWH. Similar
guidelines are not currently available for small animal patients. Therefore,
performance of regional anesthesia in this population remains subject to considering
the clinical benefits and potential risks on a case-by-case basis.
There is a high prevalence of infections in the ICU, including nosocomial infections
and ones inducing sepsis. Recent studies on use of neuraxial analgesia in human
septic patients, indicate an extremely low risk of central nervous spread of infection,
even in patients showing signs of systemic infection, provided that adequate
antimicrobial therapy was started. Local infection of the site of the planned insertion
of a long term epidural or nerve block catheter instead is a widely accepted
contraindication to their use. According to a recent review on the clinical use of
epidural catheterization in human ICU patients, the incidence of superficial skin
infection is very low, ranging between at a rate of 0.824/1000 catheter days for
femoral nerve catheters and 2.02/1000 catheter days for sciatic catheters. If a catheter
infection is identified or suspected, the catheter should be promptly removed
While performing blocks to the brachial plexus, special attention should be given to
patients with pulmonary comorbidities, such as asthma, or acute lung injury. In this
population, hemi-diaphragmatic paralysis may lead to worsening of ventilation
sufficient to warrant mechanical ventilation. The risk of this side effect should be
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Neuraxial Anesthesia
Epidural injections and catheterization are increasingly used in small animal patients
admitted to the ICU. The technique is particularly suited to the ICU setting, as it
provides profound pain relief with minimal sedation or other systemic impairment.
Although its use is still limited, Continuous epidural analgesia likely represents the
most frequently utilized, yet still limited, regional analgesia technique in critically ill
small animal patients.
A study on the use and efficacy of epidural catheter use in a small animal ICU
demonstrated that a large proportion of patients managed with this technique did
not require any supplemental systemic administration of analgesics. Lumbosacral
epidural analgesia with local anesthetics provides a dose dependent anesthesia to the
caudal half of the body by blocking the spinal nerve roots and the superficial layer of
the spinal cord. In ICU setting this technique is effective for pain management of
hindlimb and pelvic trauma, postoperative pain control following exploratory
laparotomy and perineal surgeries, peritonitis or acute pancreatitis associated pain. In
addition to analgesia, local anesthetics administered epidurally provide regional
sympathetic blockade of the paravertebral ganglia innervated by the tract of spinal
cord exposed to the local anesthetic solution. This provides selective vasodilation of
the vascular beds innervated by those ganglia, increasing organ blood flow. In patients
with persistent hemodynamic instability, the use of epidural morphine alone produces
onset of analgesia in about 60 minutes and duration of action for 12 to 24 hours.
Peripheral Nerve Blocks
The use of Peripheral Nerve blocks is gaining increasing popularity in small animal
medicine. It is still largely reserved to perioperative orthopedic applications, but
provided the patient can be properly positioned for the injection, and no absolute
contraindications are present, any peripheral nerve block is applicable in critically
critical care setting as well. Nerve stimulation and ultrasound guidance are incredibly
valuable at facilitating the correct placement of needle and catheter, and at
maximizing the efficacy and safety of nerve blocks. Possible techniques with particular
relevance in the ICU include nerve blocks to the upper or lower extremity, but also a
number of blocks to the trunk can also be of use such as thoracic paravertebral blocks,

intercostal blocks, intrapleural block, and transverse abdominis plane block.
After major trauma or surgical insult to the thoracic wall and pleural cavity, the use of
paravertebral, intercostal, and intrapleural blocks should be considered as primary or
adjuvant analgesic strategies, aiming to improve comfort and normalize chest wall
respiratory mechanics. Transverse abdominis plane block desensitizes the abdominal
wall through blockade of the nerve branches within the fascial plane between the
transverse abdominis and the internal oblique muscles. This block requires ultrasound
guidance and may represent a useful option for postoperative pain control after
major abdominal surgery.
Continuous peripheral nerve catheters represent a more advanced strategy of nerve
blockade and are still rarely employed in small animal analgesia, arguably due to
unavailability or lack of training in performing these procedures. As proved in human
ICU settings, they could certainly provide effective and prolonged analgesia for trauma
and postsurgical small animal patients admitted to the ICU. Contraindications to the
placement of continuous nerve block catheters are similar to the ones of epidural
catheterization and include coagulopathy, aggressive anticoagulation, local infections
at the puncture site, and lack of physician’s experience.
Epidural anesthesia in acute pancreatitis and sepsis
The use of regional anesthesia and specifically epidural catheterization in sepsis is still
an object of controversy. The advantages related to long term effective analgesia and
improved visceral blood flow are challenged by the possible complications related to
excessive vasodilation and secondary hemodynamic instability, risk of bleeding in
coagulopathic patients, and risk of infections. The rationale for the use of continuous
epidural anesthesia (EA) in acute pancreatitis is that intestinal and hepatic perfusion
is regulated by sympathetic and parasympathetic nerves. Acute stress and pain
trigger a massive increase in sympathetic activity resulting in visceral vasoconstriction
and consequently reduced blood flow. A pig study on chemically induced severe acute
pancreatitis evaluated the therapeutic effect of EA on survival, microcirculation, tissue
oxygenation and histopathologic damage. Epidural anesthesia led to significantly
improved survival, enhanced pancreatic microcirculation and tissue oxygenation and
resulted in less histopathologic damage.
In course of acute pancreatitis, receptor dependent pulmonary vasoconstriction is
reduced and hypoxic pulmonary vasoconstriction is abolished. In a rat model of acute
pancreatitis, continuous EA improved pancreatitis-associated impairment of
pulmonary vasoreactivity and gas exchange. Treatment with EA significantly improved
both the vasoreactivity to angiotensin II and hypoxia. A number of studies have
investigated the use of EA during sepsis, trying to determine the mechanisms, which
could, in theory, protect visceral function and reduce morbidity and mortality.
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weighed against the negative consequences of pain on respiratory function.
Doses of epidural drugs should be calculated by using the ideal lean body weight and
injection volumes of solutions containing local anesthetic exceeding 0.25 ml/kg, are
potentially associated with high blockade of the sympathetic nerve roots. Secondary
vasodilation and possible systemic hypotension can result. Systemic hypotension can
occur more commonly in animals with pre-existing hypovolemia so ensuring appropriate
volume replacement before administering local anesthetics epidurally is indicated.
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In course of sepsis, microcirculatory impairment is common and is deemed as one of
the most important factors in the pathogenesis of intestinal dysfunction. Sepsis is
associated with a redistribution of visceral blood flow and a decrease in
gastrointestinal perfusion with secondary impairment of the mucosal barrier, leading
to translocation of bacteria and toxins. In some animal models, regional sympathetic
blockade by selective epidural anesthesia has been shown to attenuate the
impairment of gastrointestinal organ perfusion during endotoxemia and improve
intestinal microcirculation during systemic inflammation, without impairing systemic
hemodynamics beyond the changes induced by sepsis itself. Pulmonary nitric oxide
has been identified to play a critical role in pulmonary dysfunction in sepsis. A recent
experimental study in animals showed that EA modulates the NO pathway with
positive effects on pulmonary endothelial integrity, but only in hyperdynamic phase of
sepsis. A negative effect, however, was identified during the hypodynamic stages.
A canine study investigated the effects of continuous epidural anesthesia (EA) on
gastric mucosal microvascular hemoglobin oxygenation (mHbO2). The study
demonstrated that, during compromised circulatory conditions, EA causes a reduction
in mHbO2 to about 30% of baseline values. Fluid resuscitation was effective at
completely restoring this variable, highlighting the importance of using caution when
using EA in under-resuscitated septic patients. In a canine model of human sepsis, the
effects of sympathetic blockade by EA during bacterial peritonitis on pain relief,
hemodynamics, and survival, were investigated. Epidural anesthesia was extremely
effective in controlling pain, but the sympathetic blockade induced by EA appeared
associated to a decrease in survival times, cardiac function, and increase in creatinine
levels. The authors argued that the maintenance of sympathetic tone irrespective of
pain relief provided is necessary for maintenance of hemodynamic stability,
homeostatic control, and survival. It is clear that the controversy over EA in sepsis s still
far from being solved. The main issue with the current literature is that hardly any of
the publications is comparable with each other. Additional studies are warranted to
assess the effects of EA and sympathetic blockade in septic patients.
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However, different animal models have provided conflicting results on whether EA has
protective or harmful effects and whether its effect varies depending on the phase of
sepsis.
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Use of POCUS in the arrest setting typically begins with assessment of cardiac activity;
present or absent. In human medicine, protocol-based ALS-compliant cardiac
ultrasound use, such as the focused echocardiographic evaluation, has proven to be
feasible and is associated with adequate image quality yield, no additional chest
compression interruption time, and relevant diagnostic information capable of
affecting management. In extreme situations with the greatest time sensitivity (such
as cardiac arrest), even a single cardiac POCUS view may suffice in making a diagnosis
of cardiac activity. Also, the accuracy in identifying major cardiac arrest causes is often
maintained with a single view as the magnitude of pathologic findings to cause arrest
are amenable to identification using POCUS. If myocardial activity is seen, cardiac
POCUS can be used to help look for reversible causes of the shock state (pericardial
effusion, massive pulmonary embolus, and pneumothorax) and can expedite
treatment. On return of spontaneous circulation following cardiac arrest, cardiac
POCUS has been used to qualitatively assess left ventricular systolic recovery over
time. There are a few human studies that suggest cardiac POCUS, when limited to
specific goals (cardiac activity present or absent) in a specific subset of patients
(cardiac arrest) can predict patient outcomes.
Cardiac point-of-care ultrasound during active CPR
With adequate training, cardiac POCUS images can be acquired during the 10-second
pauses allotted for pulse checks and a change of CPR providers. Given the ease with
which a portable ultrasound device can be brought to the patient bedside, POCUS has
been recommended as part of the code response. Cardiac POCUS can predict
survivability to hospital admission in patients presenting without a pulse. The
subxiphoid view in humans has been used to detect cardiac activity at the subxiphoid
site during CPR; any non-fibrillating motion in humans is associated with greater
survival to hospital admission (23.5% vs 1.9%, respectively), and the presence of cardiac
motion on ultrasound has been shown to be the most important predictor of
survivability when trauma patients present in pulseless electrical activity (PEA) cardiac
arrest (odds ratio 33.91). The objective is the visualization of cardiac activity, defined as
any visible movement of the myocardium, excluding the movement of blood within
the cardiac chambers or the movement of the isolated valve. The differential diagnosis
between asystole and fine ventricular fibrillation is possible with experience. The
demonstration of cardiac contraction on initial ultrasound is of vital prognostic

importance as it indicates the possibility of return of spontaneous circulation (ROSC).
It helps decision-making in terms of continuity of effort during CPR regardless of the
time of resuscitation. Another objective of cardiac POCUS described in the human
literature is the evaluation of effectiveness of compressions by providing direct,
real-time observation of compression and relaxation of the cardiac chambers during
the cardiac massage. Adequate or high-quality compressions are associated with
ROSC and survival. Literature reports improper hand position during resuscitation
may lead to compression of the ascending aorta, aortic root, or outflow tract of the left
ventricle, but not the left ventricle, although this is typically done using trans
esophageal echocardiography. However, by using cardiac POCUS, it is possible to
adjust the applied forces and the location of the hands to optimize compressions.
Although not reported in the veterinary literature, anecdotal evidence suggests the
subxiphoid view can be used to assess the heart during active CPR in dogs and cats.
Finally, cardiac POCUS has been used to evaluate for cardiac standstill when deciding
to cease resuscitative efforts.
Point-of-care ultrasound and identifying reversible causes of arrest.
Multiple protocols, ranging from only the subxiphoid window to multiple windows
(SESAME, FEEL, FEER, CAUSE) have been published in human medicine to look for
reversible causes of arrest. Reversible causes of arrest include pericardial tamponade,
hypovolemia and other forms of shock, right ventricular failure (air emboli), and
pneumothorax.
Pericardial tamponade: occurs when the pressure in the pericardium exceeds the
pressure in the cardiac chambers, particularly the right atrium, resulting in impaired
cardiac filling. To sonographically identify tamponade, pericardial effusion is typically
identified first, although there are rare reports of tamponade being identified
secondary to pleural effusion in the absence of pericardial effusion. It is therefore
essential to know how to differentiate pericardial effusion from pleural effusion;
pericardial effusion can be identified via transthoracic approaches, or via the
subxiphoid approach. For patients in cardiac arrest, the subxiphoid view may be
attempted first. If not sufficient to image the heart, the four-chamber long-axis view
may be attempted next, as long as conforming to ALS protocols. If the origin of fluid is
uncertain (pleural vs. pericardial) the pericardio-diaphragmatic window can be
identified, which helps differentiate the two fluid types. Tamponade may be easiest to
diagnose using the right parasternal 4-chamber long-axis view and appears as a
compression of the right atrial free wall into the atrium, intermittently reducing atrial
chamber size (right atrial wall compressed inwards during systole). Asynchronous
contractility of the right ventricular free wall can also be seen in short-axis views and
can be identified via the subxiphoid view. However, it should be kept in mind that
tamponade is a clinical diagnosis and the findings of shock in a patient with
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may accumulate over the course of CPR without the presence of a massive pulmonary
embolism. Treating an incorrect diagnosis suggested by POCUS may cause iatrogenic
injury or delay identification of the real etiology.

Hypovolemia: can cause a combination of findings on cardiac and vascular POCUS.
Cardiac POCUS may identify a pseudohypertrophy; sonographically visible cardiac
changes that result from hypovolemia and decreased ventricular filling.
Pseudohypertrophy is associated with decreased left atrial and ventricular chamber
size, and the appearance of a thickened intraventricular septum and ventricular free
wall. This resolves with restoration of effective circulating volume. In addition, the
caudal vena cava may appear small to collapse with large changes in respiratory
variation, or if severe, complete collapse of the vena cava on inspiration. Therefore, the
combination of a small La:Ao (≤ 1:1), decreased ventricular lumen size with thickened
ventricular walls, and a thin ‘flat” CVC with no change in the CVC collapsibility index
(CVCCI), or a change in the CVCCI of more than 50% suggests hypovolemia as a
potentially reversible contributing cause of arrest. However, in the arrest setting, these
parameters may be difficult to assess, and a suspicion of hypovolemia is often made
when internal blood loss is noted in the abdomen or pleural spaces with POCUS.
Shock: hemorrhagic hypovolemic shock should be considered in the patient presenting
with trauma, and cardiogenic, distributive, or obstructive shock should initially be
considered in the medical patient. Each shock profile has different POCUS findings, but
is beyond the scope of these proceedings to describe in detail.

Summary
POCUS in cardiac arrest when performed by trained clinicians can assess quality of
compressions, can detect reversible causes of arrest with non-defibrillable rhythms,
allow monitoring interventions, and their response to treatment. It also provides
prognostic information regarding the possibility of a return to spontaneous
circulation and survival. It should be part of a holistic approach which starts with
using the subxiphoid window to assess the heart and caudal vena cava, and if not
sufficient, advance to the visualization of the transthoracic right-parasternal windows,
and then explore the next area, if necessary, based on cardiac imaging, with the
clinical correlation.

Right ventricular failure (air emboli) is reported as a reversible cause of arrest in
human medicine. Massive pulmonary thromboembolism can be detected by
ultrasound with indirect signs which include acute dilation of the right ventricle (RV),
exceeding the normal relationship with the left ventricle (LV) (ie,. 1:1 RV to LV ratio) in
the 4-chamber view, and the finding of a D-shaped RV (flat intraventricular septum) in
the short-axis window, both of which can be obtained from the subxiphoid window
with practice, or from the right parasternal windows.
Pneumothorax: see proceeding on pneumothorax for rule in and rule out findings.
Patients that arrest primarily due to pneumothorax will have a tension
pneumothorax, which results in signs of cardiovascular shock. Hemothorax is another
finding of the trauma patient, and if it is massive, it could generate hypovolemic shock.
Pitfalls
Causes of arrest identified on POCUS must be differentiated from non-arrest findings.
For example, unilaterally absent lung sliding could indicate a simple pneumothorax or
mainstem bronchial intubation, not a tension pneumothorax. Likewise, visualized
peritoneal fluid could be ascites, not acute hemorrhage; a pericardial effusion could be
present without tamponade physiology (e.g. common in cats); and right heart dilation
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identifiable pericardial effusion should prompt a diagnosis of tamponade. Therefore, if
pericardial effusion is present in arrested patients, particularly dogs, its emergent
centesis is warranted.

Thursday 2 June 2022 | Nurse stream

Courtney Waxman, MS, CVT, RVT, VTS (ECC)
Veterinary Emergency Group, Valhalla, New York, United States of America
As veterinary medicine is continuously evolving, so are pet owner expectations for the
level of care their pets receive. Using Kirby’s Rule allows veterinary technicians to look
at the overall clinical picture of the patient and implement critical thinking skills.
Kirby’s Rule of 20 was created by Rebecca Kirby, DVM, DACVIM, DACVECC, and is a
checklist of 20 parameters that should be evaluated daily in critically ill patients.
Kirby’s Rule of 20 is used as a tool/reference to ensure quality patient care in critical
patients are being monitored. The parameters on the checklist are::
01. Fluid balance
02. Albumin/oncotic pull
03. Mentation
04. Heart rate, contractility, rhythm
05. Blood pressure
06. Oxygenation & ventilation
07. Body temperature
08. Electrolytes & acid-base
09. Glucose
10. RBCs & hemoglobin
11. Coagulation
12. Renal function
13. GI motility & integrity
14. Nutrition
15. Immune status (antibiotics)
16. Drug dosage & metabolism
17. Wound care & bandages
18. Pain control
19. Nursing care
Fluid Balance
Physiologically speaking, the body’s fluid compartments are divided between
intracellular (ICF), or within the cell, and extracellular (ECF), or the intravascular and
interstitial, compartments. Fluid imbalances occur from any condition(s) that alters a
patient’s ability to adequately compensate and restore its own fluid requirements,
thus requiring medical intervention. Intravenous fluids are used in the critically ill to
maintain intravascular volume and adequate perfusion. To develop a fluid therapy
plan, things like hydration status and ongoing losses are considerations that should
be included in determining maintenance and replacement fluid therapy. When it

comes to monitoring fluid therapy, a variety of parameters are assessed. First, assess
the patient; this is done by evaluating physical parameters (heart rate, pulse quality,
mm color/moisture, CRT, extremity temperature, attitude/mentation, blood pressure,
skin turgor). Next, assess ongoing losses, which can include vomiting, diarrhea,
polyuria, third spacing, or wound loss. Then, assess the patient’s inputs versus outputs,
which can be done by evaluating urine output and serial body weights. Additionally,
lab values, such as PCV/TP, lactate levels and acid-base status, can give insight on a
patient’s fluid status. Fluid therapy should also be monitored for signs of fluid
overload, or overhydration; signs include serous nasal discharge, chemosis,
subcutaneous edema, ascites, increased respiratory rate, coughing, and restlessness.
Overall, knowing a patient’s disease process (i.e. renal failure, CHF, SIRS, pediatric) also
allows for a better understanding of the patient’s fluid requirements.
Albumin/oncotic pull
Albumin is the predominant protein within the intravascular space and is responsible
for maintaining vascular integrity and colloid oncotic pressure (COP). Oncotic pull is
what keeps fluids within the vascular space; without albumin, there would be
increased intravascular permeability, resulting in fluids leaving the intravascular
space and causing third spacing and edema. Critical patients often suffer from
hypoalbuminemia, which can result in hypotension or interstitial or pulmonary
edema. Nutritional support, synthetic colloids and intravenous albumin are therapies
that can be used to raise albumin levels. It should be noted that using plasma to raise
albumin is not considered an appropriate therapy, as it requires a significant amount
of plasma to do so (it takes 40-50ml/kg FFP to raise albumin by 1g/dL).
Mentation
Assessment of the patient’s neurologic status should be performed in every critical
patient, not only in those with a primary neurological disorder. These parameters
include level of consciousness (LOC), breathing pattern, pupillary light reflexes (PLR),
pupil size and location, posture, reflexes, and the use of coma scale evaluation. The
frequency of neurologic assessment will depend on the patient’s stability. Evaluation
of a patient’s LOC can be classified as normal/alert, dull/depressed/obtunded (slowed/
inappropriate response to sensory stimuli), stuporous (unconscious but arousable to
noxious stimuli) or comatose (unconscious and unresponsive). Changes in LOC can be
indicative of decreased cerebral function (i.e. lack of oxygen supply, change in cerebral
perfusion) and should be addressed quickly to prevent further deterioration. One of
the most commonly used coma scales is the Modified Glasgow Coma Scale (MGCS).
The MGCS can be used to record progression or regression of the TBI patient over a
period of time. The MGCS involves three separate categories, including assessment of
LOC, motor activity, and brainstem reflexes. A score is given for each of these
categories based on the patient’s clinical findings; a higher score will correlate with a
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Heart Rate, Contractility, Rhythm
Assessment of heart function involves both a mechanical and electrical evaluation.
Frequent auscultation of heart rate, palpation of pulse quality, blood pressure
measurement and evaluation of mucous membrane color can all be used as
indicators of the heart’s ability to appropriately pump blood and provide systemic
perfusion. Heart rate is usually the first cardiovascular parameter you perform when
going through your initial assessment. Tachycardia is generally accepted as a heart
rate greater than 160-180bpm in dogs and greater than 200bpm in cats. Bradycardia is
generally accepted as a heart rate less than 80-100bpm in dogs and less than 150160bpm in cats. Tachycardia could be indicative of fear, excitement, anxiety, pain, or
shock (hypovolemia, hypotension). Bradycardia could be indicative of conduction
disturbances, decreased cardiac output, poor perfusion, neurologic disease (i.e.
increased intracranial pressure), hypothermia, increased vagal tone, drug overdose, or
severe electrolyte disturbances. Pulse rate and quality should be taken in conjunction
with HR auscultation. Pulse rate is reflective of systemic perfusion, and should match
the auscultated HR. Pulse quality is reflective of the amount of blood that is pumped
through the body with each heartbeat, which is known as stroke volume. An animal’s
pulse quality can be described as normal (a steady pulsation against your finger that
is synchronous with the heart rate), weak (a lighter than normal pulsation against
your finger), bounding (a harder than normal pulsation against your finger), or absent
(lack of pulsation against your finger). A normal pulse is indicative of normal stroke
volume. Weak pulses are concerning for decreased stroke volume, poor contractility, or
peripheral vasoconstriction. It should also be noted whether or not pulse deficits
(absent pulses during cardiac contraction) are present, as they are also an indicator of
inadequate stroke volume. Bounding pulses are reflective of systolic-diastolic
difference in arterial blood pressure, which is concerning for increased stroke volume
and vasodilation. Absent pulses indicate a failure in appropriate peripheral perfusion.
Contractility refers to the strength of contraction of each heart beat. In addition to
noting the HR during auscultation, it should also be noted if there are any
irregularities, which can indicate an arrhythmia and would warrant performing
further diagnostics, such as an electrocardiogram (ECG). Use of an electrocardiogram
(ECG) enables an evaluation of the heart’s electrical components, and is helpful in
determining if an arrhythmia is present. Being familiar with what a normal ECG
rhythm looks like is important to be able to recognize when an abnormal ECG rhythm
occurs. Common arrhythmias seen in critical care include tachyarrhythmias (sinus

tachycardia, VPCs, ventricular tachycardia, SVT, atrial fibrillation) and bradyarrhythmias
(sinus bradycardia, AV blocks, atrial standstill, sick sinus syndrome, bundle branch blocks).
Blood Pressure
Arterial blood pressure monitoring can be very useful in critical care cases. Blood
pressure (BP) is reflective of appropriate cardiac output and perfusion; maintaining a
systolic BP > 90mmHg or mean BP > 60mmHg is essential for maintaining organ
perfusion. Blood pressure is most easily measured via non-invasive indirect methods,
such as oscillometric or Doppler technique. It is important to use the appropriate cuff
size (approximately 40% of the limb circumference) as well as use the same limb for
each measurement to ensure consistency and accuracy of results. In critically ill
patients, hypotension is more common than hypertension. Hypotension is caused by
decreased cardiac preload, or decreased venous return. Examples of disease processes
that can cause hypotension include hypovolemia, GDV, anaphylaxis, sepsis, SIRS,
pleural space disease and heart disease. Trends in blood pressure readings are more
important than a one-time measurement. Other methods of monitoring perfusion
besides BP include mentation, heart rate, pulse quality, mucous membrane color,
capillary refill time, and extremity temperature.
Oxygenation & Ventilation
Pulmonary function can be compromised in critically ill patients for a variety of
reasons, and assessing respiratory parameters is vital. Ventilation is the process of
appropriate gas exchange within the alveoli; oxygen is inhaled and carbon dioxide is
exhaled. Oxygenation refers to how well oxygen is diffused from the alveoli, bound to
hemoglobin, and dissolved and delivered to bodily tissues. The “gold standard” for
measuring oxygenation and ventilation status is through arterial blood gas; however,
this is not always a feasible option. Alternatively, parameters such as respiratory rate,
respiratory effort, respiratory character, lung auscultation, pulse oximetry and venous
blood gas can be used. Pulse oximetry (SpO2) is an easy, noninvasive means to
measure the oxygen saturation of hemoglobin. A venous blood gas allows for
measurement of CO2, which is the parameter that indicates appropriate ventilation.
For patients who are not oxygenating well (i.e. SpO2 < 95%), supplemental oxygen
therapy may be necessary. For patients who are not ventilating well (i.e. CO2 >
60mmHg), intubation and manual/mechanical ventilation may be necessary. Another
tool worth mentioning is the oxyhemoglobin dissociation curve. The curve depicts the
relationship between oxygen hemoglobin saturation and partial pressures of oxygen.
The curve is determined by hemoglobin’s affinity for oxygen (how readily hemoglobin
acquires and releases oxygen molecules). The relationship is sigmoid in shape, and
factors such as temperature, PCO2 and pH affect the curve. The curve shows that small
changes in hemoglobin saturation (SpO2) correlate with large changes (roughly 4x
lower value) in PaO2.
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better prognosis while a lower score will correlate with a poorer prognosis. This
scaling system is beneficial because it allows for an objective evaluation of the patient
that can be used to monitor progression or deterioration of their neurological state.
Any change in mentation (positive or negative) should be reported to the clinician and
warrants intervention.
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Electrolytes & Acid-Base
Electrolyte abnormalities are a common finding on lab work and can have harmful
consequences if not identified and corrected. Sodium, potassium, chloride, and
calcium should all be monitored and maintained within their normal ranges. They are
critical for cell function, cardiac performance, vascular tone, brain function,
neuromuscular activity, and fluid balance. Other electrolytes that should be
monitored, if possible, are phosphorus and magnesium. Changes in electrolytes can
manifest as changes in mentation (sodium), ECG rhythms (potassium, calcium), and
acid-base status (chloride).
Assessment of acid-base status gives insight into three physiologic processes: alveolar
ventilation (venous), acid-base (venous or arterial), and oxygenation (arterial). Venous
blood gas (VBG) analysis is arguably one of the most routinely used point of care tests
done in the critical care setting. A VBG is performed when there is a need to know
what a patient’s acid-base or ventilation status is. The results of a VBG gives the
veterinary team more information about the severity of a critical patient’s disease, so
that appropriate interventions (i.e. fluid therapy, electrolyte supplementation, oxygen
support) can be provided. When evaluating a patient’s VBG result, the values needed
for interpretation are pH, PCO2, and HCO3. The pH is a measurement of acidity or
alkalinity of the blood (how many hydrogen molecules are present in the blood). An
excess of hydrogen ions causes a decrease in pH (acidosis), while a shortage of
hydrogen ions causes an increase in pH (alkalosis). The PCO2 is a measurement of the
partial pressure of carbon dioxide in the blood. PCO2 is an indicator of the respiratory
component of a blood gas analysis. An excess of CO2 causes an acidosis, while a
shortage of CO2 causes an alkalosis. The HCO3 is a measurement of bicarbonate
(bicarb) in the body. Bicarb is a major buffer, and represents the metabolic component
of blood gas analysis. Acid-base disturbances in critically ill animals include metabolic

acidosis, metabolic alkalosis, respiratory acidosis and respiratory alkalosis. Metabolic
acidosis is the most common acid-base derangement in critically ill animals.
Glucose
Glucose is considered the body’s primary energy source, and is utilized by every cell.
Glucose is stored in the liver in the form of glycogen. Ideally, blood glucose levels
should be maintained between 65-120mg/dL. Alterations in blood glucose (BG) can
occur from many disease states/processes. Hypoglycemia can be caused by excess
insulin (i.e. overdose, insulinoma), toxins (i.e xylitol), hepatic disease, metabolic disease
(i.e. hypoadrenocorticism, Fanconi syndrome), or sepsis. Hyperglycemia can be caused
by lack of insulin (i.e. diabetes mellitus, DKA), neurological disorders, or renal disease.
In critical illness, hypoglycemia is more common than hyperglycemia. Depending on
the disease state, frequent blood glucose monitoring may be necessary, in which case
placement of a sampling catheter may be worthwhile.
RBCs & Hemoglobin
Red blood cells (RBCs) contain hemoglobin, and are therefore responsible for carrying
and transporting oxygen molecules throughout the circulatory system; each
hemoglobin molecule can carry four oxygen molecules. Maintaining adequate
hemoglobin levels is therefore essential to maintaining adequate oxygen delivery.
Measuring packed cell volume (PCV) is a quick and easy test to measure the
concentration of RBCs. In critical patients, a decrease in RBCs can become lifethreatening due to impaired perfusion and lead to multiorgan dysfunction. The
kidneys respond to decreased oxygen delivery from anemia by releasing
erythropoietin, a hormone which stimulates production of RBCs by the bone marrow.
The spleen is responsible for storage and removal of old or damaged red blood cells. If
anemia is present and associated with clinical signs (tachycardia, tachypnea, lethargy,
altered mentation), administration of blood component therapy (i.e. whole blood,
packed red blood cells) may be warranted. Administering blood products is not a
benign therapy; it requires blood typing and cross-matching to limit the chance of a
reaction, as well as frequent monitoring during a transfusion for signs of a reaction.
Coagulation
Coagulation is the process of clot formation within the vasculature. Coagulation
abnormalities occur in the critically ill due to disease processes affecting hemostasis.
These include thrombocytopenia, von Willebrand’s, hemophilia, hepatic disease,
rodenticide toxicity, or hypercoagulable states (i.e. Cushing’s, IMHA, sepsis). Evaluation
of clotting times (PT, aPTT) requires specific blood draw techniques to ensure accuracy.
It is also necessary to monitor for signs of hemorrhage, which include petechiae,
ecchymoses, hematuria, or bleeding from incisions and wounds. In cases of severe
coagulopathy, it may be indicated to implement blood component therapy (i.e. fresh
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Body Temperature
Body temperature is part of the initial clinical examination and should be measured
regularly in every critically ill patient. Temperature is most accurately measured via
rectal thermometer, and fluctuations should be reported to the clinician.
Animals maintain their temperature within a range called the “set-point.” The
set-point is determined by the thermoregulatory center in the hypothalamus. When
an animal’s temperature rises or falls out of this range, the body reacts by increasing
or decreasing the core temperature in an attempt to return to the set point.
Hyperthermia can be attributed to environmental exposure (i.e. heatstroke), infectious
sources, inflammatory sources, or neoplastic diseases. Hypothermia can be attributed
to anesthetic recovery or systemic disease processes (i.e. cardiovascular disorders,
shock). Permissive hypothermia is sometimes tolerated in cases of traumatic brain
injury or head trauma, as lower temperatures decrease metabolic demands.
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Renal Function
The kidneys are vital to life and are responsible for many functions that help maintain
overall homeostasis. Their functions include fluid regulation, hormone production,
and excretion of metabolic waste products. They maintain the volume and
composition of body fluids (water and electrolyte balance), they absorb solutes
(proteins, amino acids, glucose), and they remove metabolic waste from the body
(urea, uric acid, creatinine). The kidneys receive approximately 20-25% of overall
cardiac output and help maintain arterial blood pressure, and therefore are
susceptible to damage/injury during periods of poor perfusion. When any of the
kidney’s functions become disrupted, there can be systemic consequences. A common
disease process in critically ill patients is acute kidney injury (AKI). Acute kidney injury
(AKI) is a clinical syndrome, defined as a rapid deterioration in kidney function
resulting from injury. Azotemia is recognized by abnormally high concentrations of
body waste compounds within the blood, primarily blood urea nitrogen (BUN) and
creatinine. Azotemia from AKI can further be grouped as prerenal, intrinsic renal, and
postrenal, and is reflective of the type of AKI a patient is experiencing. Prerenal refers
to “before” the kidney, meaning injury is caused by other physiological factors in which
renal ischemia results (i.e. hypovolemia, dehydration, cardiac compromise, vasodilatory
diseases). Intrinsic renal refers to direct damage to the renal parenchyma (i.e. toxins,
infectious insult, neoplasia). Postrenal refers to “after” the kidney, meaning there is an
obstruction or impediment in the outflow of urine that prevents urine from being
eliminated from the body (i.e. urethral obstruction, urolithiasis, trauma). Urine output
(UOP) should be closely monitored in the critically ill, as decreased urine output can
also be indicative of impaired renal function. Normal UOP in a well-perfused, hydrated
animal should be between 1-2ml/kg/hr. During states of abnormal UOP (i.e. polyuria,
oliguria), urinary catheters should be placed and maintained to obtain a more
accurate assessment of UOP. Other renal parameters to monitor include serial body
weights, auscultation, and bloodwork to evaluate renal values.
GI Motility & Integrity
It is not uncommon for critically ill patients to initially present in a state of shock.
Shock states result in perfusion priority being given to vital organ systems (brain,
heart, lungs), which means other organ systems like the GI tract suffer. Hypoperfusion
to the GI tract can contribute to increased intestinal permeability, which can lead to
bacterial translocation and potentially sepsis. Common diseases associated with
gastrointestinal dysfunction are parvovirus, hemorrhagic gastroenteritis, ileus, foreign
body obstruction, gastric ulceration, gastric atony, IBD, PLE, and secondary disease

states (i.e. pancreatitis, cholangiohepatitis, hepatic lipidosis). The use of prokinetics,
such as metoclopramide, can help enhance motility. Gastroprotectants, such as
famotidine, pantoprazole, ondansetron, and sucralfate, can all be used to decrease
acid secretions and limit the likelihood of ulceration. Antiemetics, such as maropitant,
should be used to curb nausea.
Nutrition
Nutrition is probably the most overlooked aspect of caring and managing critically ill
patients. As veterinary medicine has advanced, so has the outlook on providing
nutritional support to our patients. Nutrition should be provided to every patient, every
time, as it is necessary for recovery from all disease processes. The methods of providing
nutrition in a hospital setting include enteral and parenteral nutrition. Enteral
nutrition is when nutrition is provided via the GI tract. The use of nasoesophageal and
nasogastric feeding tubes are minimally invasive, relatively short-term methods of
providing nutritional support; bolus feeding or trickle feeding options are available.
Additionally, esophagostomy tubes can be surgically placed for more long-term
nutritional support. For enteral nutrition, the patient’s resting energy requirement
(RER) should be calculated and feedings should be started at 1/4 to 1/3 RER. One potential
complication of enteral nutrition is refeeding syndrome, which is a potentially lifethreatening catabolic state in which there’s a rapid shift of intracellular electrolytes,
causing hypokalemia, hypophosphatemia, and hypomagnesemia. Parenteral nutrition
is when nutrition is provided intravenously. Parenteral nutrition can further be divided
into partial parenteral nutrition (PPN) or total parenteral nutrition (TPN). Strict sterile
technique is required when placing IV access for parenteral nutrition. One advantage
to PPN/TPN is that the nutritional formulation can be custom made (dextrose, lipids,
amino acids, electrolytes, vitamins) based on the patient’s specific needs.
Immune Status
The function of the immune system is to protect the body from invasion of foreign
microorganisms. The immune system of the critical patient can be affected by patient
factors, disease factors, and environmental factors. These factors include
immunosuppression (i.e. leukopenia, undergoing chemotherapy), GI dysfunction (risk
for bacterial translocation, aspiration, malnutrition), drug suppression, autoimmune
disease processes, wound contamination, indwelling catheters/tubes/drains,
infectious agents (i.e. zoonotic diseases), and nosocomial infections. Monitoring
should include evaluation of white blood cells (i.e. daily CBC, daily blood smear),
submission of culture and susceptibility, body temperature (monitor for fever), and
daily assessment of wounds and/or insertion sites (i.e. incisions, IV catheter insertion
sites) for signs of infection (discharge, odor, heat). Ideally, gloves should be worn with
every patient and changed between patients. Use of antibiotics should be carefully
chosen so as not to contribute to antibiotic resistance.
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frozen plasma). Another concern in the critically ill is the development of
disseminated intravascular coagulopathy (DIC). DIC is a systemic activation of
coagulation that leads to widespread microvascular thrombosis.
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Wound Care & Bandages
Wound care involves not only wounds or bandages from incisions or lacerations, but
also insertion sites. Any incision should be inspected daily for signs of infection or
dehiscence; any dressings over an incision should be changed when soiled. Any
wounds that have bandages should also be inspected and changed daily. IV catheter
sites should be broken down, inspected and re-taped daily; any sign of infection, loss
of patency or inflammation and the insertion site should be removed and replaced.
Any tube insertion sites (i.e. feeding tubes, chest tubes, penrose drains, etc.) should be
inspected for patency and gently cared for. During handling of any wound or bandage,
gloves should be worn always.
Pain Control
Being able to recognize, evaluate and alleviate pain is integral in the well-being of our
patients. Over the last several years, the concepts of pain and pain management have
become more prevalent within the veterinary field. Within emergency and critical care,
the physiology, recognition, and management of pain has been given more research
and attention. The International Association for the Study of Pain defines pain as, “an
unpleasant sensory and emotional experience associated with actual or potential
tissue damage”. Nociceptors (pain receptors) are present in the nervous system and
become stimulated by a noxious stimulus (stimulation of a nerve ending). Nociception
is the sensory process that involves a series of electrical events that start at the site of
tissue injury, convey signals to the central nervous system, and result in the perception
of pain. Nociception is essentially the pain pathway, and can be broken down into four
processes: transduction, transmission, modulation and perception. A noxious stimulus
occurs at the site of tissue damage, which initiates the transduction process the pain
pathway. Transduction is the conversion of physical energy into electrical energy by
the nociceptor. The electrical energy then becomes a nerve impulse that can travel in
the pain pathway along the nervous system. Transmission is propagation of the
electrical nerve impulses in the nervous system. This moves the nerve impulse from
the site of tissue damage to the spinal cord. Modulation is amplification, inhibition or
suppression of nerve pain signals within the spinal cord. Perception is the integration,

processing and recognition of nerve signals in the brain. Perception is how the animal
feels pain and is a subjective experience. Signs of pain can be classified as either
behavioral (i.e. vocalizations, inability to rest, agitation, change in temperament, drop
in activity level, insomnia, inappetence, immobility) or physiological (i.e. tachycardia,
tachypnea, hypertension, hyperthermia, increased metabolic rate, decreased GI blood
flow, immune-suppression). Pain assessments should be included in the physical
assessment of a patient. Monitoring for changes in pain using pain scoring systems is
a great way to determine if pain is being managed appropriately or if additional pain
relief therapies are needed. Pain, if left unidentified/untreated, leads to greater
morbidity, mortality, and suffering.
Nursing Care & Tender Loving Care
Providing nursing care to the critically ill involves a skilled, knowledgeable, attentive
and trained nursing staff. Nursing care are all the things that go above and beyond
and that might not explicitly be listed on the treatment sheet. Things like giving soft/
plush bedding, physical therapy for recumbent patients, warming up food, providing
urinary catheter care, ensuring cleanliness/baths, giving “privacy screens” for timid
patients, applying eye lubrication for patients in oxygen kennels, flushing IV catheters
to ensure patency when not on IV fluids, evaluating pain scores, etc. It is our job to care
for our patients and be their advocate. All patients should be handled and spoken to
kindly in order to help minimize stress and anxiety that can develop in a hospital
setting. Taking the extra time to love and snuggle on your patients gives us a mental
break and helps patients feel better.
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Drug Dosage & Metabolism
Pharmacokinetics is a branch of pharmacology that’s concerned with how drugs move
within the body; the processes include absorption, distribution, metabolism and
excretion. The medications of each patient should be reviewed daily to assess drug
doses, dose frequency, and drug interactions. Medical calculations should also be
double checked prior to administering medications to prevent over/under-dosing,
especially as patient weights can change while hospitalized. Patient considerations
should also be reviewed, such as patients with renal/hepatic disease that may have
altered metabolisms, or determining if a patient still requires a medication.
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Eleanor Haskey, RVN, BSc(hons), PGCertVetEd, VTS(ECC), VPAC, A1
Royal Veterinary College, London, United Kingdom
Patient handovers are a complex activity performed in veterinary and human
healthcare which are a vital component of a patients journey through the hospital.
CanMEDS 2015 Framework defines patient handovers as a “temporary or permanent
transfer of responsibility and accountability for some or all aspects of care for a
patient or group of patients ... using both verbal and written communication.”
In 2006, The Joint Commission (TJC) reported that 65% of adverse patient events were
caused by communication errors and at least half of those errors occurred during
patient handovers. This miscommunication can lead to a wide range of complications
which can increase the risk of morbidity, mortality, hospital stay and cost of treatment.
In 2010, TJC established a standard: The organisation’s process for hand-off
communication provides for the opportunity for discussion between the giver and
receiver of patient information. This topic is of increasing interest, with an explosion of
research being undertaken into effective handovers and the addition of effective
communications skills into junior doctor training programmes. Whilst there is currently
no consensus or guidelines for veterinary handovers, this creates the opportunity to
draw on similarities and best practice highlighted within the human literature.
When reviewing patient handover practices, consideration should be given to who
should be involved (outgoing and incoming nurse team), when the handover should
take place (at shift changeover), where it should take place (cage side), how it should
happen (face to face) and what information needs to be handed over (standardised
format). Whist shift changeover handovers are the most commonly used in the
veterinary clinic, there are a numerous situations when patient care and accountability
needs to be transferred such as perioperative/intraoperative handovers, handovers
during shifts, handovers to other teams/departments and handover to other clinics
(first opinion to OOH to referral). In addition to the differences in specialties and
subspecialities, the principles of achieving a successful handover can be applied
across the board.
Many barriers and challenges have been identified which contribute to an ineffective
handover such as; interruptions and distractions, multi-tasking, hierarchical
differences, fatigue, ambiguous team membership or roles, passive listening, time
pressures, language and training. Some of these issues are easily resolved for example,
setting out ground rules during patient handovers, having clear structure, building a
process that aligns with the clinic/team/situation and team training. It should also be
acknowledged that many veterinary nurses are not formally taught how to deliver an

effective patient handover during their training, despite handovers playing an integral
role in ensuring communication across the team is clear and accurate.
There are a number of structures which are used in the human medical healthcare
field with ISBAR (identification, situation, background, assessment, recommendation)
receiving endorsement from the World Health Organisation. There is a consensus that
the following information should be included in the patient handover:
• signalment/demographic information
• illness severity
• admission diagnosis
• relevant medical history, including code status
• active issues
• a specific to-do list with timeline and ownership (including follow-up of any pending
investigations)
• anticipated issues and contingency plans
• readback of key information
In addition to the format of the handover, there are other behaviours that can impact
the success of information transfer between teams. A study in 2017 carried out a
survey to describe the key communication behaviours identified by nurses that
contributed to a competent patient handover at shift change. Streeter and Harrington
(2017) published the following suggestions for best practice:
• Outgoing nurses – should present pertinent, accurate, patient information in an
organised format, making use of a local checklist or structure. The outgoing nurse
should also encourage clarification from the incoming nurse.
• Incoming nurses – should ensure to listen and pay attention to the handover. They
should ask questions and consider making notes during the handover. They should
foster a respectful and supportive environment.
• Additional considerations – features reported of the ‘best’ handovers were that they
were in a bedside location and quiet environment with minimal distractions/
interruptions. It was the responsibility of the team to work on building trust and a
good rapport by greeting each other, speaking clearly and slowly, thanking each
other for their work and withholding criticism. Irrespective of the structure there
should be clear recommendations or outstanding tasks highlighted, with the
opportunity for a readback, questions or clarifications.
Whilst we do not know the full impact of handovers and their relation to adverse
events in the veterinary field, there is likely room for improvement in how we transfer
information about patients. When looking to implement a change to the current
handover process, there should be a meeting to engage the team to discuss the
positives that could be achieved by implementing a different method. This engagement
allows team champions who are passionate about the idea to be identified. There
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should be a review of what resources are available and what the actual and perceived
barriers might be so that the new process can be robust. After an agreed trial period of
using the new handover format, an audit can be carried out to assess the strengths/
positives and weaknesses/negatives. This allows for further team input and engagement
and a continual cycle of adapting the process to suit the requirements of the clinic.
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Throughout the human field it is widely understood that the transition from newly
qualified nurse to a competent and confident nurse requires additional time and
support. In the speakers experience nurses who feel supported are more likely to stay
within the practice and actively seek guidance when needed.
Preceptorships (a period of structured transition of guidance and support) are
established in the human industry for both nurses and midwives. The goal of the
preceptorship is not to repeat the teachings of the qualification but to provide the
nurse with the confidence and ability to work competently within the code of conduct.
It is accepted that preceptorships are not only a benefit to the nurse by increased job
satisfaction but improve retention and reduce turnover.1,2
There is responsibility shift upon qualifying, within the UK the legal requirement for
supervision is removed and registered veterinary nurses (RVNs) can work without
supervision within the requirements of Schedule 3.
Within the UK veterinary industry there is an understanding of the support required
for the new graduate vet, the Royal College of Veterinary Surgeons has recently revised
the post registration training pathway to include a more holistic approach to their
support in the first year. This support is less established in the nursing sector.
With newly qualified nurses keen to embark on a career within the referral sector
thought must be given to how we support and ease this transition. One area of the
hospital that can be especially challenging for a newly qualified RVN is the High
Dependency Unit (HDU).
As well as the complex and critical patients there is also a plethora of new equipment
to become familiar with. When we first introduce a nurse to the HDU we need ensure
we assess their current knowledge and understanding. Assessment of the starting
point is crucial for successful learning.3 Once we have assessed this, we are able to
create a framework of learning that allows them to build on their knowledge and
grow their confidence.

We should consider the following training methods:
• Skills scanning and reassessment of confidence levels with these skills.
• Introducing the relevant Standard Operating Procedure.
• Equipment walkthrough and demonstrations.
• Explanation of required paperwork, hospital sheets as an example.
• Allocation of trained mentor or a preceptorship.
• Training activities around conditions found in HDU - for example small group
lectures, worksheets, delivery of case analysis.
• Cardiopulmonary resuscitation (CPR) training including simulations.
• Opportunity to shadow experienced RVNs.
Once the above has been covered and the RVN has the foundations of a good level of
understanding they can continue to grow in their abilities and confidence by
appropriate allocation of cases. This should be done by an RVN with an excellent
understanding of the caseload, the needs of the patient and the skills level of the
newly qualified RVN.
Without this joined up approach the newly qualified RVN may struggle to grow in
confidence and at worse patient safety will be compromised.
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Within the veterinary emergency and critical care setting leadership is likely to be
dynamic, ultra-adaptive, shared and situational. Leadership within this setting is not
solely reserved for those in positions of responsibility. Each member of the team is
required to feel prepared to ‘step up’ to lead in the moment, this may be in response to
a patient requiring resuscitation or to ensure that tasks are assigned and completed.
Team leadership is about directing and coordinating the activities of team members;
encouraging them to work together; assessing performance; assigning tasks;
developing team knowledge, skills and abilities; motivating; planning and organizing;
and establishing a positive team atmosphere.(Salas et al, 2004)
Effective leadership has been shown to be crucial for maintaining safe performance in
the workplace (Hofmann and Morgeson, 2004; Glendon et al., 2006). When
researching the attributes of effective team leaders, NASA found that appropriate
assertiveness, communication of task responsibilities and expected norms, involving
all resources, establishing authority, modelling appropriate behaviour and balancing
responsibility were all required within the role.
Leadership is recognised as an important non-technical skill which has been widely
researched. Flin, O’Connor and Crighton, (2008) suggested that it can be broken down
into four skills elements; effective leaders should be able to use authority, when
necessary, maintain standards, plan and prioritise, and manage workload and
resources. In addition to NASA and Flin, O’Connor and Crighton’s research, it is
recognized that many other attributes are required by leaders including excellent
communication skills, empathy, compassion, kindness, self-awareness, good
situational awareness, humility and the ability to sustain emotional wellbeing.
The journey to becoming a confident leader may begin with exploring personal core
values and comparing them to workplace core values to ensure that they are aligned,
realizing personal strengths and weaknesses, and considering the theories and styles
of leadership. It is also important to develop understanding and practice vital skills
which will ensure that all team members have the ability to lead with confidence.
Such skills include:
• Aspiring to create and maintain psychological safety and trust within their teams to
ensure that each member of the team feels safe to raise questions, concerns and
give feedback. Amy Edmondson describes psychological safety as “a shared belief

that the team is safe for interpersonal risk taking.” It was identified by Google at the
most important aspect of building a successful team as part of a two-year study
‘Project Aristotle’ and was found to underpin the other four key dynamics required
for high performing teams: dependability, structure and clarity, meaning of work and
impact of work. Through developing an understanding of the importance of
psychological safety comes a comprehension of what it means to be human and
how our emotions can be hijacked due to the perception of a threat causing a primal
response. By understanding how this process occurs we can support those we are
leading to ensure that interventions are implemented which can reduce the
occurrence of this response and ensure that patients are not adversely affected by
the cognitive limitations of those caring for them.
• Becoming an excellent communicator through practicing active listening,
compassion, empathy, humility and appropriate assertiveness. Compassionate
leadership is described by the Kings Fund as ‘building connection across boundaries,
ensuring that the voices of all are heard in the process of delivering and improving
care.’ Compassionate leadership means creating the conditions; through consistently
listening, understanding, empathizing and helping, to make it possible to have
tough performance management and courageous conversations when needed.
Compassionate leadership ensures a collective focus and a greater likelihood of
shared responsibility for ensuring high-quality care.
• Understanding how to delegate successfully, engage and motivate others and
manage time efficiently are key skills for leaders which must be developed over time.
Recognising the importance of shared leadership, the concept of distributing
leadership roles and responsibilities across a team, rather than restricting them to
those in position of authority (Ballantyne, 2019), acknowledges the increasing
complexity and rapid evolution that practices, and processes undergo and
encourages team members to lead in the areas that they demonstrate excellence in.
• Appreciating that the veterinary emergency critical care setting is described as an
‘ultra-adaptive’ environment (Vincent and Amalberti, 2016) and as such requires a
particular approach if risk of avoidable harm to patients is to be reduced to an
acceptable minimum. When it comes to leadership this requires all members of the
team, particularly those in decision-making roles, to be able to continuously assess
the environment and utilize situational leadership. This approach ensures that
methods such as delegation, coaching and directing are used appropriately and
dynamically as required. It is also a means of ensuring that the needs of the task and
the team are considered and met accordingly. Also associated with the discussion of
leading in a dynamic environment is how to clarify roles when emergency and
unexpected events occur. As they cannot be a procedure/protocol for every situation
there needs to be a clear communication structure which ensures clarity of
responsibility and decision-making in challenging and complex situations.

EVECC CONGRESS 2022

Veterinary leadership

Thursday 2 June 2022 | Nurse stream

EVECC CONGRESS 2022

References
Ballantyne, H., 2019. Leadership for frontline veterinary nurses: the theory. Veterinary
Nursing Journal, 34(3), pp.69-71.
Edmondson, A.C., 2018. The fearless organization: Creating psychological safety in the
workplace for learning, innovation, and growth. John Wiley & Sons.
Flin, R., O’Connor, P. and Crichton, M. (2013) Safety at the sharp end: A guide to NTS,
Safety at the Sharp End: A Guide to NTS.
Glendon, A.I., Clarke, S. and McKenna, E., 2016. Human safety and risk management. Crc
Press.
Hofmann, D.A. and Morgeson, F.P., 2004. The role of leadership in safety. Re: Work,
Google, Project Aristotle available at https://rework.withgoogle.com
Salas, E., Burke, C.S. and Stagl, K.C., 2004. Developing teams and team leaders:
Strategies and principles. Leader development for transforming organizations:
Growing leaders for tomorrow, pp.325-355.
The Kings Fund, Compassionate and Inclusive Leadership, www.kingsfund.org.uk/
topics/organisational-culture/compassionate-inclusive
Vincent, C. and Amalberti, R., 2016. Safer healthcare: strategies for the real world (p. 157).
Springer Nature.

Thursday 2 June 2022 | Nurse stream

Helen Silver-MacMahon MSc (Dist.) PSCHF, Cert VNECC, Dip AVN (surg), Cert SAN, RVN
VetLed, University of Lincoln, Bury St. Edmunds, Suffolk, United Kingdom
In this session we will explore evidence-based tips and tools to improve patient safety
in the ultra-adaptive, veterinary, emergency care setting.
Veterinary healthcare is described as a complex sociotechnical system; it is dynamic,
unstable, and constantly changing with multiple factors which must be considered
when problem solving. The emergency and critical care setting epitomises this type of
system and must strive for excellent patient safety whilst remaining ultra-adaptive.
By considering the type and nature of work that is carried out in any setting it is
possible to fully consider safety and therefore implement effective strategies to prevent
adverse events occurring and to improve the efficiency and performance of teams whilst
ensuring their health and wellbeing is attended too.
By seeking to understand the lessons learned by other safety critical industries such as
aviation, nuclear power, and healthcare we can successfully translate them to provide
effective solutions to patient safety challenges.
For all veterinary professionals the desired result of their work is likely to be excellent
patient outcomes. To achieve this, it is vital to look beyond excellence in clinical skills
and knowledge and consider the nontechnical or non-clinical skills required, the
health and wellbeing of the team, the systems and process which support the work
and the culture of the team and organisation.
Within veterinary teams it is commonplace to work with different people, different
combinations of people or perform different tasks/roles within your team and this
may vary from day to day. This is a concept known as Teaming which is collaboration
and coordination to get important things done without the luxury of stable membership
(Edmondson). Professor Amy Edmondson has considered this extensively in her research
and suggests three things that we can all do to team more effectively:
• Let go of the need to have all the answers.
• Make time to connect.
• Be curious and welcome curiosity.
Implementing Edmondson’s advice consistently is shown to improve teamwork,
collaboration and efficiency and begins with a briefing at the start of every shift.

To ensure good teamwork, leadership and communication and to guarantee that
patient safety is maintained the Clinical Human Factors Group advise that the whole
team is briefed, even if rapid and short. Leaders should encourage psychological safety
by being open and inclusive; asking questions first and leading second and should
encourage their team to speak up with questions, concerns and feedback. (CHFG,
2020). During the briefing the team should work together to consider any challenges
that they might face and plan the shift ahead.
When planning the shift, HALT (VetLed, 2022) should be implemented, and breaks should
be planned for all members of the team. Those breaks should then be prioritised, and
team members should support each other in pausing to rest, eat, drink, alleviate stress
and recognise how they are feeling. It may also be advantageous to plan a debrief for
the end of the shift to enable the team to learn from experiences and maintain
wellbeing. By using a hot debrief framework such as STOP5 (Walker et al, 2020),
checking everyone is ok, summarising the shift or a patients journey and the things
that went well whilst recognising areas where learning or improvement might be
required, the team can begin to make sense of what happened. This is particularly
important after challenging or upsetting events and reduces the incidence of
psychological harm, moral injury or becoming second victims. Cold debriefs (held in
the subsequent days or weeks) such as learning discussions and significant event
audits can also be powerful aids in ensuring continuous improvement and supporting
a learning culture.
Throughout the emergency shift it is essential to consider tools, care bundles and
protocols which can be implemented to ‘make it easy to do the right thing’. These might
include the five rights of medication administration which is recommended to reduce
medication errors and harm and asks anyone administering medication to check that
they have the right patient, right drug, right dose, right route and the right time of
administration before they give the medication. Within human healthcare Checklists
for Central Line insertion have been shown to reduce central line- associated infections
and therefore veterinary ICU placement checklists have been developed to use when
central lines, PICC lines, arterial catheters, chest drains, and oesophageal tubes are placed.
It is also important to consider the impact that communication can have on outcomes;
The Joint Commission reported that in the in the United States communication was a
root cause of nearly 70% of adverse events reported to the organization between 1995
and 2005 (Murphy and Dunn, 2010). To improve communication within teams several
small but highly effective changes have been shown to reduce error. The use of
closed-loop communication, (a three-step communication process which is based on
verbal feedback to feedback to ensure proper team understanding of a meaningful
message. (Salik and Ankhurst, 2020)), knowing the first names of people in the team,
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and using appropriate assertiveness are three such, easy to implement strategies
which improve communication, flatten hierarchy, reduce confusion and improve moral.
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Despite nursing care plans (NCPs) and bundles being an accepted part of human
nursing there is still some reluctance to use care plans within the veterinary setting.
However, when nursing complex and critical patients these documents can be invaluable.
One stark contrast is that within the human field the patients are an active part of the
care planning process, unless they are unable to be so, and it’s reported that the
process of planning can be more valuable than the end product. This process enables
the patient and their family to strengthen bonds with each other and the clinical teams.1
Whilst the patient isn’t actively able to contribute within our profession consideration
must be given to the benefits it brings by the professional interdepartmental
conversations that need to occur with our critical patients. Thought could also be
given to the value that could be given to our clients if we were to actively involve them
in the care planning process.
With a critical patient it can be easy to become focused on the more urgent care
needs and some care needs may be overlooked.2 Those needs can impact the patient’s
recovery and transition home so we cannot afford to not consider them.
A large part of critical nursing is the reassessment with the goal to return to normality,
but if we do not know what normal is what are we aiming for? Establishing what normal
looks like for a patient can require questioning and discussion with the patient’s owner.
This stage is the start point of any NCP but with patients who present in an emergent
state it can challenging to pinpoint the time to do this. It is worth remembering the
human field have identified this process as one that is comforting to the loved ones.
We should not underestimate the benefit of an NCP. Particularly with a complex case a
systemic and analytical approach to patient care will allow us to consider all aspects
of the patients care and encourage active discussion. It has been concluded that the
benefits to the patient far outweigh the time taken to complete an NCP.3
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The following description reflects the daily practice of the management of the cardiac
surgery patient as practiced in the intensive care of the Erasme Hospital associated
with a reminder of the hemodynamic functions. The normal expected evolution as
well as the evolution related to complications will be discussed. The monitoring of the
cardiac surgery patient will be reviewed on a point-by-point basis following the
definition of the types of cardiac interventions as well as the use of cardiopulmonary
bypass (CPB) and post-operative medical treatments.
The management of the cardiac surgery patient can be carried out according to a
conventional approach by invasive sternotomy (open heart surgery) or less invasive by
mini-thoracotomy or without CPB (« Off-pump “ surgery, also called “beating heart
surgery,” takes place while the heart is still beating, and does not use CPB).
Cardiac surgery procedures include coronary artery bypass graft (CABG), valve
replacement or plasty, Bentall, ventricular aneurysm resection, placement of internal
defibrillator and/or internal pace maker and finally heart transplant.
Conventional, invasive surgery requires the use of CPB to stop and cool the heart.
The use of heart-lung machine can lead to postoperative complications, which have
led to the development of less invasive techniques.
On admission to ICU, the patient is in a pharmacological comas state and is mechanically
ventilated. Cardiac surgery patient can be characterized by two main aspects : the
surgical procedure and hemodynamic (HD) monitoring.
Once installed, patient management includes:
• Hemodynamic monitoring by means of various catheters (Art KT, Swan ganz,..)
• Blood gas monitoring
• Monitoring of post operative losses: via surgical drains (hemorrhagic signs).
Management includes basic nursing care:
• Maintaining skin integrity
• Catheter fixation and of tracheal Tube
• Surveillance of the surgical site
• Chest drainage.

The normal expected evolution of the patient consists in mechanical ventilation
weaning and extubation on day 0 and switch from intravenous to oral treatment.
The patient usually returns to his room on day 1.
The nurse’s role is to:
• Provide ongoing monitoring.
• Detect early signs of tampering.
• Proactive role in passing on information’s to the physician and anticipate
complications.
Complications that may occur are either cardiac or extra cardiac:
• low cardiac output, arrhythmias, conduction disorders
• pulmonary
• hemorrhagic
• ischemic, heart attack
• digestive
• neurological.
The management of the ICU cardiac surgery patient implies knowledge of both
pathological and surgical processes and their implications in postoperatory evolution.
The nurse continued presence with the patient allows her to screen for abnormalities
and refer them to the physician. The ability of the nurse to detect early signs of
impairment is an optimal management. The technical assistance inherent in patient
monitoring should not take precedence over the importance of clinical observation.
The management of the ICU cardiac surgery patient is a whole combining knowledge
and experience.
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Is heparinized saline necessary to keep catheters patent?
Proper maintenance of peripheral intravenous (IV) catheter is critical in the treatment
of patients in critical care, used for fluid delivery, drug administration, blood product
transfusion, and parenteral nutrition. The best method in maintaining the catheter is
of interest, including catheter patency, maintenance protocol, and dressing methods.
Occlusion of IV catheters is a common complication that necessitates replacement of
the catheter and leading to additional patient discomfort and medical care cost. While
catheter material and patient-related factors can be contributors to clot formation,
one of the key elements to maintaining patency has been flushing of the catheter
with heparinized saline. The use of heparinized saline has associated concerns
including coagulopathy, drug incompatibilities, allergic reactions, thrombocytopenia,
and thrombosis syndrome.
The first veterinary study conducted to determine whether there is any difference in
effectiveness between heparinized saline and normal saline compared the use of 10
IU/mL heparinized saline with 0.9% sodium chloride. An 18-ga catheter of 1.25 inch in
length was placed in each test subject that were separated into three groups. The first
group had their catheters flushed with heparinized saline every 6 hours throughout a
42 hour period. The second group had their catheter flushed with normal saline every
6 hours throughout a 42 hour period. The third group served as a control group used
to determine the amount of time it took for a catheter to clot if it were not flushed.
Blood was attempted to be aspirated from the catheter prior to each flushing, and
also evaluated for any signs of phlebitis.
The study observed that all catheters of both treatment groups were able to be flushed
without any resistance or occlusion. The number of catheters that allowed for blood to
be aspirated back were higher in the heparinized saline group, but the difference was
not statistically significant (9 of 12 vs 5 of 12 at 42 hours, p = 0.065). No signs of phlebitis
was seen in any group. The authors concluded that the use of heparinized saline flushes
did not yield benefits when compared to 0.9% sodium chloride in maintaining
peripheral 18-ga catheters in a 42 hour period.
This veterinary study follows some of the human studies observing that intermittent
flushing of IV catheters with normal saline is as effective as flushing with heparinized
saline. It also suggests that 18-ga IV catheters might not require any flushing at all for
the first 24 hours. There are some studies, however, that observed heparinized saline
as being superior, muddying the waters on the issue. Some other limitations should

be considered, such as the duration of the study being 42 hours. Many catheters in
critical care settings are used longer than 42 hours, making information beyond 42
hours desirable before heparinized saline is replaced with normal saline completely
for flushing. The patency of the catheter was determined through a qualitative
evaluation of resistance by the investigators, and so objective measurements of clot
formation were available. The study also evaluated a single size of catheter, and the
data’s applicability to other sizes and lengths are uncertain. For example, studies
surrounding heparinized saline use in central venous catheters currently provide even
less definitive conclusions due to the variability in maintenance protocols in regards
to heparin concentration and flushing frequency. Other factors within the study that
can be different from clinical situations include the catheter diameter as well as the
disease state of the patient (hypercoagulable patients could be more prone to catheter
occlusion). A future study of longer duration measuring the effects objectively is
desirable to shed more light on the topic.
Should IV catheters be replaced routinely?
Hospital protocols often recommend replacement of IV catheters in a patient every
72-96 hours as it is thought to reduce the risk of phlebitis and bloodstream infections.
The US Centers of Disease Control guideline recommends replacement no more
frequently than 72-96 hours. Routine replacement of IV catheters exposes the patient
to additional stress and discomfort, venipuncture, and restraint. It also adds financial
burden to the owners or at the very least increased staff time and supply demand to
the hospital. More recently, many practices have instituted protocols calling for
catheter replacement only when clinically indicated, attempting to alleviate the
morbidity and costs associated with routine replacement. An assessment of the
effects of the two approaches would be beneficial in setting hospital protocols.
Numerous studies related to the topic has been conducted on human subjects, being
summarized as a systematic review through the Cochrane Collaboration. The systematic
review summarized that there were no significant difference in occurrence of catheterrelated bloodstream infection (CRBSI) for clinically-indicated or routine replacement
with 1 of 2365 and 2 of 2441 patients, respectively (p=0.64). There was no difference in
phlebitis seen with 186 of 2365 cases seen in clinically-indicated replacement and 166 of
2441 cases seen in routine replacement methods (p=0.75). Significant reduction of
catheter placement costs were seen in the clinically-indicated group, of approximately
AUD 7.00. The reviewers concluded that there is no clinically significant difference
between clinically-indicated replacement and routine replacement of peripheral IV
catheters.
Because there is no difference seen between the two methods, a recommendation can
be made to adopt a protocol to replace peripheral IV catheter only when clinically-
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Do antimicrobial impregnated central venous catheter supplies prevent CRBSI?
Central venous catheters (CVC) are often used in critical care for variety of reasons
including blood sampling, central venous pressure measurement, infusion of high
osmolarity fluid, simultaneous infusion of incompatible drugs through multiple
lumens, and parenteral nutrition. A major concern with placement and maintenance
of CVCs in a patient is the possibility of CRBSI adding to patient morbidity and
mortality. A variety of strategies have been adopted to prevent this common
complication, including catheter maintenance bundles, antimicrobial treatment of
the catheter, and antimicrobial treatment of catheter insertion site or dressings.
A Cochrane review of antimicrobial-treated (AMT) (antiseptic or antimicrobial
impregnation, coating, or bonding) CVCs compared the difference between AMT and
non-AMT CVCs, the difference between the effect of antimicrobial impregnation and
antimicrobial modification (antiseptic dressing, hubs, tunneling, needleless connectors,
etc), and any differences between identifiable subgroups such as length of catheter
use and practice setting. The review consisted of 16,784 catheters and 11 impregnation
types. The review summarized that catheter impregnation significantly reduced CRBSI.
However, it did not reduce the incidence of sepsis, mortality, and catheter-related local
infections. There were significant benefits seen in ICU settings when compared to
hematological and oncological units or CVC use for parenteral nutrition. AMT did not
affect the incidence of other adverse events such as thrombosis, thrombophlebitis,
bleeding, erythema, or tenderness at the insertion site.
A review of antimicrobial dressing in CVC placement in human infants saw that
chlorhexidine dressing/alcohol skin cleansing reduced catheter colonization in a
similar manner to polyurethane dressing/povidone-iodine cleansing, and was no
different in its effect on sepsis and CRBSI. Chlorhexidine dressing seemed to cause
higher incidence of contact dermatitis, however. Silver-alginate patches did not cause
adverse effects, but their efficacy is unclear. A separate review of dressing and
securement devices for CVCs evaluated various devices and their effect on CRBSI,

catheter colonization, site infection, skin colonization, skin irritation, failed securement,
dressing condition, and mortality. The review summarized that chlorhexidine gluconateimpregnated dressing reduced incidence of CRBSI and catheter tip colonization when
compared to standard polyurethane dressing. Medication-impregnated dressing reduced
CRBSI rate when compared with non-impregnated dressing. Of all, the use of sutureless
securement device was the most effective and chlorhexidine gluconate impregnated
dressing the second most effective in reducing CRBSI.
While the evidence evaluated by these reviews are of human subjects, some messages
can be extracted for potential benefits in the veterinary field. The use of AMT CVCs
might not be as effective as theorized as incidence of sepsis and mortality was not
significantly different. The use of antimicrobial-impregnated dressing should be
encouraged, and implementation of sutureless securement devices explored.
Implementation of antimicrobial-impregnated dressing is a relatively inexpensive
intervention available, and should be considered if current protocols include the use
of standard polyurethane dressing or gauze.
Should patients with gastroenteritis be fasted?
Patients exhibiting gastroenteritis with signs of vomiting and diarrhea are often
placed on a nil per os (NPO) nutritional plan as it is considered to be beneficial for the
patient. The reasoning behind this thought are various. One of which is the resting of
the bowels by minimizing stimulation for contractions, reducing fecal volume, and
frequency of defecation. Another is to reduce the chance of vomiting due to stimulation
through distension of the stomach. By fasting, the vomitus is thought to contain less
nutrients that can increase the chances of bacterial proliferation and pneumonia if
aspirated. The presence of undigested food in the gastrointestinal system is also
thought to have detrimental effects such as promoting bacterial proliferation and
secondary infections, or inducing osmotic effusion into the gastrointestinal lumen
leading to exacerbation of diarrhea. Offering of food while a patient is nauseated can
also lead to food aversion, contributing to the delay in regaining of appetite when the
patient is feeling less ill. Because of these reasons, a traditional approach to
gastroenteritis is to withhold food for 24-72 hours before offering food.
However, there are numerous veterinary studies that support the institution of
enteral nutrition early in the stages of hospitalization. A study involving patients with
hemorrhagic gastroenteritis having a hydrolyzed protein diet introduced early in
hospitalization observed that it did indeed increase the frequency of vomiting, but
only initially. These patients saw a reduction in the frequency of vomiting and
regained tolerance to feeding within 2 to 3 days. It is thought that the introduced food
serves as a prokinetic and thus reduces the amount of vomiting when compared to a
fasted state. Another study involved patients with parvoviral enteritis being split into
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indicated. Patients will avoid being subjected to unnecessary pain and the clients and
practice will not incur unnecessary drain on resources. There are currently no veterinary
evidence available to provide insight in our practice. There could be differences between
species or practice setting such as the higher tendency for veterinary patients to soil or
tamper with the catheter insertion site, and any unexpected differences in physiology.
With that said, many practices have instituted a clinically-indicated replacement
approach without subjective increases in complications. If the clinically-indicated
replacement approach is taken, structured protocols on routine inspection of the
catheter site of at least every 24 hours for signs of inflammation, infiltration, occlusion,
or infection should be followed.
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team. NG tubes had been avoided by some because of the potential for an increase in
the risk of regurgitation, gastroesophageal reflux, and resultant esophagitis or stricture
as the tube being placed across the lower esophageal sphincter prevents full closure.
NE tubes will allow these risks to be circumvented, though the potential for unintended
displacement of the tube might be increased, and NE tubes will also deny the ability
to decompress the stomach or measure gastric content that NG tubes provide. The
optimal type of nasoenteral tube chosen has been largely up to the clinician’s preference.

Providing nutrition early will also prevent patients from experiencing vigorous
peristaltic action that is described by people as “hunger pains”, as the presence of food
promote normal peristaltic action. The presence of volatile fatty acids such as
proprionic acid and butyric acid provides an acidic environment in the gastrointestinal
lumen suppressing the proliferation of pH sensitive pathogens such as Campylobacter
and Clostridium spp. likely having some beneficial effects in preventing secondary
bacterial infections. In terms of structure of the gastrointestinal mucosa, fasted
animals experience a reduction in villous height and crypt depth, decreased
antioxidant content in mucosal tissues, and increased induction of enterocyte
apoptosis. The gastrointestinal mucosa provided food will instead experience healthier
mucosal turnover and strengthening of the mucosal barrier. The gastrointestinal
mucosa seems to rely on luminal nutrients to passively obtain glutamine, amino acids,
essential fatty acids, folate, zinc, vitamin A, and vitamin B12, which are all necessary for
healthy mucosal turnover. Each of these factors serve to reduce chances of bacterial
translocation in patients provided nutrition. Presence of luminal nutrients also reduce
the expression of adhesion molecules and subsequent neutrophil sequestration and
activation, and keeps the function of T and B lymphocytes to produce IgA and cytokines
intact, providing benefits to immunologic functions.
These reasons support providing enteral nutrition as soon as fluid deficits are
replenished. Many negative effects of feeding can be alleviated through providing
smaller amounts of a highly digestible diet that is low in fat. Other evidence supports
the importance of earlier nutritional intervention in many critical illnesses.

A retrospective veterinary study evaluated the incidence of complications between the
two methods to determine any advantage of one over the other. The study evaluated
the occurrence of complications including epistaxis, vomiting, regurgitation, diarrhea,
clogged tube, tube malpositioning, aspiration pneumonia, hyperglycemia, and refeeding
syndrome. The study also evaluated differences including feeding method (bolus vs
CRI), amount fed (% RER), and administration of medications by tube. The study observed
no significant difference of complication rate between NE and NG tubes, nor other
factors (feeding methods, amount fed, and medications).

Nasogastric tube or nasoesophageal tube?
Nasoenteral tubes are used in hospitalized patients to provide enteral nutrition with
liquid diets on a short term basis, especially when anesthesia is undesirable.
Nasoenteral tubes can be inserted to be terminated either in the esophagus or the
stomach, called nasoesophageal (NE) and nasogastric (NG) tubes, respectively. Each of
these tubes are associated with shared complications such as epistaxis, dacrocystitis,
rhinitis, aspiration pneumonia, occlusion of tubes, diarrhea, vomiting or regurgitation,
and unintended removal.
The selection of NE versus NG tube placement is a choice presented to the veterinary

The lack of a difference seen in the study makes us think that there is likely no difference
between the placements of NE or NG tubes. While there is a possibility that subclinical
esophagitis existed, there were no patients that showed clinical signs of esophagitis.
There was a significantly higher amount of deaths seen in patients receiving NG tubes,
though this is likely to be attributed to NG tubes being utilized in more critically ill
patients and an artifact due to the retrospective nature of the study. Because NG
tubes provides the benefit of allowing gastric decompression and there seemingly
being no clinical signs of resultant esophagitis, clinicians should be feeling less
hesitation on using NG tubes over NE tubes.
Can RBCs be given through an infusion pump?
Whether there is an optimal method of red blood cell transfusion administration has
been a point of discussion. Studies evaluating the effect of various administration
methods on the integrity of blood cells exist, focused on the in vitro effect of infusion
pumps, measuring the degree of free RBC content (free hemoglobin, potassium,
lactate dehydrogenase, bilirubin) and osmotic fragility. The results vary from observing
significant increases to insignificant increase in values, while transfusions with red
cells with longer storage time resulting in a larger increase of hemolysis markers than
those with shorter storage times. The variability in results, in addition to the anecdotal
evidence of patients benefiting from RBC transfusions administered with infusion
pumps are a cause for varying opinions.
A study assessing in vivo survival time of RBCs infused with various infusion methods,
compared the use of gravity flow, volumetric peristaltic pump, and syringe pump in
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a group that was fasted, and a group that was given enteral feeding. The investigators
observed that patients that were fed stopped vomiting significantly sooner than
patients that were fasted, leading to the conclusion that early enteral nutrition is
beneficial for cessation of vomiting. However, food-high in fat, soluble fiber, or poorly
digestible starch can promote emesis instead. Gastric distention does contribute to
stimulation of vomiting as well. With these points in mind, feeding small, low fat
meals frequently is recommended.
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Labeled RBCs infused through gravity flow, volumetric pump, and syringe pump were
detectable in 100% (8/8), 50% (4/8), and 14.3% (1/7) samples, respectively posttransfusion. The quantity and half-life between RBCs infused by gravity flow and
volumetric pump that were detectable (4/8) were not different. The RBCs infused via
syringe pump detected at 24 hours post transfusion was no longer detectable at 7 days,
indicating complete removal of those cells from circulation sometime between 24 hours
and 7 days post transfusion. No differences were seen in in vitro values examined.
The study concluded that delivery of RBCs with a syringe pump and microaggregate
filter is associated with significant decrease in in vivo survival time. Volumetric pump
delivery was associated with a 50% probability of loss of transfused RBCs within the
first 24 hours, and gravity flow allowed for highest chance of RBC survival. The reason
behind this difference is speculated to be the mechanical shear damage to the RBC
membranes when transfused through the microaggregate filter, causing preferential
removal of damaged cells upon entry into the circulation and exposure to the
mononuclear phagocytic system. Though unconfirmed, there is a potential for
microclots to have formed in the blood during resuspension in sub-room temperature
plasma, which placed a higher degree of shearing stress on the RBCs going through
the filter, causing this effect. Early denaturation and oxidation of hemoglobin due to
the mechanical stress induced by syringe pump and volumetric pump methods,
leading to IgG binding to the red cell surface and removal from circulation, is another
possible cause for early removal
Small sample sizes limiting the power of the results is a common limitation in the
veterinary field, and this study is no exception. The results are most relevant to exact
methods used in the study, and we can only make speculations on alternate setups to
remove the use of microaggregate filters with the syringe pump (use of an in-line
pediatric 170-260 µm filter or extraction of blood through a 170-260 µm filter
administration set into a syringe, for example).

The authors of the study recommended against using a syringe pump with 18 µm
aggregate filters in the light of the results of their study, though considering the
limitations, drastic changes to clinical protocols was not stated to be necessary. The
current best practice considering this evidence would be to administer blood products
via gravity flow for larger volume, higher flow rate transfusions as long as consistency
in flow rate is monitored closely (as it can be influenced by catheter patency,
positioning and motion by the patient, and amount of blood left in the bag). The syringe
pump method is particularly useful when performing small volume transfusions such
as in felines. A similar study performed with feline blood stated their observation of
RBC survival time being unaffected by the syringe pump method.
There are a couple of infusion pumps approved for blood product, one of which is an
internal approval, and the other of FDA approval for human blood products. These pumps
could be the next best solution and validation with veterinary blood products is
warranted.
Premedicating reduces chance of reactions?
Premedication, or administration of antihistamines, glucocorticoids, or antipyretics in
anticipation of immunologic complications to counter histamine and inflammatory
mediators and suppress the effects, have been a traditional practice in transfusion
medicine. There are a number of human studies observing no difference in incidence
of type I hypersensitivity reactions (allergic reaction) or febrile non-hemolytic
transfusion reactions (FNHTR). Some clinicians reason that administration of
premedication potentially masks early symptoms of immunologic complications
delaying required interventions for treatment, advocating against it. Evaluation of the
difference in severity between recipients with premedication or without premedication
has not been performed, and remains a question whether this reasoning is valid.
Human evidence is unfortunately not always directly translatable into veterinary
practice, though expectations of similar physiological mechanisms exist. A recent
veterinary retrospective study evaluating the effect of premedication on acute
transfusion-related reactions saw no beneficial effect. There might be a beneficial
effect to administration of diphenhydramine in decreasing chances of acute allergic
reactions, though further studies were recommended by the authors since the
incidence of allergic reaction in the non-premedicated group was already low (2.6%).
Studies evaluating effects of premedication and efficacy in prevention of hemolytic
transfusion reactions are not apparently available, and the theoretical benefit is no
justification for forgoing proper compatibility testing.
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autologous transfusions in dogs. Blood was collected from 9 healthy dogs, washed,
and separated into 3 portions labeled with different densities of biotin. These labeled
red cells were transfused through either gravity flow with a 170-260 µm filter,
volumetric peristaltic infusion pump with a 170-260 µm filter, or a syringe infusion
pump with an 18 µm aggregate filter at 2mL/kg/hr. Blood was sampled from test
subjects at day 1, and every 7 days until day 49, measuring the proportion of red cells
with biotin labels through flow cytometry. Additional in vitro testing was conducted,
measuring plasma hemoglobin and osmotic fragility testing.
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Antimicrobials are often used as treatment for acute diarrhoea (AD) in dogs. However,
evidence supporting such antimicrobial use is limited and inappropriate antimicrobial
use may worsen microbial resistance. Evaluating the reported causes of acute diarrhoea
may help improve antimicrobial stewardship.
Acute diarrhoea in dogs
Acute diarrhoea (less than 7 days duration) is a frequent presenting complaint. Emergency
and critical care veterinarians commonly see canine parvoviral (CPV) enteritis and
acute haemorrhagic diarrhoea syndrome (AHDS). With clinical signs including severe
dehydration, hypovolaemic shock, and ongoing fluid losses, these cases typically
require aggressive inpatient medical management. Whilst there is general consensus
for use of broad spectrum antimicrobial use in dogs with CPV enteritis, no such
consensus exists for AHDS.
Are enteric microorganisms really causing acute diarrhoea?
The numerous causes of acute diarrhoea in dogs are summarised elsewhere. Infectious
causes, the most obvious justification for antimicrobial use, include Clostridia,
Campylobacter, Salmonella, E. coli, Giardia, CPV, enteric coronavirus, rotavirus, and
circovirus. Aside from CPV, studies investigating these microorganisms reveal the
difficulty in separating pathogens from non-pathogens. These microorganisms are
frequently detected in healthy, non-diarrhoeic dogs. Thus we should use the label
‘pathogen’ cautiously. Rather than a single causative microorganism, some authors
promote a state of dysbiosis - a deleterious disruption to the normal gut microbiome as a major contributor to disease. In contrast, a ‘healthy’ microbiome may negate the
effects of any potential pathogens in healthy dogs.
AHDS and C. perfringens
Clostridium perfringens is a gram-positive commensal anaerobe of the canine
gastrointestinal tract and an established cause of diarrhoea in humans. However,
similar prevalence is reported in dogs with AD and in healthy dogs. Appropriate
diagnostic tests must differentiate non-pathogenic from pathogenic subtypes i.e.
those producing enterotoxins associated with diarrhoea. Previously, C. perfringens
enterotoxin was the main suspect in infectious AD in dogs. However, ELISA testing for
C. perfringens enterotoxin is not widely available and many readily-available PCR tests

detect other non-pathogenic enterotoxins (e.g. C. perfringens alpha toxin).
Furthermore, many of these enterotoxins (or encoding genes) are found in healthy
dogs. A growing body of evidence points to C. perfringens necrotising enterotoxins
NetE and NetF as major contributors to AHDS in dogs. Two studies detected higher
prevalence of NetF-encoding genes in dogs with AHDS compared to dogs with
non-AHDS gastrointestinal disease and healthy dogs.
Salmonella spp.
A gram-negative facultative anaerobe with an unclear role in acute gastrointestinal
illness in dogs given its comparable prevalence in healthy dogs and dogs with diarrhoea.
Regardless of disease status, Salmonella spp. has strong associations with raw food diets.
Thus, its main relevance may be the risk of transmission to immunocompromised
humans and pets due to shedding from dogs fed raw meat diets.
Campylobacter spp.
A gram-negative zoonotic aerobe. Contamination from contact with dogs was the second
most common cause of campylobacteriosis in humans in a Swedish epidemiology study.
Once again, the prevalence amongst healthy and diarrhoeic dogs is variable and
available data fail to support a clear pathogenic role, although some studies suggest
puppies are an at-risk population.
Giardia spp.
A protozoa considered epizootic in most regions, it is the leading waterborne cause of
diarrhoea in humans in the U.S. Again, many prevalence studies do not support a
definitive role in AD. A Japanese study reported a healthy-dog prevalence (44.4%) more
than double that of diarrhoeic dogs (20.6%). Zoonotic potential is also a key concern.
Other
The role of Escherischia coli in AD is unclear: a laboratory study found only extra-enteric
strains of E. coli in diarrhoeic dogs. Similarly, Clostridium difficile has comparable
prevalence in healthy and diarrhoeic dogs. Detection of enterotoxins A, B, or their
genes, may increase suspicion for clostridiosis, especially if no other infectious or
non-infectious causes are found. Canine enteric coronavirus and canine adenovirus are
established causes of AD, but prevalence has dramatically decreased with widespread
vaccination among companion dog populations. Recent advances, notably with
molecular diagnostics, have led to discovery of other potential enteric pathogens such
as Providencia alcalifaciens.
The recurring theme is the lack of evidence linking microorganism detection with
causation in dogs with AD. Detection of these enteric microorganisms may reflect
normal gastrointestinal flora or may be a marker of dysbiosis.
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Antibiotics in acute diarrhoea:
don’t kill all the bugs
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So why are antimicrobials being used for acute diarrhoea in dogs?
Treating a confirmed or suspected infectious cause is the primary reason for
antimicrobial use in these cases. However, there are two main concerns with
antimicrobial use for potentially infectious causes of AHDS or AD. First, it is not clear
that antimicrobial use improves outcomes or even the clinical course of disease.
Second, detection of a microorganism does not always confirm an infectious cause.
Although AHDS may have an infectious aetiology, several clinical trials have failed to
show an improvement in outcome with antimicrobial treatment. A randomised
clinical trial (RCT) comparing label-dose amoxicillin-clavulanic acid to placebo in 60 dogs
with AHDS found no difference in clinical progression. All dogs improved within 48
hours, including the placebo group receiving standard care only. Similar results were
found in dogs with AHDS given amoxicillin-clavulanic acid either with or without
metronidazole. Metronidazole use has been justified for its anti-inflammatory,
antidiarrheal, and antiprotozoal effects and anaerobic coverage. However, there is no
evidence metronidazole has a meaningful anti-inflammatory effect in dogs with AD.
And why shouldn’t antimicrobials be used in AD?
First, we must use antimicrobials responsibly to limit antimicrobial resistance. This
requires considered selection of patients, selection of appropriate antimicrobials
when indicated, evidence-based protocols (dose, duration, route), and regular review
of these factors.
Second, antimicrobials can significantly disrupt the enteric microbiome, with
potential short- and long-term adverse effects. This can result in greater numbers of
toxin-producing species, resistant microorganisms, and long-term dysbiosis. Fourteen
days of metronidazole treatment in healthy dogs resulted in adverse changes to the
faecal microbiome - including decreased diversity and reductions in ‘beneficial’
microorganisms. Given we know AD already causes major disruptions to the microbiome
with potential for long-term consequences, further alterations to the microbiome by
antimicrobial use are clearly undesirable.

What are the indications for antimicrobial use?
For AHDS, antimicrobials should be reserved for dogs exhibiting signs of sepsis i.e.
clinical signs fulfilling SIRS criteria and evidence of organ dysfunction. Given the low
specificity of these criteria, I recommend reserving antimicrobial use for dogs fulfilling
these criteria and deteriorating despite appropriate aggressive medical therapy
(restoration of intra- and extravascular fluid volumes, medical management of clinical
signs).
For Salmonella, Campylobacter, Giardia, and other potentially infectious microorganisms,
the question always arises - does detection equal causation? Given the challenges of
making a definitive diagnosis, and with evidence that the majority of these cases will
have self-limiting diarrhoea, the same approach is recommended. Antimicrobials
should be reserved where sepsis is suspected and the dog is deteriorating despite
appropriate therapy. Puppies may have greater need for antimicrobial therapy, given
their higher susceptibility to giardiasis and to more severe illness. An additional
important consideration is the zoonotic potential. Understandably this provides
greater impetus to start antimicrobial therapy with the intention of reducing or
eliminating zoonotic risk, especially if there are immunocompromised human or
animal companions. This should be evaluated on a case-by-case basis.
What other treatments are available?
There is a growing body of evidence exploring pre-, pro-, and synbiotic (combining
pre- and probiotics) use in AD, with mixed results. A small RCT in AHDS dogs showed
no difference in time to resolution of diarrhoea and no difference in dysbiosis as
indicated by quantifying eight bacterial groups. More research is required.
Faecal microbial transplants may also have a role in treating AD in dogs. A small
controlled trial in eight AHDS dogs showed improved microbiome diversity posttransplantation, but no difference in outcome compared with the control group.
Antimicrobial stewardship programs
Improving antimicrobial stewardship may require more than just case-by-case
changes to antimicrobial use. Large-scale stewardship programs in human medicine
have demonstrated their worth. Recently, a national veterinary program in Switzerland
reduced overall antimicrobial prescription and increased adherence to usage
guidelines, including in dogs with AD/AHDS.
Conclusion
Current evidence shows the majority of AD cases, including AHDS, do not require
antimicrobial therapy even when potential enteric pathogens are detected. National or
multinational programs may help our profession improve antimicrobial stewardship.
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Treatment
Numerous prospective clinical trials demonstrate a good response to supportive medical
management (correction of intra- and extravascular fluid deficits, addressing ongoing
fluid losses, and symptomatic treatment) of dogs with AD . Specific underlying causes
such as dietary intolerances, chronic inflammatory conditions, helminthiasis, or diseases
of other abdominal organs (pancreas, liver, kidney) should be addressed. Despite such
evidence, survey studies report antimicrobial usage in 31% to 71% of dogs with AD.
Amoxicillin, alone or potentiated, and metronidazole are most frequently prescribed.
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Key steps in culture and susceptibility testing
Since decades, conventional culture and susceptibility testing (C&ST) has been the
standard diagnostic test to guide diagnosis and treatment of bacterial infections in
veterinary medicine and consists of a few serial steps in which different stakeholders
are involved. For example, the owner of a diseased pet is the first to detect signs of
disease, can take certain samples, might have a role in the treatment and will pay the
bill. The veterinarian, however, is the central stakeholder gathering different kinds of
information from the owner (e.g. anamnesis, sometimes samples), the animals (e.g.
clinical history and examination, point-of-care testing) and from diagnostic laboratories
(e.g. C&ST results). This means that in the end it is the veterinarian that is making the
diagnosis and is choosing the treatment protocol, taking the C&ST results into account,
but interpreting it under the specific circumstances.
Taking a sample?
Sampling for C&ST is mainly performed when this can result in important
information to guide treatment or control of an infectious disease, for example when
there is no clue on which agents may be involved or if acquired resistance is plausible.
The mode of sampling and subsequent storage during transport to the lab has a dual
goal: on the one hand it aims at holding a large number of clinically relevant microbial
agents and on the other hand, the number of non-relevant contaminants should be
kept to a minimum. Since the way of sampling can affect obtained results substantially
(e.g. cystocentesis vs. midstream urine for diagnosing cystitis), this should be taken
into account when interpreting C&ST results. When sampling sterile organs or body
fluids, an aseptic technique is necessary to obtain relevant results, especially when an
enrichment (e.g. hemocultures) is involved.
When is a bacterial culture result clinically relevant?
Veterinary samples often contain bacteria, whether they are clinically relevant or not,
which can complicate the interpretation of obtained results. Considering the effect C&ST
results can have on the appropriateness of the chosen treatment, it is of utmost
importance that only clinically relevant results are taken into account. Understanding
the importance of bacterial growth is, however, not always clear-cut and should be
interpreted taking into account the moment (e.g. before treatment, acute or chronic
stage of infection?) and the way the samples were taken (e.g. was perfect asepsis
reached for hemocultures?) and stored during transport to the lab (e.g. cooling, transport
medium), the presence of a microflora at the location of sampling (e.g. nose versus

lungs), the abundance and purity of the obtained culture and the perceived
pathogenicity of the cultured organism in the specific sample. On the other hand,
false negative results may also be the result of conditions discussed above, next to the
fact that some bacterial pathogens need very specific conditions and/or longer
incubation periods to allow growth (e.g. Mycoplasma spp.), or cannot be grown under
routine conditions at all (e.g. spirochetes, obligatory intracellular pathogens, …). Other
diagnostic options, such as for example molecular testing or histopathology should be
considered in that case. Close communication between veterinarian and C&ST
provider are therefore of utmost importance for correct interpretation.
The last few years, bacterial identification has undergone a revolution, such as
MALDI-TOF MS and third generation sequencing has led or will lead to the fastest,
most comprehensive and most reliable results ever in veterinary microbiology, but
also hold the risk of over-interpretation of obtained results (see lecture “Advanced
microbiology techniques: what are the possibilities?”).
Susceptibility testing is no golden bullet
Reporting and susceptibility testing of a non-causative bacterium is the number 1
reason for C&ST results to misguide the antimicrobial treatment (cfr previous
paragraph). However, when a relevant bacterial isolate is obtained, appropriate
susceptibility testing and subsequent interpretation can be an important tool in
selecting the most appropriate treatment protocol. While bacterial identification is
probably highly reliable in most veterinary diagnostic labs, for example due to the use
of MALDI-TOF MS, susceptibility testing results seem somewhat less reliable in general.
Less reliable susceptibility testing reports can be the result of not testing relevant
antimicrobial agents (e.g. oxacillin should be used to detect methicillin resistant
Staphylococcus pseudintermedius), not using the correct testing method (e.g. disk
diffusion test is not reliable for testing polymyxins), incorrect reading of the results
(e.g. not taking growth edge into account when reading penicillin resistance in
staphylococci), not applying expert rules (e.g. on natural resistance in Pseudomonas
aeruginosa) or due to the fact that often relevant clinical breakpoints are absent
(should be ideally animal-, organ-, and bacterium-antimicrobial agent specific; cats
are not small dogs; antimicrobial concentration differs between organs). For example,
even though there are quite some canine-specific clinical breakpoints described by
CLSI, for cats this is limited to mainly beta-lactam antibiotics and fluoroquinolones
(mainly highest priority critically important antimicrobials; Lhermie et al., 2020) and
interpretive criteria for other antimicrobial classes are often based on human clinical
breakpoints. In addition, if treatment protocols are used that divert from the
treatment regimens as described to establish the clinical breakpoints, used clinical
breakpoints may not accurately predict clinical outcome. A special case in that matter
is the use of topical treatment with antimicrobial agents (e.g. skin, ears, eyes): since
there are no breakpoints for topically applied agents, susceptibility testing results do
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Speeding up the process
Especially in emergency and critical care patients, sample-to-result time can be vital
(Kollef et al., 2021). There are currently various technical possibilities to obtain
information on specific pathogens or resistance mechanisms within few hours, but
the lack of affordable veterinary applications and both logistic and organizational
issues may prohibit that significant time savings can be achieved (see lecture
“Advanced microbiology techniques: what are the possibilities?”).
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not necessarily predict clinical efficacy. However, because local concentrations due to
topical treatment or regional infusion can reach concentrations of 10-1000 times
those obtained in plasma, local treatments are generally expected to be clinically
effective. On the other hand, clinical breakpoints based on systemic concentrations
may underestimate resistance in certain sites (e.g. eye, joints) because therapeutic
concentrations may not be reached using systemic treatment (CLSI, VET09, 2019).
Taking the above into account, it is clear that ideally, next to the susceptibility testing
result, also other information should be available in the C&ST report or should be
easily obtained from the involved microbiology lab or an infectious disease specialist
(antimicrobial stewardship; Guardabassi and Prescott, 2015). Some examples of
important interpretive information are: the treatment regimens linked with the
clinical breakpoints, reliability of used clinical breakpoints and advice on whether
specific antimicrobial agents are first choice or rather last resort agents according to
(inter)national guidelines. Considering the fact that in certain circumstances, specific
susceptibility results may not accurately predict treatment efficacy, clinical progress
and response to treatment remain important features for (re)evaluation of
antimicrobial management, next to C&ST results.
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The prevention and control of hospital acquired or healthcare-associated infections
(HAIs) are essential components in the functioning of a healthcare facility. HAIs are
defined as infections contracted in a hospital or any healthcare facility after at least
48 hours of hospitalization. The impact of HAIs, also in relation to its contagiousness,
is really demanding in terms of morbidity and mortality, being associated with
prolonged hospital stays and a significant financial burden. Incidence of HAIs is
scarcely documented in veterinary healthcare facility (VH), but according to a past
survey on 38 AVMA accredited veterinary teaching hospitals, at least 1 outbreak was
reported in 31/38 (82%) facilities, with 17 (45%) reporting more than 1 outbreak in a 5
year period. Restriction in patient admission (58%) and closure of some part of the
facility (32%) were the measures adopted to control infection spread. Anyway, overall
incidence of HAIs is supposed to be on the rise and run in parallel with the increment
of susceptible patients and invasive procedures performed in VH. Furthermore, the
latters are not always designed according to biosecurity requirements and limited
resources are dedicated to infection prevention and control programs (IPC). The chain
of infection allowing the spread of the disease within the hospital includes six key
elements linked together: susceptible host, pathogen, reservoir, portal of entry, mode
of transmission, and portal of exit. Breaking anyone of the links can hinder the spread
of the infectious disease. Generally, microorganisms associated with HAIs are
commensal opportunistic pathogens, frequently undergoing a strong selective
pressure due to overuse of antimicrobials in hospitals and, therefore, being multidrugresistant (MDR). Pathogens of concern in healthcare facilities include methicillinresistant Staphylococcus aureus (MRSA), ESBL-producing Enterobacteriaceae,
Enterococcus spp., Klebsiella pneumoniae carbapenemase (KPC), Pseudomonas
aeruginosa, and Acinetobacter spp. with rates of isolation varying among countries or
facilities according to different socio-economic conditions, risk factors, financial
investments on ICP, as well as different laws and policies on antimicrobial use and
prescription. It is worth notice that pathogens involved in HAIs might harbor a
zoonotic potential and be transmitted either way between humans (staff, owners) a
nd animals, underlying, if needed, the opportunity of a “one health” approach in the
infection control practice in healthcare facilities. The most susceptible hosts to
causative pathogens of HAI are small animals hospitalized in intensive care unit (ICU),
while the most common sites of infection are the following: urinary tract, lungs,
bloodstream, surgical site, and gastrointestinal tract. Incidence rate of HAIs in ICU
small animal patients is reported to be of 12%-16% over a period of 12 weeks. Patients
hospitalized in ICU have a risk up to 10 times higher to contract an HAI compared to

non-critically ill hospitalized animals. Furthermore, ICU patients have a greater
likelihood to be colonized with MDR bacteria (e.g. E. coli) during the hospitalization,
regardless of antimicrobial treatment. Intrinsic and extrinsic factors potentially
associated with HAIs include: systemic inflammation, immunosuppression, poor body
condition score, use of invasive medical or surgical devices, and widespread use of
antimicrobials (e.g., fluoroquinolones). Catheter-associated urinary tract infections
(CUTI) are probably the most common HAIs in small animals. The normal defense
mechanism of the urinary tract are hampered by the presence of the catheter
allowing bacterial colonization of the device itself and the ascension of
microorganism to the bladder. Pathogens involved in CUTI might include
microorganisms resident of the perineal region or nosocomial ones transmitted by
the staff for an improper technique of urinary catheterization or through
contamination of the urinary bag and the drainage system. Moreover, the tip of the
urinary catheter might be a preferential site of bacterial biofilm formation. Bacterial
biofilms are clusters of bacteria embedded in a self-produced matrix, able to attach on
the surfaces of medical devices, evading the host defense systems, reducing
antimicrobial penetration and facilitating device-associated infections. Thus,
permanent urinary catheterization should be performed only when strictly necessary,
using a sterile technique and a closed circuit system for urine drainage and collection.
Fever of unknow origin, without a clear evidence of a septic focus, is not an
uncommon event in hospitalized patients with either long term or short term
intravascular devices, and might be associated with bloodstream infections (BSI). Risk
factors for BSI include administration of hypertonic solutions (glucose, propofol,
parenteral nutrition), presence of a multilumen central venous catheter (CVC), longer
permanence in situ of CVC, and condition of immunosuppression. In case of a
suspicion of BSI, intravascular devices should be removed and a culture of the tip of
the catheter, as well as a blood culture, should be submitted. An empirical
antimicrobial treatment should be directed toward pathogens commonly isolated in
the healthcare facility according to the periodic data of prevalence reported. Surgical
site infections (SSI) are classified as: superficial, occurring within 30 days from surgical
procedure involving only the skin and subcutaneous tissues of incision; deep,
occurring within 30 or 90 days, according to the procedure, and involving deep soft
tissues of the incision; organ/space infections, occurring within 30 or 90 days,
according to the procedure, involving an organ or cavity distant from the incision site.
Epidemiological data relative to SSI in veterinary medicine are probably
underestimated, mainly due to retrospective nature of the studies, lacking a
consensus on SSI definitions, and the fact that superficial infections are rarely
reported. Risk factors reported to be associated with SSI include: hypotensive episodes
during operation, type of surgical wound classification and presence of an implant,
length of anesthesia and surgical procedure, increasing number of persons in the
operation room, and postoperative body temperature. The compliance of the surgeon
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is the most effective measure in the prevention of SSI, if a strict and appropriate
observation of the procedures of hand hygiene, surgical site preparation, and
preservation of sterile equipment are guaranteed. Hospital acquired pneumonia
might include ventilator associated pneumonia (VAP) and aspiration pneumonia,
which can occur in hospitalized patients with a wide range of disorders. VAP occurs at
least 48 hours after endotracheal intubation and mechanical ventilation, and is
normally associated with colonization of the oro-pharynx by MDR enteric bacteria or
nosocomial ones, which might get access to the lower respiratory airways due to a
decreased mucociliary clearance and an impaired immune system. Ileus, constipation,
gastroesophageal reflux, laryngeal or esophageal disorders, recumbency or depressed
mentation are all potential contributing factors to aspiration pneumonia, which is a
more frequent complication reported in hospitalized animals. The institution of an ICP
in a healthcare facility is a key element in monitoring and contrasting the occurrence
of HAIs. Preventive measures are the most effective means to break the chain of
infections and reduce the incidence of HAIs. Personal hygiene and protection,
including hand hygiene and use of personal protective equipment should be associate
with standardized procedures of sanitization of the hospital environment and proper
isolation and cohorting of patients according to the infectious risk. ICP should include
surveillance systems (active, targeted, passive, or syndromic) finalized to monitor
health events, prevalence of antimicrobial resistance and other potential risk factors
associated with HAIs. Moreover, a coordinated antimicrobial stewardship policy in the
VH should guide an appropriate use of antimicrobials to maximize their benefit, while
causing the least harm. Periodic monitoring reports for the presence of MDR bacteria
can assist in the timely notification of cases or outbreaks. During an outbreak, specific
measures of intervention should be applied, ideally coordinated by a dedicated team,
and appropriate infection control strategies should be implemented. Finally,
education and training of hospital staff, including students, promoting awareness on
the relevance and impact HAIs, is a key element of an ICP.
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Prophylactic antimicrobial therapy or preoperative administration of antimicrobial
drugs is a means of helping to avoid surgical site infections. Despite its advantage in
some dogs, the mis-use in other dogs can lead to the development of (multi-)resistant
bacteria, which is an emerging threat not only in people but also more and more in
veterinary medicine.
Risk factors for the development of surgical site infections
In order to decide which patient will benefit from prophylactic antimicrobial therapy,
risk factors for the development of a surgical site infection have to be weighed against
the risk of contributing to the development of antimicrobial drug resistance. Multiple
risk factors have been described in dogs and cats. Risk factors can be divided in patientrelated, environmental-related and treatment-related risk factors on the one hand and
in pre-operative, perioperative, intraoperative and postoperative risk factors on the
other hand. Immunocompromised patients and patients with endocrinopathies are at
increased risk for developing surgical site infections. Other patient-related risk factors
include the presence of subaortic stenosis and carriers of multi-resistant bacteria.
Environmental-related factors comprise amongst others presurgical preparation both
of the patient and surgeon(s) and the use of clean, sterile and well-maintained surgical
equipment. Treatment-related factors include the placement of implants, drains and the
method of skin closure. Both the method and timing of clipping patients are important
preoperative risk factors. Perioperative risk factors comprise the duration of anaesthesia
and surgery, and intra-operative risk factors include the type of surgery, development of
intraoperative hypotension and absence of excellent surgical technique with strict
adherence to Halsted principles. Finally, the length of the hospital stay and automutilation
are postoperative risk factors. Taking all risk factors into account, the risk for development
of a surgical site infection can be defined for each individual patient.
Type(s) of prophylactic antimicrobial drug(s) to be administered
If, based on the risk assessment for development of a surgical site infection, a patient
benefits from prophylactic antimicrobial drugs, the optimal antimicrobial drug should
be determined. The type(s) of antimicrobial drug(s) that should be administered
depend(s) on the organ system that will be operated on. Knowledge of the most
commonly identified bacteria per organ system is of utmost importance.
Posology of prophylactic drugs
Besides administration of the correct antimicrobial drug, also the route, dose, timing

of first administration, frequency of repeating the administration during surgery and
duration of administration postoperatively are important to help to reduce the
development of (multi-)resistant bacteria. In conclusion, an individual assessment is
always needed to outweigh the advantages and disadvantages of the use of
prophylactic antimicrobial drugs. If possible, prophylactic antimicrobials should be
omitted to help reducing antimicrobial (multi-)resistance formation. Importantly,
antimicrobial prophylaxis can never replace aseptic surgical techniques with correct
tissue handling.
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Respiratory distress is one of the most stressful emergencies. Animals often present
on a knife edge. The need to rapid recognition and determination of the cause of
respiratory distress needs to be balanced with stress free handling.
The key to successful respiratory having a good grasp of normal respiratory anatomy
and physiology. The respiratory system can be divided anatomically in six main
regions; upper respiratory tract (nasal passages, pharynx, larynx and trachea), lower
airways (bronchi and bronchioles), lung parenchyma, pleural space diaphragm and
chest wall (ribs and intercostal muscles). During each breath air is inspired and moves
via the upper and lower airways to the lungs through an active process involving the
diaphragm and intercostal muscles. The diaphragm contracts and flattens and the
intercostal muscles contract causing the ribs to move up and outwards. This creates a
negative pressure gradient from the nose to the thoracic cavity causing air movement
and air expansion of the lungs. Expiration is passive, elastic recoil of the lungs
secondary to the relaxation of the diaphragm that expels air from the lungs. The chest
wall does is not actively involved in expiration, but the abdominal wall muscles may
assist when there is increased expiratory effort (Lowewen, et al 2022).
When examining an animal in respiratory distress it is very important to observe the
animal as they breathe. This allows for assessment of the movement of the chest and
abdominal wall alongside their breathing rate and effort.
Commonly used terms to describe abnormal breathing pattern include asynchronous
breathing, an inverse breathing pattern and paradoxical breathing (Sigrist, et al 2011).
During normal inspiration the abdominal wall may move synchronously with the
chest wall; the contraction of diagram pushes against the abdominal contents down
and subsequently forces the abdominal wall out (Robinson, et al 2002).
Asynchronous, inverse and paradoxical breathing are terms often unused
interchangeably to describe the outward movement of the chest and abnormal inward
movement of the abdomen during inspiration, however there are inconsistencies in
the definition of inverse and paradoxical breathing the veterinary literature and
therefore it is recommended in an attempt to avoid confusion is to keep it simple and
use the term asynchronous; the chest and abdominal wall are moving asynchronously.

An asynchronous breathing pattern is a very sensitive indicator of pleural space
disease but has lower specificity, in other words the absence of this breathing pattern
can make you less suspicious of pleural space pathology, but it should not be used
alone to diagnose pleural space disease. This breathing pattern alongside the
presence of reduced lung sounds on auscultation can further support a diagnosis of
pleural space disease (Sigrist, et al 2011; Le Boedec, et al 2012). An asynchronous
breathing pattern has also been associated with chest wall pathology, diaphragm
dysfunction, and severe upper respiratory obstruction (De Troyer, et al 1982; Smith, et
al 2004; Ludwig, et al 2000;Raillard, et al 2017).
Upper respiratory obstruction can be readily identified due to the presence of loud
inspiratory noises without the need for a stethoscope (Sigrist, et al 2011). A stertor, a
low pitched sound is associated with nasopharyngeal pathology and stridor, a high
pitched sound is most commonly associated with laryngeal pathology (Clarke, 2015).
Early recognition of the upper respiratory tract as a cause of the respiratory distress is
crucial as this pathology is associated with hyperthermia and may substantially
worsen with handling and therefore these patients usually require cooling
interventions and early administration of anxiolytic or mild sedatives before a full
physical examination is performed.
Expiratory dyspnoea with noticeable abdominal “push” and elevated respiratory rates
are most commonly detected in patients with lower airway disease and although
associated with lower airway disease wheezes are less consistently auscultated in
these patients (Corcoran, et al 1995; Sigrist, et al 2011; Chalifoux, et al 2021).
Tachypnoea, commonly described as a respiratory rate of greater than 40-44 breaths/
minute are commonly encountered in a wide range of respiratory diseases. However,
tachypnoea can also occur secondary to non-respiratory disease as well as in healthy
animals. In healthy cats respiratory rates in excess of 100 breaths per minute have
been documented in cats on initial examination and therefore respiratory rate in
isolation is not a reliable indicator of primary respiratory disease (Dijkstra, et al 2018;
Sigrist, et al 2011). Respiratory rate should still be assessed and recorded, and is
particularly useful to assess trends in the respiratory rate to monitor the patient’s
progression as well as the effect of your interventions. History and other physical
examination findings may help in determining the relative significance of the
elevated respiratory rate. For example, when you encounter elevated respiratory rate
in Cavalier Kings Charles Spaniel with known mitral valve disease you should suspect
congestive heart failure and, in an emergency, setting can consider trial treatment
with diuretics prior to further investigations (Hezzell, et al 2020).
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Animals with respiratory distress are on a knife-edge. Accurate respiratory localisation
is key to successfully managing these cases and involves close attention to not only
the animal’s breathing rate and effort but also their chest excursion relative to the
abdomen as well as the presence of any respiratory noise. Taking the time to attempt
to localise the respiratory pathology can streamline diagnostics minimising stress for
both you as the clinician and the patient under your care.
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Point-of-care thoracic ultrasound has become increasingly popular in small animal
veterinary practice and can help with respiratory localisation. Alongside history
physical examination findings it can rapidly confirm the presence or absence of a
pleural effusion, as well as being particularly helpful in expediating the diagnosis of
cardiac disease and congestive heart failure and monitoring the effect of treatment
(Loughran, et al 2019; Ward et al, 2017, Murphy et al 2021).
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Airway security is a cornerstone of veterinary medical practice. The ECC clinician is
challenged with patients who present in acute respiratory distress (injury, disease, or
dysfunction of upper airway structures) that require intervention to assure airway
security. At times, standard methods for producing airway security are unsuccessful.
In those cases, advanced strategies for establishing airway security may be required.
The purpose of this presentation is to expand your “toolbox” with additional
techniques and strategies to manage these challenging patients.
Cases requiring airway management
Any case presenting with respiratory difficulty or distress is a candidate for airway
support. Airway dysfunction may be clinically evident by increased respiratory effort,
stridor, dyspnea, inability to move air volume, cyanosis, constant shifting movement
and struggle. Reasons for upper airway dysfunction are varied and include congenital,
acquired, neoplastic and anaphylactic etiologies as well as acute mechanical
obstruction due to injury or secondary to ingested /inhaled foreign body. The
underlying cause may not be known at initial presentation prior to initiating action
steps to provide comfort and support. Definitive diagnosis is, in many cases, deferred
until airway patency and security can be accomplished.
Primary action steps
The first action step is to provide oxygen to the patient. Many cases appear cyanotic as
well as dyspneic and will benefit from oxygen support. There is NO downside to doing
so. Use of a face mask or head enclosure is preferred; flow by oxygen provides minimal,
and variable, results. If the patient struggles when oxygen support is offered, DO NOT
attempt to continue oxygen delivery. They may require sedation and/or anesthesia to
provide oxygen support and to identify and resolve the underlying cause.
The second action step is to evaluate for a mechanical airway obstruction. Sedation or
light anesthesia may be necessary to facilitate the exam. Caudal oropharyngeal exam
using a light source or laryngoscope may help identify the problem such as a foreign
object (ball, toy, stick, plastic disk) that may be causing obstruction. It may also help to
reposition structures in the caudal oropharynx into their normal anatomic
relationship (epiglottic entrapment, soft palate entrapment).

The third action step is to support the upper airway and provide a secure conduit for
oxygen administration. This can be accomplished by use of an emergency oral airway
device. These can be constructed by taking a syringe case and cutting the closed end
away. The rough edge can be “fire polished” by exposing it to a low heat flame to polish
the edge. The syringe case is inserted into the oral cavity and advanced past the
tongue base. It is secured at this point and provides a conduit for oxygen delivery to
the caudal oropharynx.
Sedation or Anesthesia
A crucial challenge is to identify the degree to which patient stress/anxiety is
contributing to the overall clinical picture. Sedation for anxiolysis may be all that is
needed in cases where airway stridor and/or increased respiratory effort is evident but
mucous membrane/tongue color is pink with normal oxygen saturation. Drugs used
for anxiolysis include acepromazine, dexmedetomidine, opioids, benzodiazepine
tranquilizers, and ketamine. Intravenous or rectal routes of administration are
generally used as they provide the fastest response. There are multiple protocols using
these drugs either alone or in combination; the goal of doing so is to calm the patient,
reduce work of breathing, and facilitate evaluation.
In cases of exaggerated anxiety and/or respiratory effort accompanied by cyanosis and
low oxygen saturation, emergency anesthetic induction may be required. Rapid
sequence anesthesia using 2 mg/kg lidocaine IV (block laryngeal and tracheal reflexes)
followed by 2 mg/kg ketamine IV and 4-6 mg/kg propofol or 1-3 mg/kg alfaxalone IV to
effect is preferred. Ketamine is used because it increases bronchodilation and
enhances lower esophageal sphincter tone thereby reducing gastroesophageal reflux
during induction. Oxygen support is provided by one of several methods (face mask,
enclosure, intratracheal) until airway security is present.
Basic airway support techniques
Positioning- there is significant anatomic variation in the relationship of the tongue
base, caudal pharynx, epiglottis and laryngeal entrance in companion animals. As in
humans, the location of each may contribute to challenges in laryngeal visualization.
This may be compounded by heavy muscling of the cranial cervical region as is
present in certain dog breeds. The net result is that the laryngeal location is “deeper”
in the caudal pharynx and may be significantly obstructed by the tongue base even
when the tongue is extended. This may be exacerbated by the position of the head
relative to the cervical axis. If the centerline of the head is hyperextended and similar
to the neck, this may increase the depth of the larynx relative to the tongue base
because of traction placed on the hyoid bones by the sternohyoideus m. Conversely,
excessive flexion of the neck and head centerlines in a perpendicular direction will
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Even if the optimal centerline angle is maintained, visualization may be challenging.
In cases where this is present, postural change may be helpful. We have been trained
to intubate dogs and cats in sternal recumbency. While this is the best physiologic
position, it may compromise airway visualization in cases with anatomic deviations. In
those cases, rotation into lateral or dorsal recumbency may be warranted. In humans,
intubation in supine, or dorsal, recumbency is the standard of care. The advantage of
this posture is that the soft palate “falls” rather than “hangs” in the caudal oropharynx
which is helpful to identify laryngeal position. It also is helpful because the
laryngoscope is designed to be used in dorsal recumbency. In this position, the vertical
part of the laryngoscope blade is used to “sweep” the tongue to the side of the
oropharynx further assisting visualization. It is important that the patient be straight
in dorsal recumbency without any cervical or head rotation relative to the long axis of
the torso to achieve best visualization. This posture may be easily combined with
other facilitative techniques (Sellick maneuver) to further enhance laryngeal
visualization. No special equipment is required for this procedure beyond a standard
laryngoscope and blade combination. In deep chested dogs, a trough or sand bags
may be helpful to assist stabilization in dorsal recumbency. Caution must be exercised
to avoid regurgitation during the procedure.
Sellick Maneuver- As noted above, variation in the relationship of the tongue base,
caudal pharynx and larynx may result in the larynx being “hidden” by the tongue base
even when the tongue is extended. This is especially true in dog breeds with wide,
muscular tongues such as bulldogs, staffordshire terriers, pugs and other
brachycephalic breeds. Moving the laryngeal orifice dorsal relative to the tongue base
increases visualization and facilitates endotracheal tube placement. Gentle laryngeal
displacement can be performed by taking two fingers and applying pressure to the
ventral surface of the larynx. By applying pressure, the larynx naturally shifts dorsad
relative to the tongue base resulting in improved visualization. The Sellick maneuver
will work when the patient is in any recumbency. No additional equipment or supplies
beyond a laryngoscope and assistant are required. The potential side effect of
increasing laryngeal pressure is bradycardia due to vagal induced feedback. If this
occurs, an intravenous dose of atropine or glycopyrrolate will resolve the issue.
Stylette assistance-one of the challenges the operator encounters during intubation
is flexibility of the endotracheal tube (ET) itself. Commercially available endotracheal
tube materials include rubber, plastic and silicone. Silicone is the least traumatic
biomaterial; it is also the most flexible. Flexibility is good once intubation is achieved

but can be challenging to direct the tube into the laryngeal orifice to achieve
intubation. There are several options available to help the operator direct the ET in the
desired direction. One option is to insert a sterile stylette, or stiffening device, into the
ET tube lumen prior to introduction. The stylette can be purchased from a commercial
source or can be homemade from 6 mm aluminum rod. The stylette length MUST NOT
protrude from the end of the ET tube, a distance of 5-10 mm from the end of the ET
tube must be maintained. This can be achieved by bending the stylette if the material
is flexible or fashioning a “stop” from the top of a blood collection tube or rubber cork
that can be positioned on the stylette to prevent accidental protrusion of the stylette
tip beyond the ET. The stylette is pre-positioned in the ET and the final 5 cm of the
stylette before the ET tube tip is gently bent to a 15-20 degree angle. One must align
the tip bend of the stylette with the ET tube bevel to make sure the bevel stays in
vertical alignment for intubation. This will facilitate engagement of the ET tip and the
laryngeal orifice. Once engagement occurs, the stylette is held in position and the ET
tube is advanced into the larynx and trachea. DO NOT continue to advance the stylette
once engagement occurs; this may result in injury to laryngeal and tracheal
structures.
Procedural risk is associated with stylette induced trauma from allowing the stylette
to extend beyond the tip of the endotracheal tube. Momentary airway obstruction can
also occur if the stylette is not removed promptly following completion of the
procedure.
Stylette/light source- commercially available flexible shaft flashlights are available in
several sizes and may be adapted as a stylette. They may be gas sterilized prior to each
use. The indications for use are the same as described above for stylette assisted
intubation. The advantage of using this device is that it provides additional lighting
which is useful in identifying anatomic structures in the caudal pharyngeal area.
Guided ET placement- in cases where restricted visualization due to anatomic
distortion of oropharyngeal structures is present, pre-placement of a guide over which
the ET tube is advanced can be helpful. This technique is particularly valuable in small
size patients with restricted caudal pharyngeal access (i.e. cat). Guides may be created
from several different materials. One option is to use a 5-8 F plastic male urinary
catheter. Use of a catheter has the added benefit of giving the option to insufflate
oxygen through the catheter into the airway during intubation. A second option is a
vascular “J” wire. It has enough flexibility to be tissue friendly but enough rigidity to
assist in ET placement.
The technique requires direct visualization of the laryngeal orifice. Following
identification, the guide is advanced through the oral cavity and pharynx and inserted
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also cause the laryngeal depth to increase relative to the tongue base. It is best to
maintain a “normal” centerline between the head and neck to achieve best
visualization.
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Fiberoptic intubation- In recent years, use of fiberoptic scopes for intubation have
increased in popularity in human medicine. Fiberoptic intubation has the advantage
of direct visualization of the laryngeal orifice and provides verification of correct ET
placement. Fiberoptic scopes designed and dedicated to ET intubation are
commercially available. There are several designs including a traditional fiberoptic
scope and handheld monitor or a hybrid design incorporating a traditional
laryngoscope blade connected to a videoscope handle and power source. Additionally,
there are non-medical sources for fiberoptic equipment that may be cost effective. The
automotive industry has handheld videoscopes for engine inspection (borescopes)
which may cross adapt to veterinary practice. There are also fiberoptic endoscopes
available through commercial vendors (Amazon) that have integrated video displays
or attach to a computer, tablet or smartphone display. They work but are limited by
the diameter of the scope head and light intensity (lumens) at the scope end. In exotic
species, a small diameter rigid scope (needle scope) is used for ET placement in avian
and small mammals. It’s use is very effective in these species.
The principles for fiberoptic scope use are the same as described for stylette or guided
placement. The ET is placed over the fiberoptic bundle which acts as a guide or
stylette. The unit is advanced until visualization of the laryngeal orifice is noted at
which time the ET is advanced into the stoma and airway. Following advancement, the
scope is withdrawn. Potential risks associated with fiberoptic scope use have been
described for guided placement.
Advanced techniques
Cricothyroid oxygen administration- In specific patients, emergency placement of an
endotracheal tube may not be possible despite attempting the above described
procedures. In those cases, oxygen administration assumes paramount importance
until airway security is established. It is highly unlikely that complete airway
obstruction has occurred; if that was the case the patient would not present for
clinical evaluation. Assuming incomplete airway obstruction, emergent placement of
an oxygen catheter through the cricotracheal membrane can be lifesaving. The
technique is straightforward and effective when correctly performed.

The procedure requires use of a large bore, short length over the needle intravenous
catheter (16G x 2.5” in dogs, 18G x 2” in cats). The catheter is attached to a 6 cc syringe
filled with 4 cc saline for identification of correct placement. The operator palpates the
junction of the larynx and trachea and identifies the cricotracheal membrane. It is a
depressed area on the ventral midline on the distal aspect of the larynx formed by the
caudal margin of the cricoid cartilage and anterior aspect of the first tracheal ring.
There is a palpable depression immediately rostral to this point, the cricothyroid
membrane. It is in the larynx and should not be used as the landmark. A small window
on the midline over the cricotracheal membrane is clipped and quickly prepped.
The needle unit is inserted perpendicular to the trachea and advanced until a loss of
resistance is felt. Aspiration on the saline syringe should yield air bubbles to confirm
correct placement. Following confirmation, the catheter unit is pointed in a caudal
direction toward the chest cavity and the catheter is advanced off the needle as far as
possible. Following advancement, the catheter is secured with a loop ligature and
connected to an oxygen line. An adapter from the oxygen line to the catheter can be
easily made by taking the syringe barrel of a TB syringe and cutting it’s length down
and fitting it into the oxygen line. 1-2 LPM/minute oxygen flow is then started. Flow
rates beyond 3 LPM create too much back pressure and risk detachment of the
connector from the catheter. The oxygen hose is secured to the patient for continual
delivery.
WARNING: You are delivering dry medical gas to the trachea. If support greater than
1-2 hrs is required, it is imperative that humidification is added in line. Do not use this
technique for more than 24 hrs. A “jet” lesion characterized by mucosal injury can
occur where the catheter tip is in proximity to respiratory epithelium.
Retrograde guided/assisted endotracheal intubation- In cases where oral airway
visualization is impossible (oral mass, swollen tongue, craniofacial injury, perilaryngeal
swelling), a retrograde guidewire can facilitate ET placement. The procedure requires
passage of a vascular guidewire from the cricotracheal ligament retrograde through
the larynx and oral cavity to the exterior. Once exteriorized, an appropriate sized
endotracheal is “threaded” over the guidewire and advanced into the laryngeal area.
The procedure is similar to that described above for tracheal oxygen insufflation.
A large bore, short length over the needle intravenous catheter (16G x 2.5” in dogs, 18G
x 2” in cats) is selected. The catheter is attached to a 6 cc syringe filled with 4 cc of
saline for identification of correct placement. The operator palpates the junction of
the larynx and trachea and identifies the cricotracheal membrane. A small window
over the cricotracheal membrane on the ventral midline is clipped and prepped.
Local anesthetic is injected into the skin and subdermal tissues to desensitize the area.
The needle unit is inserted perpendicular to the trachea, advanced until a loss of
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into the laryngeal orifice. Once this is achieved, the guide is stabilized by the operator
and the ET is “threaded” over the guide and advanced to the laryngeal orifice. When
the ET engages the laryngeal orifice, the guide is removed and the ET advanced.
Potential risks are related to guide induced tissue trauma from either too far
advancement or poor control during ET placement. Meticulous attention to guide
control during the procedure will reduce the risk of laryngeal injury or the guide
becoming stuck on a laryngeal structure.
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Potential risks/concerns are associated with J wire placement. The wire may enter one
of several “blind” corners of the larynx and become lodged. In that case, dislodge the
wire by backing it out, gentle rotation and readvancing the wire until it clears the
laryngeal stoma. A second risk/concern is accidental introduction into the nasopharynx.
If this occurs and the wire is advanced too far, it may become lodged in the nasal
turbinates or exit at the nares. In that case, the wire is pulled back to the level of the
oropharynx and redirected into the oral cavity.
Percutaneous cricothyroidotomy- If upper airway structures must be bypassed and
direct tracheal access is required, there are two invasive options to facilitate airway
security. The first technique is placement of a tracheostomy tube using the Melker
cricothyrotomy technique. Cricothyroidotomy is a planned, semi-emergent technique
that should be performed secondary to other support measures described above. It is
a well-established procedure that has multiple training modules on YouTube and
other internet media. Supplies required include the Melker cricothyrotomy set, flexible
guidewire, 16 or 18G over the needle catheter, 6 cc syringe, sterile saline, surgical scrub
and clipper. The ventral cervical region immediately posterior to the larynx is the
insertion site. A window is clipped on the ventral surface and surgically scrubbed.
Local anesthesia with 2% lidocaine infiltrated into the proposed insertion point in
semi sedated or awake patients. The ventral midline anatomy is identified including
the landmarks described above. The catheter is attached to a 6 cc syringe filled with 4 cc
saline for identification of correct placement. The operator palpates the junction of
the larynx and trachea. It is a depressed area on the ventral midline on the distal aspect
of the larynx formed by the caudal margin of the cricoid cartilage and anterior aspect
of the first tracheal ring. There is a palpable depression immediately rostral to this
point, the cricothyroid membrane. It is in the larynx and should not be used as the
landmark. The needle unit is inserted perpendicular to the trachea between the

second and third laryngeal rings and advanced until a loss of resistance is felt.
Aspiration on the saline syringe should yield air bubbles to confirm correct placement.
Following confirmation, the catheter unit is pointed caudal toward the chest cavity
and the catheter is advanced off the needle as far as possible. A 4-6F J tipped vascular
guidewire is inserted through the catheter lumen and advanced 3-4 cm. The catheter
is then backed out and removed off the wire. The Melker device, a combination of a
dilator and tracheostomy tube, is threaded from the tip end of the dilator over the
wire and advanced to the skin surface. A small incision (0.5-1 cm) is performed to
facilitate insertion through the skin and deep tissues. The Melker device is advanced
with firm pressure and slight twist until the dilator and tip of the tracheostomy tube
are within the tracheal lumen. The dilator is held steady and the tracheostomy tube is
advanced. Following tracheostomy tube insertion, the dilator is removed and the
tracheostomy tube is secured. Wound dressing is applied at the surgical site. A light,
padded bandage is applied to protect and help stabilize the airway.
Most complications are associated with poor procedural technique in identifying
structures and attempting to advance the dilator tracheostomy tube unit without
incising overlying tissues to facilitate advancement. Secondary complications are
associated with development of subcutaneous emphysema and/or fascial plane air
from leak around the tube site. Leaving an open wound distal to the tube location
reduces this risk by allowing a low pressure escape pathway. Poor placement and/or
technique can produce pneumomediastinum. Tracheostomy tube patency must be
constantly monitored and care provided on a regular basis to assure patency.
Tracheostomy- the most invasive procedure to establish an airway is an emergency
tracheostomy. Tracheostomy may be performed on a critical emergency basis (slash
tracheostomy) or as a secondary procedure following ET intubation (controlled
tracheostomy). The purpose and goal of each procedure is the same; to establish and
secure airway patency. The technique, and timing, are quite different between the
procedures.
Emergency, or slash, tracheostomy is a primary procedure that is performed when the
patient is struggling to breathe and at risk for immediate death if airway patency is
not established. It can be “crude” in that, due to a sense of urgency, the degree of aseptic
preparation is less and tissue trauma greater than in the controlled procedure.
Equipment and supplies are minimal due to the essence of time. Several sizes of
tracheostomy tubes, a lidocaine filled syringe-needle unit, scalpel, forceps, scissor, scalpel
unit and 0 nonabsorbable suture are all that is required. To perform emergency
tracheotomy, the surgical site is quickly infiltrated with local anesthetic. A 5-10 cm
longitudinal skin incision on the ventral midline is performed just below the larynx.
The muscles overlying the trachea are quickly divided by blunt dissection and the
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resistance is felt and then angled 20-30 degrees toward the nose. Aspiration on the
saline filled syringe should yield air bubbles to confirm correct placement. Following
confirmation, the catheter is advanced off the needle as far as possible. A 4-6F J tipped
vascular guidewire is inserted through the catheter lumen and advanced 3-4 cm.
The catheter is then backed out and removed off the wire. The wire continues to be
advanced rostral until visualized in the oral cavity. It is then grasped with a forceps and
advanced through the oral cavity. Once exteriorized to a length longer than the ET tube,
the guidewire is inserted through the ET tube beveled end and exits at the breathing
circuit adapter. The ET tube is then advanced forward following the path of the wire.
Gentle ET tube rotation may be necessary to move around distorted tissues. The ET
tube is advanced until back resistance is felt. If the inserted length visually appears to
be where the guidewire was placed, the operator can withdraw the wire and advance
the ET tube to its final location.

Friday 3 June 2022 | Refresher stream

Controlled tracheostomy is performed when the patient has airway patency established
but requires long term support. Appropriate size tracheostomy tubes (known from ET
intubation) surgical scrub, clipper, lidocaine filled syringe, barrier drape, scalpel, forceps,
scissor, scalpel unit and 0 nonabsorbable suture are the necessary supplies/equipment.
To perform controlled tracheotomy, the surgical site is quickly infiltrated with local
anesthetic. The ideal site is between the 4th and 5th laryngeal rings, high enough to
avoid blockage with neck flexion but low enough to avoid interference with laryngeal
function. A 5 cm longitudinal skin incision on the ventral midline is performed in this
area. The muscles overlying the trachea are divided by blunt dissection and the
trachea identified. Tracheal incision may be performed by ventral midline incision,
transverse incision of ⅓ the tracheal circumference or creation of a “flap” combining
both approaches. One loop of suture created by a loosely tied square knot is passed
around the tracheal ring proximal and distal to the entry point. Following entry, the
tube is secured to the patient and the wound is closed cranial to the tube exit point.
The wound distal to the tube exit point remains open to act as a vent point for air leakage
and to prevent development of subcutaneous emphysema and/or pneumomediastinum.
Complications are associated with poor procedural technique in identifying structures
and attempting to advance the tracheostomy tube unit without incising overlying
tissues enough to facilitate advancement. Secondary complications are associated
with development of subcutaneous emphysema and/or fascial plane air from leak
around the tube site. Leaving an open wound distal to the tube location reduces this
risk by allowing a low pressure escape pathway. Poor placement and/or technique can
produce pneumomediastinum. Tracheostomy tube patency must be constantly
monitored and care provided on a regular basis to assure patency.
Techniques used to confirm successful airway placement
Tracheal palpation- If the technique results in successful placement of a regular
endotracheal tube, a quick check step is to palpate the mid cervical region for correct
placement. One should palpate one rigid tubular structure which represents the
endotracheal tube within the lumen of the trachea. If a second rigid structure is
palpated dorsal to the most prominent one, the endotracheal tube may have entered

the esophagus. Quick auscultation of the stomach while giving a breath can quickly
confirm if that has occurred. This procedure only works when an endotracheal tube is
placed; it is not appropriate when a tracheostomy tube is sited.
Bilateral chest movement during the respiratory cycle- Canine and feline chest anatomy
resembles a clamshell. When an assisted breath is delivered, the thoracic wall on both
sides should expand as well as the cranial abdominal area due to diaphragm displacement.
In “barrel chested” dogs (bulldog, staffordshire terrier) the chest wall is stiff and most breath
excursion occurs in the cranial abdominal region. Focus on this area in these breeds.
Bilateral thoracic auscultation- A stethoscope is placed on each side of thorax during
an assisted breath. As inflation occurs, breath sounds should be heard on both sides of
the chest. Breath sounds on only one side of the chest indicate endobronchial
intubation. Absence of breath sounds suggests esophageal intubation. In that case,
auscultation of the stomach during a subsequent breath will help decide if
esophageal intubation has occurred.
ETCO2 measurement- End tidal carbon dioxide measurement is useful in determining
if airway placement is correct. If correct placement has occurred, an end tidal waveform
will be noted with each breath whether spontaneous, assisted or controlled. If the end
tidal waveform is consistently “flat” throughout the breath cycle, one should recheck
airway placement and also make sure a pulse is present. In some cases, the presence
of high fermentable food in the stomach can produce CO2 and can be a point of confusion.
In those cases, the ETCO2 waveform is “flat”and independent of the breath cycle. One
should verify correct placement using physical methods described above if there is a
concern. Disposable CO2 devices are commercially available to assist in verifying correct
airway placement. They do not monitor or report end tidal values. They only determine
if CO2 is present by colorimetric change of a dye indicator in the presence of carbon dioxide.
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trachea identified. Tracheal incision is targeted to occur at the interspace between the
4th and 5th cartilage ring. Transverse incision of ⅓ the tracheal circumference is performed.
A finger is inserted into the incision and replaced by an endotracheal or tracheostomy
tube to secure the airway. One loop of suture created by a loosely tied square knot is
passed around the tracheal ring proximal and distal to the entry point. The tube is
secured to the patient and the wound is closed cranial to the tube exit point. The
wound distal to the tube exit point remains open to act as a vent point for air leakage
and to prevent development of subcutaneous emphysema and/or pneumomediastinum.
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Technique
Positioning
Sellick Maneuver
Stylette
Guided placement
Fiber Optic
Retrograde
Guide Wire

Percutaneous
Cricothyroid

Tracheostomy

Required Equipment
Laryngoscope
Positioning trough and/or sandbags
Hand
Flexible stylet wire
Aluminum rod
Male urinary catheter
Spring loaded guide wire
Laryngoscope and blade
Fiberoptic scope
Power/light source
Guide wire
16/18G x 2” over the needle catheter
Sterile gloves
Surgical prep supplies
Clipper
Long straight hemostat
Melker cricothyrotomy set
Flexible guidewire
16/18G over the needle catheter
6 cc syringe
Sterile saline
Surgical scrub
Clipper
Barrier drape
Tracheostomy tubes
Surgical scrub
Clipper
Lidocaine filled syringe/
needle Barrier drape
Forceps
Scissor
Scalpel with #10/15 blade
0 nonabsorbable suture

Sources
Many
Many
Portex, Shiley, Rusch
Local metalworks supplier
Portex, Mila, Arrow
Various
Portex, Mila, Arrow

Cook Medical
Portex
Shiley

Cook Medical
Portex
Shiley
Mila
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Table 1: Equipment and adjuncts to assist achieving an emergent airway
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VACCA LLC, St. Paul, United States of America
Current anesthesia practice in veterinary medicine generally includes use of
inhalation anesthesia drugs (isoflurane, sevoflurane, desflurane) to maintain the
anesthesia state. These drugs are called “complete anesthetics” in that they produce
all the criteria defined as general anesthesia. These criteria are sedation, analgesia,
muscle relaxation and autonomic stability. While inhalant drugs meet all criteria, it is
well recognized that they do not meet all criteria equally well. For example, it has been
noted that sedation and muscle relaxation may be excellent but analgesia
incomplete. Increasing the dose of a inhalant drug to meet all criteria may expose the
patient to additional risk associated with side effects of that drug. For example, it is
well known that increasing inhalation concentration results in further physiologic
destabilization characterized by myocardial depression, vasodilation, hypotension and
depressed control of breathing.
Recognizing the most challenging anesthesia criterion to achieve is analgesia, recent
practice trends have been to reduce inhalation agent level to minimize
cardiorespiratory depression and provide additional analgesia with parenterally
administered drugs known for their strong analgesic qualities (opioids, ketamine,
alpha-2 agonists). Analgesic drugs may be administered as a single dose or
intravenously delivered as a constant rate infusion (CRI) following an intravenous
“loading” dose. CRI use has been well described in the literature and is frequently
incorporated into anesthesia protocols. Adding supplemental analgesia to inhalation
anesthesia results in better quality of pain control and improves safety by reducing
inhalation drug dose. Supplemental drug administration by intravenous route in
addition to inhalation anesthesia has several terms including balanced anesthesia and
partial intravenous anesthesia (PIVA).
What is Total Intravenous Anesthesia (TIVA)?
The practice of creating and maintaining general anesthesia by administration of
intravenous drugs is referred to as total intravenous anesthesia (TIVA). Although TIVA is
a recent clinical trend, it is not a new concept. The first documented TIVA report was in
the dog in 1656. A combination of opium and spirits was administered to produce
anesthesia. Further research languished until the commercial release of propofol
when it was reported that an intravenous combination of propofol and opioid
produced general anesthesia in dogs and humans.

Conceptually, it is easy to understand TIVA in that anesthesia criteria are fulfilled by
administration of a drug combination instead of using a single drug [isoflurane,
sevoflurane, desflurane]. (Table 1) By simultaneously administering several drugs, each
with a specific anesthesia characteristic, the sum of administered drugs, rather than
the action of an individual drug, produces general anesthesia. Drug interaction is
important in that the aggregate effects of infused drugs need to be complementary.
Synergism, where the combined effect of drugs is greater than expected, is an
important strategic goal in formulating TIVA protocols.
TIVA is currently not mainstream in small animal practice due to perceived complexity
and inefficiency based on setup time, equipment required and math skills. With
training and experience, these objections can be easily overcome.
TIVA Concepts and Application
In order to plan a TIVA protocol, one must understand the primary characteristics of
selected drugs and assure their composite effect fulfills all criteria for general
anesthesia. Drugs which work well in TIVA are those which achieve a rapid therapeutic
plasma concentration, have a predictable in vivo behavior (PK-PD) and are rapidly
metabolized in a consistent fashion so that in vivo accumulation does not occur.
Practical application requires one to understand that at the beginning of anesthesia,
plasma concentration of the selected drug is zero. To establish a therapeutic drug
concentration, a “loading” or “bolus” dose of the drug must be intravenously
administered. The purpose of administering a loading dose is to immediately
establish a clinically effective plasma concentration of the drug (drug dose) which is
then sustained by CRI to achieve a drug “steady state”. While this seems simple in
principle; it can be challenging to achieve because compartmental redistribution,
biotransformation and clearance of a drug begins immediately following
administration. The goal is to best “match” delivery rate with compartmental
redistribution, biotransformation and clearance in order to achieve a “steady state”
plasma concentration for the duration of anesthesia. This is a dynamic process during
the early anesthesia period until the “sweet spot” where infusion rate produces a
consistent response is achieved.
In human medicine, common TIVA techniques include a sedative-hypnotic drug
(usually propofol) in combination with a potent analgesic drug (alfentanil,
remifentanil). This combination produces sedation, analgesia and muscle relaxation
consistent with general anesthesia. Similar strategies may be adopted in companion
animal medicine. Drugs which meet these criteria and are currently used for TIVA as
listed in Table 1.
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Monitoring
Patient monitoring during TIVA applies the same principles and equipment used for
inhalation anesthesia. Physical monitoring including reflex integrity, muscle tone, eye
position and absence of pain are identical to other general anesthesia monitoring
protocols. Eye position is generally ventromedial in dogs with a prominent third eyelid
visible. In cats, eye position may be either ventromedial or central. In either species,
ocular reflexes noted by palpebral and eyelash brush reflexes are very sluggish or
absent. Ear “flick” reflex may be present in cats. Jaw tone is generally present and is
slight or moderate in opening resistance based on the characteristics of the
administered TIVA drugs. Skeletal muscle on the front and hind legs should have
limited “tone” and be relaxed.
It is prudent that the anesthetist understand the physiologic characteristics of drugs
selected for TIVA use. This point is no different than understanding in vivo
characteristics of isoflurane or sevoflurane. Core physiologic values for heart rate (HR),
blood pressure (BP), pulse oximetry (SaO2) and end tidal carbon dioxide (ETCO2) trend
similarly to inhalant anesthesia protocols. TIVA drugs do not generally create the
degree of hypotension noted with inhalant anesthetic drugs; thus, blood pressure
parameters may be higher compared to isoflurane or sevoflurane. Opioids are
hemodynamically neutral but may cause respiratory depression. Propofol loading
dose can cause a transient drop in blood pressure values and respiratory depression.
Slow injection speed for initial loading dose will minimize this effect. Ketamine may
cause increased heart rate and respiratory depression following administration.
Dexmedetomidine may cause slowing of heart rate.

Central and peripheral nervous systems are monitored by evaluating level of
consciousness (LOC) coupled with the above described reflexes. In addition, deep pain
challenge should be performed to determine if the CRI infusion rate is satisfactory for
blocking somatic and visceral pain. If neuromuscular blocking drugs are used, the level
of neuromuscular blockade may be evaluated using commercially available peripheral
nerve stimulators.
Advantages of TIVA vs. inhalation anesthesia
Several advantages have been reported in human medicine when TIVA is compared to
inhalation anesthesia. TIVA is mainstreamed in neuroanesthesia due to better
preservation of neurophysiology and central vascular reflexes compared to inhalation
anesthesia. TIVA has demonstrated better recovery quality compared to inhalant
anesthesia due to decreased emergence agitation/dysphoria. Less postoperative
nausea and vomiting is noted in patients recovering from TIVA compared to
inhalation anesthesia. Multi-center studies have shown a reduced postoperative pain
medication requirement in TIVA patients compared to inhalation anesthesia.
Environmental pollution and operating room personnel exposure risk from inhalation
anesthesia is reduced to zero when TIVA is used. Isoflurane, sevoflurane and desflurane
are chemically classified as substituted halogenated hydrocarbons (CFCs). Chemical
analogues include industrial cooling agents (Freon). TIVA reduces exposure to these
chemicals which are environmentally harmful and potentially dangerous to personnel
in proximity to their administration. By reducing patient, veterinary personnel and
environmental exposure, anesthesia is successfully administered with a “greener”
outcome.
Disadvantages of TIVA vs. inhalation anesthesia
Potential disadvantages of TIVA are personnel training and patient response to
parenteral vs. inhalation agents. Equipment set up and perceived complexity may be
an initial barrier; however once embraced, set up time is not significantly different
from inhalant anesthesia. TIVA does require a comfort level with math calculations
that are required for accurate drug delivery. This is slightly more challenging
compared to adjusting a vaporizer setting; however, in principle, it is the same
concept. Familiarity with delivery devices such as syringe pumps and a comfort level
operating these devices is essential. Disposable equipment (intravenous tubing, 3 way
valves, vascular manifold) used to deliver TIVA is an additional inventory expense.
Additional required supplies, equipment, drugs and monitors are the same as
inhalation anesthesia. The anesthesia machine and breathing circuit is still used for
oxygen delivery, carbon dioxide removal, and breathing support during TIVA
administration.
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Delivery Systems
In order to deliver drugs at a constant rate, dedicated delivery devices are required. A
dedicated vascular access point for TIVA drug administration must be established. A
short tubing length can be interfaced from the vascular access point to a multichannel infusion manifold or multiple “piggyback” access points. Individual drug
“channels” are developed by drawing the desired drug quantity into an appropriate
size syringe and connecting it via small bore, low volume, infusion tubing to a
manifold connection or piggy back site. The drug syringe is then placed in a motorized
syringe pump which is programmed to deliver the drug at a calculated infusion rate.
New generation syringe pumps are programmed to automate the required
calculations by selecting TIVA mode on their control panel. This is convenient, but not
required as manual calculation based on weight and drug infusion rate per time unit
is easily performed. If syringe pumps are not available, the calculated drug dose can be
mixed into fluid and infused using a standard intravenous fluid pump or gravity
dripped using a drip controller device. These options are not as accurate as syringe
pump delivery nor as flexible when dose adjustment is required.
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Sedation for emergency procedures is also amenable to TIVA. TIVA is an effective
management strategy for severe, refractory status epilepticus patients where
anesthesia is the best option for seizure control. Rapid induction using propofol
followed by a benzodiazepine and propofol TIVA protocol can effectively manage
refractory cases. A similar strategy may be elected to control seizures associated with
neuroexcitatory toxins during the decontamination period. When TIVA is used for an
extended time period, drug “tolerance” (tachyphylaxis) does occur due to microsomal
enzyme induction associated with constant drug exposure. For this reason, it is
important that constant monitoring for drug response and patient stability occur
during the TIVA period.
TIVA is an excellent option for short duration anesthesia in emergent patients with
incomplete health evaluation. Procedures in which TIVA may be valuable include
wound debridement, laceration repair, fracture reduction, splint/bandage application,
gastric decompression and relief of urinary obstruction. TIVA is an excellent option in
these cases because it permits the operator to maintain the patient at a consistent
sedation/anesthesia level thereby facilitating time efficiency in task completion. This
results in a better quality of sedation/anesthesia with a lower total delivered drug
dose compared to intermittent “bolus” doses. This strategy improves patient safety
and reduces recovery time.
TIVA is currently used for ventilator patient management. Sedation protocols for
ventilator management use TIVA principles with emphasis on sedation and analgesia
to achieve artificial airway tolerance and prevent ventilator-patient dyssynchrony
during the support period. Agents and protocols used in ventilator management are
identical to other TIVA indications.
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TIVA use in ECC medicine
TIVA can be useful in ECC patient care. Diagnostic imaging is a natural “fit” because
the procedures are short duration and minimally painful. TIVA is an excellent option
for CT scans due to the procedure’s short duration and emphasis on sedation and
immobility. Similar goals make TIVA an excellent choice for MRI evaluation. TIVA is
especially suited for MRI in that supplies are non-ferrous materials and do not pose a
hazard under magnetic influence. MRI compatible infusion pumps are commercially
available making the anesthesia delivery system safe in magnetic fields. TIVA can also
be used for ultrasound-guided biopsy of internal organs.
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Table 3: Examples of TIVA protocols

Drug Class

Name

Analgesia Unconsciousness

Opioid

Yes

No

Dissociative

Fentanyl
Remifentanil
Sufentanil
Ketamine

Muscle
relaxation
No

Yes

Yes (dissociation)

No

Alpha 2 agonists

Dexmedetomidine

Yes

No (deep sedation)

Yes

Benzodiazepine
tranquilizers
Local anesthetics

Diazepam
Midazolam
Lidocaine

No

No (sedation)

Yes

Yes

Mild sedation

No

SedativeHypnotics

Inhalation Agents

Propofol
Alfaxalone
Etomidate

Isoflurane Sevoflurane
Desflurane

No

Yes

Yes

Yes

Yes

Yes

Table 2: TIVA Drug Doses
Drug class

Opioid

Drug name

Initial loading dose
(intravenous
administration)

Constant rate
infusion dose
(intravenous
administration)
0.02-0.06 µg/kg/min
1-5 µg/kg/hr

Fentanyl

5-7 µg/kg

Remifentanil

1-3 µg/kg

0.1–0.5 μg/kg/minute

Dissociative

Ketamine

0.25 to 0.50 mg/kg

2 to 20 µg/kg/minute
0.12 to 1.2 mg/kg/hr

Sedative hypnotic

Propofol
Alfaxalone

2-6 mg/kg
2-3 mg/kg

0.1 to 0.6 mg/kg/minute
0.15 mg/kg/min

Alpha 2 agonist
Benzodiazepine
tranquilizer

Dexmedetomidine
Diazepam
Midazolam
Lidocaine
Atracurium
Cis-atracurium

0.5-3 µg/kg
0.2 to 0.4 mg/kg
0.2 to 0.4 mg/kg
1-2 mg/kg
0.3–0.5 mg/kg
0.2 mg/kg

0.5-5 µg/kg/hr
0.2 to 0.4 mg/kg/hr
0.2 to 0.4 mg/kg
25-50 μg/kg/minute
4–9 μg/kg/min
2 μg/kg/min

Local anesthetic
Neuromuscular
blocker

Drug Protocol

Anesthesia Criteria
Sedation Analgesia

Fentanyl + Propofol

Y

Y

Remifentanil + Propofol

Y

Y

Fentanyl + Propofol +
Dexmedetomidine
Remifentanil + Propofol
+ Dexmedetomidine
Fentanyl + Propofol
+ Lidocaine

Y

Y

Y

Y

Y

Y

Remifentanil + Propofol
+ Lidocaine

Y

Y

Fentanyl + Alfaxalone

Y

Y

Remifentanil + Alfaxalone

Y

Y

Fentanyl + Alfaxalone +
Dexmedetomidine
Remifentanil + Alfaxalone
+ Dexmedetomidine
Fentanyl + Dexmedetomidine
+ Ketamine
Propofol + Dexmedetomidine
+ Ketamine
Propofol + Midazolam
+ Ketamine
Fentanyl + Propofol + cisatracurium

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Notes
Muscle
Relaxation
Y
Limb and jaw muscle
tone may be stronger
than expected
Y
Limb and jaw muscle
tone may be stronger
than expected
Y
Decreased risk of
recovery dysphoria
Y
Decreased risk of
recovery dysphoria
Y
Limb and jaw muscle
tone may be stronger
than expected
Y
Limb and jaw muscle
tone may be stronger
than expected
Y
Limb and jaw muscle
tone may be present
Y
Limb and jaw muscle
tone may be present
Y
Decreased risk of
recovery dysphoria
Y
Decreased risk of
recovery dysphoria
Y
Decreased risk of
recovery dysphoria
Y
Decreased risk of
recovery dysphoria
Y
Mild dysphoria
during recovery
Y
Requires artificial
breathing support
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Table 1: TIVA Drugs: Principal characteristics
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Crisis Resource Management, CRM, refers to the non-technical skills required for
effective teamwork in a crisis situation. In addition to the nature of the task itself,
numerous factors affect the successful performance of complex tasks at the level of
the individual, team and the environment.
The term CRM originated with Crew (or Cockpit) Resource Management training
developed by the aviation industry in the 1970s following the realization that 70% of
airline crashes were due to human error resulting from teamwork failure.
CRM training improves performance and reduces errors with evidence that this is true
for aviation, military settings, and various human medical contexts (such as rapid
response teams, trauma teams and Emergency Department teams). Equipping clinical
team members with a suite of psychological tools to manage stress, attention and
arousal, as well as emphasizing specific team-based behaviors will improve team
performance. The creation of shared, accurate but flexible mental models as well as
training and practicing methods of effective communication are key to facilitation of
this improvement.
Emergency presentations often involve the sudden imposition of critically ill patients
with complex needs into our clinics. Many of these patients will need urgent stabilizing
and investigative procedures to be performed simultaneously, often with dire
consequences if these do not happen in a timely fashion. These situations require the
coordination of multiple cognitive, task-based, and systems-based resources in a
dynamic context that rapidly exceeds the capacity of a single individual. Equally
challenging are the communication challenges involved in controlling the interactions
between individuals in a team and the ability to perform complex tasks also depends
upon the functionality of the clinical environment. Often, failure in these clinical
scenarios are due to lack of shared mental models (‘the goals’), lack of clarity in roles
(‘the roles’), and gaps between strategy (‘the plan’) and logistics (how the plan is
executed – ‘the play’).
Targeted integration of human factors theory can help manage complexity and
improve performance in dynamic clinical environments. The first step, but only the
first step, is awareness and adoption of some of the tools exemplified as ‘crisis resource
management’ but to create fully functioning teams, thorough debriefing and analysis
of events (both successful and less successful elements) and a dynamic, nuanced
approach to any challenges identified is essential.

A number of different elements are at play whenever technically or logistically
complex tasks need to be performed:
Factors affecting the performance of complex tasks
Task
• complexity: not only the complexity of the individual task and the performer, but
also the setting, their trouble-shooting ability and the team members assisting and
their previous interactions
• high stakes: often life-altering – relief of tension pneumothorax, drainage of
pericardial effusions
• time-critical: perfusion resuscitation in septic shock
• incomplete information: diagnostic deficiencies, medical history, lack of imaging
Individual (HALTS hungry angry late tired stressed)
• Fatigue: shift length, appropriate breaks and food/drink
• Sleep deprivation: overly long shifts, paperwork, colleague absence
• Emotional disturbance: personal concerns, burnout, resilience
• Ill health & physical distress: work concerns, chronic impact of the above
• Inexperience: shift management, appropriate teaching/training
• Lack of knowledge: inappropriate distribution of tasks
Team
• Role confusion: ineffective direction, lack of distributive task distribution
• High power distance/authority gradient: lack of approachability, lack of 360 review/
debrief processes, inclusive pre-briefing and intermittent consultations, civility
• Ineffective communication techniques: closed loop, clarity, shared technical language
• Dysfunctional relationships: lack of civility and collegiality – current or historical
Environment
• Interruption
• Noise
• Handovers
• Production pressure
• Equipment failure
• Unfamiliar place and equipment
Key principles of CRM
Many, if not all, of these factors can be mitigated by the application of the key
principles of crisis resource management. 15 key principles were identified by Rall &
Gaba, however, these can be reasonably (and rather more memorably) nested into 8:
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Crisis Resource Management
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Know your environment
• Know the location and function of equipment, especially for time-critical procedures;
have pre-made kits – difficult airway, pericardial drainage, thoracocentesis, etc.
• Create a logically structured, well-labelled environment; similarity of kit and layout
throughout the clinic/hospital
• Use cognitive aids such as equipment maps to key areas such as the ER, ICU and
surgical kit store
• Perform regular training & create functional induction processes; ensure a degree of
universality with team members – core knowledge/skills in all parts of the clinic
• Know the role and experience of team members (to avoid role confusion); the
military and emergency services use specific markings on uniforms for a reason - if
unknown, ask!
Anticipate, share & review the plan
• Think ahead and plan for all contingencies; pre-brief – discuss what should be coming
in, what should happen, by whom, when, in what order, and what will happen after
that, as well as what the micro-goals are
• Set priorities dynamically; according to clinical need
• Re-evaluate periodically; pause, reassess and ask for feedback
• Anticipate delays; consider other routes to achieve goals, set thresholds for failure
alarms both time and input based
• Use call-and-respond checklists; engaged closed loop communication
• Share the plan with others – share the mental model; pre-brief, set goals, create roles
• Think out loud – provide periodic briefings to verbalise priorities, goals and clinical
findings as they change; describe thoughts and observations, change plans as things change
• Encourage team members to share relevant thoughts and plans; live, but especially
as part of 10 every 10
• Continually review the plan based on observations and response to treatment
Provide effective leadership and followership
• Employ the least confrontational approach consistent with the goal; pre-briefing and
shared goals/mental model is key to this

• Participative decision making improves team buy-in; remember that multiple leaders
doesn’t work, however
• Use a direct, authoritative approach when necessary; when time critical or lifethreatening
• Relinquish control (for temporary sub-tasks) when needed; but create timeline
thresholds and ensure macro closed loop sub-task communications
• Establish behavioural and performance expectations of team members; display
exemplary collegiality and civility, correct adverse behaviours out of the crisis setting
• Establish and maintain the team’s shared mental model of what is happening and
the team’s goals; summarise progress at the top of each 10 every 10
• Monitor and encourage group responsibility for the external and internal
environments of the team to avoid being caught off guard; sharps disposal, personal
clean up, personal awareness, slip hazards, PPE
• Enable a roundtable, zero hierarchy (although this may need to be driven by the Team
Leader) ‘warm’ debrief shortly after the crisis; use systems such as CPR-DO –
Check Prepare Refuel Debrief Organise
Ensure role clarity and good teamwork
• Allocate appropriate team roles
• If team roles are changed during a task, ensure there is explicit handover (e.g. “Pablo
will take over as team leader, while I help with the difficult airway”)
• Team members should show good followership principles – active, observant,
critical, vocal; encourage and welcome appropriate feedback during live events, be
prepared to explain & justify to remould the shared mental model; be prepared to
change your plan
• Team members, including the team leader need to be able to recognise when they
are affected by stress, and develop appropriate self-care behaviours
• All team members are equally responsible for ensuring good patient outcomes and
for ensuring team member safety; be patient-centric and allo-centric
Communicate effectively
• Distribute needed information to team members and update the shared mental
model
• Use closed loop communication; ensure both parties actually listen
• Be assertive and courteous, not aggressive or submissive
• Avoid personal attacks
• Resolve conflict at an appropriate time
• Maintain relationships
• Facilitate collaborative efforts working towards a common goal
• Double check with team members
• Avoid unnecessary mitigating language
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• Know your environment
• Anticipate, share & review the plan
• Provide effective leadership
• Ensure role clarity and good teamwork
• Communicate effectively
• Call for help early
• Allocate attention wisely
• Distribute the workload
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Allocate attention wisely – avoid fixation
• Be wary of becoming fixated on one aspect and losing situational awareness; if you
are the best person for a sub-task – handover team leadership temporarily or
permanently if the goals change
• Prioritise tasks and focus on the most important task at hand; time-critical and
related to the Major Body Systems
• Delegate tasks to others (employing closed-loop goal management)
• Use all available information; using closed-loop sub-task management – Bernard goes
to run the bloods, Bernard brings the results and reports them
• Ensure life-signs monitors are observed and assessments repeated periodically; set
thresholds of concern
Distribute the workload – monitor and support team members
• Team leader is ‘hands-off’ if possible, to maintain situational awareness and team
oversight
• Assign tasks equitably across the team, but appropriately for skillsets
• Support team members in their tasks; don’t micro-manage
• Reallocate roles as tasks are completed or evolve in complexity
Managing complexity
What about other aspects – preparatory training for individuals both from a personal
perspective and as a member of the team?
Individual team members are invariably influenced by prior experience and coping
strategies, which in turn influences ‘mental posture’ – the ability to remain flexible,
problem-solve, and perform under acute stress, as well as influencing the team
members around them. Teams are also affected by prior experience (performance of
the task in question, performance of any task with the same team members) and
success, mutual respect and empathy, and shared coping mechanisms. The fact that
both individuals and teams are influenced by prior experience means that welldirected training can have a marked effect on improving performance and
management of complex situations.
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Call for help early
• Be aware of barriers to asking for help (e.g. fear of criticism or losing face); remember
the shared mental model does not include you looking omnipotent – it’s about the
patient
• Set pre-defined criteria for asking for help; task-oriented, time-oriented
• Call for help early
• Mobilise all available resources; know team members’ skillsets
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The Royal Veterinary College, Clinical Science and Services, London, United Kingdom
Medical error has been defined as an unintended act (either of omission or
commission) or one that does not achieve its intended outcome (Leape, 1994), the
failure of a planned action to be completed as intended (an error of execution), the
use of a wrong plan to achieve an aim (an error of planning) (Reason, 2001), or a
deviation from the process of care that may or may not cause harm to the patient
(Groger and Bohnen, 2005). Medical errors are a fact of medical practice and have been
suggested to be the 3rd most common cause of human death in the US (Makary and
Daniel, 2016).
There is not a large amount of literature regarding errors in veterinary practice. Wallis
et al. (2019) found that drug errors and failures of communication were the most
commonly reported errors in veterinary specialist practice, with 8% of errors resulting
in permanent patient harm or death. Obviously medical error is something we want
to avoid, the consequences for the patient can be huge, but we also need to consider
how to deal with a medical error once it has occurred. Dealing effectively with medical
errors can lead to a positive outcome. It can decrease the likelihood of the error
occurring again, improve the relationship with owners of affected animals and also
decrease the likelihood of negative effects on staff members involved.
Decreasing likelihood of medical error recurrence
Effective medical error reviews and morbidity and mortality rounds can allow
understanding of the reasons why an error may have occurred. Once these are
understood, this allows measures to be put in place to decrease the likelihood of the
error occurring again. These will be discussed in another lecture.
Management of clients
Severe damage can occur to veterinary practice reputation and client distress can be
markedly elevated if a medical error is not communicated and handled effectively.
Rapid disclosure of medical errors to clients is vital and apologies should be made.
McLennan et al. (2014) make a valid point that these apologies must be genuine and
heart-felt, with apologies being made purely because of management edict being
recognised by clients as inauthentic and causing both client and healthcare worker
dissatisfaction.
Honesty is vital and a clear explanation to owners of what occurred, why it is thought
it was likely it occurred and the investigation that will be performed will all help
mitigate the upset that results from a medical error. Following up later with the

results of the investigation and changes that will be made as a result will be
reassuring to clients that the likelihood of a similar error occurring again will be
minimised. Obviously, many clients are understandably extremely upset when an
error occurs and initial conversations, particularly, can be heated and very stressful.
Having a client liaison team member (ideally someone who was not involved in the
incident) working with the veterinary team and being present at discussions can be
invaluable, in providing direction to discussions, to help mediate and also to provide
emotional support to the veterinary staff member involved.
Management of medical personnel involved
Staff responses to being involved in medical error vary, but it is recognised that there
can be components of post-traumatic stress disorder seen in some people. Stehman et
al. (2019) describe ‘Second Victim Syndrome’ which embodies the psychological
trauma healthcare workers suffer from involvement in an adverse event. They describe
how society sets a ‘zero-mistake’ standard for physicians, meaning that those that
make mistakes do not have healthy ways to cope. They also discuss how not being
supported by one’s own hospital or organisation can exacerbate this second victim
syndrome. It should be noted that ‘second victim syndrome’ is a controversial term
and it is worried that its use can cause passivity in healthcare professionals who make
errors as well as decrease the focus on the ‘genuine victims’ with medical error
(Clarkson et al. 2019).
The severity of the impact of making an error should be recognised though, with
Stehman et al. (2019) reporting that it can increase the risk of burnout and suicide. And
with burnout being a contributory factor to medical errors, a possible self-perpetuating
cycle can be recognised. Burlison et al (2017) reported that 10.3% of potential second
victim healthcare workers responding to their survey stated that they had experienced
physical distress due to the event and related absenteeism had occurred in 7.1% people.
Burlison et al (2017) report that the most desired outcome for second victims was for ‘a
respected peer to discuss the details of what happened’. The ASSIST ME model (HSE,
2013) has been described to help deal with affected staff members:
A: Acknowledge the event and Assess its impact on the staff member
S: Sorry, express regret for their experience
S: Story, allow them to tell you what happened and Share their experience
I: Inquire, encourage them to ask questions and provide Information
S: Support and Solutions, both formal and informal emotional and practical support
T: Travel, provide continuing support going forwards over time
M: Maintain contact, Monitor progress
E: End, reach a stage of closure and Evaluate, review the support given
Dealing with errors well can make a huge difference to your clients and your staff, it is
worth investing the time and effort to make sure you do as well as you can.

EVECC CONGRESS 2022

How do we manage medical errors?

Friday 3 June 2022 | Advanced stream

EVECC CONGRESS 2022

References
Burlison, J.D., Scott, S.D., Browne, E.K. et al. The Second Victim Experience and Support
Tool: Validation of an Organizational Resource for Assessing Second Victim Effects
and the Quality of Support Resources. J Patient Saf. 2017; 13: 93-102.
Clarkson, M.D., Haskell, H., Hemmelgarn, C. et al. Abandon the term “second victim”.
BMJ. 2019; 364: 1233
Grober ED, Bohnen JM. Defining medical error. Can J Surg. 2005; 48: 39-44
HSE (2013) Supporting staff following an adverse event. www.bcm.edu/sites/default/
files/2018/66/assist-me-model.pdf accessed 12th January 2022
Leape LL. Error in medicine. JAMA; 1994; 272:1851-7.
Makary M and Daniel M. Medical error—the third leading cause of death in the US.
BMJ. 2016; 353
McLennan, S., Walker, S. and Rich, L.E. Should healthcare providers be forced to
apologise after things go wrong? J Bioeth Inq. 2014; 11, 431-5
Reason JT. Understanding adverse events: the human factor. In: Vincent C, ed. Clinical
risk management: enhancing patient safety. BMJ. 2001:9-30
Stehman, C.R., Testo, Z., Gershaw, R.S. et al. Burnout, Drop Out, Suicide: Physician Loss in
Emergency Medicine, Part I. West J Emerg Med. 2019; 20: 485-94
Wallis J, Fletcher D, Bentley A et al. Medical Errors Cause Harm in Veterinary Hospitals.
Frontiers in Veterinary Science. 2019; 6: 12

Friday 3 June 2022 | Advanced stream

Daniel Lewis, MA, VetMB, CVA, DACVECC, DECVECC, MRCVS
Vets-Now (IVC Evidensia), Glasgow, Scotland
A heuristic is a rule, strategy or similar mental shortcut that one can use to derive a
solution to a problem. A heuristic that works all of the time is known as an algorithm.
Consider the following scenario: you get lost in a maze, what can you do to escape?
The solution is to place your hand on the outer edge of the maze and keep walking
until you find the exit. Heuristics can help us make sense of the world in a reliable way
and reduce our mental load. However, they aren’t always perfect and there is also a
tendency to use them inappropriately to form beliefs. A systematic error that results
from the use of a heuristic is called a cognitive bias, although a more accurate
definition would be that a cognitive bias is a systematic mistake that derives from
limits that are inherent in our capacity to process information.
Since the 1970s, models of cognitive thinking and reasoning were proposed that
consisted of 2 separate processing systems: the current evolution of these models has
come to be known as dual process theory. The first, ‘intuitive’ reasoning system uses
pattern recognition and association to arrive at a rapid conclusion when presented
with a collection of data; simplistically, this is Emergency Room thinking. The second
processing technique is characterised as ‘analytical’ as it relies on interpretation of
data using rules, deduction and active reasoning; again, simplistically, this is ICU
thinking. Heuristics are the mental shortcuts employed in the first processing system,
enabling rapid decision making when presented with familiar problems, however, they
are not infallible, and blind adherence to them can lead to cognitive and clinical errors.
In experienced clinicians, both systems are used interchangeably and variably, often
throughout the clinical journey of an ECC patient.
Cognitive Load
If heuristic shortcuts can be prone to error, why use them at all?
Cognitive load theory proposes the existence of 3 distinct types of memory: sensory,
long-term, and working. Sensory and long-term memory both preserve information
over prolonged periods for later recall on demand and have an almost infinite
capacity. Working memory utilises new/current information and interprets it in light
of previously stored data. Working memory, however, has a finite capacity and can be
easily overloaded if it is required to process too many pieces of information at one
time. The information presented to the working memory to deal with is known as the
cognitive load. In clinical settings, 3 factors influence cognitive function: intrinsic load,
extrinsic load and germane load. Intrinsic load is made up of cognitive demands that

are related and essential to the task being performed; as other lectures have discussed,
prior technical skills training can reduce intrinsic load over time. Extrinsic load is
information not essential to the task being performed; robust working practices
aligned to the 8 core principles of crisis resource management can greatly assist in
reducing extrinsic cognitive load. Germane load relates to information, derived from
the task being performed, that contributes to the sensory and long-term memory
associated with the task; it is likely that non-technical aspects, such as incivility from
colleagues, influence this long-term memory framework as significantly as do the
motor activities involved.
In order to mitigate the massive amounts of information presented to the human
brain at any time, it has evolved to look for patterns in order to create cognitive
shortcuts – heuristics. Although modern life has removed the evolutionary drivers
behind this process (for most people), our neurophysiology cannot be denied and so
attempts to apply heuristic solutions to other context, such as clinical decision making.
Healthy Heuristics
Heuristics are simple, intuitive decision-making tools that are effective in many
clinical situations. They are formed by clinical experience, training and intuition and in
the setting of ‘omnipresent time pressures and [limited] resource availability’ can be
extremely useful decision tools in high pace, high risk settings such as the ER or ICU.
In these contexts, heuristics can be extremely useful, rapidly identifying potentially
life-threatening injuries quickly, as well as enabling the processing of multiple
patients in a timely fashion. The use of heuristics in this way also enables the
reduction of some information ‘white noise’, reducing extrinsic cognitive load.
Research carried out in human general practitioners suggests a high degree of
accuracy (98%!) in those diagnoses able to be made within a short period of time, and
evidence from experienced human emergency physicians suggests that such a
heuristic approach can function more successfully than a logistic regression model.
However, as well as our focus tending to be drawn to the most prominent
(perceptually salient) information, which may not be a problem as indicated above, we
also tend to equate the ‘most prominent’ with the most causally influential stimuli.
This, again, may not be too disastrous in the ECC setting, when much of the urgent
focus tends to be on critical body systems. Accurate heuristic pathways also take time
to develop and can be prone to uncontrolled reinforcement.
One effective way of bypassing the time needed to create heuristic shortcuts in an
individual clinician can be the use of checklists for key procedures and transitions in
care (e.g. handover forms, anaesthetic/surgical safety checklists), as well as
algorithmic approaches to multi-disciplinary clinical problems. However, it must be
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Cognitive biases
Cognitive bias, or ‘cognitive dispositions to respond’ describe the inevitable tendency
of individuals to respond to a situation in a particular manner or predictable way.
Cognitive biases are not inherently negative in their nature, but can be when they lead
to adverse outcomes or cognitive errors. A large number of cognitive biases have been
described, with a great deal of overlap and some confusing terms, but we shall explore
those with the greatest relevance to clinical ECC practice.
Heuristic trap/
Cognitive bias
Anchoring *
Availability ^

Definition

Tendency to focus on the first/’shiniest’ piece of information
Tendency to believe that only common conditions can occur or
that recent diagnoses sub-consciously influence new cases
Ascertainment ^
Thought process influenced by what is
expected (‘signalment trapping’)
Confirmation bias*
Selecting to accept evidence that agrees with a
diagnosis & ignoring contradictory data
Diagnostic momentum ^ ~ Early assignment of a diagnostic label perpetuated through
subsequent investigations and decision making
Halo effect ~
Belief in a more senior clinician’s opinion
without strong confirmatory evidence
Over-confidence /
Belief in one’s own opinion without strong confirmatory
Dunning-Kruger effect ~
evidence or recognition of personal limitations
Premature closure*
Tendency to stop too early in the diagnostic process
without appropriately deep investigations
Search satisficing*
The disposition to stop diagnostic procedures
once an abnormality has been identified
Social conformity ~
The tendency to go along with a diagnosis
without voicing doubts or concerns
Unpacking principle ^ ~
Failure to thoroughly explore data/evidence

*, ^, ~ all refer to interlinked heuristic traps

Various techniques to attempt to mitigate heuristic traps have been proposed, with
little convincing evidence of the value of any particular strategy. Therefore, the author
would suggest a multi-faceted approach:
• Employ ‘cognitive speedbumps’ (10 every 10)
• Apply metacognition (thinking about thinking)
Apply good Crisis Resource Management techniques, with particular attention to the
negative impact of extrinsic mental load and HALTS on cognitive function. Encourage
a flat hierarchy within teams, with clinical decision making able to be challenged
• Judicious use of checklists & guidelines to prevent common errors
• Have Residents/Interns/Students around to make you justify your decision-making!
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remembered that unconsidered adherence to generic guidelines can be just as error
prone as the unfiltered use of type 1, intuitive, reasoning. For this reason, it is essential
that any such systems put in place are subject to clinical audit and review, with the
results fed back into a loop of ongoing training, systems development and improvement.
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Morbidity and mortality (M&M) rounds have been undertaken in most human
hospitals and veterinary hospitals for many years, as part of quality improvement
efforts for patient safety and systems improvement; as well as, in some countries,
compulsory training for medical students. Not only is M&M rounds important for
medical education for general medical knowledge, it is also important for learning
about non-technical skills and quality improvement practices. M&M rounds has also
been found to be important for developing a safety culture within hospitals.
Every hospital should have a system in place for undertaking M&M rounds, as part of
their quality improvement practices and for staff education. Although there are
considerable publications on how M&M rounds should be undertaken in human
hospitals, literature on M&M rounds in the veterinary literature is limited to one
publication for surgical trainees and literature reviews based on human medicine.
However, M&M rounds for veterinary emergency and critical care (ECC), has its own
challenges, with high rates of medication based errors, high mortality rates (e.g. do we
round on every CPR case?), and finding the most appropriate time to undertake rounds.
There are key aspects to undertaking successful M&M rounds. These features include:
• Having an M&M committee
• Establishing a common understating of purpose (is it quality improvement, learning,
or both?)
• Establishing ground rules (blame free, respect, confidentiality, anonymity, time
keeping, attendance)
• Establishing practicalities (when, where, who)
• Appropriate case selection (common cases rather than unique, near miss/death,
number of cases)
• Format (examples from the human literature include SBAR, OM3)
• Preparation (template, considering all aspects of the case, support from M&M
committee, literature review,)
• Effective follow up of action points
When analysing cases for M&M rounds, it is important to consider and discuss Safety I
(what went wrong), and Safety II (what went right). A root cause analysis (RCA)
approach can be undertaken to identify active and latent failures (or successes!), with
examples of RCA approaches including the Yorkshire Contributory Factors Framework

(YCFF) and Fishbone analysis. M&M rounds should be concluded with action points
and SMART (specific, measurable, attainable, relevant and time-based) goals; and a
take home message. After M&M rounds, the presenter should debriefed and receive
constructive feedback. Quality improvement groups may want to follow up on the
action points, and any changes made from the action points communicated to
frontline staff and in the next M&M meeting. This lecture will have a panel discussion
on how we can develop a protocol for successful M&M rounds in veterinary ECC, what
challenges we face as a discipline, and how to overcome these challenges.
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Objectives
•D
 iscuss the current challenges associated with antimicrobial dosing in critically ill
patients.
• Review the antimicrobial selection process in patients with severe infections.
•E
 xamine ways to optimize antimicrobial delivery to better achieve
pharmacodynamic targets.
•D
 iscuss the purpose and values of using antimicrobial continuous infusions in
critically ill patients.
•P
 rovide a summary of the research currently being done in veterinary medicine to
demonstrate the value of antimicrobial continuous infusions.
Overview
•A
 n increasing incidence of multidrug-resistant infections have been noted in both
human and veterinary intensive care unit patient populations.
• Stresses the importance of appropriate and effective antimicrobial treatment protocols.
• Ideal dosing schedules, appropriate selection of antimicrobial spectrum, and timely
antimicrobial administration are the primary actionable items in the optimization
of antimicrobial therapy.
• There is a sparse pipeline of new antimicrobials available for use, emphasizing the
need to develop more effective dosing schedules for the antimicrobials currently
available in order to reduce the development of antimicrobial resistance, especially
in the critically ill population.
Antimicrobial challenges in critically ill patients
• Critically ill patients exhibit a vast array of pathophysiologic changes that can
complicate antimicrobial dosing.
• Most antimicrobial dosing schedules have been derived from trials with noncritically ill patients and it is important to take this into consideration when
developing treatment plans for critically ill patients.
• The two primary factors in critically ill patients that can affect the pharmacokinetics
(PK), and therefore the pharmacodynamics (PD) of the antimicrobials used are changes
in the volume of distribution and systemic clearance of the administered drugs.

Volume of distribution
•V
 olume of distribution is defined as the volume (i.e. amount of tissue) that is needed to
contain the total amount of administered drug at the same concentration as the blood.
• Volume of distribution is calculated by dividing the amount of drug in the body by
the plasma concentration.
• Systemic inflammation is a common sequela of critical illness and is the primary
factor that leads to increases in the volume of distribution of administered drugs.
• Specifically, increases in the volume of distribution can be caused by endothelial
damage, increased capillary permeability, maldistribution of blood flow, and
hypoalbuminemia.
• All of the above consequences lead to lower concentrations of antimicrobial getting
delivered to the target site of infection.
Drug clearance
• Clearance is defined as the rate at which a drug is removed from the body.
• Clearance is calculated by determining the rate of drug clearance and dividing this
by the plasma concentration of the drug.
• Drug elimination half-life (T1/2) is directly related to the volume of distribution (Vd)
and drug clearance (CL): T1/2 = (0.693 x Vd)/CL
• Increases in CL will therefore result in a reduced T1/2, assuming Vd remains unchanged.
• Critically ill patients frequently have an increased cardiac output, resulting in
increased renal blood flow.
• This may lead to augmented renal clearance (ARC) of drugs from the circulation,
therefore lowering the serum concentration more rapidly.
• ARC has been demonstrated in approximately half of critically ill human patients
requiring antimicrobial therapy.
• Patients with ARC show greater treatment failure rates.
Beta-Lactam antimicrobials
• Beta-lactam antimicrobials are commonly used for the treatment of life-threatening
infections in critically ill patients with severe sepsis.
• Beta-lactam antimicrobials include penicillins, cephalosporins, monobactams, and
carbapenems.
• Generally well tolerated and have broad spectrums of activity.
• Beta-lactams are time-dependent antimicrobials, reaching an initial peak serum
concentration once administered, which then gradually decrease over time.
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Meeting PD targets with time-dependent antimicrobials
• Bacterial killing properties of time-dependent antimicrobials are contingent on the
amount of time that the antimicrobial serum concentration is greater than the
minimum inhibitory concentration (MIC) of the infecting pathogen.
• Once the antimicrobial concentration falls below the MIC, bacterial multiplication
has been shown to resume immediately and there is an increased risk for drug
resistance to develop.
• Maintaining a time (T) of the free fraction of the antimicrobial (f) above the MIC
(fT>MIC) of 100% has been associated with a significantly greater clinical cure and
bacteriologic eradication in patients with severe infections.
• It has been shown that the MIC needed to kill 90% of gram-negative isolates was 4-8
times higher in critically ill patients.
• With conventional bolus dosing regimens of beta-lactam antimicrobials it may be
challenging, and in some cases impossible, to meet these PK targets, resulting in
periods of time where the antimicrobial concentration falls below the MIC of the
infecting pathogen.
Utilizing antimicrobial continuous infusions
• Continuous infusions (CI) of beta-lactam antimicrobials have been shown to achieve
significantly greater fT>MIC in humans than when delivered as intermittent
infusions (II).
• An antimicrobial CI is initiated with a standard bolus dose of the time-dependent
antimicrobial, which achieves the peak serum concentration. A CI is then started by
taking the total daily dose of that antimicrobial and administering it continuously
over 24 hours.

Example:
- Time-dependent antimicrobial: Ampicillin-sulbactam
- Standard dose in septic patients: 50 mg/kg IV q8h
- Initial bolus dose: 50 mg/kg IV
• Continuous infusion rate: 6.25 mg/kg/hr (equivalent of 150 mg/kg/day)
• For any MIC, CI has a higher likelihood of attaining PK/PD cut-off values than with II,
making it a safer choice when starting empirical therapy.
• In humans with severe sepsis, the use of time-dependent antimicrobials as a CI was
associated with decreased hospital mortality.
Use of antimicrobial CI in current practice
• A 2012 study showed that approximately 11% of human hospitals within the United
States use CI of antimicrobials, with the majority of these institutions being medical
schools, pharmacy schools, nursing schools, and allied health professions.
• In veterinary medicine, few studies have focused on the use of antimicrobial CI.
• A recent study in canine septic shock reported the use of a CI for 22% of dogs
receiving time-dependent antimicrobials.
What is Ethos discovery currently doing?
• Previously conducted a pilot study in a small cohort of septic dogs to evaluate the PK
of ampicillin-sulbactam when delivered as a CI or as an II.
• Well tolerated with no reported adverse events.
• For an MIC of 16 µg/mL, the fT>MIC was significantly greater in the CI group than the
II group (mean 67.06% vs. 36.29% respectively, p = 0.04).
• Currently planning a second study in a larger group of septic dogs to further evaluate
the PK of ampicillin-sulbactam CI and to also evaluate its effect on clinical outcome.
Summary
• Critically ill patients commonly experience pathophysiological changes that can
complicate the obtainment of antimicrobial pharmacodynamic targets.
• The use of antimicrobial continuous infusions is a promising method to better meet
treatment goals than when delivered as intermittent infusions.
• Beta-lactam and other time-dependent antimicrobials are the ideal drugs to use in
continuous infusions.
• More research is still needed to fully support a wider adoption of antimicrobial CI in
veterinary medicine.
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Antimicrobal breakpoints
• Antimicrobial breakpoint is a chosen antimicrobial concentration which defines
whether a bacterial pathogen is susceptible or resistant to that antimicrobial.
• Antimicrobial susceptibility breakpoints are developed by groups such as the Clinical
and Laboratory Standards Institute (CLSI).
•R
 eference laboratories use these breakpoints when reporting culture susceptibility data.
• The 2020 CLSI veterinary performance standards do not contain a breakpoint for
ampicillin-sulbactam, but in humans the breakpoint is 8 µg/mL.
• Studies to define the pharmacokinetic profile of ampicillin-sulbactam in veterinary
patients are needed to allow for the development of antimicrobial optimization
strategies, which would likely entail new breakpoint development by bodies like CLSI.
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Antimicrobials can improve outcomes for patients with acute pneumonia. Enteral and
parenteral routes remain the benchmark but drug pharmacokinetics can interfere with
delivery to target sites, particularly in critically ill patients with marked alterations in
fluid distribution, vascular permeability, and liver/kidney function. Although aerosolised
delivery to airways may overcome such issues, evidence demonstrating a clear patient
benefit is lacking. Whilst nebulisation has many uses, this article will focus on
nebulisation in acute pneumonia.
Background
From inhaled sulphur emitted by Mount Vesuvius in classical antiquity, to smoking for
asthma in the Middle Ages, and recent controversy surrounding COVID-transmission
risk with nebuliser use, aerosolised drug delivery has played a key role in respiratory
medicine. Modern nebulisation emerged in the 19th century with the alarming rise of
tuberculosis and discovery of its infectious origins.
Mechanism of action
Device
There are three mechanisms in use today: pneumatic; ultrasonic; or vibrating mesh
nebulisers. Drugs can also be delivered by metered-dose inhalers that deliver
emulsified drugs via a propellant - this will not be covered.
Pneumatic (or jet) nebulisers focus a jet of pressurised air to rupture and aerosolise a
column of liquid. Airflow carries the aerosols towards a mask or hose for patient
inhalation. Drug delivery efficiency can be below 10%.
Several factors affect device performance. Jet velocity correlates negatively with
aerosol size and some devices claim to shrink aerosols further by diverting auxiliary
air flow (usually from an inspiratory arm of a ventilation circuit) into the nebuliser.
Chamber design (e.g. baffles) improves capture of larger droplets that do not have a
therapeutic effect, thus reducing drug wastage and environmental contamination.
Similar benefits are seen with lower turbulence designs (reducing collision and
coalescence of droplets) and vented nebulisers that permit aerosol flow only during
inhalation. Ultrasonic nebulisers use vibrating piezoelectric crystals to break up and
aerosolise a liquid. Vibration frequency negatively correlates with aerosol size, whilst
amplitude determines rate of aerosolisation. Drug delivery efficiency is reportedly

superior to pneumatic devices but may only reach 30-40%. Mesh nebulisers push
liquid through a mesh plate with microscopic holes to minimise aerosol size variation.
A piezoelectric crystal vibrates either the liquid drug reservoir or the mesh plate itself.
Some drug collects on the apparatus after aerosolisation and some will be pushed out
of the circuit upon exhalation. Durability can also alter performance. Over time,
degradation of nozzles, baffles, hoses, vents, and piezoelectric crystals will adversely
impact aerosol production accuracy and consistency.
Drug delivery
Complex interactions between several factors determine effective delivery of the
aerosolised drug to the alveoli. Mass median aerodynamic diameter (MMAD), or median
particle size, determines the destination in the respiratory tract, from apparatus walls,
oropharynx, large airways, down to alveoli. Larger particles (>5μm) use inertial
momentum and typically impact apparatus or upper-airway walls; smaller particles
(<5μm) can follow gravity or convective movement of surrounding air and settle into
lower airways; particles <1μm move randomly through the air via Brownian motion
and are most likely to arrive at the alveoli.
Vibrating piezoelectric devices produce smaller MMAD and are currently the favoured
technology. However different drugs behave differently in a nebuliser, thus ideally we
should use drugs formulated for nebulisation. Human protocols recommend using
preservative-free, non-hyperosmolar, neutral pH solutions that contain a permeant
anion, the latter to reduce bronchospasm and coughing.
Additional factors in ventilated patients include:
• Humidity, particularly in a ventilation circuit, causes hygroscopic growth of aerosols,
inhibiting movement into alveoli. Humidifiers or exchangers should be disconnected
during nebulisation.
• Distance from the patient to the nebuliser in a ventilation circuit impacts the
percentage of drug deposited in the alveoli.
• Ventilator settings such as tidal volumes, inspiratory:expiratory ratios, circuit shape,
and patient synchrony are essential to optimise for nebulisation.
Once the drug is delivered, efficacy is not guaranteed. Whilst healthy patient studies
may demonstrate good results, critically ill patients with pneumonia introduce
numerous confounding factors. Sputum antagonism was shown to inhibit
tobramycin activity, causing a dramatic increase in target tissue MIC. Inflamed lungs
will increase vascular permeability and may increase systemic drug absorption,
mitigating a key benefit of nebulised drug delivery. Antimicrobial stewardship demands
careful drug dosing based on PK/PD and culture and susceptibility data, none of
which is available for nebulised drug use in companion animals. Also, the mechanics
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Adverse effects
Nebulised drug therapy’s purported safer profile has helped its popularity, but safety
is not assured. For example, systemic absorption of aminoglycosides is reduced, but
not eliminated. This may lead to sub-therapeutic systemic levels and increased risk of
resistance patterns, especially in hospitalised critically ill patients. Ventilated patients
require nebulisation-settings that may harm respiratory function. This includes
de-recruitment everytime the nebuliser is attached and tidal volume and
inspiratory:expiratory settings that may not suit the patient’s respiratory status.
Current evidence
Veterinary
There is insufficient evidence evaluating nebulised drugs in patients with acute
pneumonia.
Several veterinary studies confirm efficacy of nebulised drug delivery. A small healthy
dog study used scintigraphy to track radiolabelled nebulised corticosteroids and
found effective, albeit very inefficient, lung delivery (4.2% of nebulised drug). Similar
findings were published in a cat study delivering technetium via a spacer. Both studies
report significant ingestion of nebulised drug into the gastrointestinal tract, similar to
an experimental study in beagles that found the majority of nebulised albuterol was
from gastrointestinal absorption.
Another study found comparable performance between two veterinary spacers
(Aerodawg and Aerochamber) and interestingly reported no difference in drug uptake
at three and five minutes of nebulisation, only greater drug wastage.
Most antimicrobial studies focus on gentamicin use. Recently, a retrospective case
series reported faster clinical improvement in dogs with chronic bordetellosis when
nebulised for 10 minutes twice daily at home for at least three weeks using
gentamicin 4mg/kg diluted in 0.9% NaCl or gentamicin 5%. The authors did not
provide measured or calculated doses delivered to the lungs.
Such calculations are possible, but require several assumptions. An experimental
study comparing nebulised gentamicin in rats and dogs using several nebulisation
protocols reported low efficiency (14-21%) and doses up to 8mg/kg based on the
following equations:
• I nhaled dose (mg) = empirically determined aerosol concentration (mg/L) x
published average minute volumes (4L/min) x exposure time (min)
• I nhaled deposited dose (mg) = inhaled dose x published pulmonary deposition
fraction

High doses were achieved with one hour nebulisation time performed once daily for 2
weeks. This group of dogs had mild renal tubular lesions attributed to aminoglycoside
toxicity, and some tissue drug accumulation at the end of the treatment period.
In a large retrospective case series of dogs with aspiration pneumonia, no survival
benefit was associated with nebulisation.14 However, the authors did not describe the
drugs used.
Human
There is abundant literature demonstrating improved outcomes in cystic fibrosis
patients who receive nebulised antimicrobials for chronic recurrent drug-resistant
infections. For acute pneumonia, the literature focuses on ventilator- and hospitalacquired pneumonia, particularly in mechanically ventilated patients.
A recent systematic review and meta-analysis concluded that there was insufficient
high-quality evidence supporting nebulised antimicrobials in critically ill patients
with pneumonia. Only 11 studies fulfilled their criteria, of which only six were RCTs.
These confirmed good renal safety profile of nebulised gentamicin, but reported
respiratory complications in 9% of mechanically ventilated patients. Whilst there was
no improvement in key outcome measures such as mortality or duration of
ventilation, nebulised patients had lower rates of resistant organisms. An outcome
benefit was only found in patients with multi-drug resistant infections (odds ratio,
1.96; 95% CI, 1.30 to 2.96).
Current European guidelines do not recommend use of nebulised antibiotics due to
weak evidence. This highlights the need for more high quality studies to evaluate
safety, particularly in hypoxaemic patients, and outlines areas in urgent need of
further research.
Hypertonic saline
Most literature supporting nebulisation with hypertonic saline originates from cystic
fibrosis studies that show a clear benefit. In one small RCT in human ARDS patients,
patients treated with IV or nebulised hypertonic saline had faster clinical
improvement, less need for mechanical ventilation, and shorter ICU stay than the
control group. However, a small unblinded study in mechanically ventilated children
found no difference when nebulised with hypertonic saline or 0.9% saline.
Mechanistically, it appears saline nebulisation has immunomodulatory benefits, in
addition to aiding mucociliary clearance of exudates.
Conclusion
Nebulised drug delivery requires consideration of the device used, the drug in
question, and patient status, but can effectively deliver medication to the lower
airways. Theoretically, nebulised gentamicin maximises efficacy whilst minimising
nephrotoxicity. However, a plethora of confounding factors remain poorly understood,
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of nebulisation (residual drug in the nebuliser, drug lost to the environment, ingested
drug, sputum inactivation) prevents quantification of target tissue levels without
advance diagnostic tools reserved for research facilities.
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and ultimately it is unclear whether this practice improves outcomes in acute
pneumonia of companion animals.
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Why is there a need for more advanced diagnostic microbiology techniques?
Especially in the emergency and critical care patient, timely information on whether
bacterial infection is present or not and if so, which pathogen is present and which
antimicrobial agent is expected to have good clinical result, is of vital importance
(Kollef et al., 2021). The classic C&ST approach does not meet the current expectations
for efficient critical care management. Speeding up the C&ST process can result in
shorter hospitalization periods, decreased mortality and more appropriate
antimicrobial use. To speed up this process, various tools are currently available,
including chromogenic agars, automated detection of positive hemocultures, bacterial
identification with MALDI-TOF MS and susceptibility testing directly from positive
hemocultures, rapid diagnostic tests able to detect either specific pathogens or
resistance mechanisms within few hours (e.g. real-time PCR panels, LAMP,
nanotechnology, laboratory-in-a-cartridge solutions; Peri et al., 2021). Even though the
venue of these techniques clearly holds promising opportunities, veterinary applications
are not always at hand or affordable and time loss due to both logistic (e.g. time
needed to get sample to the lab) or organizational issues (24/7 availability in lab) very
often prohibit that significant time savings can be achieved. This lecture will focus on
MALDI-TOF MS and third generation sequencing as cost-efficient and broadly
applicable rapid veterinary diagnostic techniques that are probably “future-proof”.
Matrix Assisted Laser Desorption and Ionization – Time Of Flight mass spectrometry
MALDI-TOF MS has revolutionized bacterial identification in both human and
veterinary medicine. This method identifies bacteria by comparing the “fingerprint” of
the masses of a bacterium’s most abundant proteins with a database of fingerprints
as provided by the manufacturer and/or in-house created databases. It is a simple,
rapid, cost-effective and robust tool for the identification of most bacteria and fungi
to the species level and sometimes even beyond. Because the fixed costs (mass
spectrometer and maintenance) are high, but the consumable cost per sample is very
low, the price per sample drops considerably when large numbers of samples are
processed. In addition, in critically ill patients, the use of hemocultures can have an
added value as specific protocols allow direct identification from positive hemocultures
or after short sub-culture and can result in accelerated identification of sepsis-inducing
bacteria (Ulrich et al., 2020).

Even though MALDI-TOF MS is mainly used for identification, it can also be used to
detect antimicrobial resistance, using different approaches. First of all, specific proteins
(peaks) can be identified that are linked with a certain resistant subpopulation. This
peak profiling often has no direct link with the resistance mechanism, so may only
predict resistance in specific subgroups of a bacterial species in regions where these
subgroups are highly prevalent. Secondly, specific kits allow the detection of strains
able to enzymatically degrade antibiotics (for example ESBL or carbapenemase
producing Enterobacteriaceae) in a +/- 2hour protocol. Finally, protocols have been
described as able to discriminate susceptible from resistant strains for various
antibiotics in various bacterial species after short incubation with the respective
antimicrobial agents using 1 to 6 hour protocols (Idelevich and Becker, 2021). Increasing
quantity and quality of database entries will ensure that identification of bacteria will
ameliorate continuously. In addition, machine learning may increase possibilities
related to identification, AMR detection and, to some extent, strain typing and
detection of host biomarkers (Mortier et al., 2021, Weis et al., 2022).
Third generation sequencing
Third generation sequencing (3GS) allows high-throughput native DNA or RNA
sequencing that can be processed in real-time (i.e. already during the sequencing
process), providing an important opportunity to reduce sample-to-result time. Even
though there are various providers on 3GS, Oxford Nanopore Technologies currently
are most probable to break through in veterinary medicine. The technology is based
on the use of very small pores (nanopores) in lipid bilayers for sequencing. As the native
DNA/RNA strand passes through the pore, the nucleotides can be identified due to the
change in electrical flow and results in very large sequenced DNA fragments making it
easier to “put the genomic puzzle together”. This also means that it is possible to
assemble the genomic data of most of the prevalent bacteria in a sample in 1 single
sequencing run. This means, no targeted molecular and/or culture diagnostic choices
should be made and also metagenomic/viral/parasitic/host-related data may be
generated using a single technique in a semi-quantitative way. This may be of special
benefit for samples in which there is no clue on which pathogens to expect or when a
complex of various viral and/or bacterial pathogens may be involved. Apart from
identification of pathogens, 3GS also holds possibilities for DNA-based antimicrobial
resistance detection and strain typing.
Even though 3GS might lead to the most comprehensive and most reliable results ever
in veterinary microbiology, this technique also holds several risks. First of all, due to
the fact that all observed microbial agents that are present in the sample are reported,
there is a risk of over-interpretation of obtained results: which of the reported
microbial agents are clinically relevant? This is especially important in samples where
a microbiome can be expected to be present. In addition, this technique may hold a
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risk of putting too much focus on the pathogen, while especially in multifactorial
diseases also predisposing factors, non-infectious primary problems etc should not be
neglected. Considering this technique is still in its infancy, there is still a lot of work to
be done on setting up and validating workflows. A possible bottleneck may be the
bio-informatics expertise for setting up and validating sequence analysis pipelines. In
addition, using DNA-based detection of antimicrobial resistance determinants to
predict in vivo susceptibility will also require further research and validation. Both
hardware and software-related progress will result in decreasing both price and
sample-to-result time of 3GS, provided that general laboratory equipment and 3GS
specific consumable prices would not increase significantly. Automated and speciesspecific bioinformatics protocols will be able to increase quality of (deep) sequencing
data and shorten processing and interpretation time (Vereecke et al., 2020). In
addition, in the near future, it might become possible for veterinary clinics to have
their own sequencing station without the need for high investments. While sample
preparation and sequencing can be performed on-site immediately after sampling,
online access to the bioinformatics protocols of specialized providers with appropriate
computational power may allow high quality and even real-time processing and
interpretation of the results. Such a work flow might result in a sequencing report,
possibly within hours after sampling (Marcolungo et al., 2022). Validation of such
point-of-care set-ups and clinically relevant interpretation will however be of major
importance.
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Acute kidney injury (AKI) is a clinical syndrome, defined as a rapid deterioration in
kidney function resulting from injury. While causes of AKI can vary based on the
underlying disease process, the goal standard of treatment is dialysis. Peritoneal
dialysis is a renal replacement therapy that can be considered an option in the
emergency and critical care setting when other dialysis options are financially or
geographically unavailable. Providing peritoneal dialysis to AKI patients can be a
life-saving measure and is a dialysis option that should be more readily considered.
Kidney Anatomy & Physiology
To review, the renal system (comprised of kidneys, ureters, bladder, and urethra) is
responsible for waste-product removal in the body. The kidneys are comprised of a
cortex, medulla, renal pelvis, and nephron. The cortex is the outermost layer of the
kidney and the medulla is the innermost layer of the kidney. The renal pelvis is an
expansion of the proximal ureter and is essentially a large collecting channel for urine.
The nephron is the structural and functional unit of the kidney. The kidneys are made
up of thousands of nephrons that are responsible for carrying out the kidney’s basic
functions. Each nephron works independently to remove body waste, conserve solutes,
and produce urine.
The kidneys are vital to life and are responsible for many functions that help maintain
overall homeostasis. Their functions include fluid regulation, hormone production,
and excretion of metabolic waste products. They maintain the volume and
composition of body fluids (water and electrolyte balance), they absorb solutes
(proteins, amino acids, glucose), and they remove metabolic waste from the body
(urea, uric acid, creatinine). Additionally, the kidneys receive approximately 20-25% of
overall cardiac output and help maintain arterial blood pressure. When any of the
kidney’s functions become disrupted, there can be systemic consequences.
Acute Kidney Injury
AKI is defined as the abrupt (acute) inability of the kidney to regulate fluid balance,
electrolyte balance, and acid-base balance, as well as the ability to excrete body waste
products. AKI has been classically categorized based on the types of azotemia the
results from the underlying disease process. Azotemia is recognized by abnormally
high concentrations of body waste compounds within the blood, primarily blood urea
nitrogen (BUN) and creatinine. Azotemia resulting from AKI can further be grouped as
prerenal, intrinsic renal, and postrenal, and is reflective of the type of AKI a patient has.

Prerenal refers to “before” the kidney, meaning injury is caused by other physiological
or hemodynamic factors. This means that the animal is suffering from another disease
process in which renal perfusion is compromised, affecting renal blood flow and causing
ischemic injury. Examples include hypovolemia, dehydration, cardiac compromise, or
vasodilatory diseases. Intrinsic renal refers to direct damage to the renal parenchyma.
Examples include renal ischemia, exposure to toxic agents, or infectious insult.
Postrenal refers to “after” the kidney, meaning there is an obstruction or impediment
in the outflow of urine that prevents urine from being eliminated from the body.
Examples include urethral obstruction, prostatic disease, urolithiasis, trauma, and
neoplasia.
Principles of Dialysis
Renal replacement therapy (dialysis) is considered the most efficient means of
managing the sequelae of AKI, including uremia, acid-base abnormalities, electrolyte
derangements, and fluid imbalance. Of the renal replacement therapy options
available in veterinary medicine, peritoneal dialysis (PD) is a modality that can be
utilized in any emergency/critical care facility that offers advanced care.
Generally speaking, dialysis is the process of transferring water and solute(s) from one
compartment to another by means of diffusion across a semipermeable membrane
(SPM). The factors that contribute to fluid and solute movement during dialysis are
osmosis, diffusion, and convection. Osmosis (ultrafiltration) refers to the movement of
water or solutes through a SPM from an area of low concentration to an area of high
concentration until equilibrium is achieved. Diffusion refers to the movement of
solutes based on the concentration gradient between two compartments, solute
charge, and solute molecular weight. Convection refers to the movement of solutes
contained in the flow of water (solutes are dragged/trapped with water) and is based
on the amount of water movement, SPM pore size, and SPM surface area.
Peritoneal Dialysis
In human medicine, PD has been used for the treatment of acute and chronic renal
failure since 1923. In veterinary medicine, PD is primarily indicated for use in the
management of AKI that is nonresponsive to traditional medical therapies. Specific
AKI indications of PD include oliguria (urine output < 0.5ml/kg/hr), anuria (lack of
urine output), BUN concentration 100mg/dL (35mmol/L), creatinine concentration
>10mg/dL (884µmol/L). It is not uncommon for AKI patients to have coexisting
electrolyte derangements (i.e. hyperkalemia), acid-base disturbances (metabolic
acidosis), plus or minus volume overload.
PD is a form of dialysis that is based on fluid and solute exchange across a SPM, in
which the large surface area of the peritoneum is utilized for removal of uremic
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Fluid exchange occurs through the process of osmosis. An osmotic gradient is created
through the presence of osmotic agents (i.e. dextrose) in the dialysate that draws
fluids across the peritoneal SPM (moves fluid from a low to a high concentration).
Solute exchange occurs through the processes of diffusion and convection. Waste
products that are more highly concentrated in the blood diffuse across the peritoneal
SPM into the dialysate, which means they are removed during each PD fluid exchange.
The peritoneal membrane has three different pore sizes that allows for the movement
of small and larger molecular weight solutes. For clearance of small molecular solutes
(diffusive property), frequent dialysate exchange is needed to maintain the significant
concentration gradients. For clearance of larger molecular solutes (convective
property), increased dialysate dwell time is needed to allow solute equilibrium. Waste
products can also be moved across the peritoneal SPM when they are trapped within
the flow of fluid (convection), which allows for additional solute to be transferred.
Peritoneal Dialysis Therapy
Implementing PD is meant to be a temporary measure to replace the functions of the
kidneys so they can heal from disease.
PD relies on first obtaining peritoneal access using a multi-fenestrated catheter via
surgical insertion. There are specific, commercially available PD catheters available
from human medical supply companies that are specific for PD use (i.e. include
Dacron cuffs placed in the rectus abdominus muscle and subcutaneous layers to
promote body wall adhesion and prevent leakage). While there are commercially
available permanent peritoneal catheters, alternative temporary catheters can be
placed. A temporary catheter is often a single-lumen, long-term style placed
percutaneously using Seldinger technique and a local anesthetic. In veterinary
medicine, examples of alternative peritoneal catheters include a Jackson Pratt suction
drain or the Blake silicon drain. Once placed, the PD catheter should be aseptically
connected to the dialysate solution and closed collection system using a 3-way stopcock.
A dialysate solution is a mixture that passes through the peritoneal SPM to maximize
elimination of uremic toxins, prevent depletion of normal blood solutes, replenish
depleted solutes, and minimize physiologic and metabolic disturbances during and
after PD sessions. Conventional PD dialysate solutions are buffered balanced
electrolyte solutions that contain differing concentrations of glucose, lactate, sodium,
potassium, and calcium. While there are commercially available dialysates, veterinary
hospitals can make their own. If a commercially available dialysate solution is not

available, the preparation of the in-house dialysate must follow strict aseptic
techniques. This includes wearing a mask and sterile gloves and drawing up/injecting
dialysate components (i.e. dextrose, heparin) sterilely (i.e. using alcohol wipes for ports).
The crystalloid Lactated Ringer’s solution (LRS) is an ideal dialysate base because of its
balanced isotonicity in which dextrose can be added for osmolality; LRS is also the most
similar composition to commercial dialysates. In addition to dextrose, adding
unfractionated heparin to the in-house dialysate (LRS + dextrose) or commercial
dialysate to decrease clot formation and improve dialysate outflow. The most current
recommendations state to add 500U/L of heparin because heparin is minimally
absorbed at this dose. When preparing dialysate bags, the dialysate solutions should be
prepared only as needed (not in advance) to limit potential contamination/infection
risk. Prior to and during infusion, the dialysate should be warmed to body temperature
(99.5F – 102.5F; 37.5C – 39C) for improved patient tolerance.
Once the peritoneal catheter is placed and the dialysate solution is prepared, PD
therapy can begin. The three arms of the 3-way stopcock circuit are 1) PD catheter from
patient, 2) line from dialysate solution, 3) line to closed collection bag. To minimize the
risk of contamination/infection, each line connection should be covered with
chlorhexidine-soaked dressings (i.e. gauze) and access to ports (i.e. dialysate bag, drug
vials) should be scrubbed chlorhexidine or alcohol prior to penetration.
At initiation of PD, dialysate exchanges typically occur hourly for the first 24 hours and
then are adjusted thereafter based on the patient’s response. The PD exchange
process first involves infusion of the dialysate into the peritoneum over 5-10 minutes.
Recommended dialysate dosage volumes range 10-40ml/kg. Following infusion, the
dialysate is then maintained within the peritoneum in what is called a dwell time,
which is 40-45 minutes, in order to reach equilibrium and allow for maximum
removal of water and solutes (i.e. diffusion, ultrafiltration). Lastly, the peritoneum is
emptied via gravity over 10-15 minutes. During the dwelling/draining period, fluid and
solutes (primarily waste products- urea and creatinine) are drawn across the
membrane through the diffusion and convection processes. For each PD exchange
cycle, the patient must be monitored for signs of abdominal discomfort, nausea, or
respiratory compromise, any of which would warrant smaller dialysate infusion
volumes. The rate of fluid exchange is greatest at the beginning of each PD cycle and
becomes less effective over time as the osmotic gradient dissipates from glucose
absorption. The rate of solute exchange is most determined by the volume of dialysate
solution instilled into the peritoneum.
The PD cycles continue hourly until the patient’s status is stabilized/improved and/or
target values are met. The adequacy of dialysis is evaluated by interpreting all relevant
clinical data, including both the patient status (i.e. parameters, hydration status,
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toxins, with the peritoneum acting as a natural SPM between the peritoneal capillaries
and a dialysis solution (dialysate). The process of PD relies on the properties of diffusion,
convection, and osmosis (ultrafiltration) for removal of fluid and solutes.
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Contraindications for PD therapy include recent thoracic or abdominal surgery,
hernias (i.e. diaphragmatic, abdominal, inguinal), peritonitis, severe coagulopathy, or
hypoalbuminemia.
Common complications of PD include catheter occlusion or migration, dialysate
leakage, septic peritonitis, hypoalbuminemia, dyspnea (from increased abdominal
pressure), hyperglycemia, and dialysis disequilibrium syndrome (DSS). DSS is a rare
complication characterized by dementia, seizures, or death. However, since PD results
in a gradual decline of uremic toxins, patients are less likely to develop DSS when
compared to extracorporeal renal replacement (i.e. intermittent hemodialysis,
continuous renal replacement therapy).
Patient Care
While the procedural technique of performing PD is relatively simple, patient care and
monitoring require dedicated and advanced nursing skills.
Veterinary technicians and nurses are generally entrusted with the PD procedure, and
it is important to ensure that the dwell is appropriately timed to maximize
effectiveness. Using a cage‐side timer is ideal to keep track of time for each aspect of
the PD procedure (infuse, dwell, drain). For consistency, care of the PD patient should
be limited to one veterinary technician/nurse (typically one-on-one) per shift to
ensure consistency of the procedure and patient care.
During each PD procedure, maintaining accurate records by recording the volume
infused in, dwell time, volume drained out, and calculation of the net difference in
fluid volumes should be standard practice. In PD, these precise measurements of
dialysate input and output during each exchange are essential. In addition, the color,
turbidity, and/or odor of the peritoneal fluid should be assessed with every PD
procedure. The attending DVM should be notified of any changes regarding amounts
of volumes or the fluid. The PD catheter should also be inspected daily for evidence of
occlusion/obstruction and integrity of the insertion site.
Maintaining sterility is of critical importance because of the high risk of introduction
of bacteria directly into the peritoneal cavity (potential to cause peritonitis and/or
sepsis). Nursing care includes keeping all port connections sterile, wearing sterile

gloves when addressing/accessing port connections or PD catheter insertion site,
wearing exam gloves when handling the patient and ports (i.e. PD 3-way stopcock, IV
catheter, urinary catheter and collection set), and using alcohol wipes when
administering medications or collecting a urine sample from the collection set.
Careful monitoring of patient parameters in addition to PD parameters is also
important. This includes routine assessment of mentation, heart rate (+/- ECG),
respiratory rate, blood pressure, temperature, mucous membrane color, and capillary
refill time. The patient should also have serial body weights to assess hydration status
– weight should be recorded consistently on the same scale and without dialysate in
the abdomen.
It is important to monitor fluid balance, as part of PD care. When monitoring fluid
balance, careful recording of the amount of fluids in and amount of fluids out must
be done. Fluids in include IV crystalloids, IV medications (if they comprise a significant
volume to the patient), and oral intake (nutrition, water). Fluids out is essentially urine
output (UOP).
Close monitoring and recording of UOP is critical in the AKI and PD patient.
Quantifying UOP should be done every 1-4 hours and is depending on the frequency of
PD exchanges. When recording a patient’s UOP, it’s helpful to record the volume three
ways: 1) total UOP, 2) ml/hr UOP, 3) ml/kg/hr UOP. For example, a 10kg dog has 200mls
of urine over the past 4 hours; this should be recorded as 200mls urine, 50ml/hr urine,
and 5ml/kg/hr urine. In addition to the volume of UOP being recorded, the color of
urine should be documented. Performing urinary catheter care should be done every
6-8 hours to maintain cleanliness and minimize the risk of introducing bacteria that
could cause a urinary tract infection.
Serial lab work should be performed to evaluate the specific parameters related to
renal disease. These include packed cell volume and total plasma protein for hydration
status, blood gases, electrolytes, serum BUN and creatinine. These values should be
monitored at a minimum every 24 hours, more frequently depending on the patient’s
response and disease process.
Analgesia is essential for patient comfort and well-being and should be administered
as necessary. In general, opioids are the preferred analgesic choice because of their
potency with minimal cardiovascular effects. In addition to providing analgesic relief,
monitoring of a patient’s pain should also be included as part of patient assessment.
Pain can be monitored using pain scoring systems, such as the Colorado State
University Canine/Feline Pain Scale.
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appetite, energy level) and laboratory status (i.e. renal parameters, electrolyte and
acid-base status). Once the patient improves, PD can be extended to every 4-6 hours.
It is critical that during every PD interaction, strict asepsis is followed. PD should
continue until the patient has appropriate urine output, can maintain normal fluid
balance, has adequate renal values, and is clinically improving.
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Conclusion
Acute kidney injury is a common condition encountered in the emergency and critical
care setting. Peritoneal dialysis is a renal replacement therapy that can be utilized as a
temporary measure to replace the functions of the kidneys so they can heal from
disease. PD therapy plays an important role in the management of AKI and can be
implemented when other more advanced types of renal replacement therapies are
not available. By understanding the pathophysiology of AKI, PD processes, and the
patient care involved is vital to promote a positive patient outcome.
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Other aspects of patient care for the PD patient include nutritional support,
antimicrobial usage, and treatment for the primary/underlying disease process. The
use of nasoesophageal or nasogastric feeding tubes is recommended for short-term
nutritional supplementation. Enteral nutrition can be provided as either bolus
feedings or a constant rate infusion (CRI) of the patient’s energy requirements. In
human AKI patients, early nutritional support has been shown to improve nitrogen
balance and to decrease morbidity. Antimicrobials may be indicated depending on the
disease or prophylactically. When considering antimicrobial usage, good stewardship
should be followed, which includes timely selection, appropriate usage based on
susceptibility, and an antibiotic’s action and spectrum. There should be specific
consideration in the renal patient because they may have decreased ability for
appropriate drug elimination/excretion. The PD process can result in subtherapeutic
concentration in the blood and the antimicrobial dosage and frequency may need to
be adjusted.
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Marc R. Raffe DVM MS DACVAA DACVECC
VACCA LLC, St. Paul, United States of America
Vasopressors have become an important adjunct in veterinary anesthesia and
emergency/critical care medicine over the past decade. The goal of this presentation is
to review the role of vasopressors in clinical patient management.
Blood pressure
Blood pressure is a physiologic parameter that represents the current state of cardiac
function and the peripheral circulation. Blood pressure values represent the
composite of heart rate (HR), strength of cardiac contractility (SV) and the state of
peripheral circulation (SVR). Mathematically, it can be expressed as follows:
Blood Pressure = (HR x SV) x SVR
Two methods for clinical blood pressure measurement, direct and indirect, are
routinely used. Direct blood pressure measurement requires point access to the
arterial network. Noninvasive (indirect) blood pressure measurement (NIBP) uses a
cuff (tourniquet) and flow detection (Stethoscope, Doppler, Oscillometry) to monitor
arterial blood pressure. NIBP accuracy is dependent on SVR. High SVR states such as
shock, stress and certain drugs may interfere with accurate detection by producing a
weak pressure signal. This is a limitation of NIBP in that it has a detection failure rate
in critically ill patients.
Blood pressure is tightly regulated under normal conditions. As part of the integrated
system that regulates blood pressure, blood vessel size is a critical component. Part of
the blood vessel control mechanism is mediated by neurohumoral substances that
influence vascular tone by interacting with local receptors to regulate blood vessel size
on a moment to moment basis. Three receptor types have been identified as playing a
role in blood vessel regulation; alpha, beta and dopaminergic.
Alpha receptors are divided into alpha 1 and alpha 2 subtypes. Alpha 1 receptors are
found on vascular smooth muscle and myocardium. They determine heart rate, stroke
volume, arteriolar resistance and venous capacitance, thus playing an important role
in controlling BP. Alpha 2 receptors are found both in the brain and in the periphery. In
the brain stem, they modulate sympathetic outflow. They contribute to control of
sympathetic tone and to local and regional blood flow.

Beta receptors are divided into three subtypes, beta 1, beta 2 and beta 3. Activation
beta-1 receptors in the heart increases heart rate and contractility. Stroke volume and
cardiac output will increase thus improving tissue perfusion throughout the body.
Beta-2 adrenoceptors are activated by the catecholamines norepinephrine and
epinephrine, Beta-2 adrenoceptors are implicated in diverse physiological functions in
the body, especially in the pulmonary and cardiovascular systems. Activation produces
a minor increase in cardiac output because of increased heart rate and increased
contractility and automaticity of ventricular cardiac muscle. This receptor also dilates
arterioles to skeletal muscle. Beta 3 receptors are found on the cell surface of both
white and brown fat and are responsible for lipolysis, thermogenesis, and relaxation
of intestinal smooth muscle.
Dopaminergic receptors are found in both the central nervous system and peripheral
organs. In the central nervous system, dopamine receptors are widely expressed
because they are involved in the control of locomotion, cognition, emotion, and affect
as well as neuroendocrine secretion. In the periphery, dopamine receptors are present
in kidney, vasculature, and pituitary, where they affect sodium homeostasis, vascular
tone, and hormone secretion. Dopamine receptors are also found in the heart. It has
been shown that activation of dopaminergic receptors by dopamine hydrochloride
produces an inotropic effect (causes more intense contractions) on the heart muscle
that, in turn, can raise blood pressure. Dopamine may also help correct low blood
pressure due to low systemic vascular resistance. A unique property of dopamine is
that low doses cause vasodilation and decreased systemic blood pressure; high doses
(>7mcg/kg/min) cause vasoconstriction and increase systemic blood pressure.
All the above described mechanisms are activated under stress states in the body.
When increased hemodynamic demand occurs, a whole body response which, in part,
consists of hormones and neurotransmitters is activated. This activation helps to
maintain or improve blood pressure and perfusion. As part of the activation process,
epinephrine, norepinephrine and dopamine are released into the circulation and
interact with alpha, beta and dopaminergic receptors to enhance blood flow to organs
(brain, heart, lung, skeletal muscle) that require high blood flow and are essential for
the “fight or flight” response while reducing blood flow to organs less essential to the
immediate survival of the animal. This activation includes change in vasomotor tone
which is modulated by alpha and dopaminergic receptors in the blood vessels. All
injured, sick or stressed animals evoke this response to some degree. The ability of the
body to respond to these inputs is critical to maintain blood pressure and perfusion
under abnormal conditions. The inability to maintain this response for an extended
time can lead to the development of hypotension and shock states. In those cases,
immediate intervention is required to avoid irreversible damage to the patient.
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Heart rate - plays a significant role in blood pressure regulation. Studies have shown
that heart rates less than 70 or greater than 200 beats per minute in the dog
significantly reduce cardiac output. In cats, the heart rate should be greater than 100
and less than 225 beats per minute. These cut points are not only for hemodynamic
parameters but also for electrophysiologic reasons in that arrhythmias may be noted
at heart rates outside this range.
Poor systolic function- Decreased cardiac contractility is noted in many clinical states.
If impaired systolic function results from drug administration, i.e. anesthetic drugs,
the first action step is to reduce drug dose to improve SV and CO. If not successful,
inotropic support drugs (dopamine, dobutamine or ephedrine) are administered to
improve SV and CO. These drugs interact with myocardial cell surface receptors to
facilitate intracellular calcium release thereby improving contractility. Intravenous
calcium administration has also been shown to be effective in SV and CO improvement.
This is due to calcium uptake through specific channels in the myocyte cell surface.
Impaired systolic efficiency secondary to disruption of normal electrical depolarization
sequence and/or mechanical response may decrease systemic blood pressure. Timing
disruption during the cardiac cycle (arrhythmias) affects cardiac filling and forward
flow generation. Depending on arrhythmia frequency, the aggregate effect is
hypotension. Similar effects have been documented with both bradyarrhythmias and
tachyarrhythmias. Management is based on identification of the arrhythmia origin
and frequency; if the arrhythmia is considered to place the patient “at risk” ,
management with antiarrhythmic drugs is indicated.
Valvular disease has the potential to impact blood pressure via several mechanisms.
Valvular insufficiency (MI, TI, AI) affects blood flow patterns in that a portion of volume
ejected during systole does not move forward but travels retrograde through the
incompetent valve into the upstream cardiac chamber. A common compensatory
mechanism is to recruit the Frank-Starling response to compensate for lost ejected
volume. This is frequently seen on echocardiographic measurements as increased
fractional shortening and ejection fraction. The potential risk in these cases is that
they are operating in the high range of the Frank-Starling curve and do not have
adequate “reserve” to recruit for blood pressure stability during times of stress.

Valvular stenosis and anatomic defects can cause forward flow obstruction depending
on location and degree of stenosis. In either scenario, blood pressure may be affected
due to a combination of “fixed” cardiac chamber filling, increased flow resistance due
to the stenosis and/or loss of ejected blood volume due to an anatomic arterialvenous vascular connection (PDA). These cases present a challenge due to the limited
options available for management until the underlying cause is corrected.
Poor diastolic function
Extreme tachycardia and tachyarrhythmias limit diastolic filling time thereby
affecting cardiac chamber volume set point (Frank-Starling effect) and blood pressure
generation. In extreme tachycardia (>200 beats/min), myocardial perfusion can be
significantly affected by a short lusitropic (interbeat relaxation) period resulting from
high residual wall pressure in the ventricular free wall and interventricular septum. At
200 beats/min, each cardiac cycle is approximately 0.35 seconds; therefore, each
diastolic filling period is approximately 0.175 seconds. Chamber filling volume and
ejection fraction are decreased compared to slower heart rates; a less “efficient”
scenario from an energy utilization perspective. This may be exacerbated in certain
cardiac diseases which produce myocardial hypertrophy such as hypertrophic
cardiomyopathy (HCM). High heart rates are not well tolerated and may, in fact,
contribute to decreased cardiac performance and reduced blood pressure values.
Longer lusitropic period results in better myocardial relaxation and coronary
perfusion. If refractive tachycardia is noted, treatment is directed at slowing heart
rate. Drugs that act directly to modify heart rate such as beta-blockers and calcium
channel blockers may be required.
Pericardial tamponade can contribute to poor diastolic function by restricting
expansion of the right ventricular free wall and atria to accommodate venous return.
By restricting venous return, ejection fraction is limited and can result in low blood
pressure values. Pericardiocentesis must be performed to reduce intrapericardial air
and/or fluid volume.
Low Venous Return
peripheral vascular “tone” plays an important role in blood pressure due to its
contribution to venous return, or “preload”, to the heart. Under normal conditions,
80% of circulating blood volume on a moment to moment basis is in the veins. When
regional and local control mechanisms are disturbed due to disease or drug
administration, regional maldistribution of blood volume favors blood pooling in the
veins (due to decreased SVR) which reduces venous return to the heart. As venous
return diminishes, blood volume ejected per cardiac cycle (SV) is reduced. Vasopressors
increase vascular tone and reduce capacitance thereby mobilizing sequestered
volume and restoring venous return (preload) to the heart. The net effect is tol
improve cardiac performance and increase blood pressure values. One additional
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Hypotension
Hypotension is defined as systolic blood pressure of less than 90 millimeters of
mercury (mm Hg) or mean pressure of less than 60 mm Hg. In the injured or critical
patient, mean pressure is most commonly used as a benchmark for intervention
unless the selected measurement technique (Doppler) does not measure that value in
which case systolic pressure is benchmarked. Hemodynamic factors that contribute to
hypotension include:
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Vasopressor physiology and mechanism of action
All drugs exert their effect by interacting with intrinsic cell surface receptors in select
tissues. For vasopressors, the key interaction of the drug molecule is with the alpha 1
receptor found on vascular smooth muscle. Activating this receptor evokes an
intracellular second messenger response in vascular smooth muscle producing
contraction and reducing vessel size (vasoconstriction). Most of the therapeutic response
to vasopressor drugs is attributed to the venous side of the circulation. Venous
vasoconstriction and return of “pooled” blood trapped in regional veins to core venous
return to the heart is our goal. By augmenting venous return, we can increase cardiac
output by augmenting “preload”. This, in turn, increases systemic blood pressure.
Higher doses of vasopressor drugs have the potential to increase arterial
vasoconstriction. Arterial vasoconstriction is detrimental to the patient (except in
certain types of heart failure) because the heart works against increased back
pressure (afterload) decreasing efficiency. In addition, vasoconstriction of small
arterial blood vessels (arterioles) results in compromised tissue perfusion and oxygen
delivery thereby increasing the chance of cellular dysfunction. Historically, patients
given vasopressors died with great blood pressure values because too high a dose was
administered. The problem was that microcirculation to tissues and cells was blocked
and cellular dysfunction occurred. Monitoring tools to guard the patient from
vasopressor “overdose” include mucous membrane color, capillary refill time, blood
pressure measurement and pulse oximeter value. All should be in the normal, or
reference range. Paired arterial and venous blood gasses may also be collected and
analyzed. Deviation from normal PO2 difference between arterial and venous blood
gas samples (a-v dO2) indicate impaired oxygen delivery and extraction. Blood lactate
level is also useful. It helps identify if adequate aerobic tissue metabolism is present in
tissues. Dopaminergic receptor drugs cause vasoconstriction by triggering alpha
receptor response at higher dose rates. It is not a property of the dopamine receptor,
per se, to cause vasoconstriction.

Role of vasopressors
Severe hypotension associated with anesthesia, distributive or septic shock is broadly
defined as a life-threatening condition of impaired blood flow resulting in inability of
the body to maintain blood delivery to body tissue and to meet oxygen demands.
Typical signs include low blood pressure, rapid (or slow) heartbeat and poor organ
perfusion indicated by low urine output, confusion or loss of consciousness. Death in
human intensive care unit settings range from 16% to 60%, depending on the
underlying condition. Clinical treatment of hypotension includes fluid replacement
followed by use of vasopressor agents as necessary. Vasopressors are administered to
improve regional maldistribution of blood volume under the treatise that
vasoconstriction will improve organ perfusion when hypotension/shock is caused by
vasodilation.
Vasopressor drugs used in clinical practice
Norepinephrine is an endogenous catecholamine released by postganglionic
adrenergic nerves. It has potent alpha-receptor activity, which produces peripheral
vasoconstriction. Recent research suggests that in addition, norepinephrine has an
inotropic effect on the heart increasing contractility and heart rate in a dose
dependent manner. Adverse effects include tachyarrhythmias and precipitation of
myocardial ischemia. In the event of extravasation of norepinephrine, subcutaneous
phentolamine should be infiltrated throughout the ischemic area.
Epinephrine is an endogenous catecholamine that acts on beta-1, beta-2, and alphareceptors. Beta-adrenergic activity predominates at low doses (<0.01 µg/kg/min) of
epinephrine and results in increased stroke volume, heart rate, and cardiac output. At
higher doses (>0.2 µg/kg/min), it is a potent vasoconstrictor due to alpha-mediated
peripheral vasoconstriction. Adverse effects include tachyarrhythmias, severe
hypertension and increased myocardial oxygen demand. High and prolonged doses
can cause direct cardiac toxicity through damage to arterial walls and stimulation of
myocyte apoptosis.
Phenylephrine Is a synthetic alpha-adrenergic receptor agonist with virtually no
affinity for beta receptors. It is a potent vasoconstrictor with essentially no
chronotropic or inotropic effects. It may be used to manage severe hypotension, but
for the failing heart the undesirable increase in afterload and oxygen consumption
mitigates any benefits. It may cause reflex bradycardia that can be blocked with
atropine. It may cause an excessive hypertensive response if not properly dosed.
Ephedrine is a naturally occurring plant molecule that activates α and β-receptors as
well as inhibiting norepinephrine reuptake and increasing norepinephrine release
from vesicles in nerve cells. These combined actions lead to larger quantities of
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factor contributing to low venous return is loss of the “thoracic pump” mechanism.
Pressure changes in the thorax generated during normal breathing facilitate venous
return to the heart. Clinical conditions that disrupt thoracic integrity (hemothorax,
pneumothorax, pneumomediastinum) impair venous return by reducing blood flow
in the great veins and creating right ventricular free wall compression reducing
chamber volume. Similar effects are noted when using positive pressure ventilation
(PPV). PPV produces positive intrathoracic pressure during inspiration which is
maintained during expiration. Thus, intrathoracic pressure does not reach
subatmospheric level at any point in the respiratory cycle which reduces venous
return, decreases right ventricular chamber size due to free wall compression and
lowers blood pressure.
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Dopamine is a naturally occurring neurotransmitter and the precursor of
norepinephrine. Dopamine acts on several receptor classes, each with different
affinities for the drug: At low doses (2 to 5 µg/kg/min), stimulation of dopaminergic
receptors leads to vasodilation in the renal, mesenteric, coronary, and cerebral beds. At
this dose, dopamine induces increased natriuresis, although no definitive evidence for
improvement in renal function exists. At intermediate doses (5 to 10 µg/kg/min),
dopamine increases cardiac contractility and heart rate. This occurs directly by
stimulating beta-1 receptors and indirectly by releasing norepinephrine from
sympathetic nerves. At high doses (10 to 20 µg/kg/min), alpha-receptor mediated
peripheral vasoconstriction dominates.
Vasopressin, also called antidiuretic hormone (ADH) or arginine vasopressin (AVP) is a
hormone synthesized in neurons in the hypothalamus. It is clinically used in several
conditions including diabetes insipidus and control of bleeding in von Willebrand’s
disease. It has been shown to increase blood pressure in septic shock or cardiac arrest
states by activating the AVPR1A receptor. The AVPR1A receptor is a vasopressin specific
receptor located in the liver, kidney, peripheral vasculature and brain. Activation
induces response equivalent to activation of the alpha 1 receptor.
Vasopressor dosing and characteristics
See Tables 1 and 2
Considerations for administration (e.g., peripheral vs central line) and complications
All vasopressors have a very short duration of action. For this reason, treatment
generally requires an intravenous infusion at a constant rate to maintain therapy.
Given extra vascularly, they carry a risk of damaging tissue by stopping blood flow to
the local site. For this reason, it is important that a secure intravenous catheter be
placed prior to administration. Vasopressor drugs should be given by a dedicated
intravenous access and not co administered with other fluids and/or drugs. Their
effect is impacted by drug interaction with many drugs as well as certain intravenous
fluid formulations. Because they are very potent drugs that exert powerful effects at
very low doses, all mathematical calculations for concentration mixture and infusion
rate MUST be checked to assure accuracy. Specific considerations for individual drugs
are listed in Table 2.

Side Effects
Vasopressors are very powerful drugs and can have life threatening side effects
associated with too high a dose. Dopamine side effects include extreme
vasoconstriction, hypotension, tachycardia, local tissue necrosis, and gangrene if
extravasation occurs. Epinephrine side effects include tachycardia, anxiety, pulmonary
edema, and local tissue necrosis with extravasation. Norepinephrine has similar
adverse effects to epinephrine but may also include bradycardia and dysrhythmia.
Phenylephrine may cause reflex bradycardia, decreased CO, local tissue necrosis with
extravasation, peripheral, renal, mesenteric, or myocardial ischemia. Vasopressin may
induce arrhythmias, mesenteric ischemia, chest pain, coronary artery constriction and
MI, bronchial constriction, hyponatremia, and local tissue necrosis with extravasation.
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norepinephrine present for longer periods of time, increasing stimulation of the
sympathetic nervous system. Ephedrine’s stimulation of α-1 receptors causes
constriction of veins and a rise in blood pressure, stimulation of β-1 adrenergic
receptors increase cardiac chronotropy and inotropy, stimulation of β-2 adrenergic
receptors causes bronchodilation. It has also been shown to be medically useful in
other applications in addition to hypotension management.
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Figure 1: Decision Tree for Hypotension/Shock Management

Table 1: Vasopressors and their in vivo actions
Drug

Dobutamine

Contractility

Heart rate

Dopamine
Epinephrine
Norepinephrine

0

Phenylephrine

0

-

Vasopressin

0

-

,

Vascular tone
-
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Agent
Norepinephrine
(noradrenaline)

Initial dose
1-3 mcg/kg/min

Maintenance dose
1-3 mcg/kg/min

Epinephrine
(adrenaline)

0.1 to 1 mcg/kg/min 0.01-0.5 mcg/kg/min 0.5-2mcg/kg/min

Phenylephrine

1-5 mcg/kg/min

0.25 -5 mcg/kg/min

5 mcg/kg/min

Ephedrine

0.1-0.2 mg/kg

5-10 mcg/kg/min

20 mcg/kg/min

Dopamine

2-5 mcg/kg/min

2 -10 mcg/kg/min

15 mcg/kg/min

Vasopressin

0.03 units/min

0.01-0.04 units/min
(not titrated)

Doses >0.5 units/
minute can cause
cardiac ischemia

D5W: 5% dextrose water; NS: 0.9% saline.

Maximum dose
<5 mcg/kg/min

Role in therapy and selected characteristics
• Initial vasopressor of choice in septic, cardiogenic, and hypovolemic shock.
• Wide range of doses utilized clinically. Has both ionotropic and vasoconstrictive properties.
• Must be diluted; usual concentration is 4 mg in 250 mL of D5W or NS (16 micrograms/mL).
• Vasopressor of choice in anaphylactic shock.
• Typically an add-on agent to norepinephrine in septic shock when required to raise MAP
• An alternative first-line agent if norepinephrine is contraindicated.
• Increases heart rate; may induce tachyarrhythmias and ischemia.
• For inotropy, doses in the higher end of the suggested range is needed.
• Elevated lactate concentrations during initial administration
• May decrease mesenteric perfusion.
• Must be diluted; usual concentration is 1 mg in 250 mL D5W (4 micrograms/mL).
• Pure alpha-adrenergic vasoconstrictor.
• May be considered when tachyarrhythmias preclude use of norepinephrine.
• Alternative vasopressor for patients with septic shock who: (1) develop tachyarrhythmias on norepinephrine,
epinephrine, or dopamine, (2) have persistent shock despite use of two or more vasopressor/inotropic agents including
vasopressin (salvage therapy), or (3) high cardiac output with persistent hypotension.
• May decrease stroke volume and cardiac output in patients with cardiac dysfunction.
• Must be diluted. The usual concentration is 10 mg in 250 mL D5W or NS (40 mcg/mL).
• Must be diluted. Put 0.36 ml of ephedrine in 60 ml of 0.9% NaCl, giving a dilution of 300 mcg/ml.
• Start CRI at 5 mcg/kg/min.
• An alternative to norepinephrine in septic shock in highly selected patients (eg, with absolute or relative bradycardia
and a low risk of tachyarrhythmias).
• More adverse effects (eg, tachycardia, arrhythmias particularly at doses ≥20 mcg/kg/minute) and less effective than
norepinephrine for reversing hypotension in septic shock.
• Must be diluted (eg, a usual concentration is 400 mg in 250 mL D5W [1.6 mg/mL] or 800 mg in 250 mL D5W [3.2 mg/
mL]); use of a commercially available pre-diluted solution is preferred.
• Add-on to norepinephrine to raise blood pressure to target MAP or decrease norepinephrine requirement. Not
recommended as a replacement for a first-line vasopressor.
• Pure vasoconstrictor; may decrease stroke volume and cardiac output in myocardial dysfunction or precipitate
ischemia in coronary artery disease.
• Must be diluted; usual concentration is 25 units in 250 mL D5W or NS (0.1 units/mL).
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Table 2: Vasopressor Dose and Selected Characteristics
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Adapted from: Up To Date, 2022
• All doses shown are for intravenous (IV) administration. The initial doses shown in
this table may differ from those recommended in immediate post-cardiac arrest
management (ie, advanced cardiac life support).
• Vasopressors can cause life-threatening hypotension and hypertension,
dysrhythmias, and myocardial ischemia. They should be administered by use of an
infusion pump adjusted by staff trained and experienced in dose titration of
intravenous vasopressors using continuous noninvasive electronic monitoring of
blood pressure, heart rate, rhythm, and function.
• Hypovolemia should be corrected prior to the institution of vasopressor therapy.
• Reduce infusion rate gradually; avoid sudden discontinuation.
• asopressors can cause severe local tissue ischemia; central line administration is
preferred. When a patient does not have a central venous catheter, vasopressors can
be temporarily administered in a low concentration through an appropriately
positioned peripheral venous catheter (ie, in a large vein) for less than 24 hours. The
examples of concentrations shown in this table are useful for peripheral (short-term)
or central line administration. Closely monitor catheter site throughout infusion to
avoid extravasation injury. In the event of extravasation, prompt local infiltration of
an antidote (eg, phentolamine) may be useful for limiting tissue ischemia. Stop
infusion and refer to extravasation management protocol.
• Vasopressor infusions are high-risk medications requiring caution to prevent a
medication error and patient harm. To reduce the risk of making a medication error,
we suggest that centers have available protocols that include steps on how to
prepare and administer vasopressor infusions using a limited number of
standardized concentrations. Examples of concentrations and other details are based
on recommendations used at experienced centers; protocols can vary by institution.
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Courtney Waxman, MS, CVT, RVT, VTS (ECC)
Veterinary Emergency Group, Valhalla, New York, United States of America
Fluid therapy is a mainstay component of patient care. Understanding the concepts of
fluid compartments, fluid balance, fluid types, fluid plans, and fluid monitoring are all
important. As the role of veterinary technicians continues to grow, the need for them
to understand all aspects of fluid therapy becomes more important.
Fluid Compartments
Physiologically speaking, the body’s fluid compartments are divided between
intracellular (ICF), or within the cell, and extracellular (ECF), or the intravascular and
interstitial, compartments. Each fluid compartment comprises total body water (TBW);
the ICF compartment is ~66% TBW and the ECF compartment is ~33%.

Fluid Balance
Fluid imbalances occur from any condition(s) that alters a patient’s ability to
adequately compensate and restore its own fluid requirements. Intravenous fluids are
used in the critically ill to maintain intravascular volume and adequate perfusion.
Definitions that are part of fluid balance include hypovolemia and dehydration.
Hypovolemia is loss of intravascular fluid volume (i.e. hemorrhage, vomiting/diarrhea,
urinary loss). Dehydration is loss of interstitial and intracellular fluid volume (i.e.
decreased water intake in relation to water lost).
Fluid Types
The mainstay fluid type for treating critical patients are crystalloid fluids. Crystalloids
can be further categorized as isotonic, hypertonic, and hypotonic solutions.

Isotonic Crystalloids
Isotonic crystalloids are the primary fluid type for treating critical patients, as they
have the most similar composition to the patient’s ECF compartment. Crystalloids are
a water-based solution composed of osmotically active small molecules that are
permeable to capillaries. Crystalloid solutions include 0.9% NaCl, Lactated Ringer’s
(LRS), Normosol-R and Plasmalyte-A. It’s important to note that ~75% of crystalloid
solutions leave the intravascular space within one hour of administration. The
maintenance rate of crystalloids in the small animal patient is 40-60ml/kg/day. The
shock volume of crystalloids is 60-90ml/kg in the canine patient and 45-60ml/kg in
the feline patient. Shock doses of crystalloids should start in aliquots, such as ¼ or 1/2
the shock dose. The replacement rate of crystalloids is based off of the dehydration
deficit, which is calculated as: % dehydration x kg x 1000 = volume to replace. The
dehydration deficit should be replaced over 12-24 hours and is a rate in addition to the
maintenance fluid requirement.
Dehydration % Physical Exam Findings
< 5%
Dehydration not clinically detectable, but patient has a history of fluid loss
5-7%
Dry mucous membranes
Mild skin tenting
7-10%
Dry mucous membranes
Moderate skin tenting
10-12%
Dry mucous membranes
Significant skin tenting
Sunken eyes
Evidence of hypovolemia

Hypertonic Crystalloids
Hypertonic fluids are solutions that have a higher osmolality compared to an animal’s
normal fluid composition. The use of hypertonic solutions can be life-saving in the
emergency and critical care setting, as they cause a free water shift from the ICF space
to the ECF space. The most commonly used hypertonic solution is 7-7.5% NaCl.
Hypertonic saline is dosed at 3-5ml/kg and given IV over 10-15 minutes. Although
short-lived (typically 30 minutes), the transient cardiovascular effects of
administration may provide enough time for other therapies, such as crystalloids, to
take full effect. Use of hypertonic saline is also desirable as you can deliver a much
smaller volume to obtain the wanted restoration of intravascular volume effect.
Hypertonic saline is often and ideally given in combination with isotonic crystalloids.
Hypertonic saline is an excellent choice for rapid, small-volume resuscitation.
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The IV League: Critical care fluid resuscitation
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Synthetic colloids are also a fluid option for critically ill patients. Colloid solutions
contain large molecules suspended in crystalloid solutions that help maintain
intravascular volume because they don’t as readily cross the blood vessel barrier.
Because molecules in colloids are bigger, they tend to remain within the intravascular
space longer, thus better sustaining intravascular volume. The most commonly
available synthetic colloids are derivatives of hydroxyethyl starches; these solutions
include Hetastarch, Tetrastarch, Pentastarch and Vetstarch. In recent years, there has
been controversy and debate about the use of synthetic colloids in fluid resuscitation.
There has been more recent research and evidence in the human field about the
adverse effects of synthetic colloid use. The main concerns of colloid use in human
medicine is they may cause acute kidney injury and coagulation derangements. While
there is currently no veterinary evidence regarding the adverse effects of colloid use,
many clinicians are giving more patient consideration prior to implementing colloid
use. Synthetic colloids can be given as a bolus at 5-10ml/kg or used as a CRI so long as
the dose doesn’t exceed 20ml/kg/day.
Vasopressor Therapy
Vasopressors may be indicated if there’s no cardiovascular improvement with
crystalloids or colloid fluid resuscitation methods. Vasopressors are potent
vasoconstrictors used to redirect blood flow from the peripheral to central circulation,
with the goal of increasing blood pressure. It’s important to note that vasopressors
should be considered after the patient has been fully fluid resuscitated (received their
full shock dose of IV crystalloids). Vasopressor drugs include norepinephrine,
dopamine, dobutamine, and vasopressin.
Albumin/Oncotic Pull
Albumin is the predominant protein within the intravascular space and is responsible
for maintaining vascular integrity and colloid oncotic pressure (COP). Oncotic pull is
what keeps fluids within the vascular space; without albumin, there would be

increased intravascular permeability, resulting in fluids leaving the intravascular
space and causing third spacing and edema. Critical patients often suffer from
hypoalbuminemia, which can result in hypotension or interstitial or pulmonary
edema. Nutritional support, synthetic colloids and intravenous albumin are therapies
that can be used to raise albumin levels. There are both canine and human albumin
solutions commercially available; administration of either is done similarly to a blood
product transfusion (administered slowly with frequent monitoring for transfusion
reaction). It should be noted that using fresh frozen plasma (FFP) to raise albumin isn’t
considered an appropriate therapy; it requires 40-50ml/kg FFP to raise albumin by 1g/dL.
Fluid Delivery
In order to provide fluid therapy, venous access must first be obtained. Proper IV
catheter placement and maintenance is crucial for IV fluid therapy to be successful.
In critically ill patients, it is most ideal to place a large gauge, short length IV catheter
in the cephalic vein. IV catheter size is preferably 18-gauge in medium to large sized
dogs and 20-gauge in small dogs and cats. Smaller gauge IV catheters create
increased resistance to fluid flow, which can be counterproductive if administering
high volume or multiple fluid types. The cephalic vein is preferred as it allows for
easier access, reduces the likelihood of contamination from GI or urinary losses, allows
for better visualization as the vessel is closer to the heart, and reduces potential issues
with patient mal-positioning or occlusion. Other venous access options include
central venous access, either via the jugular vein (cranial vena cava) or the lateral
saphenous (caudal vena cava). Jugular central catheters have the added benefit of
being used for total parenteral nutrition (TPN) or to measure central venous pressure
(CVP). Jugular catheters are contraindicated in patients with coagulopathy or head
trauma. Alternatively, a peripherally inserted central catheter (PICC) line can be placed.
Both central catheters typically have double or triple lumen ports and are placed
following sterile technique.
Fluid Therapy Plan
To develop a fluid therapy plan, things like disease process, life stage, hydration status,
and ongoing losses are patient considerations that should be included in determining
maintenance and replacement fluid therapy.
Disease states that require more aggressive fluid therapy include hypovolemia, renal
disease, vasodilatory states, and certain toxicities. Disease states that require more
conservative fluid therapy include cardiovascular compromise and electrolyte
derangements. Pediatric patients have higher fluid requirements whereas geriatric
patients have lower fluid requirements. Dehydrated patients will require additional
fluid support on top of maintenance fluid requirements. Patients with ongoing losses
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Hypotonic Crystalloids
Hypotonic fluids are solutions that have a lower osmolality compared to an animal’s
normal fluid composition. Hypotonic fluids replace free water deficits by distributing
throughout the intracellular and extracellular fluid compartments, with less
remaining extracellularly. The larger distribution of hypotonic fluids make them a
safer choice for patients that can’t tolerate intravascular volume or have a sodium
derangement (i.e. hypernatremia). Hypotonic fluids should never be administered as a
bolus; they are ineffective at expanding intravascular volume, can rapidly affect
osmolality, cause water shifts from the ECG space to ICF space, and can lead to
life-threatening cerebral edema. Hypotonic crystalloids include 5% dextrose in water
(D5W) and 0.45% NaCl.

Friday 3 June 2022 | Nurse stream

Fluid Monitoring
When it comes to monitoring fluid therapy, a variety of parameters are assessed. First,
assess the patient; this is done by evaluating physical parameters (heart rate, pulse
quality, mm color/moisture, CRT, extremity temperature, attitude/mentation, blood
pressure, skin turgor). Next, assess ongoing losses, which can include vomiting, diarrhea,
urinary, third-spacing, or wound loss. Then, assess the patient’s inputs versus outputs,
which can be done by evaluating urine output and serial body weights. Additionally, lab
values (i.e. PCV/TP, lactate, acid-base status) can give insight on a patient’s fluid status.
Patients should also be monitored for signs of fluid overload, or over-hydration. Signs
include serous nasal discharge, chemosis, subcutaneous edema, ascites, increased
respiratory rate, coughing, and restlessness.
Conclusion
Fluid therapy is an essential component of emergency and critically ill patient care.
By having a better understanding of body fluid composition, fluid types, and disease
process, veterinary technicians can be more involved in the fluid therapy plan.
Veterinary technicians are also the primary caregivers when it comes to venous access
and monitoring of fluid therapy.
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(i.e. hemorrhage, profound vomiting/diarrhea, excessive urinary loss) will need to have
that volume replaced.
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Nathalie Hack RVN MBVNA DipAVN(Surg) CertVNECC ISFM DipFN
Vets Now, Luton, Bedfordshire, United Kingdom
• Normal blood pressure values:
1. Systolic 100-160 mm Hg
2. Diastolic 60-100 mm Hg
3. MAP: 80-120 mm Hg
• Hypotension occurs when MAP is less than 60 mm Hg
• MAP = CO x SVR = (HR x SV) x SVR
CO= cardiac output consisting of HR (heart rate) multiplied by SV (stroke volume)
SVR= systemic vascular resistance
• MAP consistently below 60 mm Hg can lead to:
1. Worsening of hypoxaemia
2. Decreased hepatic metabolism of drugs
3. Delayed recovery of anaesthesia
4. Neuromuscular complications
5. CNS abnormalities
6. Renal failure, which can have long lasting effects if more than 65-75% of the
nephrons are damaged
• Methods of blood pressure monitoring:
1. CRT
2. Pulse palpation
3. Indirect blood pressure monitoring: Doppler, Oscillometric & HDO
4. Direct blood pressure monitoring
• Treatment of hypotension under GA: FIND THE CAUSE FIRST!
• Treatment of hypotension under GA:
1. Blood pressure cuff:
if cuff is too large (should be 1/3 of the total circumference of the paw/tail)
if cuff is above the heart level
2. Drugs related: reduce the amount administered
3. Fluid therapy: 10 ml/kg/hr to counteract the vasodilation
4. Fluid therapy in suspected hypovolaemia: a fluid bolus of ‘one hours’ worth’ given
over 10-15 min (e.g. 5 kg dog will have a 50 ml bolus)
5. Blood loss: 1ml of blood loss should be replaced with 2-3 mls of crystalloids

6. If the above treatments do not work , administering of vasopressors and inotropes
• Treatment of hypertension under GA:
1. Uncontrolled disease factors e.g., pulmonic stenosis
2. Inadequate depth of anaesthesia
3. Lack of analgesia
4. Blood pressure cuff:
if cuff is too small
if cuff is below the heart level
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Monitoring of blood pressure under GA
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Courtney Waxman, MS, CVT, RVT, VTS (ECC)
Veterinary Emergency Group, Valhalla, New York, United States of America
Venous Blood Gas Interpretation
Assessment of acid-base status gives insight into three physiologic processes: alveolar
ventilation (venous), acid-base (venous or arterial), and oxygenation (arterial). Venous
blood gas (VBG) analysis is arguably one of the most routinely used point of care tests
done in the critical care setting. A VBG is performed when there is a need to know what
a patient’s acid-base or ventilation status is. The results of a VBG gives the veterinary
team more information about the severity of a critical patient’s disease, so that
appropriate interventions (i.e. fluid therapy, electrolyte supplementation, oxygen
support) can be provided. Obtaining a venous blood sample is a routine procedure, and
can be collected either from a peripheral/central vessel or during IV catheter
placement. Ideally, the blood sample should be run as soon as possible (within
minutes) to ensure accurate results. It is also important to note that the status of
tissues (i.e. well-perfused vs. hypoperfused) from the venous sample site can affect
results. While the analyzers used for VBG analysis can vary, the interpretation of results
remains constant. When evaluating a patient’s VBG result, the values needed for
interpretation are pH, PCO2, and HCO3. The pH is a measurement of acidity or alkalinity
of the blood (how many hydrogen molecules are present in the blood). An excess of
hydrogen ions causes a decrease in pH (acidosis), while a shortage of hydrogen ions
causes an increase in pH (alkalosis). PCO2 is a measurement of the partial pressure of
carbon dioxide in the blood. PCO2 is an indicator of the respiratory component of a
blood gas analysis. An excess of CO2 causes an acidosis, while a shortage of CO2 causes
an alkalosis. HCO3 is a measurement of bicarbonate (bicarb) in the body. Bicarb is a
major buffer, and represents the metabolic component of blood gas analysis.
Below is a quick reference chart for general reference ranges of VBG analysis.
Value
pH
PCO2
HCO3

Canine Reference Range
7.35 – 7.45
35 - 45
18 – 24

Feline Reference Range
7.35 – 7.45
35 - 45
18 - 24

A simple acid-base disturbance is when there is one primary disorder (metabolic vs.
respiratory), and the appropriate compensation for that disorder. The four primary
acid-base disturbances that occur in the body are metabolic acidosis, metabolic
alkalosis, respiratory acidosis and respiratory alkalosis.
When you approach interpretation of a VBG result, go through the following steps:

1. Is there an acid-base disturbance? Evaluate pH – is it acidotic or alkalotic?
2. Identify the primary disturbance – is it respiratory (PCO2) or metabolic (HCO3)?
3. Is the compensatory response as expected?
4. Consider the underlying disease process(es) that may be responsible for the
acid-base disturbance.
One method for helping determine the acid-base status is to memorize the pneumonic
R.O.M.E., which stands for Respiratory Opposite Metabolic Equal. This helps quickly
identify the primary acid-base disorder. For primary respiratory disturbance, the pH and
PCO2 are Opposite (↓pH + ↑PCO2 = respiratory acidosis, ↑pH + ↓PCO2 = respiratory
alkalosis). For primary metabolic disturbance, the pH and HCO3 are Equal (↓pH +
↓HCO3 = metabolic acidosis, ↑pH + ↑HCO3 = metabolic alkalosis). Whatever the
primary disturbance is, the body compensates for the acid-base imbalance. This means
a change in the respiratory or metabolic component will induce a change in the other in
an effort to get the pH back to the normal range. A respiratory compensation is
expected in metabolic acid-base disturbances. The respiratory system responds within
minutes by adjusting ventilation (i.e. changes respiratory rate, changes tidal volume, or
changes both). A metabolic compensation is expected in respiratory acid-base
disturbances. The metabolic system responds more slowly (hours to days) via the
kidneys by adjusting the absorption or excretion of ions (i.e. bicarbonate, ammonia).
Metabolic acidosis is the most common acid-base disturbance in veterinary medicine.
It is characterized by a low pH, low HCO3, and compensatory low PCO2. Metabolic
acidosis occurs due to an increase in the amount of acid in the body. The body
responds to metabolic acidosis by implementing buffering systems (renal excretion of
ammonia) and hyperventilation (to increase alveolar ventilation) in an effort to raise
the pH. Primary causes that contribute to metabolic acidosis include a loss of
bicarbonate-rich fluids (i.e. small intestinal diarrhea), addition or production of an
acid (i.e. toxin ingestion, lactic acidosis, diabetic ketoacidosis), or failure of renal
excretion of an acid (i.e. hypoadrenocorticism, renal failure). Metabolic alkalosis is
characterized by a high pH, high HCO3, and compensatory high PCO2. The body
responds to metabolic alkalosis by converting buffers, increasing renal excretion of
alkali, and hypoventilation (to decrease alveolar ventilation) in an effort to lower the
pH. Primary causes that contribute to metabolic alkalosis include loss of chloride-rich
fluid (i.e. vomiting), severe potassium or magnesium deficiency, hypoalbuminemia,
refeeding syndrome, impaired renal function, post-hypercapnia syndrome, pyloric
obstruction, chronic administration of an alkali, or diuretic treatment. Respiratory
acidosis is characterized by low pH, high PCO2, and compensatory high HCO3. The body
responds to respiratory acidosis by buffering and renal absorption of HCO3, in an
effort to raise pH. Primary causes that contribute to respiratory acidosis include
hypoventilation, gas exchange disorders (i.e. diffusion impairment, ventilation-

EVECC CONGRESS 2022

Blood Gas Tic-Tac-Toe
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Below is a quick reference chart of the primary acid-base disturbances.
Disturbance
Metabolic acidosis
Metabolic alkalosis
Respiratory acidosis
Respiratory alkalosis

pH
↓
↑
↓
↑

PCO2
↓
↑
↑
↓

HCO3
↓
↑
↑
↓

Another method for helping determine the acid-base status of a critical patient based
on VBG results is by doing acid-base Tic-Tac-Toe. Acid-base Tic-Tac-Toe is where you
input your values (pH, PCO2, HCO3) into the boxes of a Tic-Tac-Toe chart based on if the
value is acidotic, normal, or alkalotic.

For this VBG result, mark pH in the acid box, mark PCO2 in the acid box, and mark
HCO3 in the base box.

From the pH, it’s clear this is an acidosis, with the primary disturbance being
respiratory since it’s also in the acid box. It’s also clear there’s the appropriate
compensatory response since the metabolic disturbance in the opposite base box.
For another example, a patient has the following VBG values:
• pH = 7.5
• PCO2 = 50
• HCO3 = 27
For this VBG result, mark pH in the base box, mark PCO2 in the acid box, and mark
HCO3 in the base box.

Before “playing” Tic-Tac-Toe, remember what the acid and base parameters are for pH,
PCO2, and HCO3:
• Acid pH
< 7.35
• Base pH
> 7.45
• Acid PCO2
> 45
• Base PCO2
< 35
• Acid HCO3
< 18
• Base HCO3
> 24
Once you have a VBG result, look at the pH, PCO2 and HCO3 values and mark which
box they fall into. For example, a patient has the following VBG values:
• pH = 7.15
• PCO2 = 65
• HCO3 = 27

From the pH, it’s clear this is an alkalosis, with the primary disturbance being
metabolic since it’s also in the base box. It’s also clear there’s the appropriate
compensatory response since the respiratory disturbance in the opposite acid box.
It is important for the veterinary technician/nurse to be familiar in their
understanding of venous blood gas values. Doing so empowers them to not only
contribute to the interpretation, but also to apply critical thinking skills by looking at
how the lab values correlate with the patient’s condition.
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perfusion mismatch, shunt), or increase in CO2 production. Respiratory alkalosis is
characterized by high pH, low PCO2, and compensatory low HCO3. The body responds
to respiratory alkalosis by buffering and renal excretion of HCO3, in an effort to lower
pH. Primary causes that contribute to respiratory alkalosis include hypotension, fever/
heat-induced illness, systemic inflammatory response syndrome, sepsis, pulmonary
thromboembolism, pulmonary parenchymal disease, or hyperventilation.
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Normal pulmonary function involves the movement of air (78% nitrogen, 21% oxygen,
trace gases) via inspiration and expiration. Air moves into the lungs, through the
conducting pathways until it reaches the alveoli. The alveoli are the primary site of gas
exchange within the lungs; gas exchange occurs across a blood-gas barrier. Oxygen (O2)
diffuses from the alveoli to the capillary blood supply across the barrier via passive
diffusion. Carbon dioxide (CO2) diffuses from the capillary blood supply to the alveoli
across the barrier via passive diffusion. When thinking about diffusion of gases, it can
be described by Fick’s law: “the diffusion of a gas across a membrane is directly
proportional to the area of the tissue membrane and the pressure gradient, and
inversely proportional to the thickness of the membrane.” When we consider normal
respiration, there are three different partial pressures of oxygen (PO2) and partial
pressures of carbon dioxide (PCO2): inspired, alveolar, and arterial. During inspiration of
air, PO2 is at its highest at 150 mmHg and PCO2 is 0 mmHg. Once air has reached the
alveoli, PO2 drops slightly to 100 mmHg and PCO2 rises to 40 mmHg; this is because O2
and CO2 rapidly diffuse across the blood-gas barrier (O2 in, CO2 out). Once diffusion
occurs and the gases are at the level of the arterial capillaries, PO2 and PCO2 equal out
to the systemic arterial circulation. It’s important to understand the normal
physiologic process of respiration, as ventilation and oxygenation are two different
processes, despite often being used synonymously. Ventilation is the process of
appropriate gas exchange within the alveoli (O2 is inhaled, CO2 is exhaled). Once
ventilation has occurred, we become concerned with oxygenation and the patient’s
oxygenating ability. Oxygenation refers to how well O2 is diffused from the alveoli, then
bound to hemoglobin, dissolved into the bloodstream, and delivered to bodily tissues.
When it comes to measuring oxygenation in a patient, the options are pulse oximetry
(SpO2) or ABG. SpO2 is an easy, noninvasive means to measure the oxygen saturation of
hemoglobin. Each hemoglobin molecule within a red blood cell contains four oxygen
binding sites; when all four sites are bound, the hemoglobin molecule is said to be
“saturated”. The SpO2 reading occurs by the pulse oximeter collecting data from
passing red blood cells. Pulse oximetry uses infrared light to scan capillaries to assess
if red blood cells are saturated or unsaturated; the degree of saturation can vary. The
pulse oximeter then averages these findings in order to produce a percentage of
saturation, which should be >95%. This means that a normal patient breathing room

air (21%) oxygen and an anesthetized patient breathing 100% oxygen can have the
same SpO2 value. A SpO2 reading of <90% is indicative of hypoxemia, or low levels of
oxygen in the bloodstream. While pulse oximetry is a useful tool, it does pose certain
limitations, making it a less than ideal monitor when dealing with respiratory
compromised patients. Factors such as probe position, patient perfusion, and even
ambient light can all affect the SpO2 value.
While pulse oximetry is a reasonable option, the “gold standard” for measuring a
patient’s oxygenation status is through ABG. An ABG allows us to directly assess the
partial pressure of O2 dissolved in the bloodstream (PaO2) since arterial blood is oxygen
rich (compared to venous blood which is oxygen depleted). PaO2 is also a good indicator
of a patient’s oxygenation status as it relates to the diffusion ability and perfusion
properties of the lungs; it’s a measure of the lungs’ ability to transport oxygen from the
atmosphere to the blood. A healthy patient that is breathing room air (FiO2 21%) should
have a PaO2 between 85-110mmHg. In normal patients, their PaO2 should be roughly five
times their FiO2 (i.e. a patient breathing room air would have PaO2 of 105mmHg). In
patients with pulmonary disease or respiratory compromise who are receiving oxygen
supplementation, their PaO2 would be higher to account for the increased FiO2 (there is
no limit to PaO2 values). In patients who are anesthetized and receiving 100% O2, their
PaO2 should be >500mmHg. A PaO2 value of <80mmHg is indicative of hypoxemia, and a
value of <60mmHg is indicative of severe hypoxemia. Causes of hypoxemia include
hypoventilation (PaCO2 > 60mmHg), decreased inspired oxygen (FiO2) content,
ventilation/perfusion (V/Q) mismatch, intrapulmonary shunting, and diffusion
impairment. Addressing hypoxemia is very important, as it can lead to hypoxia, or
inadequate oxygen delivery (DO2) to meet tissue oxygen demand (VO2).
A key concept to understand that relates to a patient’s oxygenation status is the
oxyhemoglobin dissociation curve. The oxyhemoglobin dissociation curve depicts the
relationship between oxygen hemoglobin saturation (SpO2) and partial pressure of
oxygen (PaO2). What’s unique about this curve is that it isn’t linear, but rather sigmoid,
meaning SpO2 and PaO2 are directionally, but not linearly, related. The curve is
determined by hemoglobin’s affinity for oxygen (how readily hemoglobin acquires and
releases oxygen molecules). Factors that affect the curve are CO2, temperature, and pH.
During periods of hypocapnia, hypothermia, and alkalosis, the curve shifts left; this
increases hemoglobin’s affinity for oxygen, making it easier for oxygen to bind to
hemoglobin but harder for oxygen to be released. During periods of hypercapnia,
hyperthermia, and acidosis, the curve shifts right; this decreases hemoglobin’s affinity
for oxygen, making it harder for oxygen to bind to hemoglobin but easier for oxygen
to be released. The most important clinical manifestation of this SpO2/PaO2
relationship is the difference between normoxemia and hypoxemia; small changes in
SpO2 correlate with large changes (roughly 4x) in PaO2.
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Arterial Blood Gas Interpretation
Assessment of arterial blood gases gives insight into three physiologic processes:
alveolar ventilation, acid-base, and oxygenation. Arterial blood gas (ABG) analysis
differs from venous blood gas analysis in that it’s specifically indicated in patients with
respiratory compromise, as all aspects of pulmonary function can be assessed. While a
venous blood gas (VBG) can be a screening tool for ventilation status and an acid-base
baseline, ABG should be used whenever pulmonary parenchymal disease is suspected.
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Although at first glance this looks simple, we must first calculate the value of PAO2, as
the PaO2 value is provided from an ABG. PAO2 is calculated from the alveolar gas
exchange equation, which is:
PAO2 = FiO2(Patm – PH20) – (PaCO2/RQ)
In order to calculate the PAO2 value, we need to break down the components of the
equation and understand what each represents. The FiO2 represents the fraction of
inspired oxygen, and ideally should be room air (21%).The Patm is a constant and
represents the atmospheric barometric pressure. Sea level is 760mmHg and the Patm
value will be dependent on elevation. PH20 is another constant that represents the
water vapor pressure; its value is 47mmHg. The PaCO2 value is provided from the ABG
sample. The RQ (respiratory quotient) is the last constant and accounts for the ratio of
oxygen consumption to CO2 production; its value is 0.8. Once the constant values have
been inputted, the full A-a gradient calculation is:
A-a = [FiO2(Patm – 47) – PaCO2/0.8] – PaO2
When working out the calculation, it’s important to remember the order of operations
(PEMDAS): parentheses, exponents, multiplication/division, addition/subtraction. To
practice with a sample problem, let’s have a patient that is breathing room air, is at
sea level, and has a PaO2 = 90mmHg and PaCO2 = 50.
The equation would look like:
A-a = [0.21(760 – 47) - 45/0.8] – 90
First calculate the parentheses → 760 – 47 = 713

A-a = [0.21(713) – 45/0.8] – 90
There are no exponents, so next calculate multiplication and division → 0.21(713) and
50/0.8
A-a = [150 – 56] – 50
Lastly, calculate subtraction (there is no addition) → 150 – 56 – 90
A-a = 4mmHg
In a healthy animal breathing room air, the alveolar oxygen concentration (PAO2)
compared to the PaO2 is approximately a 5-15mmHg difference. Therefore, the normal
A-a gradient value is expected to be around 10mmHg. The larger the gradient, the more
indicative of the severity of hypoxemia the patient is experiencing; another way to think
of this is that there’s a problem with oxygen diffusing from the alveoli to the arterial
blood. A-a values greater than 15mmHg support the use of supplemental oxygen, while
values greater than 20-30mmHg become more concerning for severe hypoxemia and
development of ARDS. Because the A-a gradient value is based on a FiO2 of room air
(21%), the arterial blood sample should be collected with the patient breathing room air.
The A-a gradient can still be calculated with patients receiving supplemental oxygen,
however the reference range for what’s considered normal becomes skewed.
When it comes to measuring ventilation in a patient, the PaCO2 should be evaluated.
PaCO2 is the partial pressure of carbon dioxide dissolved in the bloodstream. PaCO2 is
determined by a balance between tissue production of CO2 and the body’s elimination
of CO2. Normal PaCO2 should be between 35-45mmHg. A PaCO2 value of >45mmHg is
indicative of hypercapnia, and a value of >60mmHg is indicative of severe
hypercapnia. The most common cause of hypercapnia is hypoventilation, or decreased
alveolar ventilation. Hypoventilation can be caused by pleural space disease,
respiratory muscle fatigue, chest wall injury, upper airway obstruction, CNS disease,
neuromuscular disease, and respiratory depressant medications. Addressing
hypercapnia is important as it can lead to respiratory acidosis, myocardial depression,
vasodilation, and increased intracranial pressure.
Below is a quick reference chart for general reference ranges of ABG analysis:
Value
pH
PaO2
PaCO2
HCO3
PF ratio
A-a gradient

Canine Reference Range
7.35 – 7.45
85-110
35 - 45
18 – 24
≥400
≤10mmHg

Feline Reference Range
7.35 – 7.45
85-110
35 - 45
18 - 24
≥400
≤10mmHg
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When assessing critical respiratory patients, an ABG also allows us to assess oxygen
indices such as the PF ratio and alveolar-arterial (A-a) gradient. The PF ratio is the ratio
of arterial partial pressure of oxygen (P = PaO2) and fraction of inspired oxygen (F =
FiO2). When calculating FiO2, the FiO2 percentage is converted into decimal form (i.e.
21% = 0.21, 100% = 1.0). The PF ratio is a quick and easy calculation that can be helpful
in assessing the severity of pulmonary injury and to determine how oxygen
responsive the patient is. In a healthy patient breathing room air that has a PaO2 of
105mmHg, they would have a PF ratio of 105:0.21 (105 ÷ 0.21) = 500. Since it’s a ratio, the
calculated value has no units. When supplementing oxygen, a general guideline for
FiO2 values are flow-by/face mask delivery = 25-30%, nasal cannula delivery = 35-40%,
oxygen cage = 40-60%, anesthetic circuit = 100%. A normal PF ratio is ≥400. A PF ratio
<300 is suggestive of acute lung injury (ALI), and a PF ratio of <200 is suggestive of
acute respiratory distress syndrome (ARDS). The A-a gradient is the difference between
the alveolar oxygen concentration (PAO2) and arterial oxygen (PaO2) concentration (a),
and is helpful in assessing the efficiency of gas exchange. The equation is as follows:
A-a gradient = PAO2 – PaO2
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Oxygenation is a vital life process, and evaluating an ABG is the best means to assess
oxygenation and ventilation status in respiratory patients. Understanding what
factors affect a patient’s oxygenation and ventilation status is key to addressing
pulmonary pathologies, initiating treatment, and monitoring response to therapy.
Veterinary technicians and nurses play an important role in the sample collection and
diagnostic testing for ABG analysis and are often the first to have ABG results.
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The trachea is composed of 35 to 45 cartilaginous C-shaped rings that are connected
by muscle, mucosa, ligaments and connective tissue. This creates a flexible structure
that connects from the larynx to the bronchi to deliver air and transport debris to the
larynx through coughing. Trauma is often the primary cause of tracheal injury and
injuries to the trachea, for example a tracheal tear from a dog fight can result in a leak
into the subcutaneous tissue surrounding this structure, causing subcutaneous
emphysema over the cervical and thoracic areas.
A temporary tracheostomy tube is a device placed in the trachea, between the tracheal
rings, through a surgical opening called a tracheotomy. The most common indication
for TT placement is upper airway obstruction, often due to brachycephalic airway
disease or laryngeal paralysis or neoplasia. Disease processes such as upper airway
swelling, inflammation, trauma, neoplasia or laryngeal paralysis can all be indications
for tracheostomy tube placement. Often conditions such as laryngeal paralysis may be
manageable with sedation alone, however, if the patient has severe dyspnoea,
hypoxaemia or hypercapnia despite sedation and supplemental oxygen therapy, then
an endotracheal (ET) or TTs may be placed.
Tracheostomy tubes may be indicated during intraoral procedures which carry risk of
swelling/inflammation. Patients with tracheostomy tubes should be monitored 24 hours
a day, as an obstruction can occur at any time. They should also be avoided, if possible,
in very small animals due to increased risk of complications.
Tracheostomy Placement/ Choosing a Tracheostomy Tube
Patients should ideally be anaesthetised or heavily sedated. In emergency situations,
however, anaesthesia may not be possible. Patients are placed in dorsal recumbency
with a towel, foam wedge or sandbag beneath the neck. The head should be secured,
and front legs fixed caudally to ensure the surgical site remains still during the
procedure and the area from the larynx to the eighth tracheal ring is clipped and
surgically prepared.
There are several types of tracheostomy tubes available. Tracheostomy tubes are much
shorter than endotracheal tubes and they need to be soft and pliable. An appropriate
size tube needs to be 6 or 7 tracheal rings in length and have a maximum diameter of
50% of the diameter of the tracheal lumen. Larger tubes will often come with an inner
cannula, whereas smaller tubes will not have these. An advantage of the inner tube is

the ability to intermittently clean/change to prevent mucus build up. A tracheostomy
tube can be made from an ET tube.
The tubes come in sizes ranging from an inner diameter of 3 mm to 12 mm. The outer
diameter of the tube should be the right size not to cause trauma, but have an inner
diameter large enough to minimise any obstructions. Smaller tubes with a 4-mm
inner diameter or less, are only sold as single cannulas that do not have a cuff. Tubes
with an inner cannula allow replacement of the inner cannula without removal of the
entire tube, as well as allowing for removal of the inner cannula to clean, allowing the
outer cannula to stay in place.
When performing mechanical positive pressure ventilation, a cuffed tube is necessary.
Uncuffed tracheostomy tubes are used after anaesthesia and are also indicated when
the patient is being weaned from the tracheostomy. An uncuffed tube should be used
ordinarily, as it is less traumatic and less likely to accumulate secretions.
Tracheostomy Care
Stoma Care
The stoma site for the TT is an open wound and should be treated as such. Ensure that
the site is visualised at least twice a day, to avoid any dehiscence or necrosis from
developing. Cleaning of the stoma site should occur as following;
• Use gauze squares with 2% chlorhexidine scrub diluted 1:1 with water.
• If needed, gently clean the tender tissues inside the stoma with sterile cotton swabs
moistened with sterile saline.
• Do not allow any ointments or scrub to contact tissues inside the incision.
The wound shouldn’t be dressed, as the tracheal ring ties need to be easily accessible
should the patient need a new tube introduced quickly. Cleaning of the stoma site
should occur at a minimum of every 12 hours and the use of antimicrobial scrub
solutions is discouraged. There are tube ties that ensure that the trach tube stays in
place, these are easily replaced and should be if they become soiled. Some studies
suggest that TT sites are more susceptible to MRSA, therefore asepsis when performing
cleaning, suctioning and general care of the TT and stoma site is key.
Patient Care
The presence of the TT often produces a ‘foreign body’ response. This causes an
inflammatory response, inflammation and potential swelling to the tracheal lining.
This response also causes an increase to the protective secretions within the lumen of
the trachea. The presence of the TT introduces cold, dry air into the trachea as opposed
to the warm humidified air that is provided by the upper respiratory tract (URT) in
patients with a patent trachea. This can create desiccation to the trachea mucosa and
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Tracheostomy Tubes 101
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The risk of occlusion either through patient interference, obstruction by skin folds or
by the build-up of the mucoid secretions; it is therefore extremely important to
monitor these patients constantly for any respiratory distress, dyspnoea or respiratory
arrest and provide oxygen to the patient where necessary. Patients with TTs in place
should therefore be located in an easily accessible, relatively quiet central area,
choosing an area that is not only visible but also audible. Increased monitoring, such
as continuous pulse oximetry and electrocardiography (ECG) is advisable, along with a
dedicated member of staff being assigned to the patient, also alerting other staff
members, allowing them to assist in observing the patient. Administering mild
analgesics or anxiolytics will help to provide comfort.
Patients should have periods where nebulised air is inhaled. Previously it was thought
that instilling sterile saline via the tracheostomy tube to try and help prevent the
build-up of thick viscous secretions was more beneficial as it was thought that saline
broke up/dissolved these secretions. However, mucous is 99% bound by di-sulphide
bonds so the introduction of saline will not make the mucous any less viscous. Flushing
with saline possibly introduces the risk of fluid entering the lungs, and contributing
toward an aspiration pneumonia. Humidifying or nebulising the air should prevent
mucous build up due to the way it mimics the tracheal environment. If there are
mucoid build-ups, change the inner cannula or the whole tube for a new, sterile one.
Techniques such as coupage can instead be used to loosen those secretions and cause
a transient cough. After nebulisation, coupage is performed by gentle clapping on the
chest wall, which can break up debris and provoke a cough reflex. Monitor closely
during this time as the TT can be inadvertently removed by forceful coughing. Walking
patients’ short distances after nebulisation is an alternative to coupage, as activity will
increase tidal volume, stretch the airways, and promote coughing. It is useful to have
laminated instructions on how to care for the TT and another laminated document to
ensure the correct equipment is kept with the patient at all times.

References
Baldwin KA. Nursing care and placement of the tracheostomy tube. Proceedings of the
North American Veterinary Conference. Orlando, Florida, 2005.
Battaglia AM., Small Animal Emergency and Critical Care for Veterinary Technicians, ed
2. St. Louis, Mo.: Saunders Elsevier, 2007: 260-3.
Doyle, E.Understanding tracheostomy tubes. The Veterinary Nurse. 2020; 11(3): 132-7.
Henshaw, V. Placement, care and maintenance of temporary tracheostomy tubes in
dogs. Veterinary Nursing Journal. 2021; 36(4): 122-6.
Kulendra, N., n.d. Temporary tracheostomy tubes: a practical guide. [online] Vetcpd.
co.uk. Available at: <https://vetcpd.co.uk/wp-content/uploads/2018/06/Temporarytracheostomy-tubes-a-practical-guide_Preview.pdf>.
Mazzaferro, E. Temporary Tracheostomy. Top Companion Anim Med. 2013; 28(3):74-8.
McBride, D. Emergency Tracheostomy Tube Placement. In: World Small Animal
Veterinary Association Congress Proceedings. [online] World Small Animal Veterinary
Association Congress Proceedings, 2017. Available at: <www.vin.com/apputil/content/
defaultadv1.aspx?pId=20539&catId=113449&id=8506446&ind=267&objTypeID=17>.
Nicholson, I. and Baines, S., 2012. Complications associated with temporary
tracheostomy tubes in 42 dogs (1998 to 2007). J Small Anim Pract. 2012; 53(2):108-14.
Sierra, L. Managing Patients with Temporary Tracheostomy Tubes. [online] Today’s
Veterinary Practice. 2012;
Available at: <https://todaysveterinarypractice.com/todays-technician-managingpatients-with-temporary-tracheostomy-tubes/>.
Stordalen, M., Silveira, F., Fenner, J. and Demetriou, J., 2020. Outcome of temporary
tracheostomy tube-placement following surgery for brachycephalic obstructive
airway syndrome in 42 dogs. J Small Anim Pract. 2020; 61(5):292-299.
Vygonvet.co.uk. n.d. Tracheostomy tube placement | Vygon Vet.

EVECC CONGRESS 2022

as a result an increase of thicker mucoid secretions occurs. As airway secretions are
90% water, airway clearance becomes difficult if the patient is systemically dehydrated.
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Prehospital Care
Prehospital care encompasses emergent medical care delivered at the point of injury
(POI) and in transport until handed off to a definitive medical provider in a hospital
setting. An injury is defined as a harmful event that arises from the release of physical
energy or barriers to the normal flow of energy. These forms of energy are numerous
including chemical, thermal, radiation, electrical, and mechanical. Injury from
mechanical forces occurs when a body in motion contains energy that is transferred
fully or partially upon impact with another body. This is exemplified in the most
common mechanisms of injury (MOI) experienced in veterinary medicine: blunt injury,
acceleration / deceleration injury, or penetrating injury. According to the most recent
registry report published by the American College of Veterinary Emergency and
Critical Care Veterinary Committee on Trauma (VetCOT) in 2017, blunt trauma (in
which they included acceleration / deceleration) was the most common source for
injury in cats (56.7%), and penetrating trauma was the most common source for injury
in dogs (52.3%). Surgery was performed in 43.8% of dogs and 36.2% of cats, and overall
survival to discharge was 92.0% (dogs) and 82.5% (cats). This is the largest data set
centered on trauma to date, incorporating twenty-nine veterinary trauma centers in
North America, Europe, and Australia, who contributed information from 17,335 dog
and 3,425 cat trauma cases during a 42-month reporting period (2013-2017). Accrual of
data such as this is a vital step in developing evidence-based guidelines for continual
improvement in outcomes.
As we become more adept at recognizing and reporting the intricacies of MOI, our
ability to triage these patients to appropriate trauma centers for care will improve. For
example, an emergency medical services (EMS) provider for people is directed to
choose the closest appropriate facility, meaning the facility most capable of providing
appropriate definitive care within the first hour post-injury. Algorithms are
established to dictate the types of injuries that warrant immediate transport to a
trauma center, even if a non-trauma center hospital is closer. Examples of this include:
falls in adults over 20 feet and children over 10 feet, motor vehicle accidents (MVAs)
with intrusion of > 18 inches, ejection from the vehicle, or death in the same passenger
compartment, auto versus pedestrian, or MVA at a velocity of > 20 mph. The first step
in veterinary medicine is working on a unified system to stratify available veterinary
care while recording data on MOI, severity and extent of injury, and outcomes, which is
being done through initiatives such as VetCOT. In this manner, we can provide
prehospital care providers with more informed choices and algorithmic responses.

Second, we need to establish guidelines and standardized training for EMS providers
in the field. This is being done through organizations such as the National Association
of Veterinary Emergency Medical Services (NAVEMS.org) and others. Through these
efforts we can then develop common language and guidelines for veterinary and
human EMS providers to work together, provide smooth handoffs, and allow for each
to perform at the highest level within their scope of work for our veterinary patients.
Primary Survey
Upon arrival to the hospital, assuming prehospital care has not been rendered, the
primary survey is conducted to identify and treat immediately life-threatening
conditions. The priority is to contain these threats to life, even before you have a full
history and assessment of the patient. It should take only a few minutes to conduct in a
systematic fashion, taking note of items to be subsequently addressed in the secondary
survey. There are several approaches with ABCD being one of the most accepted. In the
setting of trauma, an XABCD approach is warranted. Although the items are listed in
order of importance, in a team-based approach the clinician performs the action items
and delegates part or all of the intervention(s) to a skilled nurse or assistant, while
progressing through the primary and into the secondary survey.
· eXsanguination: The focus is on the identification of bleeding to prevent
exsanguination, with particular emphasis on pulsatile, bright red, arterial bleeding.
Any extremity venous bleed should also be noted along with signs of internal
noncompressible hemorrhage (such as a distended, bruised abdomen).
• Action step(s): Visual exam with blood sweep (running hands over and under body)
• Possible Intervention(s): Apply direct pressure with overwrap to any bleeding sites,
consider application and incorporation of a hemostatic agent, and apply a
tourniquet if needed (last resort).
· Airway: The focus is on the identification of obstruction or impedance to airflow.
Listen for stridor (high pitch, implying air forced through a small orifice) or stertor
(low pitch, reverberant sound due to redundant or excessive tissue swelling or
obstruction), examine posture (tripod stance, abducted elbows, extended neck) or
discolored mucous membranes (cyanosis).
• Action Step(s): Visual exam of posture and mucous membrane color and listening to
breathing (without stethoscope).
• Possible Intervention(s): Ensure patient is in rescue position (sternal), extrude/
grasp/flip pharyngeal object if present, intubate, flow-by oxygen, cricothyrotomy or
tracheotomy (upper airway obstruction).
• Breathing: Observe pattern of breathing for lower airway compromise or restricted
breathing with pleural space disease or rib fractures, observe rate and effort, auscult
for presence / absence of breath sounds or abnormal sounds (crackles, wheezes, rales,
etc.…).
• Action Step(s): Visual exam of pattern, posture, and auscultation. Request point of
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In the 1960’s Dr. R Adams Cowley, a Baltimore thoracic and trauma surgeon, identified
the critical time immediately after injury as a “golden hour,” and described shock as a
“momentary pause in the act of death.” Although the above components appear
obvious, the systematic usage of the primary and secondary survey in trauma help to
halt the irreparable damage that is caused by even transient disruption in
oxygenation and perfusion of organs and tissues.

Secondary Survey
The secondary survey is conducted once the action items for the primary survey have
been completed and lifesaving and resuscitative interventions are underway. It
encompasses: 1-assessing results of primary interventions, 2-A head to toe exam
identifying other critical and significant injuries that are not imminently life
threatening, and 3-Identifying chronic issues that may warrant further investigation
(poor BCS, skin nodules, etc..), after stabilization is complete. To facilitate interventions
as prescribed in the primary survey and appropriately evaluate ongoing response to
therapy, a systematic approach to resuscitation with a standardized set of tools should
be performed. One should set aside an area for resuscitation that is staffed and
stocked in an organized and predictable manner. One way to remember the necessary
tools is to think, I need Fluids and I can COPE!
• F luids - a balanced replacement electrolyte solution, such as Ringer’s lactate, should
be available along with obtaining vascular access. A PCV/TS/BG/Lactate should be
obtained during placement of the IV catheter.
•C
 rash Cart - provides access to emergent drugs and intubation, but should also have
a drawer dedicated to the equipment for emergent interventions listed above to
include:
• I ntraosseous access, IV access by cut down, thoracocentesis, cricothyrotomy or
tracheostomy
- Oxygen - flow by oxygen is likely of benefit to any patient in shock
- POCUS - Point of Care Ultrasound is needed for initial assessment and ongoing
tracking of patient response to therapy.
- EKG - Offers the ability to identify a potential arrhythmia as well as easily gauge
response to therapy. Most machines also offer concurrent blood pressure and pulse
oximetry monitoring, which are beneficial.

EVECC CONGRESS 2022

care ultrasound (POCUS) machine for exam if not already present. Request
equipment/kit for thoracocentesis or chest tube placement, if needed. Apply pulse
oximetry.
•P
 ossible Intervention(s): Thoracic POCUS exam (B lines, pleural effusion, shred,
presence/absence of glide sign in a systematic fashion), diagnostic / therapeutic
thoracocentesis +/- chest tube placement, and flow by oxygen. Occlusive dressing
can be applied to sucking chest wounds, with subsequent observation for a tension
pneumothorax.
·C
 irculation: Consider MOI and possible impact on the cardiovascular system. Assess
level of consciousness, mucous membrane color and capillary refill time, pulse
character and quality as well as peripheral temperature (cold or warm extremities/
paws).
•A
 ction Step(s): Brief physical exam focusing on the aforementioned (pale, white or
muddy in color, low amplitude or thready pulses, CRT of < 1 or > 2 seconds, cool
extremities, mental awareness). Request POCUS machine if not already present.
•P
 ossible Intervention(s): Global POCUS exam (see thorax above, record abdominal
fluid score of 4 quadrants), blood pressure, EKG, placement of an intravenous
catheter and obtain PCV/TS/BG/Lactate. Assess fluid responsiveness (see Table 1).
•D
 isability: The goal is to assess for possible traumatic brain injury (TBI), so signs can
be monitored for improvement or progression with therapy, and to determine the
resuscitation endpoint of normotension or permissive hypotension. Evaluate
mentation and cranial nerves prior to the administration of pain medications. Look
for evidence of possible brain injury (fractured teeth, palpable skull fractures, ...). Take
note of obvious motor or sensory deficits (a full neuro exam should not be
performed).
• Action Step(s): Document the Glasgow Coma Scale and record findings.
•P
 ossible Intervention(s): If TBI is present, seek normotension as an endpoint,
monitorCO2 and glucose, avoid compression/pressure on jugulars and elevate head,
consider advanced imaging once stable.
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Definition / Normal
Varies according to size and species

Positive Response
HR should go down and BP should rise; positive response is a change greater than or equal to
10-15%.
Shock Index – dogs only HR/SAP; should be <0.9
Above 0.9 is indicative of shock. This should decrease by more than 0.1 if fluid responsive.
Lactate
Marker of anaerobic metabolism. Normally < 2.0
Serial monitoring is better than one value for predictions. Be mindful that lactate can be
unreliable with sepsis, as it can be elevated for a multitude of reasons not related to hypovolemia
or fluid responsiveness. If it comes down, that is a positive indication.
Venous Blood Gas;
Normal base deficit is +/-4 and normal PvO2 should be above 40.
Any trend toward the normal values reported for PvO2 and base deficit are positive. Base deficit
Base Excess / PvO2
can be a marker of the presence of several acids that contribute to high anion gap acidemias
(lactate, uremia, ketones, etc.…). PvO2 of > 40 indicates the oxygen extraction ratio is being
maintained toward the supply independent zone.
LVEDD or EDD
(Left) Ventricular End Diastolic Diameter.
A “volume loaded” patient should have a value at least within the reference range. Animals with
underlying cardiac disease may normally be enlarged. Goal should be to not be decreased.
LA:Ao
Left Atrium:Aorta. This is most often in short axis but long is also
Should be within normal range. If > 1.6, be judicious with continued fluid administration rates, if
acceptable. Normal is 1.0-1.5 in short axis.
needed.
In health, with euvolemia, it collapses approximately 30% with variations in pressure due to
Caudal Vena Cava (CVC) The CVCCI expresses the percentage change in the diameter of the CVC
during the respiratory cycle based on the following formula: CVCCI =
breathing. When hypovolemic and fluid responsive, the degree of collapse is usually > 50%. A
collapsibility index
(CVCd max – CVCd min)/CVCd max
positive response would be a decrease in this %.
PVI or PPV
Plethysmographic variability Index (PVI) or pulse pressure variation
With fluid challenge, the variation should decrease beat to beat across a respiratory cycle. Normal
(PPV). Measure of the dynamic change in arterial pulse contour or pulse PPV is less than 15% over time. Normal PVI is less than 11% over time. Pulse oximeters are likely to
oximeter plethysmographic readings during breathing. With
come equipped with this in the future.
hypovolemia, it this is markedly impacted by normal breathing /
pressure fluctuations which impart high variability.
B Lines / Lung Rockets
Artifact indicative of fluid in the interstitium or alveoli in the lungs. Can If the number of B lines is increasing during resuscitation, likely too much fluid is extravasating
be used serially during resuscitation to detect an increase in
due to overzealous administration or excessive endothelial leak. Consider natural colloids
extravascular lung water.
(plasma) if need volume.

Table 1. Dynamic markers used to assess response to the administration of a preload challenge, which is typically a fluid bolus. A fluid challenge in the dog is 20 mL/kg with
subsequent smaller challenges of 10 mL/kg. A fluid challenge in the cat is 10 mL/kg with subsequent smaller challenges of 5 mL/kg. Typically, more than one marker is applied (as
no marker is 100% predictive). Please refer to “Stabilization of the Polytrauma Patient” by the same author for definitive goals.
References
Available upon request
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NOTE: The in-person seminar will focus on blunt trauma/mechanism of injury
recognition and stabilization. Triage is addressed in the proceedings as a vital
component but will only be briefly touched upon due to time constraints.
Triage
When a trauma patient arrives, the availability and ability of the staff to appropriately
triage patients is crucial to a successful outcome. Triage is the process of determining
the priority of patients’ needs based on the severity of their condition. This is a
coordinated effort starting with the front desk. Guidelines are needed to ensure
medical personnel evaluate all patients in a timely manner and any patient
necessitating stabilization must be recognized and receive immediate medical
attention. Taking the time to establish and create guidelines for the following items
can significantly improve recognition and treatment of emergent trauma patients:
1. A phone triage protocol; where signalment, mechanism of injury and awareness are
relayed in transit to allow the medical team to prepare. Phone triage personnel
should also be versed in simplistic measures that can be life saving:
a. Do not get bit! Warn owners that animals in pain can behave differently.
b. Put pressure on bleeding areas, especially if blood is spurting.
c. P
 osition animals with breathing concerns upright (rescue position / sternal
recumbency) and minimize stress in transport.
2. Notification of medical personnel immediately upon arrival of an emergent patient.
3. Establishing timelines, criteria, and locations for placement of all emergent patients,
including immediate evaluation by a triage nurse. The triage nurse should be skilled
in the primary survey and must recognize patients requiring immediate medical
attention and direct transfer to the treatment area.
4. Customer service or technical personnel can obtain authorization for emergency
treatment, with a standardized estimate for initial stabilization expenses. This
allows the clinician to focus on the primary and secondary survey of the patient.
5. A staging area should be available for resuscitation and emergent procedures. In a
busy hospital, two to three tables should be reserved for critical patients, with at
least one table dedicated to resuscitation of patients in shock and/or CPR.
6. A
 trauma or triage board that summarizes the staff members involved, working
diagnosis(es), diagnostics, and placement of all patients. This minimizes confusion
with respect to patient and staffing needs.

Blunt Trauma
Blunt trauma implies the force applied to the body is not sharp, with the most
common cause in veterinary medicine being motor vehicle accidents (MVA). Some
awareness of the scene can raise one’s index of suspicion for severity of injury, as the
velocity of the vehicle determines the damage (force = mass x acceleration). Since the
dog or cat is close to the ground, they often hit the bumper, then are thrown by the
vehicle, hit the pavement and may or may not be run over. Extremity fractures and
lacerations are common. Impact to the chest may result in rib fractures and possible
hemothorax, secondary to shearing forces which tear or avulse vessels. If the breadth
is held on impact, a pneumothorax may result due to pressure applied on the lungs
against a closed glottis. Blunt impact on the abdomen again results in shearing forces
and tearing of vessels, as well as transfer of kinetic energy to internal organs. The most
vulnerable or friable organs in the abdomen are the spleen and liver, which typically
suffer tearing of the visceral surface and potential splitting of the parenchyma with
absorption of energy, leading to continuous oozing from the vascular beds. In this
manner, hemoabdomen is the most common abdominal injury encountered.
Imaging
Point of care ultrasonography has become a mainstay in most veterinary emergency
rooms. Adapted from human medicine, and developed specifically for veterinary
patients, the global (abdomen and thorax) Point Of Care UltraSound (POCUS) allows for
rapid assessment of the trauma patient without excessive patient handling. One
veterinary study evaluated traumatized (motor vehicle accident [MVA]) dogs, of which
45 out of 100 (45%) were positive for free abdominal fluid, as a marker of intraabdominal injury, with a sensitivity of 96% and a specificity of 100%. In 40 of those 45
dogs, abdominocentesis was performed, and hemoperitoneum and uroperitoneum
were diagnosed in 38 and 2 dogs, respectively, with 9 of 45 (23%) requiring a blood
transfusion. A second study designed to evaluate abdominal fluid scoring in dogs that
suffered from a MVA found free abdominal fluid in 27 of 101 (27%) dogs. Dogs with AFS
scores of 3 or 4, out of 4, (14/27 [52%] AFS-positive dogs) experienced a more marked
decreases in packed cell volume and total plasma protein, increases in alanine
aminotransferase, and needed more blood transfusions. This methodology has also
been assessed as having moderate to excellent correlation with computed tomography
(CT) and has a gentle learning curve for novice users. For these reasons, emergent and
serial use of ultrasound patient assessment has been advocated for informing clinical
decisions in trauma patients, especially when CT is not readily available.
Hemostatic Resuscitation
In the setting of massive trauma with significant hemorrhage, damage control
resuscitation (DCR) has been implemented to treat intravascular volume deficits,
address acute coagulopathy of trauma, preserve oxygen-carrying capacity, and prevent
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Much debate has been generated regarding the appropriate ratio of blood products
used in human medicine. In an observational cohort study involving major trauma
transfusion in ten level one United States centers (PROMMTT study), the usage of
higher plasma and platelet ratios early in resuscitation (< 24 hours) were associated
with decreased mortality. A subsequent and more recent randomized, controlled,
clinical trial (PROPPR trial) of 680 severely injured trauma patients showed that using
a plasma: platelet: red blood cell blood product ratio of 1:1:1 was superior to a ratio of
1:1:2 with respect to achieving hemostasis. No overall difference in mortality was
found, but exsanguination, which was the predominant cause of death in the 24
hours, was significantly decreased in the 1:1:1 group. This has led to the conclusion that
fresh whole blood may likely be best in these scenarios. However, the concern with
fresh whole blood is the ability to obtain it and ensure compatibility in a timely
manner. For this reason, autotransfusion is often offered as an acceptable alternative.
Autotransfusion does help to restore oxygen carrying capacity but is unable to fulfill
the other tenants of DCR, namely treatment of coagulopathy and prevention of
dilution, and may have variable effects on inflammation. In a study of five dogs
undergoing autotransfusion from experimental hemothorax, the hemothorax blood
showed markedly prolonged PT and PTT, low platelets and fibrinogen, elevated fibrin/
fibrinogen split products and marked reduction in several coagulation factors. Once
transfused back into the same dog, arterial blood demonstrated 20-30% reductions in
clotting factors, platelets, and fibrinogen. Although these dogs did not develop a
demonstrable coagulopathy, they had normal baseline values and were not in a
compromised state. Autotransfusion in people has similar findings, with shed blood
being defibrinated, thrombocytopenic, and anemic. As such, it cannot substitute for
whole blood or fresh frozen plasma. Once administered back to patient, the effects
with respect to hemostasis can vary dependent upon the patient’s hemostatic profile
at the time. Cell salvage devices in people were developed to facilitate rapid
autotransfusion and are still in use, but newer technologies allow for the separation
and rapid concentration of shed blood to eliminate several of the aforementioned
factors. Although not routinely used in veterinary medicine, this technology should be
considered. Until then, when time permits, the processing of shed blood into a packed
red blood cell unit can also suffice.

General Principles
An organized approach to rapid triage and treatment are needed.
Point of care imaging of the thorax and abdomen are recommended.
• If ultrasound is used, repeat imaging and abdominal fluid scoring (AFS) may help to
guide therapy. Greater than or equal to 3 out of 4 positive AFS with hemoperitoneum
warrants concern for the need for transfusion.With noncompressible hemorrhagic
shock secondary to blunt trauma, consider hypertonic saline (3-5 mLs/kg of 7% saline
IV, over 10-20 mins) or a replacement crystalloid, such Ringer’s lactate, for initial
resuscitation. Crystalloid boluses / challenges of 10-20 or 5-10 mL/kg for a dog or cat,
respectively, should be used, with a total maximum dosage of 30-40 mL/kg in the
dog and 15-20 mL/kg in the cat.
• If resuscitation remains incomplete or imaging indicates progressive hemorrhage,
administration of whole blood (20-30 mL/kg) or packed red cells and plasma (10-15
mL/kg each) in a 1:1 ratio is recommended.
• Autotransfusion may be considered, especially if financial limitations are present.
However, this will promote coagulopathic tendencies and plasma may still be
needed. With hemorrhagic shock and no evidence of brain injury, one can target
hypotensive resuscitation with a target MAP of 70 or systolic of 80-90 mmHg. This is
temporary while allowing hemostasis to occur and pressures should still slowly be
brought to normal over the next several hours. With hemorrhagic shock and
concurrent TBI, normotension should be pursued, as cerebral perfusion pressure is
reliant on the mean arterial pressure. Refer to Table 1 in “Prehospital Care and the
Primary Survey” proceedings from this author for an overview of dynamic markers of
intravascular fluid volume assessment.
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dilutional coagulopathy through overzealous crystalloid administration. A mainstay of
DCR is rapid hemorrhage control through the early administration of blood products
thereby limiting the deleterious effects of crystalloids. Fluid responsiveness can
initially be assessed with the use of hypertonic solutions or a bolus of a replacement
crystalloid, with subsequent small volume boluses. If appropriate endpoints are not
achieved (see Table 1) within a total crystalloid dosage of 30-40 mL/kg in the dog or
15-20 mL/kg in the cat, blood product administration should be considered.
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Each year, the ASPCA Animal Poison Control Center (APCC) (United States) and
Veterinary Poisons Information Service (VPIS) (UK) manage hundreds of thousands of
poisoning calls. At the ASPCA APCC, an estimated 50% of pet poisonings comprise
human over the counter (OTC) and prescription medications. In this lecture, we will
review the mechanism of toxicosis, clinical signs, and overall treatment of the top 20
most common poisons affecting dogs and cats. In the veterinary poisoned patient, the
goal of decontamination is to “inhibit or minimize further toxicant absorption and to
promote excretion or elimination of the toxicant from the body.” When treating the
poisoned patient, the clinician should have an understanding of the toxic dose (if
available), the pharmacokinetics (including absorption, distribution, metabolism, and
excretion), the underlying mechanism of action, and the potential clinical signs that
can be observed with the toxicant. This will help determine appropriate
decontamination and therapy for the patient. If this information is not readily available,
the reader is advised to contact VPIS or an Animal Poison Control for life saving, 24/7
advice as needed. For further review on decontamination and specific treatment,
attendees are referred to a veterinary toxicology book for more detailed review.
Calcium channel blockers, beta-blockers, ACE-inhibitors, statins and diuretics
Certain cardiac medications include broad categories such as calcium channel blockers
(CCB), beta-blockers (BB), and angiotensin-converting enzyme (or “ACE”) inhibitors.
These medications are commonly used in both human and veterinary medicine to
treat underlying cardiac disease or hypertension. Each category of cardiac medication
has different margins of safety. CCB and BB toxicosis should be treated aggressively, as
these two categories of medications have a narrow margin of safety. Toxicosis of these
agents can result in myocardial failure, severe bradycardia, and hypotension; untreated,
cardiac output becomes reduced, and secondary severe hypoperfusion and acute
kidney injury (AKI) can potentially develop. With ACE-inhibitors, severe overdoses can
cause hypotension, dizziness, weakness, and hypotension. In general, there is a wider
margin of safety with ACE-inhibitors, which are typically considered much safer. Pets
ingesting small amounts of ACE-inhibitors can potentially be monitored at home,
unless they have underlying disease (e.g., kidney failure, cardiac disease, etc.). With
ACE-inhibitors, ingestions > 10-20X a therapeutic dose are generally considered toxic,
and can result in severe clinical symptoms (e.g., hypotension). Treatment for any
cardiac medication includes decontamination (e.g., emesis induction, gastric lavage,
activated charcoal (AC) administration), blood pressure monitoring, aggressive IV fluid
therapy if hypotension is detected, and blood work monitoring. With severe toxicosis,

the use of high-dose insulin therapy or intravenous lipid emulsion may be warranted
as a potential antidote for calcium channel blocker toxicosis.
Selective serotonin re-uptake (SSRI)
Selective serotonin re-uptake inhibitors (SSRIs) are a class of medications that are
commonly used in human medicine for depression. Common examples include the
following drugs:
• Fluoxetine (Prozac® in human beings; Reconcile™ in veterinary medicine)
• Citalopram (Celexa®)
• Paroxetine (Paxil®)
• Sertraline (Zoloft®)
Other similar drugs include selective norepinephrine re-uptake inhibitors (SNRIs),
which include common drugs like duloxetine (Cymbalta®), nefazodone (Serzone®), and
venlafaxine (Effexor®). SNRI and SSRI drugs result in similar clinical signs of toxicosis,
and therefore are treated the same. In veterinary medicine, SSRIs are used for a wide
array of behavioral problems, including feline urine spraying, canine separation
anxiety, lick granulomas, etc. These SSRI drugs work by blocking the reuptake of
serotonin in the pre-synapse, thereby increasing the levels of serotonin in the presynaptic membrane. In small animal patients, common clinical signs from SSRIs
include sedation or central nervous system (CNS) stimulation, anorexia, lethargy and
serotonin syndrome. Clinical signs of serotonin syndrome include gastrointestinal (GI)
signs (e.g., hypersalivation, vomiting, diarrhea, abdominal pain) and CNS signs (e.g.,
stimulation, mydriasis, tremors, seizures, hyperthermia secondary to tremoring and
seizuring). Treatment for antidepressants includes decontamination (ideally done at a
veterinarian, due to the rapid onset of clinical signs), sedation (e.g., with acepromazine
or chlorpromazine), intravenous (IV) fluid therapy, blood pressure and
electrocardiogram (ECG) monitoring, thermoregulation, muscle relaxants (for tremors;
methocarbamol 22-55 mg/kg, IV, PRN), anticonvulsants (e.g., phenobarbital 4-16 mg/kg,
IV, PRN; diazepam 0.25-0.5 mg/kg, IV, PRN), serotonin antagonists [e.g., cyproheptadine
(1.1 mg/kg for dogs or 2-4 mg total per cat) PO or rectally q. 6-8], and supportive and
symptomatic care. In general, the prognosis for antidepressant toxicosis is excellent.
Amphetamines
Amphetamines are used for a variety of medical and illicit reasons. Legal forms
include prescription medications for attention-deficit disorder/attention deficithyperactivity disorder (ADD/ADHD), weight loss, and narcolepsy. Examples of
amphetamines include:
• Dextroamphetamine
• Amphetamine (Adderall®)
• D-amphetamine (Dexedrine®)
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Illegal forms of amphetamines include street drugs like methamphetamine, crystal
meth, and ecstasy. This class of drugs acts as sympathomimetic agents, meaning they
stimulate the sympathetic system. Amphetamines also cause stimulation of α and
β-adrenergic receptors and stimulate release of serotonin and norepinephrine; this
results in increased catecholamine stimulation in the synapse. Amphetamines also
increase release of serotonin from the presynaptic membrane, resulting in serotonin
syndrome. With amphetamine toxicosis, secondary stimulation of certain body
systems can result in significant clinical signs: GI (e.g., vomiting, diarrhea,
hypersalivating), CNS (e.g., agitation, mydriasis, tremors, seizures), cardiovascular (e.g.,
tachycardia, hypertension), and respiratory (e.g., panting). Both clinical signs and
treatment for amphetamine toxicosis are similar to SSRI toxicosis, and include IV
fluids, cooling measures, sedation (e.g., with acepromazine or chlorpromazine), muscle
relaxants, anticonvulsants, thermoregulation, blood pressure monitoring, and
symptomatic/supportive care.
Non-steroidal anti-inflammatory drugs (NSAIDS)
NSAIDs are competitive inhibitors of prostaglandin synthesis (cyclooxygenase or “COX”
inhibitors) and result in decreased prostaglandin, which is important for normal
homeostatic function (including maintaining renal blood flow, maintaining mucous
production in the stomach, etc.). Common OTC human NSAIDs include active
ingredients such as ibuprofen and naproxen sodium. Common prescription veterinary
NSAIDs can also result in toxicosis, particularly when available in the chewable,
palatable formulation. Examples of veterinary NSAIDs include carprofen, deracoxib,
etogesic, previcoxib, etc. With NSAID toxicosis, the GI tract, kidneys, CNS, and platelets
can be affected. Cats and certain breeds of dogs (e.g., German shepherds) seem to be
more sensitive to NSAIDs and should be treated aggressively. With cats, severe acute
kidney injury (AKI) is often more clinically seen with NSAID toxicosis at lower doses (as
compared to dogs). With dogs, signs secondary to GI ulceration (e.g., vomiting,
diarrhea, melena, hematemesis, etc.) are more commonly seen initially, followed by
secondary AKI. With NSAID toxicosis, it is important to keep in mind that each NSAID
has a different toxic dose, margin of safety, half-life, and route of excretion, and the
ASPCA Animal Poison Control Center should be contacted to identify what specific
NSAID and toxic dose was ingested. For example, in dogs, ibuprofen results in GI signs
at doses as low as 16-50 mg/kg, while severe GI signs may be seen at 50-100 mg/kg.
Renal compromise may be seen at doses of 100-250 mg/kg (resulting in potential AKI),
and fatalities have been reported at doses > 300 mg/kg. This differs tremendously
from naproxen sodium (dogs), where severe clinical signs can be seen at doses as low
as 5 mg/kg. Clinical signs of NSAID toxicosis include anorexia, vomiting, hematemesis,

diarrhea, melena, abdominal pain, lethargy, malaise, uremic halitosis, dehydration, etc.
Treatment includes decontamination, the use of activated charcoal (often multiple
doses due to enterohepatic recirculation, if appropriate), GI protectants (e.g., H2
blockers, sucralfate), aggressive IV fluid therapy (to help maintain renal blood flow),
anti-emetic therapy, and symptomatic and supportive care. With high doses, anticonvulsants may also be necessary if CNS signs develop.
Paracetamol
Paracetamol (N-acetyl-p-aminophenol), a cyclooxygenase (COX)-3 inhibitor, is a
popular OTC analgesic and antipyretic medication used frequently in humans. It is not
considered a true NSAID as it lacks anti-inflammatory properties. Normally, part of
this drug is metabolized into non-toxic conjugates via the metabolic pathways
(glucuronidation and sulfation); some is metabolized into the toxic metabolite,
N-acetyl-para-benzoquinoneimine [NAPQI] via the cytochrome P-450 enzyme pathway.
Typically, NAPQI is detoxified by conjugation with glutathione in the liver. Toxicosis
occurs when glucuronidation and sulfation pathways are depleted; this results in
toxic metabolites building up and secondary oxidative injury occurring. While this
drug is very safe for human use, it has a narrow margin of safety in dogs and cats; the
severity of toxicosis and development of clinical signs is species-dependent. Cats have
an altered glucuronidation pathway and a decreased ability to metabolize
paracetamol, making them much more susceptible to toxicosis. In cats, red blood cell
(RBC) injury is more likely to occur in the form of methemoglobinemia (metHb), and
toxicity can develop at doses as low as 10 mg/kg. In cats, lethargy, swelling of the face
or paws, respiratory distress, brown mucous membranes, cyanosis, vomiting, and
anorexia may be seen secondary to metHb. In dogs, hepatic injury is more likely to
occur; paracetamol toxicosis can occur at doses > 100 mg/kg, while metHb can develop
at doses of > 200 mg/kg. Dogs may develop clinical signs of keratoconjunctivitis sicca
(dry eye), malaise, anorexia, hepatic encephalopathy, vomiting, melena, and icterus
secondary to hepatotoxicity. Treatment includes decontamination, administration of
activated charcoal (AC), anti-emetic therapy, IV fluid therapy, treatment for hypoxemia
(e.g., oxygen, blood transfusion, etc.), antioxidant therapy (e.g., Vitamin C), provision of
a glutathione source (S-adenosyl-methionine or SAMe), and the antidote
n-acetylcysteine (NAC, ideally IV) to limit formation of the toxic metabolite NAPQI by
providing additional glutathione substrate. Baseline blood work and follow-up
biochemical panels should be performed to monitor for the presence of metHb, Heinz
body anemia, or evidence of hepatotoxicity. Generally, prognosis is fair to excellent
with therapy. If clinical signs resolve and liver enzymes are within normal limits after
48 hours of NAC therapy, patients can be discharged with SAMe (for 30 days). Those
with severe hepatic failure have a poorer prognosis.
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Hydrocarbons
Hydrocarbons consist of chemicals containing a hydrogen and carbon group as their
main constituents. Examples include liquid fuels such as kerosene, engine oil, tikitorch fuels, gasoline, diesel fuels, paint solvents, wood stains, wood strippers, liquid
lighter fluids, asphalt/roofing tar, etc. These are often referred to as “petroleum
distillates” based on their viscosity, carbon chain length, and lipid solubility. It is
contraindicated to induce emesis with hydrocarbon toxicosis due to the risks of
aspiration pneumonia; due to the low viscosity of hydrocarbons, these compounds are
more easily aspirated, resulting in respiratory injury and secondary infection. In
general, hydrocarbons are GI tract irritants, but can also be irritants to the respiratory
system (if inhaled), eyes, and skin also. Clinical signs include vomiting, nausea,
tachypnea, and dermal or ophthalmic irritation. Typically, GI tract irritation is selflimiting. Patients should be treated with anti-emetic therapy, possible SQ fluid therapy
(to assist in hydration), fasting (no food per os), and initiation onto a bland diet.

Patients demonstrating any coughing, retching, or tachypnea post-ingestion should
have chest radiographs performed to rule out aspiration pneumonia, of which
treatment is supportive (e.g., oxygen therapy, IV fluids, antibiotic therapy, nebulization
and coupage, etc.).
Asthma inhalers (e.g., Albuterol)
Asthma inhalers are often used in both human and veterinary medicine. Various types
of medications may be used, including steroids (e.g., fluticasone) or beta agonists (e.g.,
albuterol, salbutamol, etc.). When beta-agonist inhalers are accidentally chewed and
punctured by dogs, they can result in a severe, life-threatening, acute toxicosis.
(Inhaled steroids are not a large toxicity issue). Because inhalers often contain
approximately 200 metered, concentrated doses, a massive amount of beta-agonist is
released with just one puncture. Clinical signs include cardiac (e.g., tachycardiac, a
“racing heart rate” per the owner, injected gums, hypotension, hypertension, severe
arrhythmias), electrolyte changes (e.g., severe hypokalemia, hyperglycemia), GI (e.g.,
vomiting), and CNS (e.g., mydriasis, agitation, weakness, collapse, death). Treatment
includes stat electrolyte monitoring, IV fluids, potassium supplementation, blood
pressure and ECG monitoring, sedation/anxiolytics (if the patient is agitated,
hypertensive, and tachycardic), antiarrhythmics such as beta-blockers (e.g.,
propranolol, esmolol, etc.), and symptomatic supportive care. Treatment for 24-36
hours is typically necessary, until clinical signs resolve.
Household cleaners
Most surface cleaners are generally benign, and when ingested directly from the
bottle, can result in minor GI signs. However, certain concentrated cleaners can be
highly toxic or corrosive. Household bleach is a GI irritant, but “ultra” bleach can be
corrosive, resulting in severe esophageal or upper GI damage. Concentrated lye
products, toilet bowl cleaners, and oven cleaners are also corrosive, and immediate
flushing out the mouth for 10-15 minutes should be performed prior to veterinary visit
to minimize tissue injury. Appropriate pet-proofing (such as keeping toilet seats down
or securing cleaners in a locked or elevated bathroom cabinet) are the easiest way to
prevent this specific toxicosis.
Vitis Vinifera (grapes, Raisins, Sultanas, and some currants)
Grapes, raisins, and sultanas have been recently associated with development of acute
kidney injury (AKI) with ingestion. All types have been implemented with toxicosis,
including organic grapes, commercial grapes, homegrown grapes, and seedless or
seeded grapes. The mechanism of toxicosis is recently thought to be due to tartaric
acid (also found in cream of tartar and tamarind fruit). Common kitchen items also
contain grapes, sultanas, raisins, or currants in their active ingredient, including raisin
bread, trail mix, chocolate-covered raisins, cereal with raisins, cream of tartar,
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Pyrethrins and Pyrethroids
Pyrethrins and their synthetic derivative, pyrethroids, are commonly found in
household insect sprays and insecticides (e.g., permethrin, cypermethrin,
cyphenothrin, etc.). Due to a cat’s altered liver glucuronidation metabolism, cats are
significantly more sensitive to pyrethrins than dogs. While a precise toxic dose for cats
is not well established, products containing greater than a 5-10% concentration of
pyrethrins may lead to systemic toxicosis. The diluted amount found in household
insect sprays and topical flea sprays and shampoos is typically < 1%. Toxicosis from
exposure to these products is highly unlikely. The application of canine spot-on
pyrethrin/pyrethroid based insecticides (typically ~40-50% concentration) to cats is
the primary cause of feline pyrethrin toxicosis. Cats that groom dogs following recent
spot-on applications are also at high risk for toxicosis; ideally, pets should be separated
until the spot-on product has completely dried on the dog to prevent cat exposure.
Signs of systemic toxicosis in cats include GI signs (e.g., hypersalivation, vomiting,
nausea), neurologic signs (e.g., disorientation, weakness, hyperexcitability, tremors,
seizures) and respiratory signs (e.g., tachypnea, dyspnea). Tremors are extremely
responsive to methocarbamol (22-220 mg/kg, IV PRN to effect), a centrally acting
muscle relaxant, although oral absorption of methocarbamol is often slower in onset
of action. In general, tremors are less responsive to benzodiazepines (e.g., diazepam).
Seizures may be controlled with Phenobarbital (e.g., 4-16 mg/kg, IV PRN to effect) or
general gas anesthesia. Dermal decontamination is crucial but should be performed
after stabilization. This should be performed with a liquid dish detergent (e.g., Dawn,
Palmolive). Supportive care including the monitoring and maintenance of hydration,
body temperature and blood glucose levels are necessary. Signs may persist for 1-4
days, depending on the animal. The prognosis is excellent with aggressive dermal
decontamination and treatment.
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Xylitol
Xylitol is a natural sweetener found in small quantities in certain fruit. Xylitol has
gained recent popularity because it is sugar-free, and is often found in diabetic snacks,
foods, baked foods, mouthwashes, toothpastes, chewing gum, mints, candies, and
chewable multivitamins. Sugarless products, particularly those with xylitol listed
within the first 3 to 5 active ingredients (AI), can result in severe toxicosis within 15-30
minutes of ingestion. Ingestion of xylitol results in an insulin spike in non-primate
species, resulting in severe hypoglycemia. Many pieces of candy and gum (e.g., Orbit™,
Trident™, Ice Breakers™) contain various amounts of xylitol ranging, on average, from 2
mgs to 1.0 grams/piece. Unfortunately, not all sources are disclosed by the company
(e.g., how many grams of xylitol may be in each piece of gum) due to a proprietary
nature. With xylitol toxicosis, it is imperative to calculate whether a toxic dose has
been ingested. Doses > 0.1 g/kg are considered toxic and result in profound, sudden
hypoglycemia from insulin stimulation. Higher doses (> 0.5 g/kg) of xylitol have been
associated with acute hepatic necrosis. Clinical signs of xylitol toxicosis include
lethargy, weakness, vomiting, collapse, anorexia, generalized malaise, tremors, and
seizures (from hypoglycemia). When hepatotoxic doses are ingested, clinical signs and

clinicopathologic findings may include melena, icterus, increased liver enzymes,
diarrhea, hypoglycemia, hypocholesterolemia, decreased BUN, hypoalbuminemia, etc.
When presented a patient that has ingested a toxic amount of xylitol, a blood glucose
should be checked immediately upon presentation; if hypoglycemic, a bolus of 1 ml/kg
of 50% dextrose, diluted with an additional amount of 0.9% NaCl (in a 1:3 ratio) should
be given IV over 1-2 minutes. Emesis induction should not be performed until the
patient is euglycemic. Keep in mind that activated charcoal does not reliably bind to
xylitol and is not routinely recommended for xylitol toxicosis. Hypoglycemic patients
should be hospitalized for IV fluid therapy [supplemented with dextrose (2.5 to 5%
dextrose, CRI, IV)] for approximately 24 hours, and frequent blood glucose check should
be performed every 1-4 hours. For patients ingesting a hepatotoxic amount of xylitol,
the use of hepatoprotectants (e.g., SAMe), anti-emetics, and supportive care (including
frequent liver enzyme monitoring) are warranted.
Chocolate (theobromine/caffeine)
Chocolate is one of the most well-known toxic foods that pet owners are aware of.
Chocolate contains methylxanthines such as theobromine and caffeine.
Methylxanthines antagonize adenosine receptors and inhibits cellular
phosphodiesterases, causing an increase in cAMP. Methylxanthines also stimulate
release of catecholamines (e.g., norepinephrine) and cause an increase of calcium
entry into cardiac and skeletal muscle, resulting in central nervous system (CNS)
stimulation, diuresis, and myocardial contraction. When ingested in toxic doses,
clinical signs may include agitation, vomiting, diarrhea, panting, tachycardia, polyuria,
hyperthermia, muscle tremors, and seizures. Clinical signs of theobromine toxicosis
can be seen at within a few hours, up to 10-12 hours out (as the absorption time is
slow). As theobromine has a very long half-life (e.g., 17 hours), treatment may be
necessary for 72-96 hours. Toxic doses of theobromine can be seen at:
> 20 mg/kg: mild signs of agitation and gastrointestinal distress (e.g., vomiting,
diarrhea, abdominal pain)
> 40 mg/kg: moderate signs of cardiotoxicosis can be seen in addition to
aforementioned signs (e.g., tachycardia, hypertension)
> 60 mg/kg: severe signs of neurotoxicosis can be seen in addition to aforementioned
signs (e.g., tremors, seizures)
250-500 mg/kg: LD50 (for dogs)
200 mg/kg: LD50 (for cats)
Rarer secondary complications may also be seen from chocolate toxicosis, including
pancreatitis and secondary aspiration pneumonia. In general, the darker and more
bitter the chocolate, the higher the concentration of methylxanthines in the product.
For example, a 20 kg dog would need to ingest approximately 14 oz. of milk chocolate,
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tamarind fruit, dehydrated tamarind fruit, etc. Currently, grapeseed extract has not
been associated with nephrotoxicity. Treatment for grape and raisin ingestion includes
aggressive decontamination as the first line of therapy. Grapes and raisins seem to
stay in the stomach for a prolonged period of time and are not rapidly broken down or
absorbed from the gastrointestinal (GI) tract; hence, delayed emesis induction even
several hours post-ingestion can still be initiated to maximize decontamination
methods. One dose of activated charcoal can also be administered to prevent
absorption of the unknown nephrotoxin. In general, all ingestions should be treated
as potentially idiosyncratic and be appropriately decontaminated and treated. Initially,
vomiting may be observed within the first 24 hours of ingestion. Within the next 12-24
hours, clinical signs of lethargy, dehydration, vomiting, diarrhea, anorexia, abdominal
pain, uremic breath, and diarrhea may be seen. Azotemia may develop within 24 hours,
with hypercalcemia and hyperphosphatemia occurring first. Oliguria and anuria may
develop 48-72 hours post-ingestion, at which point the prognosis is poorer. Treatment
includes decontamination, aggressive intravenous (IV) fluid therapy, anti-emetics,
blood pressure and urine output monitoring, and serial blood work monitoring (q.
12-24 hours for several days). In severe cases, hemodialysis or peritoneal dialysis may
be necessary. Asymptomatic patients that have been adequately decontaminated and
survive to discharge should have a renal panel and electrolytes monitored 48-72 hours
post-ingestion. Overall, the prognosis varies from good to poor, depending on time to
decontamination, response to therapy, and prevalence of oliguria or anuria. While 50%
of dogs that ingest grapes and raisins never develop clinical signs or azotemia,
aggressive treatment is still warranted.
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Insoluble calcium oxalates (dieffenbachia/philodendron)
According to the ASPCA Animal Poison Control Center, the most common plant
exposure is to the Araceae plant family. These plants contain insoluble calcium oxalate
crystals, and include the Dieffenbachia family of plants. These are common
houseplants, as they require little water or light, and can survive in office conditions.
Other types of insoluble oxalate containing plants include:
• Arrowhead vine
• Calla lily
• Devil’s ivy
• Dumbcane
• Elephant’s ear
• Mother-in-law’s tongue
• Peace lily
• Philodendron
• Pothos
• Sweetheart vine
• Umbrella plant
The plants contain needle sharp crystals, which are often arranged in bundles called
raphides. When dogs or cats bite or chew into the plant, it releases the crystals,
resulting in acute, profuse pain to the oropharynx. Clinical signs of insoluble calcium
oxalate plant toxicosis includes: hypersalivation, pawing at the mouth or muzzle,
anorexia, vomiting, and edema of the lips, tongue, and oropharynx may be seen. Very
rarely, dyspnea and upper airway swelling can be seen secondary to severe
inflammation and swelling of the laryngeal area. If ocular exposure occurs (rare),
severe photophobia, pain, and conjunctival swelling can occur. While clinical signs
may appear to be dramatic to the pet owner, signs are primarily localized to the
oropharynx and generally are self-limiting. Treatment can potentially be done at home

by the pet owner, and includes removal of the plant, flushing of the mouth (if
possible), and offering small amounts of palatable fluid (e.g., canned tuna water, milk,
yogurt, chicken broth, etc.) to flush the crystals from the mouth. For more severe
clinical signs that present to the veterinarian, the use of anti-emetics, fluid therapy
[e.g., subcutaneous (SQ) or intravenous (IV)], or analgesics may be necessary. Atropine
is not recommended for the hypersalivation.
Lilies
The common “true” Lily (from the Lilium spp. and Hemerocallis spp.) is often found in
gardens, floral arrangements, or as fresh cuttings. These beautiful, fragrant flowers are
known as the common Easter, tiger, Japanese show, stargazer, rubrum, and day lily. All
parts of the plant, including the pollen and water in the vase, are toxic to cats, and
result in severe AKI. As little as 2-3 leaves or petals (even the pollen or water from the
vase) can result in AKI, and clinical symptoms are typically seen within hours. Clinical
signs include early onset vomiting, depression, and anorexia, which progresses to
anuric AKI in 1-3 days. Clinicopathologic testing reveals severe azotemia, epithelial
casts (12-18 hrs post-ingestion) on urinalysis, proteinuria, and glucosuria. Treatment
includes aggressive decontamination (e.g., emesis induction, administration of one
dose of activated charcoal), GI support (e.g., anti-emetics, H2 blockers, etc.), and IV fluid
therapy for approximately 48-72 hours (or until resolution of azotemia). The use of SQ
fluid therapy is generally not sufficient for the treatment of lily toxicosis. While rarely
performed in veterinary medicine, the use of peritoneal or hemodialysis has been
successful in anuric AKI cases. With treatment, the prognosis is good if treatment is
initiated early and aggressively. Adequate decontamination is of the utmost
importance. If aggressive IV fluid therapy is initiated within 18 hours, the overall
response to therapy is good. However, if treatment is delayed beyond 18-24 hours, or
anuria has already developed, the prognosis is grave.
Marijuana
With the legalization of marijuana in several states, there has been an increased
prevalence of accidental exposure to dogs, cats, and children within the past few years.
As a result, veterinarians need to be aware of this growing toxicant. Judicious history
taking, along with rapid recognition of clinical signs, is imperative, as pet owners are
often unwilling to admit to this illicit drug toxicosis in their pets. Thankfully, with
appropriate decontamination and treatment, the prognosis is excellent with
symptomatic and supportive care. Marijuana, found in the Cannabis sativa plant,
contains the toxic ingredient tetrahydrocannabinol (THC). Marijuana is also
commonly known under the nicknames Mary Jane, pot, hemp, hashish, pot, grass,
weed, devil weed/week, etc. Synthetic marijuana, commonly found in stores, causes
similar clinical signs (see treatment). THC directly affects cannabinoid (CB1) receptors
in the brain, affecting neurotransmitters [e.g., dopamine, serotonin, gamma-
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or 4.5 oz. of semi-sweet, or 2 oz. of unsweetened chocolate to cause moderate signs of
toxicity (e.g., agitation, tachycardia). As chocolate tends to stay in the stomach for a
prolonged period of time, delayed emesis induction (e.g., even several hours after
ingestion) - provided the patient is asymptomatic – may help decontaminate the
patient, as chocolate tends to remain in the stomach for quite some time. Further
decontamination includes the administration of multiple doses of activated charcoal
(1-2 g/kg every 4-6 hours X 4 doses), as methylxanthines undergo enterohepatic
recirculation. Treatment includes gastrointestinal support (e.g., anti-emetics), supportive
care, IV fluid therapy, frequent walks (to prevent reabsorption of methylxanthines
from the urine across the bladder wall), sedatives for agitation (e.g., acepromazine,
butorphanol), beta-blockers for persistent tachycardia or hypertension (e.g., propranolol),
methocarbamol for tremors, and anticonvulsants for seizures, as needed.
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Anticoagulant rodenticides (ACR)
First and second generation ACR anticoagulants result in inhibition of Vitamin K
epoxide reductase, resulting in inactivation of clotting factors II, VII, IX, and X. First
generation rodenticides (e.g., warfarin, pindone) had been largely replaced by more
potent second-generation anticoagulants (e.g., brodifacoum, bromadiolone,
diphacinone, chlorophacinone, etc.); however, recent EPA mandates have eliminated
many second generation ACRs due to relay toxicosis. Each individual ACR varies in the
margin of safety and LD50. Some have very narrow margins of safety (e.g., brodifacoum),
while some have very wide margins of safety (e.g., bromadiolone). When in doubt, the
toxic dose should be calculated, or the ASPCA APCC contacted to determine if a toxic
dose has been ingested. Finally, keep in mind that species differences exist; cats are
much more resistant to the effects of ACR as compared to dogs.

Canine LD50
Difethialone: 4 mg/kg
Brodifacoum 0.25-4 mg/kg
Bromadiolone: 11-20 mg/kg
Diphacinone: 3-7.5 mg/kg

Feline LD50
> 16 mg/kg
25 mg/kg
> 25 mg/kg
> 15 mg/kg

When a toxic ingestion of ACR has occurred, prolongation in coagulation factors
[prothrombin (PT) or activated partial thromboplastin time (aPTT)] is not seen for
36-48 hours, as based on the half-life of factor VII. Clinical signs typically do not
develop for 3-5 days. Clinical signs are due to clotting factor depletion, resulting in
generalized hemorrhage. The most common clinical signs include lethargy, exercise
intolerance, inappetence, pallor, dyspnea, coughing, hemoptysis, etc. Hemoabdomen,
hemothorax, pericardial effusion may also occur. Rarer clinical signs include gingival
bleeding, epistaxis, ecchymosis, petechiae, hematuria, bleeding into the subcutaneous
space or joint space, and melena.
Errors are often made by veterinary professionals when it comes to the medical
management of ACR rodenticides. While it is often appropriate to decontaminate a
patient with emesis induction and activated charcoal administration, with non-toxic
ingestions (based on the LD10), this is often unnecessary (unless the patient is neonatal,
geriatric, has an underlying hepatopathy, or has previously ingested a ACR before). Next,
the administration of a “one-time,” parenteral injection of vitamin K1 at the time of
decontamination is unnecessary and potentially detrimental. First, vitamin K1 is faster
absorbed orally than parenterally (particularly with a fatty meal). Another reason why
the “one-time shot” should be avoided is because it will skew point-of-care, accurate
blood results of the PT test. As factor VII has the shortest half-life, PT will be the first
blood test to be prolonged with ACR ingestion; however, this prolongation of the PT will
not normally occur until approximately 36-48 hours post-ACR ingestion. Testing prior to
this time is unnecessary (unless the patient has been chronically ingesting a ACR over
several days), as the PT will be normal prior to 36-48 hours. By administering a “one-time
shot” of Vitamin K1 therapy, the patient’s PT will be falsely normal at 48 hours, and
instead, the patient will be coagulopathic days later (3-5 days, instead of 2 days).
Normally, clinical signs of acute, ACR toxicosis typically occur at 3-5 days post-ingestion.
With a “one-time shot,” the patient will bleed out at 5-7 days instead of 3-5 days!
Conclusion
Pet owners should be appropriately educated on how to pet-proof the house and be
trained on what common human medications can be toxic to pets. Pet owners should
also be appropriately educated on crate training to help minimize toxin exposure.
When in doubt, an animal poison control center or toxicology reference should be
consulted for toxic ingestions that veterinarians are unaware of.
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aminobutyric acid (GABA)]. This can result in either stimulatory or inhibitory signs.
Marijuana is rapidly absorbed either orally or when smoked (e.g., via inhalation), and
is eliminated via the liver, bile (55%), feces (45%), and urine (17%). Some enterohepatic
recycling occurs. Duration of signs typically occur within 30 minutes, and can last up
to 3 days (with an average duration of clinical signs of 18-24 hours). Important to note
is that clinical signs can be seen at very low doses of marijuana exposure; that said,
the LD50 in dogs is extremely high (considered to be > 3 g/kg). Animals may exhibit
mild to moderate signs after inhalational exposure (e.g., smoke), but are more likely to
become symptomatic after ingestion (which is the more common route of accidental
animal exposure). Clinical signs include central nervous system signs (e.g., ataxia,
disorientation, hyperesthesia, agitation, hyperactivity, dysphoria, mydriasis, behavioral
changes, tremors, seizures, coma), gastrointestinal signs (e.g., hypersalivation,
vomiting), cardiopulmonary signs (e.g., bradycardia, tachycardia, hypoventilation), and
miscellaneous other signs [e.g., urinary incontinence, temperature changes (e.g.,
hypo- or hyperthermia), death]. Clinical signs of marijuana toxicosis can quickly
progress to obtundation, coma, bradycardia, hypotension, tremors, seizures, and rarely,
death. Signs can develop quickly (within 5 minutes) or be delayed up to 12 hours; most
often, occur with 1-3 hours of exposure. Treatment for marijuana poisoning includes
appropriate decontamination, symptomatic supportive care, anti-emetic therapy, and
treatment for life-threatening clinical signs (e.g., atropine, intubation mechanical
ventilation, etc.). One potential “antidote” that can be in severe, potentially lifethreatening cases is the use of intravenous lipid emulsion (ILE). Dosing for ILE in
veterinary medicine is extrapolated from human medicine at:
• 20% solution: 1.5 – 4 ml/kg IV over 1 minute, followed by 0.25 mg/kg/min, over 30-60
minutes.
• Re-dosing of aliquots of 1.5 ml/kg q 4-6 hours can also be continued for 24 hours if
needed OR follow-up CRI doses of 0.5 ml/kg/hr can be continued until clinical signs
improve (not to exceed 24 hours).
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dogs living in a state with legalized medical marijuana: 125 dogs (2005-2010). J Vet
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Marijuana. Klatt C. In Blackwell’s Five-Minute Veterinary Consulting Clinical
Companion: Small Animal Toxicology. Wiley-Blackwell, Ames. 2011: pp. 224-229.
Fitzgerald KT, Bronstein AC, Newquist KL. Marijuana poisoning. Top Companion Anim
Med 2013;28(1):8-12.
Fernandez AL, Lee JA, Rahilly LJ, et al. The use of intravenous lipid emulsion as an
antidote in veterinary toxicology. J Vet Emerg Crit Care 2011;21(4):309-320.
Murphy M. Anticoagulants. The Five-Minute Veterinary Consult Clinical Companion:
Small Animal Toxicology. Ames, IO: Wiley-Blackwell. pp. 759-768.
Note
When in doubt, all drug dosages should be confirmed and cross-referenced with a
reference guide such as Plumb’s Veterinary Drug Handbook.
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Toxicities are a common reason for small animals to be presented for emergency care.
The ASPCA Animal Poison Control Center reported the top 10 toxicities of 2018 to be
(1) over the counter medications, (2) human prescription medications, (3) food, (4)
chocolate, (5) veterinary products, (6) household items (e.g. glue, cleaning products),
(7) rodenticides, (8) insecticides, (9) plants, and (10) garden products. The clinical
presentation for animals exposed to toxins can be variable, with recent exposure or
ingestion in currently asymptomatic animals requiring a different approach to
symptomatic patients. Likewise the approach to treatment will be influenced by the
quantity ingested, the pharmacokinetic profile of the toxin, and the organ systems
that will be affected. This session will review traditional and emerging therapeutic
options for toxicities in animals.
Lipid rescue
In the last decade, there has been growing interest and experience in the use of
intravenous lipid emulsion administration (ILE) for toxicities in both human and small
animal medicine. A 20% lipid solution is most commonly used in veterinary patients,
which is a convenient product to stock given its long shelf life and ability to be stored
at room temperature. The exact mechanism of ILE is not known with certainty. The
most popular theory describes the creation of a lipid sink within the plasma
component. Lipophilic drugs are able to sequester into this lipid sink and thereby
reducing the effect concentration of the toxin in tissues. The lipophilicity of the drug
therefore strongly impacts the effectiveness of ILE based on this theory. An alternative
mechanism of action relates to improved myocardial performance by providing a
readily available source of free fatty acids, the preferred substrate for the myocardium.
A large number of drugs may be amenable to ILE, including, but not limited to, local
anesthetic agents, beta blockers, calcium channel blockers, NSAIDs, parasiticides, and
some chemotherapeutic agents. The ILE dosing scheme frequently used in the
veterinary literature is an initial bolus of 1.5 mL/kg IV and then a constant rate
infusion of 0.25-0.5 mL/kg/min for 30-60 minutes. If the patient remains
symptomatic, an additional dose may be provided if gross lipemia is not appreciated
on a spun down hematocrit tube. Potential adverse effects of ILE in people include fat
emboli and ‘fat overload syndrome’, characterized by hypocoagulability,
hyperbilirubinemia, hyperlipidemia, and hepatosplenomegaly. The current evidence
base suggests that ILE is well tolerated by dogs and cats, with few serious adverse
effects being described. It is important however to administer ILE with strict asepsis
given the higher potential for ILE to support bacterial growth.

Extracorporeal drug removal
In patients with ingestion of severe drug overdose, immediate decontamination
should be recommended if possible. Due to the high oral bioavailability and the rapid
gastrointestinal absorption of many drugs however, decontamination may not be
effective if performed not immediately following ingestion. Extracorporeal drug
removal would then represent a valuable intervention for severe overdoses.
The use of extracorporeal purification specifically for drug poisoning has existed in
the veterinary clinical practice for over 30 years. Unfortunately, the evidence remains
mostly limited to reviews, opinions, and case reports, which are susceptible to biases
and confounders. Randomized trials and comprehensive systematic reviews are
inexistent and this limits the interpretation of the effect of extracorporeal treatments.
Also it is important to recognize however that dialyzability of a drug and clinical
improvement following treatment do not always correlate. Despite the uncertainty of
the efficacy of ECT for many drugs and poisons the use in veterinary medicine of ECT
(including hemodialysis, hemofiltration, hemoperfusion, therapeutic plasma
exchange) in poisoning and drug overdoses is rapidly increasing.
Hemodialysis (HD) and charcoal hemoperfusion (HP) are methods used to eliminate
different substances from a patient’s blood stream. Theoretically, ideal
pharmacokinetic properties of a drug for removal with hemodialysis (HD) alone are;
small apparent volume of distribution (< 1L/kg), low plasma protein binding, and low
molecular weight. When treating toxicity from agents that do not meet those criteria,
the drug clearance by hemodialysis (HD) is reduced. Hemoperfusion (HP) on the other
hand, works by direct adsorption on activated charcoal. Hemoperfusion (HP) can
remove any drug or toxin with affinity to charcoal independently from molecular
weight and plasma protein binding, until saturation of the adsorptive capacity of the
filter is reached. Using in-series charcoal hemoperfusion and hemodialysis (HP/HD)
there is a decrease in the potential for negative complications of hemoperfusion while
maintaining the functionality of the toxin binding.
Drugs with a low volume of distribution (Vd) and/or a high rate of protein binding are
most likely to be removed during plasma exchange. Some authors have proposed that
plasma exchange is useful only when plasma protein binding of a substance is
greater than 80% and when the Vd is less than 0.2 L/kg. That stated, others have
included the exchanged plasma volume, intercompartment equilibration,and
endogenous clearance as important determinants of the ability of plasma exchange
to effectively remove a given drug. Interestingly the removal of drugs with plasma
exchange might be compared to the removal of immunoglobulin M. Aspirin and many
other NSAIDs has high protein-binding affinity (80– 90% bound to albumin) and a low
Vd of 0.1–0.2 L/kg. These properties make them prone to the elimination effect of
plasma exchange.
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Determination of the efficacy of ECT in overdoses is often determined by estimation of
clearance rather than measurement of amount removed in the dialysate or plasma
removed. The latter are the most reliable methods to estimate the extent of drug
extraction with dialysis and plasma exchange. This amount should be the primary
parameter used to assess the effect of ECT on drug disposition. Resorting to calculations
of clearance may lead to erroneous conclusions about the ability to remove drugs. Some
drugs equilibrate slowly between the peripheral and central compartments during
plasma exchange, as with hemodialysis. In these cases a considerable rebound will
occur in drug concentrations after plasma exchange, and estimation of removal with
ECT may be artificially high, depending on when was determined. The discrepancy
between clearance and the total amount of drug removed may be because serum
concentrations decline faster than tissue levels and clearance do. In the absence of
reliable data, knowledge of Vd and protein-binding characteristics of the drug in
question, as well as the time when ECT is started relative to dose administration, may
be helpful in predicting the effect of the procedure on drug extraction.
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The holy grail of coagulation testing should mimic in vivo clot formation - the
interplay between blood cells, coagulation factors and related proteins, platelets,
endothelium, blood flow, pH, and temperature. Additionally it should be easy-to-use,
accurate, reliable, and ultimately predict bleeding or thrombosis. For now, global
coagulation tests only fulfill some of these criteria. While viscoelastic tests are best
known, there is more than just ROTEM and TEG.
Viscoelastic testing
Viscoelastometry has evolved over 70 years into the leading global coagulation test in
human and veterinary medicine. A pin-and-cup model measures the changing viscous
and elastic properties of activated whole blood to produce a graphical representation
of coagulation factor activation, thrombin generation, platelet aggregation, and
fibrinolysis as a function of time. Additional algorithms offer validated measurements
of clot strength. TEG and ROTEM are most widely available compared with the
Sonoclot analyser, and the more recent VCM point-of-care machine has also been
validated for veterinary use.
Performance
A large multi-centre diagnostic study evaluated identical samples in 10 academic
institutions and found considerable variation within and between centres for most
results produced by both TEG and ROTEM, reflecting similar findings in human
hospitals. This highlights the importance of the PROVETS guidelines - evidence-based
recommendations on viscoelastic testing aiming to standardise the use of these
devices and improve their performance in clinical and research settings. This includes
the importance of establishing institutional reference intervals (RI) following
published guidelines.
Clinical use
Studies can be broadly categorised into healthy animal studies, observational studies
in sick animals, and exploratory or interventional studies evaluating hypo- or
hypercoagulability in sick animals, with or without control populations. Thus far, these
studies have explored viscoelastic testing to measure the effect of fluids on
coagulation, to describe coagulation profiles in infectious diseases, and to identify
hypercoagulable and hyperfibrinolytic patients in disease states such as

hypoproteinaemia and trauma. Ongoing research must evaluate further its utility in
hypercoagulable and hyperfibrinolytic patients.
Sonorheometry
Researchers developed this point-of-care viscoelastic device to address some of the
shortfalls of existing devices, including operator variability, large shear forces that may
alter viscoelastic properties of nascent clots, and the limitations of relying on clot
amplitude to measure viscoelastic clot strength. Upon connecting a syringe of whole
blood, a fully automated system warms the sample, distributes to the operating
channels, adds reagents, administers ultrasound pulses, and records reflected sound
waves to create shear modulus curves all within 15 minutes. This has recently been
FDA approved.
Turbidimetric assays
Turbidimetric assays measure the change in light absorbance (or transmission) over
time during clot formation. The resulting waveforms provide information on initiation
of clot formation, rate and strength of clot formation, and fibrinolysis i.e. global
coagulation. Currently, these devices demand platelet-poor plasma (PPP) samples with
minimal turbidity to maximise photo-optic performance. The contribution of the
endothelium, flow, and blood cells are not evaluated.
There are several variations. Overall hemostatic potential (OHP) and clot formation
and lysis (CloFAL) assays use standard assay microplates filled with reagents plus
control or patient samples, from which light optics are measured using standard
spectrophotometers. Samples are activated by thrombin, tissue plasminogen activator
(tPA), or tissue factor. For OHP, thrombin or thrombin plus tPA are added to buffered
PPP samples to produce absorbance curves; calculating the area under the curve
equals overall coagulation potential or OHP, respectively. Subsequently, overall
fibrinolysis potential can be calculated (OFP = [OCP - OHP] / OCP). Clot lysis time, fibrin
lag time, maximum slope, and maximum/minimum optical density can also be
calculated.
For clot waveform analysis (CWA), certain PT/aPTT devices that measure the change
over time in light absorbance/transmittance can produce clot waveforms: change in
light optics represents clot strength; the first derivative of this curve represents clot
formation velocity, including the maximum velocity; and the second derivative
represents clot formation acceleration, including maximum acceleration. These
results are described in CWA studies as precoagulation, coagulation and
postcoagulation phases. Although theoretically any raw data output from PT/aPTT
testing can be used to produce these measurements, there are very few devices for
which capable software/algorithms are available.
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Clinical use
One small study in 10 privately-owned dogs with thrombosis showed significant
changes in OHP parameters compared with healthy dogs, although some values
remained within normal. In a retrospective study in dogs with DIC (excluding dogs
exposed to antithrombotics or those with icteric or lipaemic samples or unreadable
waveforms), CWA demonstrated significant differences between bleeders and
non-bleeders compared with traditional PT/aPTT results. But most values remained
within normal and there was large overlap between groups.
Simultaneous thrombin and plasmin generation assays
Also using assay microplates and spectrophotometry, simultaneous thrombin and
plasmin generation assays (STP) track fluorescence markers incorporated into the
substrates added to microplate wells containing PPP, TF, phospholipids, tPA, and either
of the fluorescing substrates specific for thrombin or plasmin. Increasing fluorescence
indicates increasing thrombin or plasmin generation, represented graphically to allow
measurement of thrombin generation lag time, peak thrombin quantity and time,
plasmin peak, fibrinolysis time, and AUC values. A newer variant performs the
thrombin and plasmin measurements from the same well. Recordings are taken for
up to 4 hours. No veterinary studies have evaluated this technology, however
fibrinolysis has been evaluated using a similar microplate assay.
Performance
The first STP study created paediatric and adult RIs - paediatric values were
significantly different, veering towards a more hypocoagulable profile. Like
turbidimetric assays, thombin lag time had unacceptable inter-assay variability
(CV>10%), as did velocity measurements, but the remainder were acceptable.
Clinical use
An ex-vivo study found significant differences in all STP assays in samples taken from
human patients with factor deficiencies; those with major bleeding diatheses also
exhibited significantly lower thrombin and plasmin potential. Authors also reported

changes specific to the different bleeding disorders involved.
The future
Much research focuses on developing a ‘gold standard’ test of global coagulation.
Advances within viscoelastic technology include: laser speckle rheometry that tracks
Brownian motion to measure coagulation; ultrasonic waves used to levitate a drop of
blood and quantify viscoelasticity-related shape deformation; and a ROTEM/TEG-like
device with prefilled reagents that may be better suited to point-of-care use.
Microfluidics encompasses flow chamber devices that permit controlled blood flow
under pressure to multiple channels using very small blood volumes. Different
channels within a single cartridge can measure different components of global
coagulation by means of altering reagents, coatings, and of course, flow. Some
research models aim to create channels that mimic the endothelium. Modelling
thrombosis in large vessels is a major limitation.
Additional technologies currently being investigated include videomicroscopic
tracking of clot formation (thrombodynamics), and high- and low-shear point-of-care
devices (global thrombosis test). These are unlikely to be used in veterinary settings in
the near future.
Conclusion
A device that measures coagulation under in vivo-like conditions rests in the realm of
science fiction. Current devices perform admirably to provide clinicians with
meaningful measures of hemostasis, but have numerous limitations. Best practice
requires a good understanding of their mechanism of action and current literature.
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Prevention and treatment of surgical, post traumatic, obstetric and gynecological
hemorrhages are a challenge in human and veterinary medicine. Administration of
procoagulant and antifibrinolytic drugs are used in veterinary patients in trying to
control surgical, traumatic and non-traumatic hemorrhages. Different drugs are
commonly involved in people for hemorrhage control like e-aminocaproic acid,
tranexamic acid, aprotinin and etamsylate (ETM). These different drugs have different
mechanisms of action and have different indications. This abstract will deal with the
why, when and how to administer ETM in dogs and cats.
Pharmacology (Why)
ETM is an hemostatic agent used in human and veterinary medicine to control
spontaneous and iatrogenic (e.g. postoperative) hemorrhages. The hemostatic action
of ETM involve the first step of hemostasis by improving platelet adhesiveness and
restoring capillary resistance reinforcing capillary membranes by polymerizing
hyaluronic acid. Promotes angioprotective action, thrombopoiesis, PLT release from
bone marrow, and has proaggregant action mediated by a thromboxane A2 or
prostaglandin F2a dependent mechanism. The precise mechanism of action is not
completely known. Its activity is the consequence of the activation of thromboplastin
formation on damaged sites of small blood vessels, decreases the PgI2 (Prostacyclin I2)
synthesis, promotes P-selectin-dependent platelet adhesive mechanisms. ETM can
antagonize the anticoagulant effect and the hemorrhagic properties of heparin.
Promoting platelet aggregation and adhesion, resulting in a decrease or stop of the
capillary bleeding. ETM reduces the prostacyclin (metabolite 6- oxoprostaglandin F1a)
concentration, which is potent vasodilator and a platelets disruptor. In the brain, it
reduces the reperfusion hemorrhage of the ischemic areas controlling the secondary
damage and closing the ductus increasing the cerebral blood flow. When administered
in non-hemorrhagic patient it does not affect the normal coagulation mechanism
and does not alter the prothrombin time, fibrinolysis, platelet count and function;
instead it reduces the bleeding time also if there is platelet dysfunction. In humans,
it is administered since 30 years as vascular protector in surgical hemorrhage.
ETM reduces the hemorrhage in pigs with standard wound and prevents the
intraventricular hemorrhage in neonatal dogs. Various experimental studies were
run in animals: in 1970 Carton et al investigated the effect of ETM on coagulation,
producing a 7mm incision after one hour of the intravenous ETM administration of

20 mg/kg. The study was run on ten dogs of different ages and breeds, it was found
a statistically significant difference comparing the bleeding time (40% of reduction)
before and after the ETM administration. The authors used ETM in different clinical
situations proposing its use to treat capillary hemorrhagic syndromes (e.g. epistaxis)
as a vascular protection and for pre surgical hemostasis. Another study run in 1984
by Ment et al, demonstrated that ETM is efficacious in preventing intraventricular
hemorrhage (IVH) and stabilizes capillary blood vessel in premature puppies.
They included in a double blinded study puppies Beagles, measuring prostaglandin
levels before and after the ETM administration and the cerebral blood flow using
autoradiography. In the treated group it was observed a reduction in the incidence
(statistically significant (p<0.05)) of intraventricular hemorrhage, significant decreases
in levels of TXB2 and 6 - keto PGF1, products derived from TXA2 and PGI2, reduced the
basal CBF level in all brain. In another double blinded study run by Molina et al in 2013
they evaluated the antihemorrhagic effect of ETM on hemorrhagic gastroenteritis in
19 dogs. ETM was compared with saline solution, and administered every 8 hours for
7 days. The gastrointestinal hemorrhages were successfully treated, the control group
had hemorrhages for 5.5 days instead in the treated group hematochezia was
controlled in 3.3 days, the recovery was shorter and better in the treated group:
6.44 days and 10.7 in the placebo group. In another double blinded study run in
20 Beagles, ETM was evaluated for preventing the gingival bleeding after a dental
plaque removal. After one week the same patients received the same oral treatment
but on the other half part of the mouth. The 65% of treated group had a reduction of
the gingival bleeding instead the placebo group had a 35% of reduction. The amount
of the gingival hemorrhage was determined as ml of blood measured in the water
delivered during the procedure. The patient treated had a reduction of 27% of the
blood lost during the procedure. Another interesting study (2017 Laborda) run on
6 healthy Beagles, serial hepatic biopsies were done during general inhalation
anesthesia, all the dogs were tested for coagulation profile, blood count and
biochemistry. A standardized simple automatic incision of the liver surface was
obtained using the “Surgicutt®” device (Surgicutt, ITC. USA), the incision was repeated
4 times in different lobules, the bleeding time and the quantity of blood collected
were reported. After that, the ETM was administered by IV and after 30 minutes the
incisions, parallels to the priors incisions, were repeated. The bleeding time was
reduced in the treatment group (2.50±1.47 vs 3.75±1.22 min; p< 0.001). In the author
experience ETM was administered IV at least 30 minutes before liver surgery and spill
over the site where the liver surgery was done, at the moment of this publication the
data are still collecting, the clinical impression is that the bleeding time is reduced
and the coagulation strength is improved.
The European Agency for the Evaluation of Medical Products (EMEA) reported that the
acute intravenous LD50 values of etamsylate is 800 mg/kg in mouse and 1350 mg/kg in rat.
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Indications and use (when and how)
ETM is labeled for the use in dogs, cats, bovines, horses, sheep, goats and pigs.
ETM can be useful in the treatment of following hemorrhages:
• traumatic;
• spontaneous;
• surgical;
• obstetric;
• gynecological.
The onset of action is 10 min when administered IV, 30 min if administered by IM
injection, the maximum effect is achieved between 30 min to 4 hours. For prevention
of surgical hemorrhage, it is better to administer ETM IV, 30 min before the procedure.
The suggested dosage ranges from 5.0 to 12.5 mg/kg IV, IM. The author administers
ETM at 12.5 mg/kg IV every 6 hours until the hemorrhage is under control.
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Moreover in an experimental study to verify the toxicity and side effect of ETM was
done in a groups of Wistar rats in which were given daily subcutaneous doses of 0, 10
or 100 mg/kg bw/day, 6 days per week, for 32 weeks, no overt signs of toxicity and
treated rats gained weight in a similar manner to the controls, also hematology
parameters during the all weeks. After the study no organ weight or gross
pathological changes were observed, however a histopathological investigation was
not done. The same agency affirmed that the pharmacovigilance records reveals the
absence of evidence of adverse effects. No adverse reproductive effect in humans has
been reported, it is secreted in the breast milk, no effect are reported in neonates. In a
multicenter trial, run in humans, ETM was administered at 12.5 mg/kg given every 6
hours for the treatment and prevention of periventricular hemorrhage, and
demonstrated a reduction in patent ductus arteriosus.
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Administration of intravenous fluids is one of the most frequent therapeutic options
in critical care. However, it is about time that fluids should be treated as drugs.
A conceptual framework of the 7 D’s is presented with a focus on definitions (fluid
status, preload, fluid responsiveness), diagnosis (hypo- eu- and hypervolemia, organ
and tissue perfusion), drug (type of fluids, indications, contraindications, adverse
effects, rate, objectives and limits), dose, duration, de-escalation, and discharge.
The 4 indications for fluid administration will be discussed: resuscitation,
maintenance, replacement and nutrition. The 4 questions: when to start IV fluids,
when to stop them, when to start fluid evacuation and when to stop fluid removal.
The 4 phases and the ROSE concept: resuscitation, optimization, stabilization and
evacuation. The 4 hits, the 4 compartments and much more. It is time for fluid
stewardship, defined as a series of coordinated interventions, introduced to select the
optimal fluid, dose and duration of therapy that results in the best clinical outcome,
prevention of adverse events and cost reduction…
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Introduction: Endogenous carboxyhemoglobin production is a byproduct of
hemoglobin metabolism and is significantly increased in human patients with
hemolytic anemia (HA). We aimed to investigate its diagnostic and prognostic utility
in dogs with HA.
Methods: A prospective observational study. Comparisons between dogs with HA,
non-hemolytic anemias (NHA) and healthy controls were performed using the
Mann-Whitney and Kruskal-Wallis tests. Receiver-operator characteristic (ROC)
analyses were used to examine the predictive utility of carboxyhemoglobin for the
diagnosis of HA in anemic dogs, and for outcome prediction.
Results: Study groups included 24 dogs with HA (immune-mediated HA, n=18; splenic
mass/torsion, n=5; Evans syndrome, n=1), 26 dogs with NHA (kidney disease, n=14;
immune-mediated thrombocytopenia, n=6; miscellaneous, n=6) and 19 control dogs
(including dogs presenting for elective orthopedic surgery and healthy blood donors).
Median (IQR) carboxyhemoglobin (%) was 7.6 (2.375), 3.6 (1.075) and 3.6 (0.65) in the HA,
NHA and control groups (P<0.001). Post-hoc comparisons revealed significant
differences between the HA group and either the NHA or control groups (P<0.001 for
both) but not between the last two groups (P=0.89). Area under the ROC curve for
carboxyhemoglobin as predictor of HA in anemic dogs was 0.99 (95%CI, 0.988-1.00),
with an optimal cut-off point of >4.55% yielding sensitivity/specificity of 100%/92.31%,
respectively. Carboxyhemoglobin levels were negatively correlated with the
hematocrit (rs=-0.58, P<0.001), but were not associated with outcome.
Conclusions: Carboxyhemoglobin proved an excellent biomarker of hemolysis in
anemic dogs and might constitute a useful ancillary tool for diagnosing hemolytic
anemias.
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Hepatic encephalopathy is a neurological dysfunction that can occur secondary to
hepatic disease or portosystemic shunting. In human medicine, three types of hepatic
encephalopathy have been described: type A which develops secondary to acute liver
failure, type B develops secondary to portosystemic shunting and type C in which
hepatic encephalopathy develops due to liver cirrhosis and portal hypertension.
Clinical signs associated with hepatic encephalopathy are variable and range from
subtle nonspecific signs, such as apathy, to severe signs such as seizures and coma.
Currently, the pathogenesis is not yet fully understood.
Although increased blood ammonia concentrations play a central role in the
development of hepatic encephalopathy, many other contributing factors have been
described, such as the presence of systemic inflammation, increased blood
manganese concentrations, oxidative stress and decreased blood branched-chain to
aromatic amino acid concentrations. Besides these, also precipitating factors have
been described such as gastro-intestinal bleeding, constipation, dehydration, excessive
dietary protein uptake, the presence of electrolyte and acid-base disturbances and the
administration of blood products, sedatives and diuretics.
As a wide range of clinical signs are present, treatment intensity might also vary
accordingly. In order to optimise the treatment of hepatic encephalopathy, it is not
only important to start symptomatic treatment, but also to identify the presence of
any precipitating factor and to treat these in addition. After stabilisation of the
patient, the underlying cause for hepatic encephalopathy should be determined to be
able to treat this as well. Blood ammonia concentrations are commonly used to
determine the presence of hepatic encephalopathy. It is, however, important to keep in
mind that blood ammonia concentrations can be within normal limits despite the
presence of hepatic encephalopathy, and that blood ammonia concentrations are not
correlated to the severity of hepatic encephalopathy. Besides, as ammonia is a labile
product, accurate measurements are only possible if it is determined immediately
after blood sampling, or if the sample is immediately processed and stored frozen.
Symptomatic treatment consists of intravenous fluid therapy, enemas, administration
of nonabsorbable disaccharides and an adapted diet. Depending on the severity and
type of the clinical signs additional drugs, such as antimicrobial and anticonvulsant
drugs, might need to be added. Although a positive response to medical treatment is
often seen, blood concentrations of ammonia and branched-chain to aromatic amino
acids do not necessarily normalise.

Hepatic encephalopathy can be a life-threatening disease in which not only the
underlying disease but also contributing and precipitating factors need to be
identified and treated if possible to increase not only the quality of life but also the life
expectancy of these animals.
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Glucose is a vital source of energy for mammalian cells throughout the body. The process
of glycolysis breaks down glucose molecules, to enable incorporation into the Krebs
cycle with the result being ATP production. Oral intake of carbohydrates offers the
ongoing provision of glucose; however, glucose can also be derived from noncarbohydrate carbon substrate source metabolism (lactate, glycerol, certain amino
acids), through the process of gluconeogenesis. Lastly, glucose is stored in the body as
a multi-branched polysaccharide (glycogen), which can undergo glycogenolysis back
to its original form, to provide a readily available source of cellular energy.
Insulin is a hormone released from the pancreas to facilitate the uptake of glucose
into cells via glucose transporters, precipitate glycolysis, and enable storage of protein
and fat within the body. Glucagon works in opposition to insulin, promoting
glycogenolysis, gluconeogenesis and catabolizing proteins and fats.
Blood glucose concentrations can be transiently increased in systemic disease due to
glucose production in excess of clearance or utilization. It is also well documented
that high levels of epinephrine, norepinephrine, cortisol and pro-inflammatory
cytokines (all of which can be seen in acute illness or traumatic injury) can impact
carbohydrate metabolism in multiple ways, including the development of insulin
resistance, increased hepatic glucose production and glycogenolysis, impaired
peripheral glucose use, and relative insulin deficiency. There is suspected to be
synergistic action between glucagon, cortisol and epinephrine. Additionally, critical
illness can result in impairment of glucose transporters, leading to reduced insulinmediated glucose uptake into cells. Lastly, exogenous medications used in treatment
may possess the undesired side effect of worsening glucose homeostasis.
If this hyperglycemic state is prolonged, there can be several deleterious
consequences. Osmotic diuresis leads to dehydration, hypovolemia, decreased
glomerular filtration rate and subsequent worsening of hyperglycemia due to reduced
solute excretion. Impaired leukocyte function with reduced phagocytosis and bacterial
killing has been reported, in addition to impaired complement activity, and
mitochondrial injury through increased reactive oxygen species generation.
Ultimately such immunomodulation leads to increased risk of infection, impaired
wound healing, multiple organ failure, prolonged hospital stay, and death.
The phenomenon of stress hyperglycemia has been reported in 38%-50% of nondiabetic human adults presenting to the emergency room (ER), with specific higher

risk critically ill populations identified, such as post-operative cardiac patients, and ICU
patients with sepsis or respiratory failure. Hyperglycemia has a reported period
prevalence of 43% in non-diabetic canine patients presenting to a veterinary ER, and
16% in a canine intensive care population. Similarly the presence of a transient stress
hyperglycemia, resolving with treatment of underlying disease without insulin
therapy, was found to occur in 3.2% of cats presenting to one veterinary facility and
hyperglycemia associated with non-diabetic illness was reported in at least 69% of
cats on initial arrival to another veterinary hospital.
Although there remains question as to whether hyperglycemia is simply reflective of
disease severity, there is increasing evidence in both the veterinary and human
literature that this condition is independently associated with mortality.
A heterogeneous human medical and surgical ICU population was evaluated showing
both mean and maximum glucose values were significantly higher in non-survivors
than in survivors, with a linear increase in mortality risk as glucose concentration
increased. A review of critically ill non-diabetic trauma patients noted those with
hyperglycemia had longer length of hospitalization, increased infection rate and a 2.2
times greater risk of mortality. Finally, a study in a large number of general surgery
patients reported a strong association between perioperative hyperglycemia and the
development of post-surgical pneumonia, decreased wound healing, systemic blood
infection, acute renal failure, and urinary tract infection. In veterinary medicine
elevated blood glucose concentrations have been shown to have an association with
severity of head trauma in dogs, though this finding was not predictive of outcome.
Other studies have shown increased mortality in hyperglycemic emergency room
patients when compared to those with normoglycemia and, in dogs with congestive
heart failure the mean plasma glucose concentration was significantly higher in
non-survivors compared to survivors and was above reference values. Lastly in a group
of septic dogs and cats where post-surgical blood glucose concentration was compared,
there was a 50% mortality (4/8) in patients with a glucose value >8.3mmol/L [>150mg/
dL] but only a 14% mortality (1/7) in the animals where the blood glucose concentration
was <8.3mmol/L [<150mg/dL].
In critically ill human patients, glycemic control has been associated with improved
patient outcome such as reduced morbidity and mortality, and lower rates of wound
infection. This typically involves the infusion of rapid acting insulin to target a desired
blood glucose concentration range. The main risk of attempting tight glycemic control
(defined as maintaining normoglycemia) in this manner is inducing a hypoglycemic
crisis; the largest human trials have conflicting results regarding optimal target range
and adverse events.
Tight glycemic control has not been properly evaluated in veterinary medicine. A rabbit
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model of traumatic burn Injury found using insulin to maintain normoglycemia
prevented many adverse effects of hyperglycemia. This is an area requiring further
investigation before any recommendations can be made regarding the treatment of
stress hyperglycemia in critically ill veterinary patients.
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NO tube stands for naso-oesophageal. It is a feeding tube that provides short term
enteral, nutritional support. It is ideal in patients where sedation or anaesthetic is
contra-indicated
Advantages :
• Well tolerated
• Non-invasive
• Does not prevent the animal from eating and drinking
• Easy to place
• Suitable for very ill patients
• Can be managed by owners after training
Disadvantages:
• Easily dislodged
• Not suitable for patients that are unconscious, vomiting, have a poor gag-reflex or
have a megaoesophagus
• May be vomited up
• Can only be used and left in situ for 10 days
• Small bore
• Complications: rhinitis, tracheal intubations and epistaxis
Size used
Cats 5-6 Fr
Dogs 8-10 Fr
Placement of a NO tube
• Restrain patient
• Local anaesthetic drops can be placed in the nostrils
• NO tube measurement
• Tube insertion
• Secure the tube

Confirm the tube is in the correct place
• Use of saline
• Radiography
• Capnography
• Aspiration with a syringe
• pH assessment of fluid
Place Buster collar!!!
How much food to give
• Under 2kg and over 45kg : RER= 70x (BW (kg) to the ¾ power)
• Between 2 and 45 kg : RER= (30 x BW) +70
With RER= Resting Energy Requirement
Feeding the patient
• Tube must be flushed with water before and after feed (cool boiled water) to prevent
blockages
• CRI (constant rate infusion) can be used with a syringe driver or
pump under constant monitoring
• Medication can be administered through the feeding tube but not at the same time
as the food
• Commercial food preparations are available
• Day 1 : 1/3 of daily energy requirement
• Day 2: 2/3 of daily energy requirement
• Day 3 onwards: full amount
• 4 to 6 meals a day
• Each meal should not exceed 10 ml/kg
• Animal must be monitored for vomiting, coughing, pain, dyspnoea, abdominal
distention or discharge from entry site
Owners can be taught how to use feeding tubes at home
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In the veterinary poisoned patient, the goal of decontamination is to “inhibit or
minimize further toxicant absorption and to promote excretion or elimination of the
toxicant from the body.” When treating the poisoned patient, the clinician should have
an understanding of the toxic dose (if available), the pharmacokinetics (including
absorption, distribution, metabolism, and excretion), the underlying mechanism of
action, and the potential clinical signs that can be observed with the toxicant. This will
help determine appropriate decontamination and therapy for the patient. If this
information is not readily available, the reader is advised to contact VPIS or a similar
Animal Poison Control Center for life saving, 24/7 advice as needed. For further review
on decontamination and specific treatment, attendees are referred to a veterinary
toxicology book for more detailed review.
Appropriate decontamination and therapy are indicated to improve the overall
prognosis and outcome of the small animal poisoned patient. The use of
decontamination, if and when appropriate, should be implemented to help prevent
further toxicant absorption. Gastrointestinal (GI) decontamination (including emesis
induction and/or administration of activated charcoal with a cathartic) is considered
the best method of limiting absorption and preventing continued exposure to
potential toxicosis in veterinary medicine. This is particularly beneficial with
potentially harmful or life-threatening ingestions. It is imperative, however, to
consider whether decontamination is appropriate, as it may be too late or
contraindicated (resulting in potentially further harm). Evaluation of the potential risk
associated with induction of emesis needs to be considered. Five key mistakes to avoid
in the poisoned patient include:
1. Not obtaining an appropriate toxicology history
2. Not triaging the poisoned patient appropriately
3. Not knowing the indications or contraindications for emesis induction
4. Using the wrong emetic agent to induce emesis with
5. Not knowing more about activated charcoal
Mistake #1: Not obtaining an appropriate toxicology history
One of the first mistakes made in the field of veterinary toxicology is not taking the
time to obtain an appropriate toxicology history. Some key questions to ask prior to
consideration for emesis induction include:
• What was the product ingested? Do you know the active ingredient?
• Can you bring me the original box/container/pill vial?

• How many total tablets could have been ingested? What was the minimum and
maximum amount that your pet could have been exposed to?
• Was this an extended- or sustained-release product? Was there an extra “letter”
behind the brand name?
• When did your pet get into this?
• Has your pet shown any clinical signs yet?
• Did you give your pet anything at home (e.g., hydrogen peroxide, salt, milk) when you
found out he was poisoned?
Mistake #2: Not triaging the poisoned patient appropriately
The second important consideration is to make sure that pet owners are instructed to
do the following:
• Safely remove their pet from the area of poisoning so additional ingestion does not
occur
• Do not give any home remedies found circulating on the Internet (e.g., milk, peanut
butter, oil, salt)
• Do not induce emesis without consulting a veterinarian or an animal poison control
center first.
• Bring the pill vial, bait station, or container into the veterinarian so they can assess
the bottle for verification of the product name and/or active ingredient.
• Have the pet owner call the original pharmacy to find out how many total pills were
prescribed and attempt to back-count how many were taken/ingested.
• Seek immediate veterinary attention.
• Provide adequate ventilation (e.g., rolling down the windows, turning on the air
conditioner) if emesis occurs with zinc phosphide toxicosis as the phosphine gas is
also poisonous to humans.
Once the poisoned patient is presented to the clinic, veterinarians should do the
following:
• Re-verify the spelling of the product and confirm the active ingredient (AI).
• Evaluate if the product is a sustained-release (SR), extended-release (XR), or longacting (LA) product. These initials will follow the name of the drug on the vial.
• Evaluate whether the patient should have emesis induced (see “Not knowing the
indicators or contraindications for emesis induction”).
• tabilize the patient based on triage and physical examination findings (e.g.,
temperature, heart rate, pulse rate, pulse quality).
• Call for medical assistance and toxicology advice if needed.
Mistake #3: Not knowing the indications or contraindications for emesis induction
The goal of decontamination is to inhibit or minimize further toxicant absorption and
to promote excretion or elimination of the toxicant from the body. Decontamination
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One of the primary ways of decontaminating veterinary patients is via emesis
induction. While gastric lavage is often more effective at removing gastric contents, it
is less often performed in veterinary medicine as it requires intravenous (IV) catheter
placement, sedation, intubation with an appropriately inflated endotracheal tube
(ETT), and appropriate lavage technique. Veterinarians should be aware of which
circumstances are appropriate for emesis induction versus gastric lavage and be
aware of contraindications for emesis induction.
Timing of Decontamination
Emesis induction should only be performed with recent ingestion of a toxicant or
unknown time of ingestion in an asymptomatic patient. The more rapidly emesis is
induced post ingestion, the greater yield of recovery of gastric contents. Studies have
shown that gastric recovery within 1 hour after toxin ingestion was approximately 17%
to 62%. When emesis was induced within an even shorter time span (within 30
minutes), mean recovery of gastric contents was approximately 49% (range 9–75%). If
several hours have elapsed since ingestion, the contents have likely moved out of the
stomach and emesis will no longer be of benefit. While delayed emesis may still
sometimes be successful, the amount of gastric recovery significantly decreases as
time passes. That said, induction of emesis can be performed in asymptomatic
patients up to 4 hours post ingestion, particularly with certain toxicants.
In certain circumstances, delayed emesis induction can be performed within 4 to 6
hours of ingestion provided the patient remains asymptomatic with the following
circumstances: when certain toxins that delay gastric emptying are ingested (e.g.,
salicylates, opioids, anticholinergics, tricyclic antidepressants) or if the toxin is known
to physically stay in the stomach for a longer duration of time or form a large bezoar
or concretion (e.g., iron tablets, a large amount of chewable multivitamins, bone or
blood meal). Additional examples include:
• Large wads of xylitol gum
• Large amounts of chocolate
• Grapes and raisins
• Foreign material (e.g., sawdust/wax, kitty litter, bone meal)

Certain animals with underlying medical concerns should not have emesis induced
(particularly at home by the pet owner) due to a higher risk of aspiration pneumonia
or secondary complications. Examples include a prior history of laryngeal paralysis,
megaesophagus, aspiration pneumonia, and upper airway disease. Likewise, certain
species and breeds may limit our ability to perform emesis induction. Most dogs, cats,
ferrets, and potbelly pigs can be safely induced to vomit. Certain breeds (e.g., pug,
English bulldog, Shih-Tzu) with brachycephalic syndrome (e.g., elongated soft palate,
stenotic nares, everted saccules, and a hypoplastic trachea) may be better candidates
for sedation and gastric lavage rather than emesis induction due to the risks of
aspiration pneumonia. Rabbits, ruminants (e.g., sheep, cattle, llamas, and goats),
horses, birds, and rodents (e.g., chinchillas, rats, gerbils) cannot safely have emesis
induced or may not anatomically be able to vomit.
Likewise, there are certain toxic ingestions where emesis should never be induced.
Emesis should not be performed when agents such as caustic or corrosive substances
(e.g., undiluted drain cleaners, toilet bowl cleaners, hydrochloric acid, concentrated
sodium hypochlorite, lye products) are ingested. These agents can result in further
burns and corrosive injury to the stomach, esophagus, and mouth when vomiting
occurs after ingestion. In addition, if hydrocarbons and petroleum distillates (e.g.,
gasoline, mineral spirits, fuel, kerosene, furniture polish oils) are ingested, emesis
should never be induced. These low viscosity liquids are very easy to aspirate when the
patient vomits; therefore, emesis is contraindicated due to the high risk of aspiration.
Induction of Emesis in the Symptomatic Patient
Patients that are already symptomatic for the toxicosis should never have emesis
induced. Certain toxicoses may result in severe sedation, a decreased gag reflex, or
reduce the seizure threshold, increasing the risk for aspiration pneumonia during
emesis induction. Patients with a lowered seizure threshold have the potential to
develop seizures during emesis induction. As the patient is already symptomatic, the
toxin has likely been already absorbed, and emesis induction is typically unrewarding.
Mistake #4: Using the wrong emetic agent to induce emesis in dogs
Emetic agents work by causing local gastric irritation, stimulating the central nervous
system (CNS) chemoreceptor trigger zone (CRTZ), or a combination of gastric irritation
and CNS stimulation. Considerations in choosing an emetic agent are broad and
varied. Many home or Internet remedies are used without success and have the
potential of causing further harm. Emetic agents are not effective if an antiemetic
such as ondansetron or maropitant has been previously administered. Currently, the
only home recommendation for dog owners is hydrogen peroxide, while veterinaryprescribed emetic agents include apomorphine hydrochloride (dog) and xylazine
hydrochloride (cat).
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can only be performed within a narrow window of time for most substances;
therefore, it is important to obtain a thorough history and time since exposure to
identify whether decontamination is safe for the patient or if it will actually be
beneficial for the patient. Decontamination categories may include ocular, dermal,
inhalation, injection, GI, forced diuresis, and surgical removal to prevent absorption or
enhance elimination of the toxicant.
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Apomorphine hydrochloride is a centrally acting emetic agent. Administration results
in stimulation of the CRTZ, quickly followed by emesis. Adverse effects associated with
apomorphine administration are prolonged emesis and ocular irritation when
administered subconjunctivally. Apomorphine should not be used in cats, as it is not
considered to be effective. Apomorphine should not be used when there has been
ingestion of medications that result in compounding of symptoms (e.g., respiratory or
CNS depression) or with antidopaminergic drugs (e.g., metoclopramide) that prevent
emesis from occurring.
Ropinirole, an ophthalmic formulation used to induce emesis in dogs, can also be
considered, if available. This can be used in dogs weighing at least 1.8 kgs and over 4.5
months of age. While the author has never personally used this drug, data reports
that onset of vomiting is approximately 12 minutes, with an average of 4-5 vomits per
administration. 95% of dogs vomit within 30 minutes of application; a 2nd dose can be
given within 20 minutes if emesis has not occurred. Clinical signs resolve 25 minutes
after initial administration and can be reversed with metoclopramide to relieve the
dopaminergic signs. Maropitant intravenously can also be used but does not work
directly on the dopaminergic signs. Adverse effects include ocular effects (e.g.,
blepharospasm, ulceration, ptosis, redness, etc.), along with tremors, hypotension,
lethargy, tachycardia and hypotension) have been rarely reported.
Inducing emesis in cats
Dexmedetomidine and xylazine hydrochloride, alpha adrenergic agonists, are
centrally-acting emetic agents that are used as emetic agents in cats. The use of
apomorphine and hydrogen peroxide are not recommended for cats, as they are
ineffective or can result in severe adverse effects (e.g., hemorrhagic gastritis),
respectively. Xylazine does not reliably produce an emetic response in dogs, and thus is

not recommended in dogs as an emetic agent. Adverse effects associated with
alpha-adrenergic drugs include bradycardia, sedation, tremors, and respiratory
depression. Thawley and Drobatz found that dexmedetomidine (7 mcg/kg, IM)
resulted in emesis approximately 80% of the time in cats, as compared to only about
44% of the time in cats with xylazine. A similar study by Willey et al supported this.
Alpha adrenergic agonists should not be used in cats that have ingested medications
(e.g., other alpha-adrenergic agonist drugs) or products that may result in compounding
of bradycardia, respiratory depression, sedation, or CNS depression symptoms.
Methods that are not recommended for emesis induction include digital induction of
emesis, syrup of ipecac, liquid soaps, dry mustard powders, and salt. Digital induction
of emesis often results in physical injury to the pet owner (dog bite), or injury to the
pet’s throat and soft palate. Syrup of ipecac has historically been recommended to
induce emesis but is no longer the standard of care. Its cardiotoxic potential and
tendency to result in prolonged vomiting, lethargy, and diarrhea have caused it to fall
out of favor in both human and veterinary medicine. Soaps, mustard powders, and
table salt are not reliable as induction agents and may be detrimental (e.g., resulting
in further complications such as hypernatremia of the patient).
Mistake #5: Not knowing more about activated charcoal
After an appropriate history, triage, physical exam, and initial decontamination
procedures have been performed in the poisoned pet, the next step is the
administration of activated charcoal (AC), if appropriate. Activated charcoal should not
be given to the poisoned patient when the toxicant does not reliably bind to AC (see
below) or when it is contraindicated to administer AC (e.g., salt toxicity, poor gag
reflex). In addition, symptomatic patients who are at risk for aspiration pneumonia
should not be administered AC orally. Finally, the administration of AC with a cathartic
should be cautiously used in dehydrated patients due to the potential (albeit rare)
risks for hypernatremia secondary to free water loss in the GI tract.
When administering AC, it should ideally be given within < 5 minutes of ingestion to
be most effective. In veterinary medicine, this is almost impossible due to driving time
(to the clinic), lapsed time since ingestion, time to triage, and the amount of time it
takes to physically deliver AC (e.g., syringe feeding, orogastric tube). As a result,
administration of AC is often delayed for up to an hour or more. As time since
ingestion is often unknown (e.g., pet owner coming home from work to find their pet
poisoned), decontamination (including emesis and administration of AC) is often a
relatively benign course of action, provided the patient is not already symptomatic.
As always, when administering any drug, it is important that benefits outweigh the
risks, and that complications be prevented when possible. In veterinary medicine,
administration of AC with a cathartic as long as 6 hours out may still be beneficial
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Hydrogen peroxide (H2O2) works by local irritation of the oropharynx and gastric
lining, which results in a gag reflex. It is usually recommended for oral administration
by the dog owner when transportation to a veterinary clinic is delayed. Only a 3%
hydrogen peroxide solution should be used, as higher concentrations can potentially
be corrosive to the GI mucosa. Adverse effects associated with use of H2O2 as an
emetic agent include irritation to the GI tract, gastroduodenal lesions, gastric
dilatation and/or volvulus (dogs), and potential for aspiration pneumonia. When using
hydrogen peroxide as an emetic agent in dogs, the administration of sucralfate and
antacids (e.g., proton-pump inhibitors or H2 blockers) should be considered. Hydrogen
peroxide is not a reliable emetic in cats and its use generally is NOT recommended in
this species. In addition, cats can develop profound clinical signs from the administration
of H2O2, including profuse foaming from the mouth and severe hemorrhagic gastritis.
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Before administering AC and a cathartic, it is imperative to consider whether or not
the patient has a contraindication for its administration. Contraindications for AC
administration include severe sedation, decreased gag reflex, or intestinal obstruction.
Likewise, if the toxicant does not physically bind to AC, it is contraindicated to
administer AC. Examples of toxicants that do not absorb reliably to AC include
ethylene glycol, alcohol, xylitol, and heavy metals. Contraindications for cathartic
administration include hypernatremia, dehydration, and salt toxicosis (e.g., salt, ice
melters, homemade play dough), as fluid loss through the intestinal tract can result in
excessive free water loss and severe, secondary hypernatremia.
Multi-dose Activated Charcoal
Human studies have found that multi-dose AC significantly decreases the serum
half-life of certain drugs, including antidepressants, theophylline, digitoxin, and
phenobarbital. While veterinary studies are lacking, there is likely an added benefit
from using multi-dose AC, provided the patient is well hydrated and monitored
appropriately. Certain situations or toxicities, including drugs that undergo
enterohepatic recirculation; drugs that diffuse from the systemic circulation back into
the intestinal tract down the concentration gradient; or ingestion of SR, XR, or longacting (LA) release products will require multi-dose administration of AC. Keep in mind
that when administering multiple doses of AC to a patient, the additional doses ideally
should not contain a cathartic (e.g., sorbitol), due to increased risks for dehydration and
secondary hypernatremia. Current recommended dosing for multiple doses of AC is 1–2
g of AC without a cathartic /kg of body weight, PO q 4–6 hours for 24 hours.
Contraindications of Activated Charcoal
Contraindications for AC include endoscopy (which would obscure visualization),
abdominal surgery of the GI tract, gastric or intestinal obstruction, gastrointestinal

hemorrhage or perforation (due to pathology, caustic injury, etc.), recent surgery,
late-stage presentation with clinical signs already present, dehydration, lack of
borborygmi , ileus, hypernatremia, hypovolemic shock, compromised airway (risk for
aspiration pneumonia), and ingestion of a caustic substance or hydrocarbon (due to
increased risk for aspiration pneumonia). In patients that have an unprotected airway
that are at risk for aspiration pneumonia (e.g., a depressed state of consciousness,
excessive sedation), the use of AC is contraindicated without ETT intubation (to
protect the airway during gastric lavage and AC administration).
Conclusion
The appropriate and careful use of decontamination of the poisoned patient should
be considered. Thorough history taking and physical examination of the patient is
imperative prior to emesis induction. Recognizing contraindications for emesis
induction, or which emetic to use for emesis induction, is imperative. With careful and
thorough evaluation of the poisoned patient, proper decontamination can be
performed confidently with safety and efficacy to aid in ensuring a positive outcome.
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with certain types of toxicosis, particularly if the product has delayed release [e.g.,
extended release (XR) or sustained release (SR)] or undergoes enterohepatic
recirculation (see multi-dose AC below). While human medicine has moved away from
administration of AC with poisoned patients, the aggressive use of AC in veterinary
medicine is still warranted, as this is often our last line of defense when it comes to
adequately decontaminating our patients. Certain modalities of therapy—e.g.,
antidotes [such as fomepizole, pralidoxime chloride (2-PAM), digoxin-specific antibody
fragments], plasmapheresis, hemodialysis, mechanical ventilation— along with
financial limitations of pet owners, limit our ability to treat poisoned pets aggressively
as compared to human medicine. As a result, the continued use of AC in veterinary
medicine is still warranted as a first line of defense therapy. Current recommended
dosing for single dose AC is 1–5 g of AC/kg with a cathartic (e.g., sorbitol) to promote
transit time through the GI tract.
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The deterioration of the liver function is an effective emergency which causes an
acute liver failure (ALF). It is associated with some causes like, neoplasia, toxemia and
infections. Portosystemic shunt is also a common cause in dogs and cats who can
show signs of hepatic encephalopathy (HE). ALF should be recognized and a correct
intervention should be done as soon as possible, as this may quickly induce many
severe alterations in every organ system (Dobratz, et al., 2019). The most common signs
in dogs and cats are: anorexia, vomiting, diarrhea, PU/PD, lethargy to collapse and/or
abdominal pain. ALF could show alterations in all four cardiovascular, respiratory,
neurological and renal systems (Dobratz, et al., 2019).
Cardiovascular signs
Vasodilation associated with increased cardiac output, decreased vascular resistance
and decreased MAP is usual in animals with ALF. Due to these alterations, hypotension
and hypovolemia are common and may get worse when the patient simultaneously
shows vomiting and diarrhea (Dobratz, et al., 2019). For this reason, it is mandatory to
closely monitor HR, rhythm, cardiac contractility, blood pressure and albumin.
Albumin levels may be reduced when the liver already lost 70 -80 % functionality
(Mathews, 2006).
Respiratory signs
In cases of hypovolemia, acidemia, abdominal pain or aspiration pneumonia, some
respiratory signs, such as dyspnea, cyanosis etc. may raise accordingly. Neurological
changes may also impair respiration . It is essential, therefore, to protect the airways
and promptly intubate . Assessing oxygenation /ventilation is of most importance
(Dobratz, et al., 2019).
Neurological signs
Mentation is a parameter typically showing alterations and that may be quickly
changed from depression to comatose or seizures. Hyperactivity, ptyalism,
disorientation, circling, ataxia, muscular tremors and conscious proprioceptive deficits
are all signs that may be associated with HE. There are several factors that may lead to
HE such as SIRS, GI bleeding, hypokalemia, hyponatremia, diet change or indiscretion,
furosemide treatment, azotemia, constipation and alkalosis (Dobratz, et al., 2019).

Renal signs
Acute kidney injury (AKI) may occur early on ALF or even occur as signs of multiple
organ failure. Due to high metabolic rate, liver and kidneys may have signs of injury
associated to many toxins (Dobratz, et al., 2019).Every patient showing any alteration
in one of the four systems should immediately have a vascular access and a minimum
database, blood pressure, pulse oximeter and ECG (Dobratz, et al., 2019). ALF is assessed
by means of specific diagnostic tests which are as follows:
Albumin
Albumin levels are decreased when liver function is above 70-80% (Mathews, 2006).
Changes in albumin levels lead to changes in intravascular colloid osmotic pressure
(COP) which is an indicator of an eventual pulmonary oedema and mortality. Albumin
is the main plasmatic protein produced in the liver by only 20 -30% of the hepatocytes
having a strong negative charge (Kirby & Linklater, 2017). In case of acute liver failure,
albumin will not be sufficiently produced and consequently patients have a higher
risk of oedemas due to decreasing COP (Mathews, 2006).
Blood glucose
Deterioration on hepatic glycogen storage, hepatic insulin and hepatic gluconeogenesis
will induce hypoglycemia. This requires a decreased hepatic function of 70 – 80% and
indicates a poor prognosis (Mathews, 2006).
Electrolytes
Sodium (Na), Chloride (Cl), Potassium (K), Calcium (Ca), Magnesium (Mg) and Phosphorus
(P) are the main charged particles playing an important role in maintaining cellular
functionality (Kirby & Linklater, 2017). ALF may reveal hypo or hypernatremia, hypokalemia
and hypophosphatemia. Hyponatremia and hypernatremia may be indicators of a
poor prognosis (Mathews, 2006).
Coagulopathy
Determination of PT and aPTT may be easily done. PT reflects the function and
quantity of extrinsic coagulation factors while aPTT reflects the function and quantity
of intrinsic coagulation factors (Kirby & Linklater, 2017). These parameters are often
increased in severe ALF. Spontaneous bleeding in patients with ALF indicates a poor
prognosis with short survival period (Mathews, 2006).
Red blood cells status
In every critically ill patient, alterations in red blood cells and in hemoglobin are
commonly seen. Liver disease may show a mild to moderate anemia or microcytosis
(Mathews, 2006). It is also important a blood smear to assess RBC’s morphology in
order to identify the underlying cause of anemia. Spherocytes, micro and macrocytosis,
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Cerebral oedema is another complication in this clinical status. This is revealed from
mental status alteration, mydriasis, delayed pupillary light reflex and alteration on
respiratory system.

After the primary assessment of the patient with ALF, and in case of detection of the
causative agent, the suitable antidote should be administered as soon as possible. A
peripheral IV catheter placement is crucial and some care shall be taken due to the
high risk of bleeding after the venipuncture. Several number of patients with ALF have
coagulopathy. Therefore, an appropriate pressure bandage should be applied on the
site of IV catheter placement (Mathews, 2006).

Renal failure is another complication that may occur due to a tubular necrosis. A correct
fluid therapy plan for avoiding hypotension, monitoring urinary output and an
appropriate treatment is always required.

After the catheter placement, it is important to start a prompt fluid therapy plan.
Avoiding fluids containing lactate is the best choice because this requires suitable
liver function to be metabolized. Consequent dehydration may lead to poor perfusion,
hypotension and a lactate accumulation further contributes to the development of
acidosis in these patients. On the other hand, alkalinizing fluids should be avoided in
case the patient is alkalemic. In this case, 0,9% NaCl with potassium supplementation
is recommended (Mathews, 2006). However, the choice of the fluids is always dependent
on the electrolytes and acid-base status of the patient being the states of hyponatremia,
hypokalemia and hypophosphatemia commonly seen in patients with ALF.
Acid-base alterations may be several. For example, patients with cirrhosis may have
respiratory or metabolic alkalosis and in terminal stages may have metabolic acidosis
(due to hypoxia and lactic acidosis). However, isotonic crystalloid fluids are generally
used (Arnold, 2018). In cases of HE, fluid therapy should include correction of
hypokalemia and metabolic acidosis due to increasing ammonia, NH3 production,
especially in cases of HE (Mathews, 2006).
Hypoglycemia may rapidly develop and when this is the case, its level should be
monitored each 2 - 4 hours for avoiding its consequent complications like seizure,
collapse, weakness or behavior changes (Mathews, 2006).
A correct nutritional support on patients with ALF is crucial, with a low protein diet
being recommended to decrease a substrate availability of intestinal NH3 production
(Mathews, 2006).
It is always important a good antibiotic therapy, usually with ampicillin 10 – 20 mg/kg
IV q6 – 8h in combination with enrofloxacin 5mg/kg IV q24h until obtaining the
bacterial cultures results. Since a gram-negative infection may lead to hypotension
(Mathews, 2006), an endotoxemia should be avoided.

As mentioned above, albumin levels may be decreased. Therefore, ascites is another
common complication that may be shown. Abdominocentesis to relieve tamponade
should be performed, being always cautious when removing large volumes of fluids
for avoiding collapse and hypotension (Mathews, 2006). It is well known that acute
liver failure is a critical disease, which deserves the best clinical attention and close
monitoring.
As it is crucial to assess all the vital organ systems, as well clinical and laboratory
parameters and treatment goals, it is essential to assess each checking point. Thus,
there are several auxiliary methods to help us on these patient monitorization. For
example, the rule of 20 is a simple way to assess all the important checking points. In
its simplest form, the rule of 20 is like a check list for reminding doctors and critical
care unit staff of all the details that are needed to be evaluated (Kirby & Linklater, 2017).
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hypo or hyperchromasia, anisocytosis, keratocytes, acanthocytes, echinocytes, presence
of Heinz bodies, are some of erythrocytes morphological alterations detected on blood
smear (Kirby & Linklater, 2017).
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History
The word anaphylaxis originally derived from the Greek prefix ana, meaning against,
and root word phylaxis, meaning protection. Anaphylaxis was first described in 1902
by scientists Portier and Richet while trying to yield a tolerance to sea anemone
venom in dogs. They expected the dogs’ immune systems would generate protection,
but instead caused a rapid onset of near-fatal symptoms. Their research concluded
that the immune system becomes sensitized by an allergen over several weeks, and if
that allergen is reintroduced, it may result in a severe reaction.
Allergic reaction
An allergic reaction is a broad term used to describe an acute, local hypersensitivity
reaction. The most common signs associated with allergic reactions are cutaneous in
nature, with no other systemic signs. These include erythema (reddening of the skin),
pruritus (itchy skin), urticaria (hives) and angioedema (swelling under the skin). It’s
thought that cutaneous signs could be potential precursors to the development of
systemic signs associated with anaphylaxis. Causes of a local hypersensitivity reaction
include food, insect bites, vaccines or other drug agents.
Anaphylaxis
Anaphylaxis can be defined as an acute, severe life-threatening systemic
hypersensitivity reaction. This means that besides the cutaneous signs associated
with allergic reactions, there is an additional systemic component. Additional body
systems affected during anaphylaxis include gastrointestinal, cardiovascular,
respiratory, neurological and ocular. Anaphylaxis is the result of a massive, generalized
release of mediators, primarily histamine.
The Immune System
The function of the immune system is to protect the body from anything that could
cause harm, damage or disease. An antigen is any foreign substance that when
introduced to the body, stimulates an immune response. When the body detects an
antigen that threatens its health, it employs various mechanisms to destroy it. An
antibody (also known as an immunoglobulin) is a Y-shaped protein used by the
immune system in response to an antigen. The antibody’s role is to neutralize the
antigen by binding to it and making the antigen inactive. In relation to allergic
reactions and anaphylaxis, the two primary antibodies involved are
immunoglobulin-E (IgE) and immunoglobulin-G (IgG).

Pathophysiology
The two common immunologic pathways of anaphylaxis are either IgE receptormediated (the common pathway) or IgG receptor-mediated (the alternative pathway).
The classic pathway of anaphylaxis starts when exposure to an antigen results in a
sensitivity. IgE antibodies are produced in response to the sensitivity and bind and
coat mast cells and basophils. This initial phase of the classic pathway is silent,
meaning no clinical signs manifest. Upon repeated exposure of the antigen, the IgE
antibodies located along the cell cross-link with the antigen. Once cross-linked, the cell
(mast or basophil) undergoes degranulation and releases inflammatory mediators,
primarily histamine. Histamine release is rapid, with measurable concentrations in
plasma found within one minute of an anaphylaxis event. Histamine is a mediator
and acts through receptors (histamine-1 [H1], histamine-2 [H2] and histamine-3 [H3])
to promote circulatory shock. H1 receptors mediate coronary artery vasoconstriction
and cardiac depression. H2 receptors mediate gastric acid production, systemic
vasodilation and increased heart rate and contractility. H3 receptors mediate
inhibition of endogenous (innate) norepinephrine release, which inhibits the body’s
normal compensatory response. This type of reaction can be caused by insect bites,
reptile envenomation, food, plants or certain medications.
The alternative pathway of anaphylaxis does not require previous exposure or
sensitization to an antigen. Upon exposure, IgG antibodies are produced and bind to
mast cells and macrophages. The cell (mast or macrophage) then undergoes
degranulation and primarily releases platelet activating factor (PAF). PAF is a potent
bronchoconstrictor, causing decreased inotropy, decreased coronary artery blood flow,
peripheral vasodilation and hypotension. PAF also promotes platelet aggregation and
is proinflammatory. This type of reaction can be caused by blood production
transfusions, activation of coagulation system, or autoimmune disorders.
The non-immunologic pathway of anaphylaxis occurs independently of
immunoglobulins but still results in mast cell and basophil degranulation. This type
of reaction can be caused by physical factors (exposure to heat, exposure to cold,
exposure to water, exercise) or certain medications (i.e. opioids, NSAIDs, ethanol,
radiocontrast agents, chemotherapeutic agents).
Clinically, the anaphylaxis pathways (IgE-mediated, IgG-mediated, non-immunologic)
are indistinguishable and are therefore treated identically.
Clinical signs
The key difference between anaphylaxis reactions and allergic reactions is a systemic
(multi-organ system) component. The three most commonly affected systems are
gastrointestinal (GI), cardiovascular or respiratory. However, neurologic and ocular
signs can sometimes be present. Manifestation of clinical signs vary depending on
species and route of antigen exposure. In canines, cutaneous and GI signs
predominate; in felines, GI and respiratory signs predominate.
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Diagnosis
Successful diagnosis of an anaphylactic reaction is dependent on a thorough patient
history, comprehensive physical exam and observation of clinical manifestations.
It is important to document historical information through communication with the
client/owner. Information that should be collected include any history of previous
hypersensitivity reactions, duration of symptoms, any recent time outdoors prior to
onset of symptoms, or any known acute exposure to an antigen. It is valuable to try to
establish a timeline (exposure - onset of clinical signs - progression of signs) and
document in the medical record.
To evaluate cardiovascular function, perform cardiac auscultation, palpate pulse
quality, check mucous membrane (mm) color and capillary refill time (CRT), obtain a
blood pressure (BP) and collect an electrocardiogram (ECG) strip. To evaluate
respiratory function, you should perform respiratory auscultation, evaluate any
respiratory effort (RE), observe if there are any noises associated with respiration and
obtain a pulse oximeter reading. To evaluate the GI system, you should inspect the oral
cavity, perform abdominal palpation and include a rectal exam. To evaluate
neurological function, you should evaluate mentation and ambulation.
Biomarkers
A study published in 2009 focused on investigating the hepatobiliary parameters
(alanine transaminase [ALT] and gallbladder changes) in canine patients experiencing
anaphylaxis. ALT is a hepatic enzyme that is specifically an indicator of hepatocyte
leakage. The ALT enzyme is a very sensitive marker of hepatic dysfunction (as seen in
anaphylaxis), so an elevation can be considered a diagnostic indicator. A scanning
abdominal ultrasound should be performed to evaluate the intraabdominal
components (GI tract, liver, gallbladder). In a normal patient, the gallbladder is thin and
poorly visualized during imaging. During anaphylaxis, there is hepatic congestion and

portal hypertension (which both affect venous drainage of the gallbladder). As a result,
gallbladder wall changes (i.e. wall thickening, “halo” or double rim effect, multiple wall
striations) are more prominently seen; these changes are indicative of the animal’s
impaired hepatobiliary function. The study’s results concluded that elevation of ALT
and an abnormal gallbladder wall were both markers associated with anaphylaxis.
Treatment
Patients suffering from anaphylaxis present in a mixed distributive-hypovolemic
shock state. Shock can be defined as the failure of the circulatory system to maintain
perfusion and distribute oxygen to tissues. Histamine decreases systemic vascular
resistance, which is responsible for maintaining vascular tone. This results in profound
vasodilation and peripheral pooling of blood, leading to a maldistribution of vascular
volume. Histamine also increases vascular permeability (the vessel’s ability to remain
intact). These “leaky” vessels result in a relative hypovolemia due to excessive fluid losses
and shifts of intravascular fluid to the extravascular space. Treatment should center on
the patient’s presenting status and severity of clinical signs. Supportive therapies
include fluid therapy, oxygen, epinephrine, antihistamines and adjunctive measures.
Venous access is essential to be able to administer fluids and medications. Ideally, a
large bore IV catheter should be placed to allow for higher volumes of fluid therapy. IV
catheters should also be placed in the cephalic vein to allow for easier IV access,
reduce the likelihood of contamination from GI losses and to prevent mal-positioning
or occlusion. Isotonic crystalloid solutions should be administered rapidly in shock
dose aliquots (90ml/kg canine, ¼ aliquot doses; 50ml/kg feline, ¼ aliquot doses).
Reassessment of resuscitation endpoints should be used to guide fluid therapy. If the
patient is experiencing profound GI losses, it’s essential to keep up with ongoing
losses to prevent continued or worsened hypovolemia and dehydration. This can be
done by quantifying the losses (vomit, diarrhea) every four hours and replacing with
an additional “bolus” bag of isotonic crystalloids.
Oxygen should be provided to any patient experiencing respiratory signs. Oxygen can
be delivered by flow-by face mask during stabilization measures. Once stabilized,
oxygen therapy can continue supportively as either nasal cannula or oxygen cage
delivery. Reevaluation of respiratory parameters, specifically RR, RE and pulse oximeter,
should be used to determine if the patient is still in need of oxygen or if they can be
weaned and/or discontinued.
Epinephrine is the cornerstone in treatment for anaphylactic events. Epinephrine is a
catecholamine, with its main effects being on the cardiovascular system and vascular
smooth muscle. Epinephrine supports arterial blood pressure (causes vasoconstriction),
relaxes smooth muscle in the bronchi (relieves bronchoconstriction), improves cardiac
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The GI signs associated with anaphylaxis result from a combination of the high
number of mast cells present within the GI tract, the effect of histamine release into
the hepatobiliary system (in canines), and activation of H2 receptors within the GI
tract. When histamine is released into the hepatic portal vein from the GI tract, it
leads to hepatic vein congestion (hepatic venous outflow obstruction) which increases
hepatic vascular resistance. The cardiovascular signs associated with anaphylaxis
result from changes in cardiac output. Vasoconstriction of coronary arteries leads to
decreased inotropy and myocardial dysfunction. Additionally, generalized erythema
and acute shock states contribute to widespread vasodilation and hypotension. The
respiratory signs associated with anaphylaxis result from bronchoconstriction and
upper airway obstruction (secondary to laryngeal/pharyngeal edema and increased
mucous production).
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Antihistamines block histamine release and the negative effects from the activation
of H1 and H2 receptors. H1 blockers (i.e. diphenhydramine) reduce pruritus, erythema,
and other cutaneous and nasal signs. H2 blockers (i.e famotidine) reduce gastric acid
secretions.
Bronchodilators (i.e. albuterol, terbutaline) may also be considered in cases with severe
or continued respiratory distress despite oxygen therapy. Bronchodilators dilate the
bronchial smooth muscle to decrease airway resistance, increase airflow to the lungs
and relieve bronchospasm. In severe cases of respiratory distress, it may be necessary
to intubate. Vasopressors (i.e. dopamine) may be indicated if there’s no cardiovascular
improvement with fluid resuscitation and epinephrine therapy. Vasopressors are
potent vasoconstrictors used to increase blood pressure. It’s important to note that
vasopressors shouldn’t be considered until the patient has been fully fluid
resuscitated (received full shock dose of crystalloids). Contradictory to their use in
allergic reactions, there is no clinical evidence to support the use of glucocorticoids in
anaphylaxis. While glucocorticoids can help alleviate the inflammatory response, the
beneficial effects of use are not seen for up to 4-6 hours. Due to their delayed effects,
they should never be used as a first-line drug.
Nursing care
Monitoring of the anaphylactic patient is essential for patient care and outcome.
Often times, these patients are dedicated cases for the first several hours. During
stabilization therapies, it is primarily the veterinary nurse assessing the patient and
recording vital signs. Important parameters to be include HR, pulse rate, BP, mm color,
CRT, RR, RE, and overall mentation. For the first few hours, vitals should ideally be done
every 30-60 minutes; as they become less critical, vitals can decrease to every 1-4
hours.
Depending on the patient’s initial BP reading, frequent measurements (initially every
30-60 minutes) are indicated. To ensure consistency, the same limb and cuff size
should be used each time. As BP stabilizes, frequency of measurements can be reduced
to every 1-4 hours. A continuous ECG should be used to monitor for changes in HR or
development of arrhythmias. A continuous ECG should be used until heart rate and

rhythm have normalized, then ECG monitoring can be reduced to intermittent
recordings. A pulse oximeter should also be used to monitor the patient’s oxygenation
status and response to oxygen therapy (if employed). If oxygen therapy is provided,
pulse oximeter readings should be taken on and off oxygen; this allows for a
comparison of the patient’s oxygenation ability. Once normal readings off oxygen are
recorded, oxygen therapy can begin to be weaned and/or discontinued.
More often than not, these patients are recumbent for several hours. It is therefore
important to provide recumbent care (passive range of motion exercises, limb
massage, rotation of hips) to prevent pressure sores and discomfort. Maintaining
patient cleanliness is also a main part of good nursing care. Diaper pads can be used
to cover patient bedding and as a means of being able to quantify GI losses. If possible,
a gram scale can be used to weigh soaked diaper pads, as one gram is equivalent to
one ml. Using diaper pads is also a way to help keep the patient cleaner by having
them not lay in their losses. Accurate recording of a patient’s losses is necessary when
it comes to quantifying GI replacement fluids.
Lastly, careful monitoring is also indicated to watch for a biphasic reaction. A biphasic
reaction is a secondary reaction that can occur 8-72 hours after initial stabilization.
Generally, the same organ systems involved in the initial reaction also re-occur during
the biphasic (secondary) reaction.
Conclusion
Anaphylaxis is a true life-threatening emergency. It is also a condition that’s difficult
to define and can be challenging to diagnose. Appropriate recognition, prompt
stabilization and dedicated nursing care are all vital to positive patient outcome.
References
Silverstein DC. Small animal critical care medicine. St. Louis, MO: Elsevier, Saunders;
2015.
Scalf R. Study guide to the AVECCT examination. San Antonio, TX: AVECCT; 2014
Battaglia AM, Steele AM, Battaglia AM. Small animal emergency and critical care for
veterinary technicians. St. Louis, MO: Elsevier; 2016.
Norkus, C. L. (2019). Veterinary technicians manual for small animal emergency and
critical care. Hoboken, NJ: Wiley.

EVECC CONGRESS 2022

contractility and heart rate (by direct heart stimulation), and inhibits further mast cell
degranulation (thus antagonizing the effects of histamine). Epinephrine administration
should start with a single IV or IM dose. When giving IV, Epinephrine should be given
slowly, titrating to effect, as rapid infusion can result in more negative side effects.
An IV constant rate infusion (CRI) should be considered when multiple boluses are
required to maintain cardiovascular stability. Ideally, a CRI should be setup on a
syringe pump to allow for more accurate titrating and adjusting of dosage.
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Diabetic ketoacidosis (DKA) occurs when a patient with diabetes mellitus is severely
uncontrolled, often in cases where diabetes mellitus has not yet been diagnosed.
Diagnosis of diabetes mellitus is often made on presentation of a DKA patient.
Predisposing disease processes (e.g., infection, pancreatitis, heart disease), trauma, or
exposure to a stressful situation (e.g., being boarded or relocated) can also lead to this
condition, in addition to diabetes mellitus.
One of insulin’s major functions is to modulate glucose levels in the body. In doing so,
it has to fight against other hormones whose function is to increase glucose levels,
termed hyperglycaemic or diabetogenic hormones. Common examples of these
hormones include: glucagon, catecholamines, oestrogen, and cortisol. In a DKA patient,
not only is there a deficiency of insulin, there may also be normal or increased levels of
diabetogenic hormones. Increased levels are usually caused by other disease processes,
such as neoplasia, or hyperadrenocorticism. These other disease processes are often
enough to cause a patient to become severely uncontrolled, and develop into a DKA.
Without insulin, the cells cannot access glucose, thereby undergoing starvation.
However, unused glucose remains in the circulation, resulting in hyperglycaemia.
To provide cells with an alternative energy source, the body will then break down
adipocytes, releasing free fatty acids (FFAs) into the bloodstream. The liver converts
these FFAs into triglycerides and ketone bodies, which are used as energy by the
tissues when there is a lack of ordinary nutritional sources.
The pancreas releases glucagon, which together with the stress hormones cortisol,
epinephrine, and growth hormone, triggers the liver to produce even more glucose
and ketone bodies. When the body isn’t able to utilise all of the ketone bodies made,
they build up in the circulation, resulting in ketosis. Although acetone is chemically
neutral, the other two substances in ketone bodies (i.e., acetoacetic and b-hydroxybutyric
acids) are acidic, and cause the blood pH to drop, resulting in metabolic acidosis.
Once all of this has occurred, DKA will progress as the hyperglycaemia and excess
ketones worsen. Glucose and ketones will be excreted by the kidneys resulting in the
urine becoming hyperosmotic. The hyperosmotic urine causes water to be drawn
through the kidneys in an effort to dilute the hyperosmotic fluid. This is termed
osmotic diuresis, and causes the patient to lose water, sodium and potassium in the
urine, thus becoming very dehydrated with substantial electrolyte abnormalities. With
increased ketogenesis, the blood becomes more and more acidic, leading to a

profound metabolic acidosis. The body’s buffer, HCO3 is gradually used up as the
acidosis progresses. In late stages, the patient will begin to breathe very deeply with a
normal to very slow rate, in order to lower blood CO2 and compensate for the acidosis
(although this can rarely be done completely). This breathing pattern is referred to as
Kussmaul Respirations, and is a characteristic of diabetic coma.
On top of this osmotic diuresis, often these patients will be vomiting and passing
diarrhoea, combined with a lack of fluid intake, may cause an increased loss of
electrolytes and further upset the pH. Fluid loss will lead to dehydration, potential
shock and decreased tissue perfusion, reducing the glomerular filtration rate (GFR),
which can cause renal failure. As the GFR decreases, so does the patient’s ability to
excrete glucose and ketones, both of which will accumulate in the vascular space.
When these patients present as an emergency, they are severely dehydrated,
profoundly acidaemic, often very depressed or non-responsive. Ketones, a fruity odour
may be evident on the breath; blood gases will reveal several abnormalities including
hyperglycaemia, severe metabolic acidosis, hyponatremia, hypokalaemia,
hypophosphatemia, and other electrolyte derangements.
The goals of therapy are to rehydrate the patient, volume resuscitate, correct
electrolyte abnormalities, correct glucose levels and provide gastroprotection. These
cases can be extremely time consuming and often require intensive nursing and the
mortality rate increases in patients that are not intensely monitored. Veterinary
nurses are responsible for alerting the vet immediately of blood work results and
monitoring the patient for signs of neurologic problems, aspiration pneumonia (if
vomiting occurs), poor urine production, anaemia, and overhydration, including nasal
discharge, weight gain above expected, and changes in lung sounds, pulse quality,
blood pressure, and mucous membrane colour.
The fluid dose should be calculated to include maintenance needs, dehydration, and
ongoing losses from vomiting or diarrhoea. Hydration should be estimated by physical
examination (tachycardia, weak peripheral pulses, prolonged CRT, pale or hyperaemic
MM, hypothermia) and more objectively measured by monitoring body weight two or
more times a day, and urine output.
Fluid deficits are calculated based on the estimate of dehydration; % dehydration x
body weight (kg) x 1000 = ml of fluid deficit. Metabolic acidosis, hyperinsulinemia and
hyperglycaemia drive potassium extracellularly, and help mask the potassium deficit.
Potassium will be driven back into the cells and be lost in urinary excretion, once the
metabolic acidosis has been corrected with IV fluid therapy. Furthermore, insulin
works to drive potassium intracellularly, meaning that profound hypokalaemia can
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develop during therapy for DKA. Ideally insulin be withheld until serum potassium
exceeds 3.5 mmol/L.
DKA patients will often benefit from the placement of a central venous catheter or a
peripherally inserted central catheter (PICC). These catheters will often have multiple
lumens to allow for the administration of medications, fluid therapy and a separate
lumen to withdraw blood samples from. This is particularly in DKA patients as they will
require multiple blood glucose readings (though the use of continuous blood glucose
monitors may eliminate some need for these), as well as frequent monitoring of
acid-base status through blood gas measurement. These catheters reduce mounting
difficulties seen with multiple sampling, as well as increasing patient comfort. Central
lines require some skills to maintain, as they require bandage changes at least twice
daily to visualise for phlebitis, extravasation or bleeding around the site, as well as
frequent flushes, protocols for sampling blood and strict asepsis. Other advantages of
placing central lines in DKA patients include the ability to give higher percentage
solutions of glucose (anything higher than 5% increases the risk of phlebitis due to the
osmolarity), and the ability to measure central venous pressure (CVP).
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Cutaneous and renal glomerular vasculopathy (CRGV) is a rare, potentially life-threating,
disease of unknown aetiology often characterised by ulceration of the distal extremities
in dogs. It is sometimes referred to as Alabama rot because some of the initially
reported cases in the 1980s were associated with a dog racing park in Alabama, USA. All
US cases were reported in greyhounds. It was hypothesised the disease could have been
caused by enterotoxigenic E.coli due to the practice of feeding a raw beef diet, but this
association was not confirmed.
Since 2012, CRGV has been recognised in more than 280 dogs of various breeds in the UK
but the highest risk groups are those classified as hounds, gundogs, and pastoral dogs
such as Labradors, spaniels and Hungarian Vizslas. There have now been cases in 47 of
the 48 counties in the UK, with over 91% of the cases occurring between November and
May. Affected dogs in the UK can be male or female and of any age. Dogs have generally
been walked in woodland areas. Affected dogs will generally present with skin lesions
on the distal limbs, particularly the digits and pads. The tongue and ventrum are also
commonly affected. There is no single reliable ante-mortem diagnostic test available. A
presumptive diagnosis is generally made based on clinical history, signalment, and
findings, with confirmation being achieved by histopathological identification of
thrombotic microangiopathy (TMA) in renal or skin biopsies. CRGV is a TMA wherein
endothelial damage leads to platelet activation and microthrombi formation.
CRGV is variably associated with clinically significant renal azotaemia, secondary to
acute kidney injury (AKI); some dogs develop skin lesions without AKI (i.e., non-azotemic
CRGV). The median time from skin lesion identification to AKI recognition is 3 days, with
the majority of cases (98%) having shown evidence of AKI within 13 days of development
of skin lesions. Remarkably, times of up to 45 days have been reported from skin lesion
identification to recognition of AKI. The median IRIS AKI grade at time of recognition is
III. Fewer than 2% of cases will present with AKI before skin lesions have been identified.
Common clinicopathological abnormalities include thrombocytopenia (84%),
neutrophilia (54%), pre/non-regenerative anaemia (29%), hyperbilirubinaemia (52%)
and increased liver enzyme activity (e.g. increased ALT activity in 77% of dogs).
Abnormalities on urinalysis include proteinuria (92%) and glucosuria (29%). Of
relevance, is the fact these findings may develop at different times throughout the
disease process. The prognosis for azotemic CRGV patients is guarded. Dogs with
presumed or confirmed non-azotemic CRGV would be expected to have a good outlook.

As the aetiology currently remains unknown, appropriate management of AKI, lesion
management and analgesia are the mainstays of treatment; no specific therapy has
been shown to improve outcome. Treatment goals for the patient with AKI are aimed at
limiting further renal damage and enhancing cellular recovery. Correction of fluid,
electrolyte and acid-base disorders, achieving and maintaining normotension and
establishing/maintaining urine flow are the most important aspects of therapy in
patients presenting with AKI. Oligoanuria has been reported to develop during the
disease process in 43% of cases of CRGV. Furosemide is used as first-line therapy to
reverse oligoanuria, followed by mannitol. Dialysis (peritoneal dialysis or continuous
renal replacement therapy [CRRT]) may be required in cases refractory to medical
therapy. These techniques may be limited by their availability (including facilities and
trained staff) and associated financial implications. Therapeutic plasma exchange (TPE)
has also been reported as a potential therapeutic option. CRRT and TPE are considered
for select cases but their benefit remains uncertain.
TMAs in humans include, but are not limited to, haemolytic uraemic syndrome (HUS),
complement-mediated HUS, and thrombotic thrombocytopenic purpura (TTP). HUS is
primarily caused by shiga toxin-producing E.coli and it typically manifests as
microangiopathic haemolysis and AKI. Complement-mediated HUS is typically caused
by genetic abnormalities leading to the upregulation of the complement system. It
generally manifests as AKI and haemolysis and, in some patients, ulcerative skin lesions
affecting the extremities also develop. A potential trigger for disease development is
suspected, as not all individuals identified with the genetic abnormalities develop
disease, and it often occurs in adulthood. TPE is often used in the acute setting, and
eculizumab, a C5 complement inhibitor, is the treatment of choice thereafter.
Eculizumab therapy has greatly improved outcome, from a condition with high
mortality to one wherein successful management is an accepted norm. TTP is generally
an immune-mediated condition, where autoantibodies develop against ADAMTS13, an
enzyme which regulates thrombosis. Clinical signs are most commonly neurological
due to the TMA process being most severe in the capillaries of the CNS. TTP appears the
least clinically similar condition to what we see in dogs with CRGV. TPE is typically the
treatment of choice, to remove autoantibodies, with rituximab, an anti-CD20 antibody,
used in refractory cases.
Further studies are required to better understand the potential benefit of CRRT and TPE
in dogs with CRGV. No studies have provided support for the use of eculizumab in dogs
with CRGV and the associated expense may be prohibitive in veterinary medicine.
Current areas of CRGV research include the complement system, faecal microbiome and
circulating endothelial cells. Familial relationships between affected dogs and
epidemiological factors are also being studied. Ongoing research will hopefully
gradually improve the knowledge about this potentially devastating disease, and help
us to develop better preventative strategies, diagnostic tests, and management
strategies.
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Routine diagnosis of acute kidney injury
In textbooks, acute kidney injury (AKI) is defined as an increase in serum creatinine
above the upper reference limit in the absence of chronicity. Classically, AKI is diagnosed
based on acute (i.e. less than 1 week) clinical signs (e.g. anorexia, lethargy, vomiting,
diarrhea, polyuria/polydipsia) and laboratory abnormalities such as azotemia,
isosthenuria or poorly concentrated urine (urine specific gravity <1.030 in dogs or <1.035
in cats), proteinuria and/or glucosuria. Abdominal palpation and medical imaging
usually reveal normal to enlarged kidneys in contrast to the reduced kidney size which
is typically found in chronic kidney disease (CKD). A grading scheme with grades I to V
has been proposed by the International Renal Interest Society (IRIS) to classify dogs and
cats with AKI based on serum creatinine and clinical parameters (e.g. volume
responsiveness, urine output). Further subgrading can be done based on the presence of
non-oliguria or oliguria-anuria and the need for renal replacement therapy.
Early diagnosis of AKI
Acute kidney injury begins without clinical signs as an ischemic or nephrotoxic insult.
This means that grade I AKI or nonazotemic AKI is challenging to diagnose using routine
diagnostic tests. However, timely diagnosis shortly after the initial intrinsic injury and
before the occurrence of more severe structural damage and functional alterations
would facilitate more effective management and probably improve the prognosis. This
is mainly essential to detect hospital-acquired AKI in critically ill dogs and cats (e.g.
sepsis, pancreatitis, postoperative) that often have multiple risk factors for AKI.
Using routine diagnostic tests, an increase in serum creatinine of ≥26.4 µmol/l (≥0.3
mg/dl) from baseline can indicate AKI even when serum creatinine remains within
the reference interval. Because of the curvilinear relationship between serum
creatinine and glomerular filtration rate (GFR), such small change in creatinine may
represent an important decline in renal function. However, this approach is limited by
the delay in serum creatinine elevation to 24-72h after the initial insult or injury.
Detection of glucosuria or cylindruria in routine urinalysis is reported to be neither
sensitive nor specific for AKI. Estimation of the GFR might be helpful to identify mild
functional decline but is rarely done in cats and dogs suspected of AKI, mainly because
of practical and financial reasons. So, early diagnosis of AKI – in particular hospitalacquired AKI – continues to challenge clinicians and there is an urgent need for more
sensitive biomarkers than serum creatinine to detect early AKI, ideally biomarkers that

detect renal damage before GFR decreases.
Biomarkers to diagnose AKI
An ideal biomarker for AKI should be able to detect kidney damage or dysfunction in
an early stage, localize kidney injury, differentiate renal injury from pre-, post- and
nonrenal injury and acute from chronic kidney disease, give indication on duration
and severity of renal injury, provide a prognosis and monitor the effects of intervention.
Additionally, biomarkers should be accurate, easy and inexpensive to measure and
noninvasive. Because of the heterogenous and often multicausal nature of AKI, these
goals will only be achieved by using a panel of biomarkers, monitored over time.
Biomarkers to diagnose AKI can be categorized in functional biomarkers, damage
biomarkers and pre-injury phase biomarkers.
Whether indirect markers for GFR such as serum symmetric dimethylarginine (SDMA)
or serum Cystatin C have a role in early AKI diagnosis in dogs and cats is still under
investigation. SDMA has been shown to be increased in dogs with azotemic AKI
(mostly grade III-V), but SDMA could not differentiate AKI from CKD and was not of
prognostic value in a small number of critically ill dogs. In a recent study, SDMA
appeared a moderate predictor for the development of AKI in hospitalized dogs with a
sensitivity of 72% and specificity of 63% for a cutoff of 14 µg/dL.
Damage biomarkers have been the focus of small animal research regarding AKI
diagnosis in the last decades. Because the proximal tubule and loop of Henle are
predisposed to toxic and ischemic damage, low molecular weight and tubular
proteins are the most promising urinary AKI biomarkers in dogs and cats.
Inflammatory proteins that can be produced locally or systemically are also
diagnostically valuable. To date, studies have mostly followed a targeted approach in
which one or more specific biomarkers were investigated in contrast to the nontargeted approach such as metabolomics and proteomics that recently gained
interest in other research domains. Also, the majority of research is on dogs or cats
with azotemic AKI instead of nonazotemic, grade I AKI. The most studied damage
biomarker in human and veterinary medicine is neutrophil gelatinase-associated
lipocalin (NGAL). Similar to human medicine, urinary NGAL has been proven to be
increased in dogs with AKI, also in cases with nonazotemic (IRIS grade I) AKI. The
improved sensitivity compared to serum creatinine is an important advantage, but
the specificity of uNGAL remains questionable and warrants further study. Other
proximal tubular or inflammatory biomarkers that show potential to diagnose
naturally-occurring nonazotemic canine AKI are kidney injury molecule-1 (KIM-1),
gamma-glutamyl transferase (GGT), retinol-binding protein (RBP), heat shock
protein-70 (HSP70), N-acetyl-β-D-glucosaminidase (NAG) and interleukin-6 (IL-6), but
many others were not yet evaluated in this target population. Research in cats is
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Implementation of biomarkers in clinical practice
At this moment, most biomarkers for AKI diagnosis in human and small animal
medicine have not been implemented in clinical practice. Possible reasons are
incomplete assay validation (i.e. analytical, biological, clinical validation) or assays that
are not appropriate for clinical settings (e.g. expensive or time consuming ELISA). Also,
several biomarkers are not entirely specific for AKI or the specificity has not been
thoroughly evaluated. Thirdly, many studies evaluated the diagnostic performance of
biomarkers for nonazotemic AKI against healthy controls which might not be the
most appropriate control group to detect hospital-acquired AKI. Fourthly, several
studies are limited by the use of serum creatinine as a reference standard because
GFR estimation or kidney biopsies are often not feasible in dogs or cats at risk for or
with AKI. Before new biomarkers will become available in practice, large prospective
studies in dogs and cats with various stages (including the nonazotemic stage) of AKI
and with various control groups (e.g. critically ill dogs or cats without evidence of AKI)
will need to prove the patient benefit of those biomarkers.
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currently scarce, but urinary NGAL, KIM-1, heat shock protein-72 (HSP-72) and
hemojuvelin are increased in cats with naturally occurring AKI, mostly azotemic AKI.
In the last years, there is a paradigm shift in human research towards biomarkers that
can detect “acute kidney stress”, which is the pre-injury phase occurring prior to renal
damage or functional decline. Important examples are the cell cycle arrest biomarkers
tissue inhibitor of metalloproteinase-2 (TIMP-2) and insulin-like growth factor-binding
protein 7 (IGFBP7). Usually these markers are evaluated together and in human
medicine, this combination appears superior to previously described markers of AKI
(e.g. NGAL). Other strategies that are under investigation in people are developmentrelated molecules such as wingless-related integration site (Wnt) and the Dickkopf
family of proteins (DKK).
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Understanding the respiratory system is an essential part of critical care. Readily
available, concise sources summarizing key components of respiratory defence in
animals are lacking. In this lecture we will explore three components of respiratory
defence and consider their roles in critically ill patients. Respiratory immunology is a
complex and exhaustive field, which will not be covered in this lecture.
The learning objectives of this lecture are:
• To discuss the cough reflex for airway clearance.
• To explore the connection between breathing and swallowing.
• To explain the two major pathological mechanisms of mucociliary escalator
dysfunction.
Protective reflexes
1. Coughing
Coughing is the forced expulsion of air against a closed glottis. Involuntary coughing,
i.e., a reflex, is recognized in dogs and cats. Voluntary coughing occurs in people.
Coughing is a protective reflex assisting in airway clearance of exogenous (e.g., foreign
material, pathogens) and endogenous (i.e., excessive secretions) material. Its effect is
additive to other systems, such as the mucociliary escalator. Coughing as a defence
mechanism is considered purposeful; however, coughing can also be a warning
feature of an underlying disease or a nuisance when the reflex is triggered without a
purpose for defence. Aberration of the cough reflex results in either hyper- or hypoactivation, the latter being vitally important in critical care.
Three phases are recognized. During the inspiratory phase, there is a large intake of air
to prime the system. The volume of air taken in is important, as insufficient volume
results in an unproductive cough. During the compressive phase, thoracic pressure is
rapidly increased by compressing the intrathoracic air against a closed glottis. The
diaphragm, thoracic wall and the abdominal muscles generate this compressive
pressure, whilst the aryepiglottic muscles, oblique arytenoid muscles, thyroepiglottic
muscle work to keep the epiglottis closed. During the expulsive phase, the epiglottis is
rapidly opened and air is forcefully expelled, leading to characteristic sounds.
Coughing can occur as a singular event or can continue several times. Airway
clearance can be achieved after a single cough: a bout of coughing or continued
coughing after an obvious foreign body has been expectorated does not necessarily
indicate persistence of foreign material. If the trigger does persist – for example
excessive secretions – coughing is expected to continue. Attenuation of, or failure to

cough, is potentially problematic.2 Humans can reportedly cough at 500 miles per
hour (800 Km/h).
Sensory vagal fibres form the afferent pathway. Coughing is due to interactions
between the respiratory centres (dorsal medullary group, ventral medullary group and
the pontine medullary group), rather than a specific “cough centre.” The respiratory
centres have been summarized elsewhere. Efferent signals travel via the vagus, phrenic
and spinal motor nerves to the effector organs, i.e., diaphragm, intercostal muscles
and pharynx.
Cough receptors of various types are present within the trachea, large and small
airways. Extra-respiratory, mechanical receptors also appear to be present in auditory
canals, ear drums, nasal sinuses, pharynx, pleura, pericardium and diaphragm. Stimuli
for these receptors include mechanical forces (stretch, pressure), chemicals
(bradykinin, capsaicin) and inflammatory mediators (PGE2, histamine). Rapidly
adapting and slowly adapting stretch receptors are primarily mechanically
stimulated, whereas pulmonary and bronchial C-fibres are stimulated by chemicals.
Slowly adapting stretch receptors are important for the Herring-Breuer reflex,
preventing harmful overdistension. C-fibre activation can result in bronchoconstriction,
increased airway secretions, bradycardia and hypotension.1 These receptors input to
the respiratory centres via the vagal nerve.
Hyper-active aberration of the cough reflex often presents as chronic coughing. Chronic
coughing is daily, unnecessary (nuisance) coughing, lasting > 8 weeks. A refractory
cough fails to respond to intervention, whereas an unexplained cough is where the
clinician fails to identify the cause. Unnecessary coughing is important to the critical
care practitioner, as it causes airway mucosal damage and compromise of the
respiratory defences. Forceful coughing can plausibly result in injury to the respiratory
system or haemodynamic compromise in susceptible patients due to large swings in
volumes and pressures. Rib fractures are reported in cats with respiratory disease.
Hypo-active aberration of the cough reflex is perhaps more important, though
veterinary literature seems to be lacking. In aging humans, degradation of the sensory
(afferent) pathways of the cough reflex has been identified. Failure of the cough reflex
is associated with aspiration pneumonia, whereas failure of the swallowing reflex
alone is less consistently associated with aspiration pneumonia. I have seen a similar
scenario in a dog recovering from tetanus: she was able to swallow, though developed
aspiration pneumonia, perhaps due to failure to cough. Much of the human literature
on hypo-active aberration of the cough reflex has been conducted in dementia
patients, so caution is necessary when extrapolating into veterinary species. Opioids
are frequently used in veterinary critical care patients: they can depress the cough
reflex and are used as antitussives.
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with respiratory distress seem to have a shortened swallowing apnoea period.
How this translates into veterinary medicine is unclear: a recent review discusses
aerodigestive diseases in dogs and comments on swallowing-related disorders that
may result in respiratory pathologies.

2. Swallowing
Swallowing, or deglutition, is a complex process involving > 30 muscles and nerves. In
veterinary medicine, swallowing disorders (dysphagia) tend into the realm of internal
medicine. However, in critically ill humans, swallowing disorders are being increasingly
recognized. Dysphagia is associated with increased risk for aspiration pneumonia and
negatively affects nutrition, quality of life, morbidity and mortality in humans).
This lecture will predominantly consider oropharyngeal dysphagia.
Swallowing occurs in four phases: oral preparatory, oral transit, pharyngeal and
oesophageal. The oral phases are under voluntary control. Mastication, lubrication and
bolus formation (shaping for swallowing) occur during the first phase. The bolus is
then transited caudally to the oropharynx. Cranial nerves V and VII innervate the lips
and cheeks, cranial nerve XII innervates the tongue. Pathologies of these nerves can
affect the oral phases. Phase three is involuntary, i.e., a reflex. Arrival of the bolus in the
oropharynx triggers the reflex: the soft palate is elevated, preventing inappropriate
entry into the nasopharynx; the larynx and hyoid are elevated and moved rostrally; the
epiglottis retroflexes and the vocal folds close to seal the larynx. Laryngeal elevation
assists in opening the upper oesophageal sphincter. Coordination between pharyngeal
constriction, laryngeal closure and opening of the upper oesophageal sphincter is
essential for normal passage of the food bolus. Swallowing apnoea, the essential
temporary cessation of respiration during swallowing, occurs during phase three.
Dyssynchrony between laryngeal closure, apnoea and opening of the upper oesophageal
sphincter has been described in critically ill humans. Phase four is involuntary:
The bolus transits through the oesophagus. Primary peristaltic waves are induced by
swallowing, whereas secondary waves are induced by the presence of the bolus.
Awake humans swallow at least once per minute at rest and >5 times per minute
whilst eating; whilst sleeping, swallowing is decreased to once every 5 – 10 minutes.
The swallowing centre in the medulla oblongata receives sensory input via cranial
nerves V, IX, X. Information is integrated with impulses from various peripheral and
central regions and motor responses are initiated. Swallowing and respiration are
highly coordinated. The timing of swallowing in the respiratory cycle and the timing
of swallowing apnoea in relation to inspiration or expiration, may be altered in
humans with dysphagia and hypercapnia, and may be associated with aspiration in
patients with Parkinson’s Disease. The normal sequence seems to be expiration,
apnoeic pause, followed be continued expiration: the continuation of expiration
might serve to protect the airway. Different breathing-swallowing patterns may be
associated with an increased risk of aspiration related disorders. Critically ill humans

In the ICU, oropharyngeal dysphagia can be broadly categorized as due to neurological
dysfunction, structural alterations (e.g., trauma or masses), and toxins or drug side
effects (e.g., drug-induced dysphagia). Neurological causes can be subdivided into
those affecting the central nervous system, those affecting the peripheral nerve, those
affecting the neuromuscular junction (e.g., myasthenia gravis), and primary myopathies.
Critical illness can be extremely complex: more than one pathology can contribute to
dysphagia. A list of diseases that have been associated with aerodigestive disorders in
dogs is available.
Post-extubation dysphagia occurs in people. It is likely caused by multiple mechanisms,
including direct trauma, neuromyopathy, depressed laryngeal sensory function,
central neurological impairment, gastroesophageal reflux and breathing-swallowing
dyssynchrony. Reported complications of endotracheal intubation in cats and dogs
include tracheal rupture, necrosis and stenosis. Relevant reported complications in
cats and dogs undergoing invasive critical care ventilation for ≥ 24 hours include
regurgitation (12%), ventilator associated pneumonia (12%), oral lesions (including
tongue swelling, ulcerations and ranula formation, 37%), leaking around the
endotracheal tube cuff (15%), obstruction of the endotracheal tube (6%), dislodgement
of the tracheostomy tube (3%) and hypoxaemia due to endobronchial intubation (1%).
A literature search did not find reports of post-extubation dysphagia in cats or dogs.
Intensive care-acquired weakness is reported in humans. In humans, this acquired
weakness may affect the muscles of swallowing. Similar signs are seen in critically ill
animals (clinical experience): I have encountered dysphagia in critically ill dogs. One
dog developed a radical change in the oral phases of swallowing and chronic
regurgitation (dysphagia affecting phases 1, 2 & 4). The report detailing regurgitation
in 12% dogs undergoing critical care ventilation did not note when regurgitation
occurred or how long it was a problem for; it did not report other forms of dysphagia.
Post-intensive care syndrome is a syndrome of long-term physical, cognitive and
psychiatric impairments in humans following initial recovery from critical illness.
Dysphagia is recognised as part of this syndrome. It might be that swallowing
disorders in veterinary intensive care patients are under recognised.
Risk factors for aspiration related injuries in dogs have been reported and include
“diminished consciousness, body position during anaesthetic recovery, duration of
anaesthesia, vomiting and regurgitation, seizures, cranial nerve deficits, and the
presence of megaoesophagus…” Of note for the emergency and critical care
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Angiotensin-converting enzyme inhibitors (ACEIs) can increase coughing in humans
and guinea pigs. A literature search did not find evidence to support ACEI-induced
coughing in dogs and cats. The association, if any, between ACEIs and coughing in
critically ill dogs and cats, specifically those with cardiac disease, is unknown.
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The mucociliary escalator
Mucociliary clearance is an essential respiratory defence mechanism. The airway surface
is the point of first contact for many pathogens, debris and chemicals. It serves as an
essential barrier to protect the underlying structures and to clear materials from the
lungs. Ciliated epithelial cells line the respiratory tract. Membranes involved in gas
exchange are not ciliated. Coordinated beating of the cilia generates waves that
elevate material up and out of the lungs and into the oropharynx to be swallowed.
Coughing is additive to the clearance achieved via the mucociliary escalator.
Thus, coughing, swallowing and mucociliary clearance all work together to protect the
respiratory system. Superficial to the cilia lies the airway surface layer, which consists
of a thicker mucus layer atop a low viscosity periciliary layer. The two main mechanisms
of mucociliary dysfunction include problems with ciliary function and airway surface
layer alterations.
Cilia are motile, hairlike structures projecting from the apical membranes of epithelial
cells into the airway lumen. They have a central microtubule scaffold called the axoneme.
The axoneme consists of nine pairs of outer filaments attached to two inner filaments
by radial spokes. In cross section, this looks like a bicycle wheel. Dynein, a motor protein,
attaches the outer filaments and is responsible for energy production through ATP
hydrolysis. Cilia beating is therefore an active process that requires a constant source
of ATP.
Ciliary dyskinesia describes abnormal movement of the cilia. Primary ciliary dyskinesia
(PCD) is caused by mutations in genes encoding structures of the axoneme or related
proteins. Primary ciliary dyskinesia has been reported in dogs. In dogs and humans,
frequent clinical signs include impaired airway clearance, chronic nasal disorders and
recurrent lower respiratory tract infections starting in the early years of life. Primary
ciliary dyskinesia may be under recognised in dogs.
Secondary ciliary dyskinesia (SCD) is perhaps more relevant to the critical care
practitioner. Secondary ciliary dyskinesia is due to acquired, non-genetic defects in
ciliary function. In humans, it occurs with smoking, chronic obstructive pulmonary
disease and asthma. Specific pathogens, such as Streptococcus and Pseudomonas spp.,
mycotoxins released by Aspergillus spp., and a collection of respiratory viruses may
cause SCD in people. Unlike PCD, abnormalities with SCD effect a smaller proportion of
cilia (i.e., defects are local to the site of the primary pathology) and are thought to be
reversible in most cases. Histopathological changes seen with SCD in dogs are variable.

The airway surface layer consists of a layer of mucus on top of a low-viscosity
periciliary layer (PCL). Mucus is produced by goblet and mucosal cells. It forms a gel
overlying the airway luminal surface and traps pathogens and debris. It also contains
antimicrobial substances and immunoglobulins A and G. Normal mucus is 97% water,
1% mucin, 1% salt and 1% other. The hydration status of mucus is very important and is
controlled by chloride and sodium. The PCL submerges most of the cilia and provides a
lubricating layer, allowing the cilia to beat easily. The PCL separates the mucus layer
from the epithelial membrane, preventing mucus components adhering to and
clogging the cilia. Hydration is again important and regulated by chloride and sodium.
Cystic fibrosis in humans affects chloride transport into the airway surface layer,
resulting in dehydration of the mucus layer and shrinkage of the PCL, making ciliary
beating and airway clearance much more difficult.
Breathing dry air markedly decreases mucus clearance in dogs and leads to
inflammation and sloughing of the epithelium. Breathing warmed and sufficiently
humidified air (100% relative humidity) can avoid and reverse some of these changes
– this is relevant when considering high flow (versus conventional low flow) nasal
oxygen and mechanical ventilation. Endotracheal intubation impairs both the cough
reflex and mucociliary clearance. Anaesthetic protocols containing ketamine decrease
mucociliary clearance in mice, whereas protocols with fentanyl and propofol did not.
Any compromise of the cilia or the airway surface layer compromises the mucociliary
escalator and is a risk factor for respiratory pathologies.
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Jiwoong Her, DVM, MS, DACVECC
The Ohio State University, Columbus, United States of America
Assessment of oxygenation in patients with respiratory diseases is critical for
treatment, and it influences outcome beyond estimates provided by prognostic scores.
Partial pressure of oxygen in arterial blood (PaO2) and arterial saturation measured
via pulse oximetry (SpO2) are the two important parameters for monitoring blood
oxygenation. PaO2 is the gold standard that requires invasive arterial blood gas tests
for measurement. Pulse oximetry is non-invasive, easily and routinely available, and
can be used for monitoring continuously as well. Normal ranges for PaO2 in healthy
volunteers at sea level are between 80 and 100 mm Hg and SpO2 of 95 and 97%. The
amount of dissolved oxygen will readily increase at partial pressures of arterial
oxygen exceeding 100 mm Hg and will almost completely saturate hemoglobin.
The ratio of arterial oxygen partial pressure (PaO2) to fraction of inspired oxygen
(FiO2) [P/F ratio] is used as a clinical indicator of disease severity in patients receiving
varying levels of FiO2. Berlin definition of acute respiratory distress syndrome (ARDS)
includes arterial PaO2, setting 3 categories of ARDS based on the degree of hypoxemia:
mild (200 mm Hg < P/F ratio ≤ 300 mm Hg), moderate (100 mm Hg < P/F ratio ≤ 200
mm Hg), and severe (P/F ratio ≤ 100 mm Hg). Monitoring trends in arterial blood gas
data provide more clinically relevant information than single measurements. However,
repeated arterial puncture in small animals is often impractical and placement of
indwelling arterial catheters to facilitate serial sample acquisition may be challenging,
especially in distressed patients. These challenges have led clinicians to investigate
SpO2/FiO2 (S/F) ratio as a non-invasive and alternative marker of P/F ratio.
Many studies investigated the correlation of SpO2/ FiO2 (SF) with PaO2/FiO2 (PF)
ratios. In human, S/F ratio has been demonstrated to correlate well with the P/F ratio
in both adult and pediatric studies. Rice and colleagues looked at the correlation of S/F
ratios in mechanically ventilated patients with ARDS and reported that the
relationship between S/F ratio and P/F ratio was described by the following equation:
SF = 64 + 0.84 × (PF) (p < 0.0001; r = 0.89). They concluded that an S/F ratio of 235
corresponded with a PF ratio of 200 with 85% sensitivity with 85% specificity, while an
S/F ratio of 315 corresponded with a PF ratio of 300 with 91% sensitivity with 56%
specificity, respectively. Also, Lobete and colleagues measured oxygen saturation by
pulse oximetry and concluded that S/F ratio values for P/F ratio criteria of 100, 200,
and 300 were 146 (95% CI: 142–150), 236 (95% CI: 228–244), and 296 (95% CI: 285–308),

respectively. Areas under receiver operating characteristic curves for diagnosis of P/F
ratio less than 100, 200, and 300 with the S/F ratio were 0.98, 0.95, and 0.95,
respectively, and therefore concluded that oxygen saturation as measured by SpO2/
FiO2 ratio is an adequate noninvasive surrogate marker for PF ratio. Based on these
findings, the SF ratio has been shown to be an independent, valid diagnostic indicator
for acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) in humans.
In veterinary medicine, the correlation between P/F ratio and S/F ratio was
investigated in dogs with variable levels of intervention including breathing room air,
nasal cannula, high-flow nasal cannula oxygen, and mechanical ventilation. In a pilot
study, arterial blood gas analysis of 38 dogs requiring oxygen assessment were
evaluated while dogs were spontaneously breathing room air. Results showed a
moderate correlation (r = 0.618) as seen, and it was concluded that S/F ratio may be a
useful surrogate for P/F ratio in dogs. Farrell and colleagues further demonstrated a
stronger correlation (r = 0.76) in dogs with respiratory disease that are anesthetized
for mechanical ventilation and breathing variable levels of known FiO2. Carver and
colleagues also provide compelling evidence of excellent correlation (r = 0.90 to 0.94)
between P/F ratio and S/F ratio in healthy dogs recovering post-operatively on either
room air or nasal oxygen insufflation. Recently, a retrospective study demonstrated a
strong correlation (r = 0.89) in dogs with high-flow nasal cannula oxygen therapy,
suggesting that SF is a useful surrogative for PF in this patient population.
It is important to note that all these studies evaluated SpO2 < 98%, as the correlation
between SF and PF ratios would be expected to be lost as the oxygen hemoglobin
dissociation curve flattens in that above that value, thus losing the linear correlation
between SpO2 and PaO2. Additionally, the estimation of the P/F ratio from SpO2
ignores the effects of body temperature, pH and hemoglobin characteristics on the
relationship between saturation and PaO2. SpO2 also will not accurately reflect PaO2
when there are elevated levels of dyshemoglobins such as carboxyhemoglobin and
methemoglobin. In conclusion, studies suggest that estimation of S/F ratio is a
non-invasive, precise, and reliable marker of P/F ratio for assessing disease severity. S/F
ratio is incorporated into severity stratification and prognostication in human
patients with acute lung injury and ARDS.
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In veterinary medicine, the primary treatment for toxicant exposure should be
decontamination and detoxification of the patient to inhibit or minimize further
toxicant absorption and to promote excretion or elimination of the toxicant from the
body. When treating the poisoned patient, the clinician should have an understanding
of the underlying mechanism of action of the toxicant, the pharmacokinetics
[including absorption, distribution, metabolism, and excretion (ADME)], and the toxic
dose (if available). This will help determine appropriate decontamination and therapy
for the patient. If an antidote is available, its use should be promptly initiated if
available, safe, and financially feasible. An antidote is defined as “any compound that
is used to counteract the effects of a toxicant.” The goal of an antidote is to interfere
with the ADME of a toxicant and eliminate or reduce the adverse effects of the
toxicant. Antidotes can be classified into several board categories, based on the
mechanism by which they work or are protective. These include the following:
• Chemical antidotes
• Functional antidotes
• Pharmacological or Physiological Antidotes
Unfortunately, in veterinary medicine, there is “little economic incentive for
pharmaceutical companies to seek approval for antidotal medications with only a
small projected market;” hence, there is a paucity of antidotes available. The use of
antidotes is generally considered extra-label in veterinary medicine [Animal Medicinal
Drug Use Act (AMDUCA) of 1994], and pet owners should be made aware of this. As
there are thousands of “antidotes” out there, this lecture will only focus on the most
common or important 10-12 used in veterinary medicine. When in doubt, the ASPCA
Animal Poison Control Center should be consulted as needed.
Chemical antidotes
Chemical antidotes work directly on the toxicant; these specific antidotes bind to the
toxicant to “yield an innocuous compound that is excreted from the body.” Chemical
antidotes work by affecting how the toxicant works or interacts directly with the
compound. Chemical antidotes can either “decrease the toxicity of the agent or
increase its excretion” and work by binding with the toxicant to product a nonharmful compound that is then later excreted by the body. Examples of chemical
antidotes include antivenins, chelating agents and immunologic agents such as F(ab’)
fragments [e.g., digoxin-specific F(ab’) fragments].

Antivenins
Antivenins work by neutralizing venom antigens via passive immunization with
venom antigen-specific immunoglobulins (from horse, sheep) that have been hyperimmunized with the venom(s) of a given species. The use of antidote therapy can be
considered with venomous snake and black widow spider bites to help prevent or help
treat coagulopathy, paralysis, and thrombocytopenia; however, they will not help with
tissue necrosis. Depending on the type, certain antivenins may be difficult to secure or
find. The National Animal Poison Control Center (888-426-4435) or any Regional Poison
Control Center (800-222-1222) may have additional resources that can enable the
location of an appropriate antivenom. There are three USDA-approved veterinary
antivenins available against North American pit vipers including the following types:
• Antivenin (Crotalidae) Polyvalent (Equine origin) (ACP); lyophilized IgG preparation;
(Antivenin™; Boehringer Ingelheim Vetmedica, Inc., St. Joseph, MO); canine indication.
• Antivenin Crotalidae Polyvalent (Equine origin); liquid plasma preparation; (Rattler
Antivenin™; Mg Biologics, Ames, IA); canine and equine indication.**
• Antivenin Polyvalent Crotalidae (F(ab’)2 (Equine origin); liquid injectable preparation;
(VenomVet™; MT Venom, LLC, Canoga Park, CA); use indication species not specified.
There are two FDA-approved human antivenin products:
• Antivenin (Crotalidae) Polyvalent Immune Fab (Ovine origin); lyophilized preparation;
(CroFab®; BTG International, West Conshohocken, PA)
• Crotalidae Immune F(ab’)2 (Equine origin); lyophilized preparation; (Anavip®; Rare
Disease Therapeutics, Inc., Franklin, TN)
The benefit of using an antivenin that contains F(ab) components of the
immunoglobulin molecule is that it has lower risk of allergic reaction and allows for
faster reconstitution and has a greater volume of distribution. However, its use is off
label since it is for humans, and it is expensive, and the risks of administration may
outweigh the potential benefits. The use of IV antivenin should be considered early in
the treatment of envenomation (ideally within 6 hours). Depending on the type of
antivenin used, several vials may be necessary, which can be cost-prohibitive. The
patient should be monitored carefully during administration of antivenins, as serum
sickness, anaphylactic, or anaphylactoid reactions can occur, particularly if the patient
has received antivenin previously.
Immunologic agents/Fab (Digibind, DigiFab)
The use of digoxin immune Fab fragments can be used for life-threatening cardiac
glycoside toxicosis (e.g., cardiac glycoside-containing plants, digoxin, Bufo toad);
however, its use is typically limited to life-threatening cardiac arrhythmias where
traditional antiarrhythmic therapy has failed. ds-Fab moieties work by “binding free
digitalis glycoside molecules in the extracellular fluid as well as those already bound
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Unfortunately, in the veterinary patient, it is rare to obtain a timely serum digoxin
concentration. For this reason, the general recommendation is to administer 1-2 vials
(slowly over 30 minutes, using a 0.22-micron filter if possible) and reassess the patient.
Enzyme inhibitors
Fomepizole (also known as 4-MP), is a competitive inhibitor of alcohol dehydrogenase.
It is preferred over ethanol in dogs as it does not result in CNS depression, diuresis,
and hyperosmolality. In cats, it is the antidote of choice if used within 3 hours, as the
survival with ethanol is much worse in comparison to fomepizole. While expensive, it
is lifesaving when administered to dogs within the first 8-12 hours of ingestion; some
sources say that it can be effective as late as 36-hours post-exposure. In cats, the
antidote must be administered within 3 hours of ingestion to be effective. Dosing for
4-MP is significantly different between dogs and cats:
• Dogs: 4-MP 20 mg/kg, IV, first dose (over 15-30 minutes); 15 mg/kg at 12 hours; 15 mg/
kg at 24 hours; 5 mg/kg at 36 hours. 5 mg/kg IV can be given every 12 hours until the
EG test is negative.
• Cats: 4-MP 125 mg/kg, IV, first dose; 31.25 mg/kg IV at 12 hours; 31.25 mg/kg IV at 24
hours; 31.25 mg/kg at 36 hours
Pharmacological antidotes
Pharmacological antidotes (often called physiological antidotes) work by directly
antagonizing the toxicant. These types of antidotes work by directly working on the
receptor site, by preventing formation of toxic metabolites, by restoring normal
physiological function, or by assisting with more rapid elimination of the toxicant
from the body. Examples include reversal agents (e.g., naloxone for opioids,
atipamezole for alpha-adrenergic agonists, flumazenil for benzodiazepines),
n-acetylcysteine (e.g., acetaminophen), pralidoxime for OP toxicosis, etc.

• Atipamezole is an alpha-adrenergic antagonist that reverses medetomidine and
dexmedetomidine. It can be used off-label to also reverse other drugs such as xylazine,
clonidine, bromonidine, tizanidine, and amitraz.6 It has a very short half-life (e.g., 2-3
hours) and may need to be re-dosed if necessary.
• Atropine is an anticholinergic that competes with acetylcholine at the postganglionic parasympathetic sites (and hence is called an antiparasympathetic or
parasympatholytic drug). It is also called an antimuscarinic as it antagonizes the
muscarine-like actions of AcH. It is used for the treatment of SLUDGE signs from
organophosphate or carbamate toxicity. With OP toxicosis, atropine should be given
despite the tachycardia ; higher doses are often necessary.
• Ethanol can be used as an antidote for ethylene glycol toxicosis, if fomepizole is not
available. Ethanol competes with alcohol dehydrogenase, thereby preventing
metabolism of ethylene glycol into its more toxic metabolites. Only clear ethanol
should be used (e.g., grain alcohol, vodka).
- A 7% of ethanol is made by removing 175 ml from a 1L bag of saline and adding 175 ml
of an 80-proof vodka. If 190 proof grain alcohol is available, a 7% solution can be
made by removing 74 ml from a 1L bag of saline and adding 74 ml of the grain
alcohol.
- Dose: loading dose of 8.6 ml/kg (600 mg/kg) 7% ethanol slow IV then continue with
a CRI of 1.43 ml/kg/hr (100 mg/kg/hour), IV as a CRI for 24-36 hours.
• Flumazenil (Romazicon™) is the reversal agent for benzodiazepine overdoses as it
competitively antagonizes the benzodiazepine receptor site. It is an
imidazobenzodiazepine derivative that rapidly displaces benzodiazepines from the
receptor, reversing its effect within minutes. It is very short-acting (e.g., 1-2 hours) and
can be expensive. The author generally only uses this for severe respiratory depression
or marked CNS signs.
• N-acetylcysteine (NAC) is the primary antidote for the treatment of acetaminophen/
paracetamol toxicosis. NAC provides an available source of intracellular glutathione,
and also is thought to have additional hepatoprotective effects including antiinflammatory activity, enhanced mitochondrial energy metabolism, and improved
oxygen delivery with liver injury. Specifically with acetaminophen, toxicosis occurs
when glucuronidation and sulfation pathways are depleted; this results in toxic
metabolites building up and secondary oxidative injury occurring. With
acetaminophen toxicosis, NAC is used to limit the formation of the toxic metabolite
NAPQI by providing additional glutathione substrate. While NAC can be safely used as
a hepatoprotectant with hepatotoxicants, there is a paucity of veterinary literature on
the outcome with its use. That said, it is considered benign and safe. When dosing, the
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to sodium-potassium ATPase.” It has been reported to successfully treat toxicosis and
is commercially available as 2 ds-Fab products: DigiFab (Protherics, Inc., Nashville, TN,
USA) and Digibind (GlaxoSmithKline, Parma, Italy]. Antidigitoxin Fab fragments have a
higher affinity for digoxin. Each bottle of Digibind contains 38 mg of Fab, which will
bind to 0.6 mg of digoxin or digitoxin. Each vial of DigiFab contains 40 mg of Fab,
which will bind approximately 0.5 mg digoxin. The FDA information for DigiFab is
available here: www.fda.gov/downloads/BiologicsBloodVaccines/BloodBloodProducts/
ApprovedProducts/LicensedProductsBLAs/FractionatedPlasmaProducts/ucm117624.pdf
Digoxin immune Fab fragments may be cost prohibitive ($500/bottle) and can be
obtained from a human hospital. Little evidence or animal studies have been used to
establish the veterinary dose; however, published doses include:
• If the serum digoxin level is available, the number of vials should be based on the
serum digoxin level (ng/mL) X body weight (in kilograms)/100.
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• Naloxone is a pure opioid antagonist and can be used for the reversal of opioid
overdose. It has a rapid onset of action (1-5 minutes) but short duration of action (1.5
hours). Repeated doses are often necessary. It will not reverse respiratory depression
from buprenorphine; much higher doses are often necessary to reverse
buprenorphine.
Functional antidotes
Functional antidotes lessen the severity of the clinical signs of the toxicant. Functional
antidotes do not directly interact with the toxicant itself. An example of functional
antidotes includes cyproheptadine (e.g., serotonin syndrome), calcitonin (e.g.,
hypercalcemia), bisphosphates (hypercalcemia), intravenous lipid emulsion (ILE) (e.g., fat
soluble toxicant exposure), and methocarbamol (e.g., toxicants resulting in tremors).
• Bisphosphates (e.g., pamidronate) are used as an antidote for hypercalcemia
secondary to cholecalciferol toxicosis. It lowers calcium levels by binding to
hydroxyapatite crystals within the bone. Bisphosphates impede osteoclast activity and
induce osteoclast apoptosis. As it is now generic, it is much more cost effective and
readily available. Calcium levels should be monitored every 12- hours; if persistent
hypercalcemia is evidence, additional dosing can be used 3-7 days after the initial dose.
Calcitonin can also be considered. It is preferred by some toxicologists over the use of
calcitonin as it has longer lasting effects.
• Calcitonin can be used to treat hypercalcemia secondary to cholecalciferol toxicosis.
It is an osteoclast inhibiting hormone that acts directly on bone by inhibiting
osteoclastic bone resorption. Calcitonin also reduces tubular reabsorption of calcium
(along with phosphate, potassium, sodium, magnesium, and chloride), and promote
renal excretion. It must be given parenterally, as it is destroyed in the gut after oral
administration. Can be used when a bisphosphate is not readily available or in
conjunction with treatment.
• Cyproheptadine (Periactin™) is a serotonin antagonist and antihistamine (H1
blocker). Cyproheptadine competes with histamine for sites on H1-receptor sites.
Formerly used as an appetite stimulant in cats, it is now used to treat serotonin
syndrome (e.g., agitation, hyperesthesia, tremors, seizures) secondary to SSRI
antidepressant and amphetamine toxicosis.

• Intravenous lipid emulsion (ILE) For more information on ILE, please see the
proceedings on “The use of ILE for the poisoned patient.”
• S-adenosyl-methionine (SAMe) acts as a methyl donor, while also donating an
aminopropyl group to be a source of polyamines. SAMe also generates sulfur
containing compounds necessary for conjugation reactions used in detoxification
within the liver and as a precursor for glutathione. Exogenous SAMe increases liver
and RBC glutathione levels and/or prevents its depletion. It is also an inhibitor of
apoptosis within the hepatocyte. It should be given on an empty stomach, as the
presence of food can significantly reduce the amount absorbed. It is commonly used
as a benign, safe hepatoprotectant with toxicants such as Amanita spp. poisoning,
blue-green algae, xylitol, acetaminophen, etc.
Limitations of antidotes
There are several limitations of the use of antidotes in veterinary medicine.
Unfortunately, some are cost prohibitive, including 4-MP (e.g., fomepizole), which is
currently several thousand per bottle (unless compounded). Likewise, F(ab’) crotalid
antivenin therapy can cost close to $1000/bottle. Certain antidotes have limited to no
availability; the antidote for botulism (antitoxin) is only available through the Centers
for Disease Control and Prevention (CDC). Lastly, keep in mind that the cost versus
benefit analysis must be considered for the patient. Adverse effects can rarely be seen
with antidotes and can result in rare but potentially deadly complications. The pet
owner should be made aware of the extra label use – along with the rare complications
– that can occur with the use of antidotes in the veterinary patient.
Conclusion
Knowledge of the underlying mechanism of action, the pharmacokinetics (including
absorption, distribution, metabolism, and excretion), and the toxic dose of the
toxicant are imperative in determining appropriate decontamination and therapy for
the patient. Keep in mind that as very few toxicants have a readily available antidote,
treatment should always be aimed at symptomatic supportive care. When in doubt, if
the veterinary professional is unaware of how to treat a specific toxicant, the ASPCA
Animal Poison Control Center should be consulted for life-saving care.
Footnotes
a. Personal communication, the ASPCA Animal Poison Control Center
b. Loftin E. Toxicities in the ER. Available at: www.dovelewis.org/pdf/events/Erika_
toxins.pdf. Accessed August 11, 2018.
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author recommends parenteral administration to allow for continued administration
of activated charcoal (as some limited enterohepatic recirculation occurs with
acetaminophen toxicosis). When administering NAC by any route, it must be diluted,
as it is corrosive or irritating. If NAC is not available, S-adenosyl-methionine (SAMe)
can be also given as a glutathione source with any hepatotoxicant.
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Babski DM, Koenig A. Acetaminophen. In: Osweiler G, Hovda L, Brutlag A, Lee JA, eds.
Blackwell’s Five-Minute Veterinary Consult Clinical Companion: Small Animal
Toxicology, 1st Ed. Iowa City: Wiley-Blackwell, 2010, pp. 687-695.
Webb CB, Twedt DC, Fettman MJ, et al. S-adenosylmethionine (SAMe) in a feline
acetaminophen model of oxidative injury. J Feline Med Surg 2003;5(2):69-75.
Wallace KP, Center SA, Hickford FH, et al. S-adenosyl-L-methionine (SAMe) for the
treatment of acetaminophen toxicity in a dog. J Am Anim Hosp Assoc 2002;38(3):24654.
Note
When in doubt, all drug dosages should be confirmed and cross-referenced with a
reference guide
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Prevalence of azotemia and its association with
severity and outcome in veterinary trauma
patients: a single centre study

Crino C., Humm K., Cortellini S.
The Royal Veterinary College, University of London, Hatfield, United Kingdom

Stacey E.J., Cortellini S., Cole L.P.
Royal Veterinary College, Potters Bar, United Kingdom

Introduction: To describe the conservative management of ingested straight metallic
sharp-pointed foreign bodies (FBs) in dogs and cats.
Methods: Retrospective descriptive study in a veterinary teaching hospital. The
electronic records of dogs and cats with gastrointestinal straight metallic sharppointed FBs presenting between 2003 and 2021 were reviewed. Species, presenting
complaint, FB location, treatment, complications, intestinal transit time, length of
hospitalization and outcome were recorded. Cases were excluded if a FB was identified
in a non-gastrointestinal location, was removed by endoscopy or surgery or if
resolution was unknown.
Results: During the study period, 56 cases of straight metallic sharp-pointed FB were
noted, but 41 were excluded (23 non-gastrointestinal, 5 removed surgically, 4 removed
endoscopically and 9 with unknown outcome), leaving 15 cases (11 dogs and 4 cats)
managed conservatively. Median age was 10 months (3-72 months) for dogs and 17.5
months (16-34 months) for cats. Foreign body ingestion was witnessed in 14 cases
(93.3%), while in 1 case the FB was incidentally noted during magnetic resonance
imaging for investigation of chronic spinal pain. Clinical signs likely related to the FB
were reported in 2 (13.3%) cases. Foreign bodies were needles in 10 (66.7%) cases,
sewing pins in 3 (20%) cases, and a drawing pin and a nail in one (6.7%) case each.
Location on admission was the stomach in 13 (86.7%) cases, and proximal duodenum
and colon in 1 (6.7%) case each. Prior to conservative management, removal of the FB
had been attempted via endoscopy or surgery in 3 cases each. Conservative
management was successful in 13/15 (86.7%) cases with no complications reported. In
2 (13.3%) cases, the FB was surgically removed as it was still in the stomach after 24
hours hospitalization. The mean time to defecation of the FB was 48±24 hours.
Survival to hospital discharge was 100%.
Conclusions: Conservative management may be considered as a safe and effective
alternative for the treatment of metallic sharp-pointed gastrointestinal FBs although
careful monitoring is required. Human guidelines suggest interventions should be
considered if the FB fails to progress within 3 days from ingestion or if the patient
develops new clinical signs.

Introduction: Acute kidney injury (AKI) is a common sequela to human trauma
occurring in up to 25% of trauma patients with 10% of these requiring renal
replacement therapy. Trauma is occasionally cited as a cause of AKI in cats, with one
study reporting up to 10% cases of AKI were due to trauma. However, the prevalence of
azotemia and AKI in veterinary trauma is unknown. The primary aim of this
retrospective study was to describe the prevalence of azotemia in canine and feline
trauma patients. The secondary aim was to determine AKI prevalence and whether
there was any association between azotemia and AKI with trauma severity and
outcome.
Methods: A search of the institutional VetCot trauma registry was performed at a
university teaching hospital (April 2017-February 2021). Patients were included if they
had a blood creatinine value within 6 hours of presentation. Azotemia was defined as
creatinine >140mmol/L and sub-grouped into post-renal causes, intrinsic and fluidresponsive AKI according to the International Renal Interest Society. Trauma type,
animal trauma triage score (ATT score) and survival to discharge were compared
between azotemic (AG) and non-azotemic groups (NAG) using Fisher’s exact or Mann
Whitney U tests. P<0.05 was considered statistically significant.
Results: Thirty-nine of 397 (9.8%) patients were azotemic at presentation (9/223, 4%
dogs, 30/174, 17.2%, cats). Eleven/39 (28.2%) patients had a post-renal cause of their
azotemia, 27/39 (71.0%) had AKI and 1/39 (2.56%) had a mixed cause of azotemia. Of
those patients with AKI where follow-up blood work was available 9/17 (52.9%) were
classified as having fluid responsive AKI. Median ATT score on presentation was higher
in AG than NAG (AG 3 (range 0-12) NAG 2 (range 0-10)(p=0.005). Twenty-nine of 39
(74.3%) AG patients survived to discharge and 312/352 (88.6%) NAG patients survived
to discharge. When post-renal causes of azotemia were excluded, azotemic patients
were less likely to survive than non-azotemic patients p=0.03).
Conclusion: Azotemia is common in the canine and feline trauma population and
appears associated with trauma severity. The presence of AKI in canine and feline
trauma patients is associated with non-survival.

E-mail: ccrino21@rvc.ac.uk

E-mail: estacey1@rvc.ac.uk
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Introduction: Acute kidney injury (AKI) is a cause of morbidity and mortality amongst
veterinary and human critical patients. Mechanical ventilation (MV) is associated with
an increased risk of AKI amongst human ICU populations, however the prevalence of
MV associated AKI and its effect on outcome has not been described in a veterinary
ICU population. The objective of this study was to assess the prevalence of AKI in dogs
undergoing MV in ICU and identify factors associated with its occurrence and survival
to discharge.
Methods: Retrospective cohort study in clients owned dogs in a veterinary teaching
hospital. Medical records for dogs ventilated for >24 hours within the ICU were
evaluated for signalment, primary diagnosis, reason for initiating MV, ventilator
settings, clinicopathological findings on admission, IRIS AKI grade based on serial
blood creatinine and urinary output monitoring, multiorgan dysfunction syndrome
(MODS) score, management during MV, and outcome. Acute kidney injury was defined
according to the IRIS guidelines recommendations for AKI grading. Logistic regression
was used to identify independent predictors for development of AKI and survival. In
the univariable analysis, variables with a value of P ≤ 0.10 were examined by
multivariable analysis with significance defined as P ≤ 0.05.
Results: Between December 2016 and September 2021, 142 dogs underwent MV in the
ICU, of which 49 required MV > 24 hours. Of these 59% (29/49) demonstrated evidence
of AKI with 62% (18/29), 10% (3/29), 24% (7/29), and 4% (1/29) developing grades I, II, III
and IV respectively. No risk factors were identified for MV-associated AKI. Forty-two
percent (21/49) of patients survived to discharge with multivariable logistic regression
identifying an increase in age (OR: 0.66, CI (95%) 0.49-0.91, P=0.01) and MODS score
(OR: 0.22, CI (95%) 0.06-0.88, P=0.03) inversely correlated with survival.
Conclusions: AKI frequently occurs in ICU patients requiring prolonged MV, however in
this population AKI was not a predictor of patient outcome.
E-mail: richard.trinder@live.com.au

Multicentric aortic thromboembolism
retrospective study in 158 cats: the maters study.
Cambournac M. 1, Damoiseaux C. 1, Guillaumin J. 2, Goy-Thollot I. 3, Pouzot-Nevoret C. 3
1
CHV Fregis, Arcueil, France
2
Colorado state university, Fort Collins, United States
3
SIAMU, Vetagro Sup, Marcy l’étoile, France
Introduction: Feline aortic thromboembolism (FATE) is the sudden migration of thrombus
into the aorta. While tissue plasminogen activator (TPA) improves outcomes in many
thromboembolic diseases in people, outcome improvement has not been demonstrated
in FATE, possibly due to sample size. Our study leverages a large retrospective caseload to
compare outcomes in FATE treated with or without thrombolysis.
Methods: Multicenter, retrospective study from 2 French multispecialty hospitals
(Fregis Veterinary Hospital and Lyon-VetAgroSup) between 2005 and 2020. Inclusion
criteria were a diagnosis of FATE with ≥ 2 limbs affected, based on 5 criteria: pale, cold,
pulselessness, painful and paralysis, and/or ultrasonographic visualization of thrombi.
Exclusion criteria were missing data or enrollment in another FATE trial. TPA-treated
cats were compared to no-TPA cats. Primary study outcomes were arterial
recanalization and functional recovery. Secondary outcomes were survival to
discharge and complication rates. After excluding cats euthanized at admission,
statistical analysis of recanalization, functional recovery, survival proportions, posttreatment creatinine and potassium were performed. Continuous variables and
categorical variables were analyzed using t-test combined with Levene test for
variance, or Fisher’s exact test respectively.
Results: 158 cats were included (52 TPA-treated cats and 106 no-TPA cats), with a mean
age of 7.7±4.2 years. There was no significant difference in demographic and clinical
data at admission between groups. Euthanasia proportion at admission was 24%,
higher for Lyon-VetAgroSup compared to Fregis (53% vs 15%, p=0.001). A total of 121 cats
was left for further analysis: 56 TPA-treated and 65 in the no-TPA group. Median
time-from-event-to-TPA was 3.8±1.5 hours. TPA protocol was 1 mg/kg intravenous over 1
hour. Arterial recanalization proportion was higher in TPA-treated than in no-TPA cats
(54.5% vs 20.9%, p<0.001). Functional recovery was higher in TPA-treated than in
no-TPA cats (26.1% vs 13.8%, p=0.007). Survival proportion was not different in TPAtreated and no-TPA (35.5% vs 34.7%, p>0,05). Post-treatment creatinine and potassium
were similar for TPA-treated and no-TPA (130 vs 118 mmol/L, p=0.5 and 6.9 vs 5.4
mmol/L, p=0.49, respectively).
Conclusion: Our study is the first to show an improvement in arterial recanalization
and functional recovery with TPA in FATE without increasing mortality.
E-mail: maxime.cambournac@gmail.com
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Self-reported clinical practice of small animal
cardiopulmonary resuscitation and compliance
with recover guidelines among veterinarians in
western europe

Elkin M., Amichay Menashe N., Segev G., Kelmer E., Aroch I., Klainbart S.
Koret School of Veterinary Medicine, The Hebrew University of Jerusalem, Rehovot, Israel

Hagley S.P. 1, Kruppert A. 2, Leal R.O. 3, Pizarro del Valle C. 4, Iannucci C. 5, Hennink I. 2, Boiron
L. 6, Hoehne S.N. 7
1
Vets Now Specialists, Manchester, United Kingdom
2
University of Bern, Bern, Switzerland
3
Centro de Investigação Interdiscipinar em Sanidade Animal, Lisbon, Portugal
4
College of Medical Veterinary and Life Sciences, Glasgow, United Kingdom
5
University of Zurich, Zurich, Switzerland
6
Languedocia, Montpellier, France
7
Washington State University, Pullman, United States

Introduction: Xenotransfusion is the transfusion of blood from one species to another.
Despite set guidelines for transfusing blood products to cats, and the availability of
allogenic feline blood (AFB), there are various circumstances when canine blood is
transfused to cats. The objective of this study was to compare a group of anemic cats that
received canine xenotransfusion with a group of anemic cats treated with matched AFB.
The study aims to describe the clinical situations in which transfusions were used, assess
acute and late transfusion-related adverse effects (TRAE), and evaluate survival and
long-term outcome.
Methods: The medical records of cats treated with xenotransfusion or AFB (years
2013-2021), were retrospectively reviewed.
Results: The study included 105 cats who received xenotransfusions and 206 cats who
received AFB. The most common reason for anemia in the study and control groups were
hemorrhage 61/99 (62%) and hemolysis 74/200 (37%), respectively (P<0.001). 80% (63/79)
of cats who suffered anemia due to decreased production received allotransfusions while
only 20% (16/79) received xenotransfusions (P<0.001). In the study group, 55% of cats
survived to discharge Vs. 73% of the control group (P=0.007). Thirty-day survival rate was
90% and 87.5% in the study and control groups, respectively (P=0.850). The most common
reason for xenotransfusion was financial constraint (49%). Mean PCV following transfusion
was significantly higher in the study group compared to the control (22%vs18%, P<0.001)
and still significantly higher 48-96 hours post-transfusion (23%vs18%; respectively,
P<0.001). Cats in the study group experienced significantly more TRAE (37.1%), compared to
the control group (19.4%) (P=0.0010) and significantly more delayed hemolytic transfusion
reactions (85%Vs.42.5% of TRAE, respectively, P<0.001). while the control group suffered
significantly more acute transfusion reactions (60% of TRAE), compared to the study
group (20% of TRAE), (P<0.001), There were no differences in survival to discharge between
cats that experienced TRAE and those that did not. Non-survivors had higher
creatinine concentration pre- and post-transfusion (P=0.008, P=0.037, respectively).
Conclusion: Xenotransfusions might be a life-saving procedure in emergency situations
when AFB is not available. The long-term survival of cats treated with xenotransfusion
and survive to discharge is excellent.
E-mail: maria.elkin@mail.huji.ac.il

Introduction: The objective of this study was to assess whether small animal
veterinarians across Western Europe are compliant with the 2012 cardiopulmonary
resuscitation (CPR) guidelines by the Reassessment Campaign on Veterinary
Resuscitation (RECOVER).
Methods: A previously published online questionnaire from Switzerland was
translated into 7 languages, corresponding to national languages in Austria, France,
Germany, Ireland, Italy, Liechtenstein, Netherlands, Portugal, Spain, and the United
Kingdom. The survey was distributed via respective national veterinary organizations
and social media outlets. A subset of questions was analyzed to evaluate respondent
demographics, RECOVER guideline awareness, and allocate composite compliance
scores for CPR preparedness (PREP), basic life support (BLS) and advanced life support
(ALS). Percentages of group total (95% confidence interval) were calculated. Percentage
of compliant respondents was compared among regions using Chi-square test and
compliance in respondents aware versus unaware of guideline existence was
compared using Fisher’s exact test. Significance was defined as P<0.05.
Results: Nine-hundred and thirty respondents were included in analysis. RECOVER
guideline awareness was significantly different across regions with the highest
reported awareness in Italy, in 76% (63-86%) of respondents, and lowest in France, in
only 16% (11-23%) of respondents (P<0.004). PREP, BLS, and ALS compliance were
significantly different across regions (P<0.004, respectively). Lowest PREP compliance
was reported in Portugal (1% (0-5%)) and highest in Germany/Austria (35% (23-49%)).
Compliance with BLS recommendations was highest in Germany/Austria (33%
(21-47%)) and lowest in France (4% (2-9%)) and Portugal (4% (2-9%)). ALS compliance
was highest in Germany/Austria (22% (13-36%)) and lowest in France (0% (0-3%)) and
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Effect of blindfolding lead resuscitators on
closed-loop communication (clc) in veterinary
cardiopulmonary resuscitation (cpr) training.
Walesby O.X., Stanzani G., Kellett-Gregory L., Seth M., Thomas E.K.
Dick White Referrals, Cambridgeshire, United Kingdom
Introduction: CLC is an important skill for CPR leadership, aiding in reducing
miscommunication and recommended by RECOVER guidelines. In the authors’
experience, CLC is difficult to teach. Human medical studies report CLCs increased
when the lead resuscitator was blindfolded during training. To the authors’ knowledge
there are no studies examining CLC in veterinary CPR training. The aim of this study is
to evaluate the effect of blindfolding during veterinary CPR training on frequency of CLC.
Methods: Single center, prospective, randomized pilot study. Forty volunteers were
recruited from a veterinary referral hospital clinical staff (veterinary surgeons, qualified
and student nurses, nursing assistants, physiotherapists) and randomly allocated into
ten teams. Exclusion criteria were: CPR practical training within previous 6 months;
permanent members of Emergency and Critical Care team.
Each team was randomized as control (CG, N=4) or blindfolded (BG, N=6) and
underwent 4 consecutive standardized CPR scenarios (S1-4). The leader role was
randomly assigned to a veterinary surgeon in each team and remained consistent
throughout scenarios. S1, S2 and S4 were run identically for both groups: S1 was for
acclimatization, while S2 and S4 were respectively pre- and post-intervention. During
S3, the intervention, BG team leaders were blindfolded. Volunteers were unaware of
study aims and methodology. All scenarios were filmed, but only S2 and S4 reviewed for
data analysis, performed by an author blinded to group allocation. Primary outcome
was number of complete CLCs. Data are presented as median (min-max range).
Mann-Whitney U test was used to compare outcome measures between groups.
Results: Pre-intervention complete CLCs were 5 (3-6) (CG) and 5.5 (2-10) (BG). Postintervention was 6.5 (2-9) (CG) and 9.5 (8-12) (BG). No significant difference was
identified between groups pre-intervention (S2, p = 0.76), but a significant difference
in the number of complete CLCs was seen after intervention (S4, p = 0.03).
Conclusion: Blindfolding lead resuscitators in veterinary CPR training does increase
short-term CLCs. Future training may benefit from including this approach to increase
CLCs and potentially improve patient safety. Further studies would be required to
investigate whether this finding is replicated and also retained in the long- term.
E-mail: owalesby@gmail.com
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Portugal (0% (0-3%)). Compliance across all three categories was highest in Germany/
Austria (14% (7-27%)), followed by UK/Ireland respondents (5% (3-8%)). Switzerland,
Spain, France, Portugal, Italy, and the Netherlands were ascribed total guideline
compliance in 1% of respondents or less. Respondents aware of guideline existence
had higher compliance than those unaware when combining all regions (P<0.004).
Conclusions: Awareness and compliance with RECOVER guidelines varied significantly
among countries surveyed, however overall compliance scores in all countries were
considered low. Further research may highlight factors surrounding poor guideline
awareness and compliance so targeted efforts can be made to improve veterinary CPR
in Europe.
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Introduction: Parapneumonic effusion is defined as free fluid in the pleural space in
association with a simultaneous diagnosis of bacterial pneumonia. The incidence of
parapneumonic effusion in human patients is reported to be 40-60%. Parapneumonic
effusion has been described in dogs with pneumonia, but its incidence has not been
reported. The aim of this study was to assess the incidence of parapneumonic effusion
in dogs with a clinical diagnosis of pneumonia in a veterinary university clinic. The
second objective was to assess the frequency of thoracocentesis and thoracic drain
placement in these patients. A final objective was to evaluate the outcome of dogs
with and without parapneumonic effusion.
Methods: Medical records were searched for dogs with a clinical diagnosis of bacterial
pneumonia from 2017 to 2021. Clinical diagnosis was suspected on a combination of
thoracic radiographs compatible with bacterial bronchopneumonia and increased
serum C-reactive protein (CRP) levels. Moreover, a positive bronchoalveolar lavage
culture or positive clinical evolution and decreased CRP levels in response to antibiotic
therapy were required to confirm the clinical diagnosis of bacterial pneumonia.
Patients diagnosed with inflammatory non-septic pneumonia, parasitic pneumonia,
or neoplastic disease, were excluded.
Results: One hundred and thirty dogs were included. The incidence of parapneumonic
effusion was 33,8% (44/130). In only 4 dogs (3%) a thoracocentesis was performed. Two
of these dogs displayed regional effusion and thoracocentesis was performed to
characterize the effusion. In the two other dogs, thoracic drains were placed after
thoracocentesis due to unilateral or bilateral severe effusion. Regarding outcome,
overall mortality rate was 22.3% (29/130). In dogs with parapneumonic effusion,
mortality was 18.1% (8/44). One dog undergoing thoracocentesis was euthanized for
financial reasons, while the 3 others survived.
Conclusion: In this single-center retrospective observational study, the incidence of
parapneumonic effusion in dogs with a clinical diagnosis of pneumonia was 33,8%.
Although parapneumonic effusion appeared to be rather common, it rarely required
thoracocentesis or thoracic drain placement. Moreover, outcomes of dogs with or
without parapneumonic effusion appeared to be similar.
E-mail: ngraziano65@gmail.com

Evaluation Of New-Onset Organ Dysfunction In
Dogs With Systemic Inflammation
Ciuffoli E., Troìa R., Giunti M.
Alma Mater Studiorum - University of Bologna, Ozzano dell’Emilia, Bologna, Italy
Introduction: According to the novel Sepsis-3 definition in humans, sepsis is the
life-threatening organ dysfunction (OD) caused by a dysregulated host response to
infection. OD is associated with a negative outcome in critically ill dogs. The aim of
this study was to investigate the value of new-onset OD for the prediction of sepsis
and outcome in dogs with systemic inflammation.
Methods: critically-ill dogs with systemic inflammation (based on serum C-reactive
protein >1.6 mg/dL) were retrospectively included. Sepsis was confirmed by cytology,
microbiology, or molecular techniques. The following newly diagnosed OD on admission
to ICU were registered: acute kidney injury (AKI, IRIS guidelines), hyperbilirubinemia
(total bilirubin >0.4 mg/dL), coagulation abnormalities [prothrombin time (PT) >9 sec or
activated partial thromboplastin time (aPTT) >16 sec or platelet count <150.000/mm3],
hyperlactatemia, hypoxemia, presence of stupor/coma, fluid-refractory hypotension,
and unexplained acidemia. Multiorgan dysfunction syndrome (MODS), as previously
reported, and outcome at hospital discharge were also recorded. Non-parametric
statistics were performed, and significance was set at P<0.05.
Results: a total of 275 dogs were enrolled: 147/275 (53%) had non-infectious systemic
inflammation, 128/275 (47%) had sepsis. Only the presence of fluid-refractory
hypotension was significantly associated with a diagnosis of sepsis (OR 10.51, CI
3.08-35.94; P<0.0001). According to univariate logistic regression, MODS (OR 2.58, CI
1.53-4.34; P=0.0003), AKI (OR 4.15, CI 2.44-7.04; P<0.0001), stupor/coma (OR 5.65, CI
1.95-16.38; P=0.0006), hyperbilirubinemia (OR 2.01, CI 1.14-3.53; P=0.0158), increased
blood lactate (OR 1.22, CI 1.09-1.38; P=0.0006), fluid-refractory hypotension (OR 5.12, CI
2.13-12.29; P=0.0001), prolonged PT (OR 1.26, CI 1.07-1.49; P=0.0014), and decreased base
excess (BE) (OR 0.89, CI 0.84-0.93; P<0.0001) were associated with non-survival. AKI (OR
3.97, CI 1.71-9.24; P=0.0014), stupor/coma (OR 8.43, CI 1.33-53.25; P=0.0234), PT (OR 1.20, CI
1.00-1.44; P=0.0437) and BE (OR 0.93, CI 0.87-0.99; P=0.0472) were the only variables
retained in the multivariate model.
Conclusions: in our population of critically ill dogs, only fluid-refractory hypotension
was associated with a diagnosis of sepsis. However, ODs were independently
associated with outcome, with AKI, stupor/coma, prolonged PT and decreased BE being
associated with higher risk of non-survival. Finally, screening of OD in critically ill dogs
with systemic inflammation is warranted.
E-mail: elena.ciuffoli@gmail.com
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Introduction: In human patients, transient hypophosphatemia is commonly detected
after generalized tonic-clonic seizures (GTCS), and serum phosphorus concentration
(sPi) is a useful marker to differentiate GTCS from other causes of transient loss of
conciseness (TLOC), namely syncope, especially when the episode was unwitnessed.
The aim of this retrospective study was to examine the occurrence of
hypophosphatemia in dogs presented to an emergency service due to seizures
compared to those presented due to syncope, and assess the usefulness of
hypophosphatemia as a diagnostic marker for canine GTCS
Methods: Computerized medical records were searched (January 2018-August 2021) for
the terms “seizure”, “epilepsy”, “status epilepticus” and “syncope”. Dogs were included if
the episode occurred ≤ 3 from presentation, and if sPi and serum creatinine (sCr) were
measured. Dogs were excluded if aged <1-year or if sCr exceeded 2 mg/dL.
Results: The study included 87 and 26 dogs diagnosed with seizures or syncope,
respectively. There were no group differences in serum concentrations of creatinine,
sodium, chloride, potassium or glucose. Hypophosphatemia (sPi < 3 mg/dL, RI 3-6.2
mg/dL) occurred in 28 dogs (32%) in the seizure group, of which nine (10%) had sPi < 2
mg/dL. In the syncope group, no dog had sPi levels below 3 mg/dL. Median sPi was
significantly (P = 0.00003) lower in the seizure group (3.1 mg/dL; range, 0.93-6.77)
compared to the syncope group (4.2 mg/dL; range, 3-8.4). Furthermore, in dogs that
presented while seizing (24/87; 28%) median sPi was significantly lower (P = 0.05)
compared to those that were not (2.8 mg/dL; range, 0.93-5.39 vs. 3.2; range, 1.03-6.77).
ROC analysis of sPi as a marker for GTCS yielded an area under the curve of 0.757 (95%
confidence interval 0.667-0.847), with an optimum cutoff point of 3.0 md/dL,
corresponding to specificity and sensitivity levels of 100% and 44%, respectively.
Conclusion: based on these results, sPi following TLOC might serve as a diagnostic tool
to differentiate GTCS from syncope in dogs. Hypophosphatemia, especially with sPi
concentration < 3 mg/dL, in samples collected ≤ 3 hours post-TLOC may be useful in
clinical practice to rule in a GTCS episode.
E-mail: kelmere1@gmail.com

Prevalence, clinical manifestations, laboratory
findings and outcome of intermediate syndrome
in anticholinesterase intoxication of dogs –
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Introduction: Organophosphates and carbamates are important intoxication sources
in dogs, inducing several neurological syndromes. Intermediate syndrome (IMS) occurs
7–96 hours following acute cholinergic crisis (ACC). IMS, well recognized in humans, but
described previously in only 2 dogs, manifests clinically by proximal limb, respiratory
and neck flexor muscle weakness and prolonged cholinesterase inhibition. Decreased
serum butyrylcholine esterase (sBuChE) activity occurs in humans with IMS, and is among
the hallmarks of this syndrome, along with the typical clinical manifestations and history
of anticholinesterase exposure. This study describes the prevalence, clinical findings
and outcome of IMS in a relatively large cohort of dogs.
Methods: The medical records of dogs diagnosed with ACC, IMS, or both (years 2017-2021),
were retrospectively reviewed. Six additional dogs diagnosed with IMS before the study
period were also included.
Results: The study included 32 dogs diagnosed with anticholinesterase intoxication, of
which, 23 (72%) displayed only ACC signs, while 9 (28%) presented IMS. The hospitalization
period was longer, and positive pressure mechanical ventilation (PPMV) requirement
was higher in the IMS group vs. the ACC group. Overall, the study included 15 dogs with
IMS. Dogs with IMS demonstrated proximal limb, neck flexor and respiratory muscle
weakness. The latter was associated with respiratory failure, requiring PPMV in 4 dogs
(27%). 3/15 dogs did not demonstrate ACC prior to IMS. sBuChE activity at presentation
was below reference interval (RI) in 13/14 dogs with IMS. Interestingly, sBuChE activity
was later within RI (WRI) in 7/15 of dogs with IMS, although clinical signs of IMS still
persisted, which is a novel finding. The survival rate of anticholinesterase intoxicationassociated IMS was 100%.
Conclusions: sBuChE activity cannot be a marker recovery of IMS in dogs, as in 47% of
cases herein it was WRI, although its clinical signs were still ongoing. IMS should be
suspected in dogs demonstrating respiratory, neck and proximal limb muscle weakness
or paralysis, especially after occurrence of ACC-related signs, but even in their absence,
or when sBuChE activity is WRI.
E-mail: klainbart@gmail.com
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Introduction: The objectives were to evaluate 1) the agreement between thoracic
point‐of‐care ultrasound (TPOCUS) and thoracic radiographs in cats with recent trauma
and 2) correlate TPOCUS findings to ATT scores in a large population of traumatized cats.
Methods: Records of cats presenting to the intensive care unit of VetAgro Sup, Lyon
between February 2014 and April 2021 were retrospectively reviewed. Cats with
suspected or witnessed trauma that had TPOCUS and thoracic radiographs performed
within 24 hours of admission were included. Thoracic radiographs and TPOCUS
findings were assessed as “positive” or “negative.” Cats positive on TPOCUS and
radiographs were assigned 1 to 5 different suspected diagnoses: pulmonary
contusions/hemorrhages, pneumothorax, pleural effusion, pericardial effusion, and
diaphragmatic hernia. To express level of agreement between the two imaging
modalities the kappa coefficient and 95% CI were calculated with Graphpad.
Interpretation of kappa values was based on Cohen values.
Results: One hundred and eleven cats were included (54 confirmed or suspected motor
vehicular trauma, 53 high rise syndrome and 4 canine bite wounds). Suspected TPOCUS
diagnoses included 60/111 pulmonary contusions, 19/111 pneumothorax, 3/111 pleural
effusions and 3/111 diaphragmatic hernia. Thoracic radiography suspected diagnoses
included 62/111 pulmonary contusions, 29/111 pneumothorax, 16/111 pleural effusions
and 7/111 diaphragmatic hernia. There was a moderate level of agreement for general
overall comparison between TPOCUS and thoracic radiography (Kappa= 0.480, 95% CI,
0,312-0,649), moderate agreement for pulmonary contusions/hemorrhages (Kappa=
0.454, 95% CI, 0,288-0,621), moderate agreement for pneumothorax (Kappa= 0.527, 95%
CI, 0,340-0,714), fair agreement for pleural effusion (Kappa= 0.283, 95% CI, 0,028-0,538)
and moderate agreement for diaphragmatic hernia (Kappa= 0.584, 95% CI, 0,2200,948). Cats with positive TPOCUS had significantly higher median ATT score (4 vs 3; P =
0.0428) and respiratory score (1 vs 0, P= 0.0028) compared to negative TPOCUS cats.

Conclusions: This large retrospective study in traumatized cats confirmed previous
results: agreement between TPOCUS and Thoracic radiography is moderate for
contusions/hemorrhages, pneumothorax, diaphragmatic hernia and fair for pleural
effusion. Comparison with a reference standard (computed tomography) is needed to
determine true specificity and sensitivity of TPOCUS to diagnose these lesions in cats.
E-mail: dr.pierreandrevidal@gmail.com
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Evaluation of b-lines with two point-of-care
lung ultrasound protocols in cats with
radiographically normal lungs
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Massey University, Palmerston North, New Zealand
2
Faculty of Veterinary Medicine, University of Calgary, Calgary, Canada
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Introduction: This study investigated the effect of hypovolemia and volume overload
on ultrasonographically derived caudal vena cava (CVC) parameters in healthy, lightly
sedated cats.
Methods: Randomized, blinded, prospective, cross-over study involving 14 healthy cats
assigned to a hypovolemia or volume overload group with a 7-day washout period. The
hypovolemia group received furosemide; 2mg/kg IV every 30 to 60 mins up to 14mg/
kg or 10% weight loss was achieved. Lactated Ringer’s or hydroxyethyl starch (130/0.4)
at 10 ml/kg IV was then administered over 10 mins. The volume overload group
received 30 ml/kg of IV Lactated Ringer’s over 10 min. Both groups had subxiphoid
sonographic CVC parameters measured at three timepoints – T0 (baseline), T1
(hypovolemia or pre-volume overload, respectively) and T2 (post-fluid challenge or
volume overload, respectively) by a blinded operator. CVC measurements were
obtained at the narrowest inspiratory and widest expiratory diameter (CVCinsp, CVCexp,
respectively) where the CVC crosses the diaphragm, and the collapsibility index
(CVC-CI) was calculated from recorded cineloops by a blinded rater. A Shapiro-Wilk test
was used to assess normalcy and a one-way ANOVA was used to compare groups at
different time points. A p-value ≤ 0.05 was considered significant.
Results: All data passed normalcy. There was a significant difference between CVCinsp
and CVCexp at each time point (p < 0.0001). CVCexp values were statistically different
between baseline and volume overload (3.02 mm ± 1.00, 4.17 mm ± 0.62, respectively, p
< 0.001). There were no statistically significant differences between CVCinsp, CVCexp, and
CVC-CI values between any time points that were measured on the same day.
Conclusion: These preliminary results suggest that compared to CVC-CI and CVCinsp,
CVCexp measurements may be more sensitive at predicting volume status in cats,
particularly volume overload. However, the sample size is small and further research is
needed to assess the utility of all CVC parameters to estimate volume status in cats.
E-mail: s.jalava@massey.ac.nz

Objective: To compare two point-of-care lung ultrasound (LUS) protocols for
quantification of B-lines in cats without evidence of respiratory disease based on
history, physical examination and thoracic radiography.
Methods: A prospective observational study was conducted at a single veterinary
teaching hospital. Fifty-seven cats without respiratory disease based on history,
physical examination, and thoracic radiographs were enrolled. All cats had two
point-of-care LUS protocols performed bilaterally: a regional protocol (VetBLUE), and a
more comprehensive vertical sweeping protocol (VS). The total number of B-lines per
cat, number of sites with B-lines, and maximal number of B-lines at each site were
recorded and compared.
Results: Ten cats (18%) had at least 1 B-line identified with VetBLUE, vs. twenty-nine
(51%) with VS. Comparing protocols, VS had a statistically higher total number of
B-lines per cat, higher number of sites with B-lines, and higher maximal number of
B-lines per site. B-lines that were too-numerous-to-count were identified at a single
location in 1 cat with VetBLUE and 2 cats with VS. A maximum of three B-lines were
identified at all other positive sites regardless of the protocol used. On average, it took
1.7 times longer to complete VS bilaterally compared to VetBLUE (mean 142 +/- 4.2 vs.
82 +/- 2.3 seconds, respectively, p=0.001).
Conclusions: This study demonstrates it is not uncommon to identify a single or even
multiple B-lines in one or several sites on LUS in cats deemed to be clinically free of
respiratory pathology; essential knowledge when using LUS as a screening test and to
monitor intrathoracic lesions. In cats asymptomatic for respiratory disease, VS
generally identifies more B-lines than VetBLUE, likely because it assesses a larger lung
surface area. The sonographic identification of B-lines should be interpreted
considering the LUS protocol used, history, and other diagnostics to determine their
clinical significance. This research was made possible with the financial support of the
Pet Health Fund, supported by Zoetis
E-mail: jo-annie.letendre@umontreal.ca
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Stoatally stoned- ventilation of a domestic
ferret for marijuana toxicity

Ravachol C., Nectoux A., Pouzot-Nevoret C., Kim M., Ayoub J.Y.
Vetagro Sup – Siamu, Marcy L’étoile, France

Sumners L.N.S.
University of Florida, Small Animal Hospital, Newberry, United States

Introduction: Leptospirosis is a zoonosis with global distribution. Acute kidney injury
and hepatic impairment are the main clinical signs in severe cases. Such cases often
require prolonged hospitalization and nursing, whilst undergoing renal replacement
therapy (RRT). Strict vigilance by nursing staff is essential to minimize zoonotic risk to
staff, and risk of nosocomial infections associated with patient instrumentation.
Synopsis: A 1.7kg 6-month-old intact male spitz was presented for 2-day history of
lethargy, anorexia and vomiting. Blood tests revealed severe azotemia, moderate
hyperphosphatemia and mild hypoglycemia. Electrolytes and a complete blood count
were within reference range. Witness Lepto® test was positive.
Peripheral venous catheter, indwelling closed-collection urinary catheter and
nasogastric tube were placed, and urine output-matched fluid therapy, antimicrobials,
enteral feeding, and antiemetics were commenced. Worsening azotemia and
oligoanuria prompted central venous catheter (CVC) placement for RRT. Improvement
in clinical and laboratory parameters followed 3 RRT sessions, and following return of
voluntary appetite the dog was discharged on day 10.
The multi-instrumented patient presented here required high-level nursing care to
minimize complications. Consequently, strict protocols were vital to protect staff from
zoonotic risk.
Particular care was performed to limit direct contact between staff members and
other ICU patients and bodily fluids of the leptospirosis dog. Upon admission, this dog
was handled with gloves as he had clinical signs consistent with leptosirosis, with
special care when dealing with urine and blood. Confirmation of the zoonotic disease
required a specific nursing care plan to prevent bodily fluid contact when managing
the closed urinary collection system, discarding urine from the collection bag,
performing daily care of peripheral and central catheters, and handling all blood
samples.
Conclusion: The nursing requirements of dogs with leptospirosis undergoing RRT
increases risk for zoonotic transmission and instrument-related patient infections.
Special caution with protocolized nursing care is vital to minimize such risks. I will
present our approach to these patients in this presentation.

Introduction: Fusili is a one year, female ferret who presented to the University of
Florida Emergency and Critical Care department for acute lethargy, trembling and
stiffness.
Synopsis: On initial examination, she had an obtunded mentation and was ataxic
when attempting to walk. She was hypothermic at 94.2 F (34.5 C) and had a sinus
arrhythmia (HR 80-220bpm). A blood glucose was 69mg/dL, PCV/TS was 52%/9.0g/dL
and a venous blood gas showed a respiratory acidosis with metabolic compensation
(pH 7.266, pCO2 69.5, HCO3 31.9). After speaking with the owners further, it was
discovered that they have medical grade marijuana containing THC and the stoppers
to the bottles frequently go missing because she likes to chew on them. A urine 5
panel drug screen was positive for THC (remainder was negative). Fusili received
0.25ml/kg 50% dextrose diluted 1:1 IV slow, Lactated Ringer’s at 45ml/kg/day, intralipid
emulsion (ILE) (1.5ml/kg bolus then 0.25ml/kg/min over 60 minutes), and active
warming. Throughout the night, there was no improvement in mentation and a
recheck venous blood gas showed a worsening respiratory acidosis with metabolic
compensation (pH 7.21, pCO2 94.4, HCO3 31.9). Fusili was given propofol to effect,
intubated with an uncuffed endotracheal tube, and placed on the mechanical
ventilator. She continued to be hypercapneic (pCO2 96.3) while on the ventilator, so the
tidal volume and frequency was increased, and an inspiratory pause was added. After
8 hours on the ventilator, Fusili woke up from sedation and chewed the endotracheal
tube. At that point, we disconnected her from the mechanical ventilator and she was
spontaneously breathing. A recheck venous pCO2 was 45.2 and she was given another
dose of ILE. Her pCO2 remained 45.2 four hours after being weaned off the ventilator.
Conclusion: In total, Fusili received 3 doses of ILE during her stay and was discharged
12 hours after coming off the ventilator with instructions to monitor respiratory rate
and effort. For future cases, use of a larger endotracheal tube with an increased tidal
volume is recommended, along with assist control and time as a trigger, as SIMV with
Vsens may not have been sensitive enough to detect the breaths.

E-mail: claire.ravachol@vetagro-sup.fr

E-mail: lucy.sumners@ufl.edu
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Introduction: Hematogenous pneumonia was a new disease to me when I took on a
case in February of 2022. I quickly learned that hematogenous pneumonia is a type of
infection that starts somewhere else and then travels the bloodstream and makes
pockets of infections in the lungs. This specific case started out mildly and quickly
went south.
Synopsis: Banjo was a 8 year old male castrated mixed breed dog who was initially
presented to my hospital as a referral for pelvic limb edema. A Whole body cat scan
was performed which revealed edema in his right pelvic limb and pockets of infection
in his lung, hematogenous pneumonia was his diagnosis and we quickly made a plan
for treating him. Banjo’s only previous medical history was bilateral ex-caps the year
before and the assumption was that his implant was infected causing the edema and
hematogenous edema. Banjo presented with normal vital signs. We made a plan to
hospitalize him with intravenous fluid therapy as antibiotics. That same night, Banjo
became oxygen dependent. And then the next morning, bruising was noted on his
pelvic limbs and he was still bleeding for where the nasal line was sutured in place. I
alerted the Veterinarian taking his case and PT/aPTT times were run which revealed he
now had a coagulopathy. Banjo received a plasma transfusion, a platelet transfusion,
and then a pRBC transfusion. Over the next two days, he would receive 2 more plasma
transfusions, one more pRBC transfusion, and a whole blood transfusion. Eventually,
Banjo had to be transferred to a university after 5 days of being in our hospital where
he succumbed to his illness another 24 hours later. A necropsy is pending and we
should have the results back in another month or two.
Conclusion: Banjo required so much nursing care from something simple like range of
motion to even harder problems like whole blood transfusions. Even though we don’t
have all the answers yet, we can still learn and grow from this case. It isn’t something
we see every day and veterinary medicine relies on these cases to learn and grow from.
E-mail: brandie.johnson1231@gmail.com
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Objective: To determine the impact of a Cell Saver machine (CSM) on the number of
blood transfusions administered to surgical patients in a veterinary referral hospital.
Methods: Retrospective review of medical records of dogs that received a blood
transfusion at surgery or in the post-operative period, divided into whether the
transfusion was autologous or homologous and divided into prior to and after
acquiring a CSM. The surgeries performed were classified by type and whether or not
they were considered to have a risk of hemorrhage. Data are presented as mean
(min-max range).
Results: Blood transfusions were administered to 123 dogs in a population of 3654
dogs undergoing surgical procedures between November 2015 and February 2021. A
mean of 52(22-87) surgeries per month were performed in the first study period and a
mean of 66(45-97) surgeries per month were performed after the acquisition of the
CSM. Of these, a mean of 15(3-26) and 18(10-30) surgeries per month were considered
to be at risk of hemorrhage during the first and second periods, respectively. Since the
acquisition of a CSM (Cell Saver Elite, Haemonetics, Boston, MA) in September 2019, 37
autologous blood transfusions (ABT) were administered, representing a mean of 2(1-4)
ABT per month. A total of 86 homologous blood transfusions (HBT) were performed
during the study length, with a mean of 1.4 HBT per month during the first study
period and a mean of 1.3HBT per month during the second study period. Before the
acquisition of the CSM, 0.026 HBT were performed per each surgery and 0.09 HBT per
each surgery classified as hemorrhagic. After the acquisition of the CSM, 0.015 HBT
and 0.024 ABT were performed per each surgery and 0.058 HBT and 0.093 ABT were
performed per each surgery classified as hemorrhagic. Blood transfusion reactions
were not observed in the ABT group, compared to 6/86 (7%) recorded in the HBT group.
Conclusions: The introduction of a CSM was suggested to allow accommodating the
increase of overall blood transfusions by ABT instead of using extra units of blood
from a Pet Blood Bank.
E-mail: ncomas@fitzpatrickreferrals.co.uk

Establishment of reference intervals for
ultrasonography derived caudal vena cava
parameters in healthy lightly sedated cats –
preliminary results
Hultman T.M. 1, Jalava S. 1, Boysen S.R. 2, Yozova I.D. 1
Massey University, Palmerston, North New Zealand
2
University of Calgary, Calgary, Canada

1

Introduction: The aim of the study was to establish reference intervals (RI) for
ultrasonographically-derived caudal vena cava (CVC) parameters in healthy cats.
Methods: Prospective, observational, experimental single-center study involving 110
cats. Two trained operators scanned cats placed in lateral recumbency, in a
randomized order. Two sets of cineloops per cat were recorded by each operator.
A blinded observer measured the narrowest inspiratory (CVCinsp) and widest
expiratory (CVCexp) CVC diameter over two separate breath cycles for each operator
(4 measurements total) at the point the CVC crosses the diaphragm. The CVC
collapsibility index (CVC-CI) was calculated. Outliers were identified and removed.
A D’agostino-Pearson test was used to assess normality. Reference intervals were
calculated according to CLSI guidelines.
Results: 384 measurements were included for each parameter. CVCinsp and CVCexp
were normally distributed; CVC-CI was not. The calculated RI’s were 0.7 – 5.1 mm (90%
CI lower limit = 0.5 - 0.8 mm; upper limit = 4.9 - 5.2 mm,), 1.9 – 6.1 mm (90% CI lower
limit = 1.8 - 2.1 mm; upper limit = 5.9 - 6.2 mm) and 2.8% to 71% (90% CI lower limit =
2.0 – 3.3%; upper limit = 64.2-76.5%) for CVCinsp, CVCexp, and CVC-CI, respectively.
Conclusion: Based on this study, the CVC RI’s determined from the subxiphoid site in
cats appear to be wider than those reported in dogs, particularly for the CVC-CI.
Further data analysis is needed to determine inter- and intra-rater variability, and to
determine the clinical value of these RI’s to identify hyper and hypovolemic cats.
E-mail: t.m.hultman@massey.ac.nz
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Dysmagnesemia in dogs with systemic
inflammatory response syndrome
Bosch Lozano L. 1, Bonet-Barceló A. 2, Jose-Cunilleras E. 3, Torrente C. 1
1
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Introduction: In people, the higher the erythrocyte sedimentation rate (ESR), the higher
the mortality rate in hospitalized patients. In dogs, clinical application of ESR has been
abandoned due to long processing time and discovery of new acute-phase proteins.
However, a new rapid ESR method has been recently released and validated in dogs.
Clinical application of ESR in canine emergency medicine has not been evaluated yet.
We aimed to evaluate ESR in hospitalized dogs at admission (T0) and during
hospitalization for 48 hours to observe its trend and to relate ESR with mortality.
Methods: Prospective study on hospitalized dogs at University of Pisa Veterinary
Teaching Hospital between September 2021 and February 2022. Only hospitalized dogs
with CBCs performed for their routine monitoring were included, and left-over blood
collected for routine CBCs was used. Each owner signed an informed consent to use
left-over samples for research. Dogs had a full clinical evaluation, complete
hematobiochemical profile and diagnostic workup necessary to a final diagnosis. ESR
was performed using MINI-PET, an automatic continuous-loading instrument,
according to the manufacturer’s instructions using fresh blood collected in 1mL
K3-EDTA tubes. The ESR was evaluated at admission (T0), and after approximately 24
and 48 hours (T1 and T2, respectively), based on clinicians’ decision. Dogs were divided
into survivors and non-survivors according to their short-term outcome (48h). T0 ESR
between survivor and non-survivors was compared using Mann-Whitney U-test and
T0-T1-T2 ESR in survivors and non-survivors were compared using Friedman test with
pairwise comparisons.
Results: Twenty hospitalized dogs were prospectively included. Ten dogs died within
48h from admission and the other ten survived. T0 ESR was not significantly different
between survivors and non-survivors (median 15.5 vs 17.5 mm/h; p=0.9). Non-survivors
showed a significant increase in ESR from T0 to T1, and from T1 to T2 (p<0.001; medians
T0 17.5, T1 39.5 and T2 46 mm/h, respectively), whereas survivors showed a significant
decrease from T0 to T2 (medians T0 15.5 and T2 4.5 mm/h, respectively).
Conclusions: Although ESR at admission did not predict mortality of hospitalized dogs,
its monitoring during hospitalization may add prognostic information.

Introduction: Dysmagnesemia has been recently reported to be associated with
in-hospital mortality in critically ill human patients. The objectives of this study were to
describe the prevalence of dysmagnesemia in a population of canine critically ill
patients and assess its association with clinical complications and in-hospital mortality.
Methods: A prospective observational study was performed with dogs admitted to the
intensive care unit of a university teaching hospital between November 2020 and
December 2021. Dogs fulfilling two or more criteria for systemic inflammatory response
syndrome (SIRS) who had their ionized magnesium measured on admission were
included. APPLE full score was calculated retrospectively for patients on admission.
Dysmagnesemia was defined as an ionized magnesium level under 0.43 mmol/L or over
0.7 mmol/L as previously described in veterinary literature. Clinical complications
associated to dysmagnesemia such as arrhythmias, gastrointestinal ileus,
neuromuscular signs and mortality among others were recorded during hospitalization.
Associations between dysmagnesemia and the APPLE score, clinical complications and
mortality were assessed using chi-square tests of independence and unpaired twosample Wilcoxon test, with a statistical significance set at a p-value ≤ 0.05.
Results: In this study, sixty-seven dogs fulfilled criteria for inclusion. The APPLE full score
could be calculated in fifty-five animals and the median was 35 (IQR= 17.5).
Dysmagnesemia on admission was detected in 24% of patients (16/67).
Hypermagnesemia presented more frequently (13/16) than hypomagnesemia (3/16 dogs).
Overall, mortality rate was 31% (21/67). No significant correlations were found between
dysmagnesemia and mortality (p= 0.54) nor between dysmagnesemia at admission and
the probability of developing clinical complications (p= 0.34). APPLE full score did not show
significant statistical correlation with mortality (p= 0.38) or dysmagnesemia (p= 0.17).
Conclusions: Dysmagnesemia occurred in approximately one-fourth of dogs with SIRS,
being hypermagnesemia more common than hypomagnesemia. This study did not
find an association between dysmagnesemia and outcome, APPLE score or significant
clinical complications. The small number of animals with dysmagnesemia included,
particularly with hypomagnesemia, could have limited the study results. Further
studies including more animals are warranted.

E-mail: eleonora.gori@vet.unipi.it

E-mail: ainabonetb@gmail.com
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Introduction: Heatstroke (HS) is a devastating condition, with reported mortality rates
of 40-50%. Excessive activation of the coagulation system, potentially culminating in
overt DIC, is a prominent feature of HS. Thromboelastometry (TEM) is a viscoelastic
diagnostic modality providing global assessment of the clotting process, enabling
determination of hyper-, normo-, or hypo-coagulable states.
Objectives: to investigate changes in TEM and its utility as a prognostic tool in dogs
with naturally-occurring HS at different time points during the initial 48 hours.
Methods: Forty-two client-owned dogs presented to the emergency service for HS were
included. Blood samples for CBC, serum chemistry, coagulation panel and TEM were
drawn at presentation, and q12-24 hours post presentation. A previously reported HS
severity score was calculated. Complications, namely AKI, DIC and death were recorded.
Dogs euthanized on presentation based on a no-treatment intent were excluded.
Results: Median time from heat insult to presentation was significantly longer in
non-survivors (2 vs. 4.5 hrs, P≤0.05), while prior cooling did not affect survival.
Mortality rate was 31% and a higher HS severity score accurately predicated nonsurvival. Significant differences between survivors and non-survivors were apparent
mainly on intrinsic-TEM and included prolongations in clotting times, a lower alpha
angle and increases in maximal lysis in non-survivors, on presentation and\or 12-24hrs
post-presentation (P<0.05 for all). Based on the AUC value (area under the curve from
test start until maximal clot formation is reached), non-survivors were significantly
more likely to have a hypo-coagulable TEM tracing compared to survivors, both on
presentation (55 vs. 15%, P=0.029) and 12-24hrs post-presentation (41 vs 0%, P=0.026),
respectively. A hypo-coagulable TEM tracing was significantly associated with AKI, DIC
and a higher HS severity score (P<0.05 for all).
Conclusions: In dogs with HS, changes in TEM indicated that non-survivors were
significantly more likely to develop a hypo-coagulable state, as reflected by their AUC
value. In 21% of the dogs, coagulation derangements were minimal on presentation, and
became apparent over the first 12-24 hours, highlighting the need for close monitoring
and serial measurements of coagulation parameters. A hypocoagulable AUC value was
significantly associated with mortality, severity score and complications.
E-mail: kelmere1@gmail.com

Canine blood donation adverse reactions:
classification and description of reactions in a
donor population
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1
Animal Blood Bank, Porto, Portugal
2
Animal Blood Bank, Barcelona, Spain
Introduction: This article aims to analyze the safety of canine blood donation by
describing the frequency and causes of any adverse reactions.
Methods: In this prospective study, any blood donor adverse reactions detected by the
clinical staff during and immediately after donation were recorded. Post-donation a
minimum of 30 minutes of monitoring was recorded and a complete physical exam
was performed before the donor left the room. The owners of the dogs were also
surveyed by a veterinary practitioner or veterinary nurse 3 days after donation, using a
predefined questionnaire to assess for any clinical or behavioral changes. Data were
collected between December 2020 and December 2021 from blood donors enrolled in
an animal blood bank program. The information regarding 4439 blood donations from
2776 canine donors was recorded.
Results: From the 4439 donations, 37 (0.83%) adverse post-donation reactions were
reported with no other reactions identified in the remaining 4402 donations (99.17%).
Of the total donations in the study period, 0.63% (n=28) of canine donors presented a
hematoma in the puncture area, 0.11%(n=5) presented mild bleeding at the puncture
site during the monitoring period, and 0.045% (n=2) presented a skin rash after
clipping for donation and 0.045%(n=2) presented weakness and pallor during the 30
minutes monitoring period, with mild tachypnea and tachycardia consistent
with hypotension. In both cases showing signs of hypotension, all parameters
stabilized and clinical signs resolved within 10-15 minutes upon administration of a
10ml/kg bolus over 10mins of intravenous NaCl).
No other delayed reactions were reported by the owners other than the evolution of
the acute reactions already registered by the donations team.
Conclusions: The low incidence of post-donation reactions in this study is
encouraging, suggesting that a high level of safety can be achieved in a structured
canine donor program, therefore, increasing the confidence of dog owners in the
donation process.
E-mail: helenaferreira@bsanimal.com
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Introduction: Feline arterial thromboembolism (FATE) represents a life-threatening
disease. There are different protocols published concerning thrombolytic therapy in
this indication. Reteplase is a 3rd-generation tissue plasminogen-activator used in
people as bolus injection for thrombolysis, which has not yet been described in cats.
Methods: This retrospective observational study examines the use of reteplase as
therapy for feline arterial thromboembolism. In cats presented with arterial
thromboembolism, reteplase was applied with a dosage of 1 unit per cat every 8 hours
until there were signs of regain of perfusion in the affected legs. Application of
reteplase was stopped respectively interrupted if imminent reperfusion injury was
suspected or bleeding occurred. Cats were additionally treated with enoxaparin,
clopidogrel, analgesia and cardiac therapy as needed. Medical data of these cats were
reviewed and evaluated concerning success and complications. Data were analyzed
with a commercial statistical software program.
Results: Between December 2018 and November 2020 12 cats were included in this
study. Most common breed was domestic shorthair in 9/12 cats. 9 animals were
male-castrated, one was male and two were female-spayed. The mean age was 9.8
years (standard deviation (SD): 3.3 years). Mean weight was 5.1 kg (SD 1.5 kg). In 10/12
cases, FATE was caused by cardiac disease. Chest radiographs of two other cats were
suspicious for pulmonary neoplastic disease, additionally one of these cats had
cardiomyopathy with left atrial dilation. In 8 of 12 cats both hind legs were affected, in
3 cats the left foreleg and in one cat the right hind leg. A median amount of 5 units
reteplase per cat was applied over time (Range 1-13). Hyperkalemia (≥ 5.0 mmol/l) was
not detected in any of the patients. Most cats showed a drop of hematocrit during the
hospital stay, anemia with a hematocrit below 20% was detected in 2/12 patients.
Overall, 9/12 cats and 7/8 cats with both hind legs affected were treated successfully
and discharged from the hospital.
Conclusion: Reteplase appears to be a promising therapy in the treatment of FATE and
although no evidence of reperfusion injury was noted, larger prospective studies are
needed to confirm these findings.
E-mail: Esther.Hassdenteufel@vetmed.uni-giessen.de

Prevalence of transmissible canine blood
pathogens in a blood donor population tested
on every donation
Correia B.M. 1, Ferreira R.F. 2, Mesa-Sanchez I.S. 3, Cardoso I.C. 2, Rocha L.R. 1, Magalhães A.M. 1
1
NIV-Veterinary Research Centre Porto Portugal
2
Animal Blood Bank, Porto, Portugal
3
Animal Blood Bank, Barcelona, Spain
Introduction: This study aimed to evaluate the prevalence of core blood infectious
agents in healthy, client-owned dogs from a blood donor population in Portugal and
Spain, and to address the importance of a screening protocol on every donation.
Currently, guidelines indicate the need to test donors annually.
Methods: Client-owned healthy dogs, dewormed and following strict donor
acceptance criteria were tested before each donation on a veterinary blood bank.
Blood samples from new potential donors, and from regular donors, were tested by
real-time PCR (LightCycler 480II, Roche) for Leishmania spp., Ehrlichia spp., Brucella spp.,
Babesia spp. and Anaplasma spp. Serological tests were also performed for Leishmania
spp., Ehrlichia spp. and Dirofilaria immitis (ELISA, Gemini Stratec, Novatec). All donors
were tested for every agent. Some donors donated more than once. Animals tested
positive for RT-PCR and/or serology were excluded from the donor program.
Results: Overall, samples from a total of 5970 donations performed in 4170 dogs were
tested between May 2021 and January 2022. For RT-PCR, 1.51% (90 screenings) tested
positive for at least one of the agents: 0.12% (7) for Leishmania spp.; 0.40% (24) for
Ehrlichia spp.; 0.18% (11) for Babesia spp. and 0.80% (48) for Anaplasma spp. No positive
dogs were identified for Brucella spp. Serologies revealed positive in 5.13% (306)
screenings. A total of 3.18% (190) detected antibodies to Leishmania spp.; 1.46% (87) to
Ehrlichia spp. and 0.49% (29) revealed antigens to Dirofilaria immitis.
Some of these positive results were from dogs with negative results in donations
performed 3-8 months before: Leishmania spp. (n=59), Ehrlichia spp. (21), Babesia spp.
(7), Anaplasma spp. (24) or for Dirofilaria immitis (9).
Conclusions: The results obtained in this study evidenced a low prevalence of
infectious agents in canine blood donors. Considering that only non-symptomatic
dogs were involved, this study highlights the importance of performing a strict blood
screening protocol in donor programs. The evidence of positive results in donors with
negative results in the previous donations, emphasizes the importance of testing the
blood donors on every donation instead annually.
E-mail: barbaracorreia@bsanimal.com
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Inter-rater reliability of the icu veterinary coma
scale
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Morais M.S. 1, Ferreira R. 1, Moreira R. 1, Cardoso A. 1, Jesus P. 1, Cardoso I. 1, Mesa-Sanchez I. 2
Animal Blood Bank, Porto, Portugal
2
Animal Blood Bank, Sabadell, Barcelona, Spain

1

Introduction: The aim of this study is to determine blood donation’s effect on arterial
blood pressure in sedated and non-sedated feline donors.
Methods: A total of 38 client-owned healthy cats were enrolled in this study. Group 1
(G1) included 24 sedated cats (mixture of 0.1-0.2 mg/kg diazepam, 0.02-0.04 mg/kg
butorphanol and 0.5-1 mg/kg ketamine, IV) and group 2 (G2) included 14 non-sedated cats.
Donations took place in a cat-friendly controlled environment. Blood pressure was
measured on the caudal ventral artery (VetHDO - High Definition Oscillometry)
immediately before and immediately after a blood donation of 10-12 ml/kg. Five
consistent (<20% variability) measurements of SBP, DBP, MAP (mmHg) and pulse rate
(ppm) were performed per evaluation after discarding the first one. Then, mean values
were calculated for each parameter.
Due to the sample size, non-parametric tests were used. The Wilcoxon test was used
to compare the values pre- and post-donation, and the Mann-Whitney test was used
to compare the values obtained between sedated and non-sedated cat donors.
Results: In G1 pre-donation blood pressures (SBP 162.53±14.2**, DBP 85.94±15.34** and MAP
112.16±11.95*) were significantly higher (*p<0.001 or **p<0.05) than post-donation (SBP
156.52±9.37, DBP 79.84±14.57 and MAP 104.67±8.49). Pulse was significantly lower predonation (191.84±30.63*) than post-donation (237.15±33.64).
In G2 no significant differences were found in SPB (pre-donation 158.83±18.63 VS postdonation 152.19±17.86) and pulse (pre-donation 189.47±26.54 VS post-donation
199.29±47.34); on the contrary, pre-donation DBP (81.70±10.33) and MAP (109.33±11.11) were
significantly higher (p<0.05) than post-donation (DBP 73.91±13.19; MAP 100.79±12.77).
Comparison between G1 and G2 revealed significant differences only in post-donation
pulse rate (p<0.05), with higher values on G1 (237.15±33.64) than G2 (199.29±47.34). The
lowest post-donation measurements were 140.8 SBP, 57.2 DBP and 94.3 MAP in G1 and
118.6 SBP, 55.4 DBP and 83.8 MAP in G2. No clinical signs of hypotension were registered.
Conclusions:
This study suggests that in both sedated and non-sedated cats, differences in blood
pressure are mild and not clinically relevant. Additional studies with a higher
population and different sedative protocols may be useful.

Introduction: In Veterinary medicine, the Modified Glasgow Coma Scale (MGCS) is
used for evaluating the neurological status of dogs. Due to the difficulty in evaluating
patients undergoing ventilation, Platt (2014) suggested the application of the FOUR
scale in veterinary medicine. This rating scale is considered the most accurate in
assessing the state of consciousness in human patients undergoing mechanical
ventilation. Andrade et al. (2010), tested the Pediatric Glasgow Coma Scale (pGCS) in
adult dogs, showing good reliability.
We have therefore created the ICU Veterinary Coma Scale (ICU VeCS) for the evaluation
of the state of consciousness, integrating the MGCS with the “breathing pattern” (BP)
of the FOUR scale, with the “eye opening” (EO) and “motor activity” (MA) of the pGCS
modifying MA to simplify its application. This study aims to compare the interrater
reliability of the MGCS and the ICU VeCS amongst unselected patients hospitalized in
the ICU department of the Veterinary Teaching Hospital of the University of Teramo
from January to May 2021.
Methods: Thirty-three patients (16 cats, 17 dogs) of different ages and with different
pathologies, have been assessed by two operators (a veterinarian and a veterinary
student) applying the MGCS and ICU VeCS at arrival, after 12 hours (t12) and 24 hours (t24).
Cronbach’s alpha coefficient for the assessment of the level of agreement between
observers, and Spearman rho test correlation analysis for non-parametric data were
used for the statistical analysis (Jamovi).
Results: Reliability and correlation analyses have been performed on the total
evaluations (t0, t12, t24) of both the ICU VeCS and the MGCS (t0, t12, t24) of both the
ICU VeCS and the MGCS, conducted by the two raters, respectively resulting in: ICU
VeCS alpha 0.951 and MGCS alpha 0.959, regarding reliability; ICU VeCS rho 0.920 and
MGCS rho 0.902, regarding correlation.
Conclusions: Both scales can be considered to have excellent inter-rater reliability and
a very strong relationship.

E-mail: mafaldamorais@bsanimal.com
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Veterinary Teaching Hospital, University of Teramo, Teramo, Italy
2
Polo Neurologico Veterinario Clinico, Dogana, San Marino
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Mattavelli C., Willems A., Soto Gomez E., Yagneswar H., Chong S.K.
The Ralph Veterinary Referral Centre, Marlow, United Kingdom
Introduction: Hypocobalaminemia is reported in dogs and cats with chronic
gastrointestinal diseases and is a risk factor for a negative outcome. Adequate
cobalamin supplementation appears to be essential for therapeutic success. The
prevalence of hypocobalaminemia in dogs with acute gastrointestinal disease (AGID)
has never been described. The objectives of this study were to investigate the
prevalence of hypocobalaminemia in dogs with AGID and to evaluate its relationship
with disease severity and outcome.
Methods: A retrospective observational study between September 2019 – September
2021 was conducted. Dogs were included if they presented for AGID (onset of clinical
signs less than 3 weeks) and the serum vitamin B12 concentrations were measured.
Dogs with diagnosis of inflammatory bowel disease, gastrointestinal neoplasia,
exocrine pancreatic insufficiency, chronic history of gastrointestinal signs, treatment
with cobalamin or corticosteroids prior to serum vitamin B12 measurements and
relapse of clinical signs 3 to 12 months following discharge were excluded.
Hypocobalaminemia was defined as serum vitamin B12 concentrations < 200 pmol/L,
based on the laboratory reference interval, and low-normal cobalamin was defined as
serum vitamin B12 concentrations of 200-295 pmol/L, the latter still required
supplementation based on the Texas A&M gastrointestinal laboratory guidelines.
Acute Patient Physiologic and Laboratory Evaluation (APPLE) fast score on admission
was recorded. Conventional statistical analyses were used.
Results: Thirty-three dogs were included. The median age was 42 months (range 2-174).
Seventeen dogs were diagnosed with AGID of unknown etiology, 7 dogs with
parvoviral enteritis, 3 dogs with acute hemorrhagic diarrhea syndrome and 2 dogs
with acute pancreatitis. The prevalence of hypocobalaminemia in this population was
30.3% (10/33) and low-normal cobalamin level was detected in 18.2% (6/33) of dogs.
There was no statistically significant relationship between the detection of
hypocobalaminemia and the duration of symptoms prior to presentation (P=0.77),
length of hospitalization (P=0.88) or APPLE fast score on admission (P=0.20). Mortality
rate was 3% (n=1), due to natural death. Follow-up was available for 13 dogs only.
Conclusions: Hypocobalaminemia and low-normal cobalamin is a common finding,
present in 48.5% of dogs with AGID in this study. The therapeutic and prognostic
significance of hypocobalaminemia in AGID requires further investigation.
E-mail: clara.mattavelli@studio.unibo.it

Short- and long-term outcomes of unlicensed
gs-441524-like antiviral therapy at-home
treatment of feline infectious peritonitis
Goldman Y., Thomas T., Nivi R., Bruchim Y.
Ben-Shemen Specialist Referral Center, Ben-Shemen, Youth Village, Israel
Introduction: Prognosis of cats with feline infectious peritonitis (FIP), hitherto an
invariably fatal disease, has purportedly improved with the introduction of the
unlicensed nucleoside analog GS-441524 (GS).
Methods: A prospective observational study. Inclusion criteria comprised a complete
medical file, characteristic clinical signs and laboratory changes, and a confirmatory
RT-PCR test for the presence of feline coronavirus and FIP pathogenic strains in
pleural/peritoneal/cerebrospinal fluid samples. Clinical signs, laboratory parameters,
and adverse effects were recorded at diagnosis, during treatment, and at the end of a
12-week observation period. Remission was defined as completion of a12 weeks or
more of treatment and resolution of clinical signs.
Results: Overall, 175 medical files were reviewed but only 38 cases met the inclusion
criteria. Samples of used vials were analyzed by High-performance liquid
chromatography and identified GS-441524 as the active component. Twenty-one cats
(55%) were considered in full remission, 7 (18 %) cats are currently treated and four
cats are in the 12-week, observation period. Two cats experienced a relapse, one week
and 6 weeks after completion of treatment. Six (15%) cats died. Anemia (65%), jaundice
(50%), thrombocytopenia (50%), and an albumin globulin ratio under 0.6 (81%) were
common findings. Clinical manifestation included effusive (30), non-effusive (3), and
neurological (6) forms. Adverse effects included injection site reactions (52% of cats)
and pain (95% of cats), and temporary creatinine increase (64%).
Conclusions: Short-term efficacy against FIP disease, using an unlicensed nucleotide
analog, was observed herein. The unknown purity or biological activity of these
black-market compounds is a major limitation of this treatment.
E-mail: yael.goldman@mail.huji.ac.il
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Ceccherini G. 1, Perondi F. 2, Lippi I. 2
1
San Concordio-Bluvet, Veterinary Hospital, Lucca, Italy
2
Department of Veterinary Science, University of Pisa, San Piero a Grado, Italy
Introduction: In human dialyzed patients several functional pulmonary abnormalities
have been described. The aim of this study is to evaluate arterial blood gas parameters
(Ph, PaO2, PCO2, SO2 P/F ratio, P[A-a]O2 gradient and HCO3- ) in azotemic dogs during
hemodialysis (HD).
Materials and Methods: Arterial blood samples were obtained from the dorsal pedal
artery at room air (FiO2 21%) at hospital admission (T0) and serially from an arterial
catheter placed on the dorsal pedal artery at T1 (3 minutes after starting HD), T2 (2h
into treatment), T3 (end of HD) and T4 (2h after the end of HD). Dogs were then divided
according to outcome: survivors (S) and non-survivors (NS). Normal distribution was
assessed using D’Agostino-Pearson. One-way ANOVA was used to compare Ph, PaCO2,
PaO2, P[A-a]O2 gradient, PaO2/FiO2 and HCO3- at different times, and Mann-Whitney test
was used to compare (S) and (NS).
Results: 22 azotemic dogs referred for HD were enrolled. Fifteen of 22 (46,8%) did not
survive, 7/22 (32%) survived. A statistically significant difference (p<0.0001) in pH was
found among T0 (7.28±0.085) vs T2 (7.36±0.06) vs T3 (7.38±0.06) vs T4 (7.37±0.06) and
for pH at T1 (7.26±0.067) vs T2, T3 and T4. A statistically significant difference in PaCO2
was found between T0 (28.9±4.43 mmHg) and T2 (33.83±3.18 mmHg), T3 (35.5±2.67
mmHg) and T4 (36.5±2.8 mmHg) and between T1 (32±3.18 mmHg) and T4 (36.54±2.8
mmHg). A statistically significant difference in HCO3- was found between T0 (13.8±4.7
mEq/L) and T2 (18±3.1 mEq/L), T3 (20±3.62 mEq/L) and T4 (19.21±3.84 mEq/L) and
between T1 (14.4±4.2 mEq/L) and T2, T3 and T4. No significant differences in PaO2, P[A-a]
O2 and %SaO2 were found at any timepoint. No significant differences were found
between survivors and non-survivors.
Conclusions: to the Authors’ knowledge this is the first study evaluating oxygen
tension indices during hemodialysis in dogs. A statistically significant increase in pH,
PaCO2 and HCO3- as a beneficial effect of hemodialysis in restoring acid-base balance
was found. Ventilation to perfusion (V/Q) inequalities are the main cause of arterial
hypoxemia during HD. No significant changes in oxygen tension-based indices were
found. Further evaluations are recommended.
E-mail: gianilaceccherini@virgilio.it

Evaluation of treatment protocols for primary
immune-mediated thrombocytopenia in 54
dogs (2010 - 2022)
Gelendi S., Felicio L., Starybrat D., Wolf J.
The Royal (Dick) School of Veterinary Studies, Edinburgh, United Kingdom
Introduction: The objectives of this study were to describe different treatment
protocols, survival to discharge, and relapse in dogs diagnosed with primary immunemediated thrombocytopenia (IMTP).
Methods: A retrospective observational study was conducted. A search of
computerized records of a university teaching hospital was performed for dogs
diagnosed with IMTP between January 2010 and January 2022. The inclusion criteria
were a complete medical record and severe thrombocytopenia (<50000 platelets) with
no evidence of an underlying cause found on investigations. Patients were excluded if
they were treated with immunosuppressive medications in the 48 hours prior to
presentation. Data collected included signalment, clinical signs, results of initial
diagnostic tests, treatment, reason for treatment choice, survival to discharge and
relapse. Due to small group sizes, a statistical analysis was not possible.
Results: A total of 54 dogs were included. Their age ranged from 1.2 years to 15 years
(mean 7.7). Mean hospitalization time was 6.3 days (range 2-19). Choice of treatment
was at the discretion of the attending clinician. All dogs received glucocorticoids. Six
of all dogs (11%) received only glucocorticoids, 66.7% (36/54) received a second
immunosuppressive agent, 79.6% (43/54) received vincristine and 22.2% (12/54)
received intravenous immunoglobulins. The majority of dogs (19/54, 35.2%) were
treated with a combination of glucocorticoids, vincristine and mycophenolate. In 16/19,
both mycophenolate and vincristine were started within the first 48 hours. When
stated, the most common reasons for adding a second immunosuppressive agent to
the treatment were lack of response to current treatment and perceived severity of
the clinical signs. Twenty-nine dogs (53.7%) required one or more blood transfusions.
Forty-two dogs (77.8%) survived to discharge. Of the patients that survived to
discharge, 4 (11.4%) experienced a relapse.
Conclusions: The majority of dogs in this study received a second immunosuppressive
agent and vincristine early in the course of treatment. The choice of treatment was
mainly based on clinician preference and on subjective assessment of disease severity.
Future prospective studies are required to determine which treatment protocol
reduces length of hospital stay, improves outcome and prevents relapse.
E-mail: stefania.gelendi@gmail.com
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Groesser N.H., Beijerink N. J.
AniCura Specialistisch Verwijscentrum Haaglanden, Rijswijk, Netherlands
Background: Chylopericardium is an accumulation of lymph in the pericardial sac and
a rare condition in dogs. To this date, there are only a few reported cases of
chylopericardium in dogs. One case of chylopericardium was considered idiopathic and
resolved after thoracic duct ligation and/or pericardiectomy. Other described causes
were embolized mesothelial cells in a tracheobronchial lymph node, a right atrium
rhabdomyoma and thymoma. Chylothorax on the other hand has been reported in a
Bullmastiff with tricuspid valve dysplasia and atrial septum defect. The pathogenesis
in our case might be explained by increased permeability in the lymphatic vessels
associated with elevated pressure in the thoracic duct (right-sided heart failure due to
the tricuspid valve stenosis) combined with communication between the thoracic duct
and pericardial lymphatics, as seen in sheep and human cases.
Case presentation: A 2-year-old 33kg female castrated Labrador Retriever was referred
for exercise intolerance, hyporexia and abdominal distention. Point-of-care-ultrasound
revealed ascites, hepatic congestion, severe pericardial effusion and cardiac
tamponade. Pericardiocentesis was performed and the chylus nature of the fluid was
confirmed by cytology, triglyceride and cholesterol measurement. Repeated
pericardiocentesis was necessary within 24-hours after admission, after which a
pericardial stay-catheter was placed. Cardiac ultrasound revealed severe tricuspid
valve stenosis. Balloon dilatation of the stenotic valve was performed, resulting in a
significant drop in the mean diastolic trans-valvular Doppler gradient and long-term
resolution of the chylopericardium. No other cause for the pericardial effusion could
be identified, suggesting that this is the first described case of chylopericardium due
to tricuspid valve stenosis. Approximately 14 months after balloon valvuloplasty, the
owner reported a normal quality of life.
New/Unique Information: To the author’s knowledge, this is the first described report
of chylopericardium associated with tricuspid valve stenosis. Balloon valvuloplasty of
the stenotic valve resulted in long-term resolution of the chylopericardium.
In our case, a pericardial stay-catheter was placed due to rapid reoccurrence of
pericardial effusion after repeated pericardiocentesis. The pericardial catheter remained
in-situ for 4 days without any complications. This suggests that medium long-term
pericardial catheters could be a safe option for in-hospital patient management.
E-mail: niels.groesser@anicura.nl

Bubble study test in a cat presenting with
uroabdomen
Zăvoi A.A., Ober C.A., Purdoiu R.C.
University of Agricultural Sciences and Veterinary Medicine, Cluj-Napoca, Romania
Case presentation: A 4-year-old intact male domestic shorthair cat was referred to the
Emergency and Critical Care Hospital after a vehicular trauma. The cat was brought in
by a bystander, previous medical history was unknown. The cat was lethargic, had a
prolonged capillary refill time, mandibular fracture, hypothermia and slight
bradycardia suspected to be due to hypovolemia. Further diagnostics included
point-of-care ultrasound of the thorax and abdomen. Results showed moderate
volume of free abdominal fluid in three positions: spleno-renal (SR), cysto-colic (CC)
and hepato-renal (HR) sites. Based on the initial blood gas and electrolyte results it
was found that the patient had severe metabolic acidosis, azotemia, hyperkalemia,
mild hypocalcemia and increased lactate. The patient was hospitalized for further
care. Abdominocentesis was performed at the cysto-colic site and the ratios of
creatinine and potassium in the abdominal effusion to peripheral blood were
compared. The results were predictive for uroabdomen. A bubble study test with 8 ml
of saline solution was administered via the urinary catheter. The solution
was slowly infused over 10 s and, at the same time, the abdomen
was assessed ultrasonographically. The bladder remained small, but microbubbles
were seen to pass into the surroundings. With a lack of frequent electrolyte
monitoring in this patient, it was difficult to decide whether the use of sodium
bicarbonate contributed to the reduction in serum potassium levels, or if the
combination of treatments led to the stabilization of this patient. After stabilization, a
head radiography and a retrograde contrast cystography were performed showing
evidence of urinary bladder rupture. Immediately after the contrast study the urinary
rupture site and mandibular fracture were surgically corrected. Two days after surgery
the patient developed SIRS.
New information: There is limited information on using a bubble study test in case of
a bladder rupture. This technique can be used when no X-ray machine is available in
practice. It’s not necessary to perform both tests, but in case of other urinary tract
components rupture – i.e., ureters or if a urethral catheter can’t be passed due to
obstruction or damage, it is mandatory to perform a contrast study.
E-mail: zavoialinaandreea@gmail.com
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Bosch Lozano L. 1, Hita Rubio M. 2, Torrente Artero C. 1,
1
Hospital Clínic Veterinari de la UAB, Cerdanyola del Vallés, Spain
2
Hospital veterinario del Mar, Barcelona, Spain
Background: Ketorolac is a non-steroidal anti-inflammatory drug (NSAID) that can be
administered topically or parenterally. No side effects have been described associated with
topical administration in dogs and cats. This case report describes the occurrence of acute
kidney injury (AKI) in three kittens suspected to be secondary to ophthalmic ketorolac 0,5%.
Case Presentation: Three kittens (mixed-breed male cats of 1.5, 2 and 3.5 months,
respectively, weight range 580-720g) presented to the hospital for progressive lethargy
and anorexia, after a minimum of three-day treatment of topical ketorolac TID for
suspected viral conjunctivitis. At the time of prescription all cats were assessed to have
moderate ocular and nasal discharge but otherwise healthy. No bloodwork was
performed at that time. On admission all cats were markedly dehydrated and
bradycardic. Bloodwork revealed severe azotemia (Creatinine 3,2mg/dL, 3,2mg/dL and
6,3mg/dL, respectively), hyperkalemia (Potassium 7,8mEq/dL, 8,8mEq/dL and 8,3mEq/dL,
respectively) and hyperphosphatemia (Phosphorus 9,6mg/dL cat 1 and 16,8mg/dL cat 2).
Granular casts and isosthenuria were found on urinalysis in two of the three cases.
Abdominal ultrasound was unremarkable in all cases. All kittens required intravenous
fluid-therapy, glucose, regular insulin and calcium gluconate to control hyperkalemia.
All cats were assessed to be oliguric during the first day of hospitalization, using serial
ultrasound measurements, and normalized urine production over the days without any
additional treatment aside of fluid-therapy. Azotemia steadily resolved during
hospitalization and at day five all cats were fully recovered and discharged uneventfully.
New/Unique information: To our knowledge, only 0,1% ophthalmic diclofenac has
been previously associated with AKI in cats. This is the first report of another topical
ophthalmic NSAID as a potential cause of AKI. Although topical ophthalmic treatment
limits the absorption of some drugs, a portion may be absorbed through conjunctival
mucosa and decrease glomerular filtration rate. All cats became clinically ill during
treatment. Although previous bloodwork and urine culture were lacking and a
definitive cause of azotemia could not be established, the clinical presentation,
findings and resolution suggest a potential renal insult triggered by administration of
topical ketorolac. In conclusion, clinicians should be aware of this potential
complication following administration of topical ketorolac in kittens.
E-mail: martahita90@gmail.com

Hatzav M., Ranen E., Shub V., Nivy R., Bruchim Y.
Ben-Shemen Specialist Referral Center, Ben-Shemen, Youth Village, Israel
Background: To describe the clinical presentation, diagnosis, management and
outcome of a dog with oculocardiac reflex secondary to acute ocular trauma.
Case presentation: A 6-year-old, spayed Belgian Malinois, presented to the emergency
unit with facial trauma following a motor vehicle accident. Upon arrival, the dog was
ambulatory, quiet and responsive. The left eye exhibited mild exophthalmos, hyphema,
and sub-conjunctival bleeding and swelling. Bradycardia (heart rate [HR] of 60 bpm)
and systemic hypertension, observed upon presentation, and corroborated in several
consecutive measurements, remained unchanged following intravenous crystalloid
and later mannitol infusions. Analgesia with methadone resulted in normalization of
systemic hypertension, in face of persistent bradycardia, ultimately reaching a nadir of
32 bpm. A CT scan of the head showed no evidence of brain injury or intracranial
hemorrhage. The left globe was poorly marginated, and there was a large retro-bulbar
soft tissue swelling associated with the orbital space. Electrocardiogram revealed a
second-degree, Mobitz I, atrioventricular block. An atropine trial (0.04mg/kg, IV)
resulted in HR acceleration (150 bpm) with normal sinus rhythm, and thus a diagnosis
of oculocardiac reflex was made. Subsequently, a trans-palpebral enucleation of the
ruptured globe was performed to relieve intra-orbital pressure and extraocular
muscle tension, producing a persistent rise in HR above 80 bpm.
New/Unique Information: To our knowledge, this is the first description of an
oculocardiac reflex due to acute ocular blunt trauma in companion animals. We
suggest an additional differential diagnosis for animals presenting with bradycardia
following head trauma.
E-mail: miki.hatzav@mail.huji.ac.il
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A nosocomial infection by acinetobacter
baumannii in a tracheostomized dog
underwent long-term mechanical ventilation

Stefanello C., Botto A., Grossi G., Calabria M.S., Rocchi P.M., Pelizzola M.
Clinica Veterinaria San Marco, Veggiano, Italy

Botto A., Calabria M.S., Pelizzola M., Rocchi P.M., Grossi G.
Clinica Veterinaria San Marco, Veggiano, Italy

Background: Patient-ventilator dyssynchronies are a serious problem in the intensive
care unit. Reverse triggering (RT) is a dyssynchrony occurring in mechanically ventilated
patients that might be under-recognized and potentially causing lung injury.
Case Presentation: A 9-year-old female English Setter (BW 14 kg) was presented for
lateral recumbency and marked extensor rigidity of four limbs. Complete blood works
and x-rays were unremarkable. A diagnosis of tetanus was made based on the clinical
signs. The dog progressively showed hypoventilation requiring mechanical ventilation
(MV). After 72 hours of controlled ventilation the anesthesia was titrated (only
midazolam CRI 0.2-0.5 mg/kg/h) and a pressure regulated volume control ventilation
was set (tidal volume 210 ml, bpm 15, inspiratory flow trigger 1 l/min). After one day, the
MV was still completely controlled because the patient was unable to start a breath by
herself. A drop in the airway pressure (Paw) waveforms occurred in a repetitive pattern
that was associated to an increase in flow waveforms and in tidal volume, greater than
the passive ventilator breaths. To better analyze the patient spontaneous effort
esophageal pressure was evaluated showing a typical pattern of a passive patient
during positive pressure ventilation. The esophageal pressure waveforms were positive
during inspiration except for a drop corresponding to the drop in Paw waveforms
suggesting the activation of the inspiratory muscles. A RT was suspected; therefore,
sedation and ventilation supports were reduced causing the resolution of the
dyssynchrony. The dog was euthanized at day 7 for financial constraints.
New/Unique information: RT is a patient inspiratory effort that is delayed in timing
relative to the passive expansion of the lungs and chest wall by machine-initiated
breaths. Several potential mechanisms may underlie RT: ventilator settings, respiratory
drive, level of consciousness, sedatives and opiates. This case shows how prolonged RT
can potentially cause excessive tidal volume ventilation predisposing to increased risk
of volutrauma. The waveforms analysis is essential to detect this dyssynchrony and
optimize the ventilation to avoid potential lung injury. This is the first report of RT in a
veterinary patient. Further studies are needed to understand predisposing factors,
clinical effects and possible management of RT.

Background: Tracheostomy is a common procedure performed in human ICU for
long-term mechanical ventilation (MV); in veterinary medicine, limited information
about its use and complications is currently available. A tracheostomy tube is an
indwelling device that represents a potential surface for bacterial colonization.
Acinetobacter baumannii is a Gram-negative, ubiquitous, opportunistic and biofilmforming bacteria; this latter characteristic makes it able to colonize medical devices,
which promotes the development of multi-drug resistance (MDR). It is one of the
major pathogens responsible for nosocomial infections in critically ill human patients,
where it most commonly colonizes the respiratory tract.
Case presentation: A 9-year-old female Great Dane (BW 65kg) was presented after a
one-week history of hyperthermia and increased respiratory effort. The dog was already
on broad-spectrum antibiotic therapy. Due to progressive worsening of respiratory
condition (PaO2 32 mmHg; P/F 1.06) MV was elected. A thoracic CT scan detected a severe
bronchoalveolar pattern and an MDR Klebsiella Pneumoniae was isolated from urine,
blood and bronchoalveolar lavage culture. According to the antibiogram, amikacin was
administered at 20 mg/kg SID. To optimize management in a large-breed dog who
requires prolonged MV, an early tracheostomy (day 2) was performed. After an initial
improvement, from day 7 the dog became progressively hyperthermic, hemodynamically
unstable, with worsening pulmonary function and significant increase in
tracheobronchial secretions. Suspecting a ventilator-associated pneumonia, a tracheal
aspirate and blood culture were performed and A. baumannii imipenem-sensitive was
isolated in both. Due to progressive worsening of clinical condition the dog was
euthanized after 10 days of MV.
New unique information: In human medicine nosocomial A. baumannii infection is
well described in tracheostomized patients. To the authors’ knowledge, this is the first
description of an MDR A. baumannii infection in a tracheostomized dog that
underwent long-term MV. The use of different antibiotics and the presence of
indwelling devices predispose to select MDR bacteria. In veterinary patients, the use of
last-line antibiotics (e.g., carbapenems) poses ethical issues that often result in
euthanasia. Because veterinary guidelines are lacking, this case underlines how the
rational use of antibiotics and appropriate hygienic measures are important during
the management of tracheostomized patients.

E-mail: angelica.botto.ab@gmail.com
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Patient-ventilator dyssynchrony induced by
mechanical ventilation in a dog with tetanus:
the reverse triggering
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Generalised tetanus in a cat successfully
managed with magnesium sulfate and
dexmedetomidine

Pepe I., Fattori C., Pallares S., Calabria M.S., Zappa G., Bortolami E., Menchetti M., Greta G.,
Rocchi P.M.
San Marco Veterinary Clinic and Laboratory, Veggiano, Italy

Moretti M., Rocchi P.M., Botto A., Calabria M.S., Pelizzola M., Bortolami E.
Clinica Veterinaria San Marco, Veggiano, Italy

Background: Hyponatremia is one of the most common electrolyte imbalances in human
patients with central nervous system disorders. The syndrome of inappropriate antidiuretic
hormone secretion (SIADH) and cerebral salt-wasting syndrome (CSWS) are the most
common causes of hyponatremia in patients with neurological problems. CSWS is
characterized by hypotonic hyponatremia associated with hypovolemia. To date, no
cases of CSWS have been described in the veterinary literature.
Case presentation: A 3-year-old, female neutered, mixed-breed dog was referred because of
a chronic-progressive history of disorientation, incoordination and circling. The physical
examination was within normal limits. The neurological examination showed obtundation,
hyperexcitability, pacing, circling, hypermetric gait of the four limbs, and bilaterally absent
menace response. The neurological anatomical localization was a diffuse intracranial
disease mostly involving the left prosencephalon, the brainstem and the cerebellum.
The most likely differential diagnosis was an anomalous-congenital disorder, such as
hydrocephalus. Complete blood and urinary tests were within normal limits. The
magnetic resonance imaging of the brain showed severe congenital hydrocephalus.
A ventriculoperitoneal shunt was applied. After the surgical procedure, the dog was referred
to the intensive care unit for postoperative care. Immediately after the surgery, the patient
entered a hypovolemic state due to an increased diuresis, despite the intravenous fluid
administration. Two days after surgery the patient developed a moderate/severe
hyponatremia. The laboratory analysis ruled out metabolic causes of hypovolemic
hyponatremia. The serum and urine osmolality and the fractional excretion of sodium
were consistent with the CSWS. Thus, a 3% hypertonic saline intravenous and an oral
salt supplementation were initiated. These therapies allowed for a partial resolution of
the hypovolemic hyponatremia. An optimal fluid balance and a complete correction of
the electrolytic disturbance were achieved only with fludrocortisone treatment.
New/Unique information: To the author’s knowledge, this is the first case report of
CSWS in veterinary medicine. In human medicine, the etiology of CSWS is still debated.
CSWS is most commonly described in human patients affected by aneurysmal
subarachnoid hemorrhage and less frequently as a consequence of other central
nervous system disorders pathological conditions or surgeries. In this case, an acquired
condition secondary to the surgery was suspected.
E-mail: rocchipmr@gmail.com

Background: Tetanus is a neurological disease characterized by spastic paralysis,
caused by tetanospasmin, a neurotoxin of the anaerobic spore-forming bacillus
Clostridium tetani. Tetanus rarely occurs in cats, especially in the generalized form, due
to their innate resistance.
Case presentation: A four-year-old, male neutered domestic short-haired cat with
outdoor access was presented with an abdominal injury and a progressive walking
difficulty due to a severe extensor rigidity of all limbs. The cat was diagnosed with
tetanus and was administered antibiotic (metronidazole 10 mg/kg every 8 hours
intravenously), antiemetics (maropitant 1 mg/kg, metoclopramide 0.04 mg/kg/hr
intravenously) and analgesic (methadone 0.2 mg/kg every four hours intramuscularly).
To provide sedation and muscle relaxation, midazolam was intravenously infused at
0.2 ± 0.1 mg/kg/hr, together with magnesium sulphate that was intravenously
administered by initial bolus of 70 mg/kg over 30 minutes, followed by constant rate
infusion at 10 mg/kg/hr. Blood tests were repeated every 12 hours to measure serum
magnesium (target range of 2-4 mmol/L) and calcium concentrations to check for
development of hypocalcemia in response to hypermagnesemia. During
hospitalization symptoms worsened: the cat had hypersensitivity to noise stimuli
accompanied with tetanic seizures, hyperthermia and autonomic dysfunction
presenting as severe hypertension, sinus tachycardia and, occasionally, ventricular
tachycardia. Phenobarbital was added to therapy (2 mg/kg every 12 hours), but it was
discontinued due to the development of immune-mediated hemolytic anemia. A
dexmedetomidine infusion (1±0.5 µg/kg/hr) was started and the dose was adjusted
according to the patient’s response. Dexmedetomidine improved hemodynamic
stability without adverse reactions and its administration was stopped after 96 hours.
Magnesium infusion was continued for six more days and no side-effects were
observed. The cat gradually improved and it was discharged on day 28.
New/Unique information: This case illustrates, for the first time, the successful
treatment of generalized tetanus in a cat by ancillary use of supraphysiologic doses of
magnesium and dexmedetomidine. Infusion of dexmedetomidine provided anxiolysis,
myorelaxation and control of autonomic dysfunction.
E-mail: marzia.moretti@sanmarcovet.it
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A case of cerebral salt-wasting syndrome
following the application of a
ventriculoperitoneal shunt in a dog
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Ceccherini G. 1, Geronzi I. 2, Arcidiacono D. 2, Marchetti V. 3
1
San Concordio-Bluvet Veterinary Hospital, Lucca, Italy
2
Veterinary Clinic ‘Montalto Di Castro’, Montalto Di Castro, Italy
3
Department of Veterinary Science, University of Pisa, San Piero A Grado, Italy

Bilateral sub-obstructive ureteral and bladder
hematoma in a dog poisoned by anticoagulant
rodenticide
Ceccherini G. 1, Tulone F. 1, Gianni L. 1, Lippi I. 2
San Concordio-Bluvet Veterinary Hospital, Lucca, Italy
2
Department Of Veterinary Science, University Of Pisa, San Piero A Grado, Italy

1

Background: Drowning is potentially fatal. The presence of liquid in the oropharynx or
larynx usually triggers a vagally mediated laryngospasm, vasoconstriction in the lungs
and immediate pulmonary hypertension. Freshwater absorbed from the alveoli
through the alveolar-capillary basement cause a respiratory impairment.
Case Presentation: a 4-month-old female entire Pitt Bull Terrier presented in an
emergency setting with severe respiratory distress and sialorrhea after freshwater
near-drowning. On clinical examination the dog was alert, but with signs of
cardiocirculatory shock: tachycardia (heart rate=180 bpm), hypotension (MAP=50mmHg),
hypothermia (36°C), tachypnea (respiratory rate=110 bpm) and a severe restrictive
respiratory pattern were present. Mucous membranes were cyanotic and capillary refill
time could not be evaluated. Oxygen supplementation and intravenous fluids were
administered (ringer lactate 20 ml/kg bolus); TFAST revealed bilateral confluent B-lines.
Venous blood gas showed a moderate respiratory acidosis (pH 7.2; PCO2 52 mmHg).
Continuous positive airway pressure (CPAP) ventilation with a pediatric helmet was
started using a PEEP of 5 cmH2O. The dog was closely monitored with a continuous EKG
(sinus rhythm) non-invasive blood pressure, pulse-oximetry and vetBLUE. During CPAP,
respiratory rate significantly reduced (40 bpm) and an arterial blood gas (ABG) on 40%
FiO2 showed: P/F ratio 483mmHg, pH 7.34, PCO2 47mmHg; electrolytes, anion gap, lactate
were within normal range. Three 2-hour cycles of CPAP were performed in the first day.
CPAP was switched to nasal catheter between cycles to clinically evaluate the dog. ABG
was assessed at this time the last measured P/F was 350 mmHg on room air. On day 2,
TFAST showed a reduction of B-lines (4-5/field) and dog showed appetite. CPAP was
stopped and oxygen supplementation was continued with a nasal catheter.
On day 3, the dog improved, and oxygen therapy was no longer tolerated. ABG before
discharge showed good oxygenation: pH 7.39; PCO2 39 mmHg; PO2 80 mmHg; P/F ratio
349 mmHg; A-a 21 mmHg. The dog was discharged uneventfully.
New/Unique information: to the authors’ knowledge this is the first report of
non-cardiogenic pulmonary edema caused by near-drowning successfully managed
with non-invasive CPAP ventilation support.

Background: Anticoagulants poisoning is very common in dogs. Clinical signs are
caused by the coagulopathy. We describe a case of oliguric AKI caused by the
development of a bilateral sub-obstructive ureteral and intraparietal bladder
hematoma in a dog poisoned by anticoagulant rodenticide.
Case presentation: A four-year-old female entire Epagneul Breton came to the
hospital after anticoagulant ingestion. Time of ingestion was unknown. The dog
presented with obtundation, pale mucous membranes, weak pulses, heart rate of 180
bpm, paradoxical breathing, rectal temperature of 38°C, MAP of 60 mmHg. FAST
revealed free fluid in pleural, pericardial and peritoneal cavities. Blood works showed
moderate anemia (RBC 3.43 M/µL [5.65-8.87 M/µL]; HCT 22% [37-55%]; Hgb 9 g/dl [2-18
g/dl]), prolonged coagulation times (APTT 327 sec [94-123 sec]; PT 27 sec [14-20 sec]),
Total Protein 4.7 g/dl [5.2-8.2 g/dl], BUN 36 mg/dl [5-24 mg/dl], creatinine 0.9 mg/dl
[0.4-1.3 mg/dl]. Oxygen, 5 mg/kg IV of vitamin K1 and infusion of 10 ml/Kg of Fresh
Frozen Plasma were started as initial therapies. Ringer lactate (4 ml/kg/h IV),
amoxicillin-clavulanic acid (25 mg/kg IV) and N-Acetylcysteine (50 mg/kg IV) were also
started and continued in intensive care. During the first 24h, clinical conditions and
cavity effusions improved. After 48h the dog appeared lethargic, anorexic, with
abdominal pain and no urination had been noticed for 12h; worsening of renal
function parameters (BUN 90 mg/dl; creatinine 5.3 mg/dl) and anemia (RBC 2.34 M/µL,
HCT 14.3%, HGB 5.9 g/dl) were detected. An abdominal ultrasound showed the
presence of non-lithiasic echogenic material in the distal third portion of both ureters
as a presumptive sub-obstructive intraluminal hematoma. The presence of
thickenings, negative for color doppler, was also found on examination of the bladder
wall (hematomas and clots). Dog was catheterized and urinary output monitored.
Analgesic and fluidic plans were revised.
After 72h, clinical and renal parameters improved (creatinine 1.8 mg/dl) and the dog
was successfully discharged.
New/Unique Information: to the author’s knowledge, this is the first case report of an
anticoagulants-related AKI and intraluminal bilateral ureteral and bladder parietal
hematoma in a rodenticide intoxicated dog.

E-mail: gianilaceccherini@virgilio.it
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Severe non-cardiogenic pulmonary edema
caused by a near-drowning in a dog: successful
management with cpap helmet ventilation
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Green I., Klainbart S., Kelmer E., Hefer S., Chen H., Segev G.
Koret school of veterinary medicine, The Hebrew university of Jerusalem, Rehovot, Israel
Background: Tracheal collapse is a common cause of dyspnea in dogs but is rarely
reported in cats. Primary tracheal collapse was previously described in one seven-yearold cat, nevertheless, congenital tracheal collapse was not reported in cats Intraluminal
tracheal stenting for the treatment of secondary tracheal narrowing was previously
reported in four cats only. This case report describes successful tracheal stenting in a
cat with severe tracheal collapse due to suspected congenital tracheal malformation.
Case presentation: A fourteen-month-old cat was presented to the veterinary
teaching hospital with severe respiratory distress. Previous history included repeated
episodes of cough and inspiratory dyspnea with progressive severity over a period of
seven months since the age of seven months. Repeated thoracic radiographs
demonstrated significant tracheal narrowing. Pharmacotherapy attempts with
various medications including steroids, antibiotics and bronchodilators had non to
minimal effect on clinical signs. Cervical and thoracic radiographs as well as contrast
computed tomography scan preformed at the hospital demonstrated severe tracheal
collapse with a minimal tracheal diameter of two millimeters at the level of the
thoracic inlet. No primary cause was identified. Medical management failed to relief
respiratory symptoms and therefore an intraluminal tracheal stenting was advised.
The cat underwent successful intraluminal tracheal stenting using a self-expendable
nitinol stent under direct fluoroscopy. A patent trachea was immediately
demonstrated by tracheoscopy up to the level of the carina. Following the procedure,
the cat recovered uneventfully and was discharged the following day. At follow-up,
four months post discharge, the cat was doing well, and the owner reported no
significant clinical signs but mild intermittent cough treated with butorphanol as
needed. Repeated thoracic radiographs confirmed proper stent position.
New and unique information: This is the first reported case of congenital primary
tracheal collapse in a cat. A diagnosis of tracheal collapse should be considered even in
young cats presenting with inspiratory dyspnea. Intraluminal tracheal stenting was
preformed uneventfully and should be considered a viable treatment option for cats.
E-mail: dririsgreen@gmail.com

Cocaine toxicity in a cat associated
with hyperkalemia and aki
Ceccherini G. 1, D’addetta A. 1, Lippi I. 2
1
San Concordio-Bluvet Veterinary Hospital, Lucca, Italy
2
Department of Veterinary Science, University of Pisa, San Piero A Grado, Italy
Background: The true incidence of pet intoxication due to illicit drugs is unknown.
CNS stimulation is one of the major systemic actions of cocaine. We describe the case
of a cat that presented with abnormal behaviour and AKI after ingestion of cocaine.
Case presentation: A 4-year-old male neutered European cat presented to the
Emergency Hospital with an acute history of abnormal behavior, hyperexcitability,
pupillary dilation, ataxia and vomit. On clinical examination, the cat was disoriented,
with a reduction of pupillary light reflex time, sinus tachycardia (220 bpm), and
hypertension (SBP 180 mmHg). The owner was asked about possible access to toxins,
and he confirmed the presence of some cocaine powder in his house and the
possibility of ingestion by the cat. A venous blood gas and a complete biochemistry
panel were performed. Cell blood count was within normal range, while blood gas
revealed a moderate metabolic acidosis (pH 7.2; HCO3- 15.7 mmol/L [19-24 mmol/l];
BE-ecf -12.2 mmol/L [-2-+2 mmol/L]; hyperlactatemia 2.5 mmol/L [0-2 mmol/L];
hyperkalemia 7.7 mmol/L [3.5-5.8 mmol/L]) and increase in renal parameters with BUN
60 mg/dl [16-30 mg/dl] and creatinine 3.3 mg/dl [0.8-2 mg/dl]. Cat was hospitalized
and continuously monitored. Ringer lactate was administered intravenously at 5 ml/
kg/h. Calcium gluconate (1 mg/kg IV) was given to protect the myocardium from
potential cardio-toxic, pro-arrhythmic effects of hyperkalemia. Dexmedetomidine
(1 µg/kg iv) was administered to promote sedation and reduce hyperexcitability.
Other supportive therapies administered included N-Acetyl cysteine (50 mg/kg iv) and
maropitant (1mg/kg sc). After 48h from hospitalization, renal parameters and acidbase status returned within normal range. The cat was discharged uneventfully.
New/Unique Information – to the authors’ knowledge, this is the first documented
case of cocaine ingestion confirmed in a cat. In this case, we suppose AKI might have
developed by glomerular arterioles vasoconstriction and direct proximal tubular
toxicity as reported in human medicine.
E-mail: gianilaceccherini@virgilio.it
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Successful intraluminal tracheal stenting in
a cat with severe tracheal collapse due to
suspected congenital tracheal malformation
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Laser ablation of a mid-tracheal mast-cell
tumor causing severe inspiratory dyspnea
in a dog

Elkin M., Kelmer E., Green I., Ohad D., Klainbart S.
1
Koret School of Veterinary Medicine, The Hebrew University of Jerusalem, Rehovot,
Israel

Hefer S., Kelmer E., Segev G., Klainbart S., Yas E.
Koret School of Veterinary Medicine, , The Hebrew University of Jerusalem, Rehovot,
Israel

Background: Infective endocarditis (IE) is a condition caused by microorganisms
colonizing the endocardium, leading to proliferative or erosive lesions of the heart
valves and other cardiac structures. The main characteristic of this disease is that
bacteria colonizing the valvular vegetations are resistant to standard antibiotic
therapy. Long-term parenteral therapy is needed to achieve high levels of bactericidal
agents in the serum, which may not be feasible for dogs. A peripherally inserted
central catheter (PICC) line is a long intravenous (IV) catheter that can be passed from
a peripheral insertion site to a central vessel. This may facilitate blood sample
collections and long-term intravenous treatment.
Case Presentation: An 11-year-old, male intact Weimaraner 35 kg dog was presented
with quadriparesis, depression and anorexia. Laboratory test results revealed
neutrophilia, mild azotemia, hypoalbuminemia, hyperbilirubinemia and high
C-reactive protein concentration. Echocardiography revealed severe mitral valve
regurgitation due to a large pedunculated vegetation on the lateral mitral valve (MV)
leaflet. Blood culture was positive for Pasteurella multocida; the dog was initially
treated with IV amoxicillin-clavulanate and enrofloxacin but deteriorated clinically
and the antimicrobial treatment was changed to IV imipenem. After two weeks of
hospitalization and treatment with IV antibiotics, the dog was discharged with a PICC
line that was inserted into the lateral saphenous vein reaching the caudal vena cava. A
single lumen line was placed via a peel-away catheter technique; following the
insertion, a lateral radiograph was taken to confirm the catheter placement in the
caudal vena cava. The dog was treated with IV broad-spectrum antibiotics for 2
months at home by his owners. There was a significant improvement in the dog’s
clinical condition. A repeated echocardiography revealed no vegetations on the MV
and repeated blood cultures were negative.
New/Unique Information: This is the first report describing the successful use of a
PICC line for long-term outpatient IV antibiotic treatment of infective endocarditis.

Objective: To describe laser ablation of a tracheal Mast Cell Tumor (MCT) in a dog.
Case presentation: An 11-year-old, previously healthy, mixed-breed female dog was
referred due to a suspected tracheal mass. The dog presented to the referring clinic
due to inspiratory dyspnea and cough of 3 days duration. On presentation to the
referring veterinarian, the dog was severely dyspneic and was intubated immediately.
Thoracic radiographs revealed a mid-tracheal soft-tissue opacity and endoscopy
confirmed the presence of a tracheal mass. CBC and serum chemistry were
unremarkable. The dog was transported with an endotracheal tube, and was placed
on positive-pressure ventilation immediately on presentation. Tracheoscopy revealed
a mid-tracheal mass connected to the dorsal tracheal membrane. Partial excision was
performed using diode laser ablation (60 watt, 800 micron-fiber, Vetrix, China).
Histopathological examination was consistent with a MCT. Due to the unusual
location, Toluidine-blue staining was performed to confirmed diagnosis. The dog
recovered uneventfully and was discharged on day 2 with a mild cough. Oncological
consultation was performed; however, the owners elected conservative treatment
with glucocorticoids, anti-histamines and omeprazole. On follow-up examination
6 months later the dog was doing well; however, due to glucocorticoid side effects a
dose reduction was performed. Repeat thoracic radiographs and tracheoscopy were
offered and denied. The dog was still doing well 1 year after the procedure.
Discussion: To our knowledge, this is the first description of a tracheal MCT excised by
laser ablation in a dog. Based on this report, long-term survival is possible despite
incomplete excision and conservative treatment alone.

E-mail: maria.elkin@mail.huji.ac.il
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Peripherally inserted central catheter (picc) line
for long-term antibiotic treatment due to
infective endocarditis in a dog
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