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WELCOME 
 

Dear EERVC Delegate, 

Finally, after 2 years, EERVC is back - live! 

Welcome to Ljubljana, capital of Slovenia, for the 5th Eastern European Regional 

Veterinary Conference (EERVC).  

Since 2016 we received fantastic feedback from delegates and we are very grateful 
for that. EERVC Board tried to follow your suggestions when considering the 
speakers and their topics. Speakers have been selected by recommendation and 
their expertise. Lectures cover all aspects of small animal medicine and surgery, as 
well as topics of current interest for the profession. The conference will offer cutting-
edge international speakers, the largest regional and international trade exhibition 
and unparalleled opportunities for professional networking during an affordable, high-
quality, 3 - day annual meeting.  

The trade exhibition at EERVC 2022 is a fantastic place to discover the newest 

products from industry, including the very latest innovations and services focused on 

the needs of the small animal veterinarian. We recommend that you explore the 

trade exhibition and make the most of the veterinary industry expertise and their 

products. On behalf of the EERVC Board, I would like to thank our exhibitors and 

sponsors, whose support ensures we can continue to deliver high quality and 

affordable CPD in this region. 

The EERVC Organizing Team have prepared lots of great opportunities for 

networking including Welcome Reception on Friday and the famously known EERVC 

Party on Saturday Night with the Perpetuum Mobile Band – we hope you can join us 

and dance until the very late hours! 

My personal thanks go to the EERVC Project Board and the founding partners from 

the Small Animal Veterinary Associations of Croatia, Serbia and the British Small 

Animal Veterinary Association. The team all work in a voluntary capacity and have 

worked extremely hard to continue this ambitious mission of advancing the 

veterinary profession in broader region of Eastern Europe. 

The EERVC Board thank every individual delegate, coming from 44 countries across 

the globe and we hope to see you again next year! 

 

Denis Novak DVM MRCVS 

EERVC Chairman 
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Behavioural Therapy and Animal Welfare. Past-President of the European College of Animal 
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Veterinary Clinical Ethology (ESVCE). Director of the Center for Animal Knowledge (Centro para 
o Conhecimento Animal). Author, Co-author and Coordinator of several studies in animal
behaviour and welfare science. 
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What cats would like us to know about their behaviour? 

Gonçalo da Graça Pereira  
DVM, MsC, PhD, Dip ECAWBM (BM), Dip ECAWBM (AWSEL) 
Center for Animal Knowledge (CPCA); Escola Superior Agrária de Elvas, Instituto 
Politécnico de Portalegre, ggp.vet@gmail.com 

Even being considered currently a popular companion animal the behaviour of domestic 
cat has received far less scientific interest when compared with the domestic dog. Thus, 
the relation human-cat or cat-human (depending on the side we are looking), apart from 
not so well understood, is something that we are now achieving new conclusions. 

Cats are not small dogs. Cats and dogs are different from a biologically, physiologically, 
ecologically and socially perspective. The domestic cat’s ancestor, Felis silvestris lybica, 
was a solitary predator of small rodents and territorial specie. Several species of small 
cats of the genus Felis, including the wildcat Felis silvestris, evolved in Asia three million 
years ago. Felis silvestris was widely distributed through Europe, Middle East and Asia 
(Lipinski et al., 2008; Vaughan et al., 2011). Driscoll and colleagues (2007) analysed 
mitochondrial DNA from 979 cats including wildcats, Sand cats, Chinese desert cats, 
and domestic cats (feral and purebreds) ailing from three continents and concluded that 
domestic cats had their origin in five female ancestors of Felis silvestris lybica (wildcats) 
from the Near Eastern. 

It has been a long time since animals have been connected to humans (Turner, 2000). 
Although Egyptians were thought to be responsible for domesticating the cat about 
4000 years ago, recent archaeological findings, in Cyprus, showing a cat buried 
alongside a human, aged approximately 9500 years, provide evidence that the human-
cat relation has existed for longer than originally thought (Vigne et al., 2004; Bernstein, 
2005). Driscoll and colleagues (2007) also found strong evidence that cat domestication 
occurred in the Near Eastern part of the Fertile Crescent.  

It is believed that humans have done little more for the cats taming besides living in 
harmony, providing food and the opportunity for successful reproduction, bringing to life 
the recently hypothesis that this species has undergone a process of natural “self-
domestication” rather than artificial selection (Beaver, 2003; Driscoll et al., 2009). In 
Egypt, the cat-human relation was based on a mutual association where the cats were 
kept to control the rodents that destroyed the crops, stole from granaries and later to 
fish and hunt (Beaver, 2003).  

Nevertheless, the history of cat’s current state of domestication is arguably incomplete, 
since even today the majority of cats are the offspring of naturally-determined matings, 
neutering being the only substantial human intervention outside of the pedigree 
population (Bradshaw, 2013). Apart from this, the genetic material is freely exchanged 
between the owned and feral cat population (Bradshaw et al, 1999). 
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Nowadays, the domestic cat is very flexible and may adopt a series of life-styles: a self-
sufficient and independent social life, a group living social life in colonies of free-ranging 
cats not depending on humans or a group living social life in colonies of free-ranging 
cats depending on humans to get food resources. Lastly, we have domestic cats living 
only indoors and completely dependent of their owners (Miller, 1996; Turner, 2014). 

Nevertheless, in every life styles, feral, out-door or indoor conditions, domestic cats 
gather according to the availability of resources (Bonanni et al., 2007; Crowell-Davis et 
al.,2004). Moreover, cats determine their social organization according to the access to 
these resources, which includes the access to resting, elimination and feeding places 
(Crowell-Davis et al., 2004). According mainly to food abundance and distribution, cats 
either live alone or in colonies. Large groups are formed where food is abundant and 
small ones where food is scarce. When food is too widely dispersed to support a group, 
cats tend to live a solitary life (Liberg et al., 1988; Yamane et al., 1996; Natoli et al., 
2001; Crowell-Davis et al., 2004; Turner, 2014).  

The core of the groups is composed by females and their descendants, forming a 
matrilineal colony which is based on a social structure built on the co-operative 
relationships between the females of the group which defend their feeding sites from 
females of other colonies, care and rear the kittens together (Yamane et al., 1994; van 
den Bos, 1998; Bradshaw et al., 2012). Males may either wander between several 
colonies or be more attached to one single colony (Crowell-Davis et al., 2004; Crowell-
Davis, 2005). 

Cats within groups form friendly relationships with certain other cats (“preferred 
associates” - cats that are found close to each other more often than they are to other 
conspecifics, especially mother-offspring and female-female pairs), engaging in a series 
of affiliative behaviours like touching noses, social grooming (allogrooming), social 
rubbing (allorubbing), cuddling and sleeping next each other. Other cats are loosely 
attached to the members of their colony. Males are usually more “asocial” (as its 
ancestral) unless neutered. Cats communicate through three main categories of 
signalling: visual (often subtle  but very important for inter and intraspecific 
communication), vocal (highly conditioned for the domestic cat) and olfactory (with a 
very important role in the social communication but often unappreciated by humans) 
(Beaver, 2003; Bowen et al., 2005). Regarding the domestic cat, communication, mainly 
vocal communication, must be interpreted cautiously as it might result of a learned 
process of communicating with the owner, leading him to perform certain tasks as 
feeding or opening doors/windows (Bowen et al., 2005).  

Like many other mammals, cats need to experience with their conspecifics to develop 
appropriate specie-specific social behaviour. The benefits of increasing socialization, in 
the early ages of kittens, beyond those provided ordinarily in cat shelters/rescue/re-
homing centres, are highlighted in Casey et al. (2008) study as they found that kittens 
receiving additional socialisation were evidently less fearful than the ones that had been 
through the normal interaction with caretakers. They were also able to conclude that the 
bonding between cats that have had been early socialised and their owners was 
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stronger. The acceptance of conspecifics or individuals of other species is a special 
learning process and that’s why puppy socialization classes also known as “puppy 
preschools” and “kitten kindergarten” or “kitten classes” are an important way to 
socialize puppies and kittens, exposing them to various stimulus in a nonthreatening 
way and teaching good manners (Seksel et al., 1999; Seksel, 2008). In these classes 
kittens are allowed to play together and to be exposed to people of different ages and 
genders. This exposure together with positive reinforcements, helps the kittens better 
adapt to possible changes that may occur, making the cat prepared to accept without 
fear new environments and experiences (Rodan et al., 2011). There is no wonder that, 
when adopt as kittens and kept in a single-cat household they miss important learning in 
social behaviours and when adult, such cats may exhibit lack of knowledge of how to 
interact with conspecifics, arising aggression and other behavioural problems when an 
attempt to introduce another cat in the household is made (Crowell-Davis et al., 2004).  

As several authors said, as a consequence cats’ societies are complex (Crowell-Davis 
et al., 2004; Crowell-Davis, 2005; Sousa et al., 2010). But in the social world of the cat, 
other relationships beyond the existing with their conspecifics can be established, for 
example the currently very interested in research: the relationship with humans. These 
relationships are independent of the humans to whom the cat relates (Bradshaw et al., 
2012), but depends critically upon positive exposure to humans during the kitten’s 
socialization period (3-8 weeks of age). Domestication may have favoured individuals 
that were capable of communicating effectively with their owners. Because cat 
domestication is relatively recent, their communicative capabilities are likely to have yet 
reached the peak of its evolution, thus making it possible for both intra and interspecific 
communication to still be evolving (Brown et al., 2014). Some authors already mention 
that the different motor patterns used in the communication between cats and humans 
are exactly the same as between them (Kerby and Macdonald, 1988). Affiliative 
behaviours usually directed to conspecifics, such as “allogrooming”, “allorubbing”, 
“nosetouch” and resting together (Bradshaw, 2000, Crowell-Davis et al., 2004, Rochlitz, 
2005) are also often also directed to related humans (Bradshaw and Cook, 1996). 
Facial marking is considered to be a special means of communication in which cats 
deposit pheromones that help them differentiate between familiar or unfamiliar objects 
or humans (Pageat, 1997; Pageat et al., 1997). Edwards and colleagues (2007) found 
that owners are marked more frequently than strangers which means that cats 
recognize their owners and are attached to them. As reviewed in Bernstein et al. (2014), 
a variety of factors contribute for cats behavioural pattern towards humans: genetics, 
early socialisation, housing conditions, owner attachment and other owner-related 
factors. 

There is a variation in bonding and interaction styles between people and cats. For 
some cats, owners are just a food resource. Other cats greet their owners when they 
come back home and some cats even join their owners for a ride. This variation 
depends on the strength of the bond between people and their pets (the urge of the cat 
and owner to be next to each other), the quality of the attachment they have (related to 
the sense of safety and calmness they provide to each other in case of stressful 
events), what activities they do together (interactions and behavioural rituals they 
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develop). This set of variables together will form the bio-psychological and behavioural 
syndrome of relational needs, attitudes, affects and interactions called “relationship” 
(Bernstein et al., 2014). 

A study by Edwards and colleagues (2007), shows that cats spend more time in 
locomotion and exploring when the owner is present than when are left alone or with a 
stranger. Since, in cats, locomotion is an indicator of attachment and stillness an 
indicator of stress, these findings demonstrate that there is an attachment between the 
cat and their owners (Carlstead et al., 1992; Kessler et al., 1997; Kessler et al., 1998; 
Edwards et al., 2007) and that cats are less likely to be destructive then dogs when 
suffering from separation anxiety (Edwards et al., 2007). As destructive behaviour 
together with overexcitement both together when left alone are symptoms that could be 
seen in dogs with distress related with owners separation, this pathology could be under 
estimated in cats as we could see that distressed cats in the same situation are less 
destructive than dogs and explore/move less when left alone. In conclusion, a better 
knowledge of cat behaviour should lead to a better understanding of the emotional 
state, ensuring quality of life. 

References 

1. Beaver BV (2003). Feline Behavior: A Guide for Veterinarians. USA, Saunders.

2. Bernstein PL , Friedmann E (2014). Social behaviour of domestic cats in the human
home. The Domestic Cat: The Biology Of Its Behaviour. D. C. Turner and P. 
Bateson. United States of America, New York, Cambridge University Press. III: 71 - 80. 

3. Bernstein PL (2005). The Human-Cat Relationship. The Welfare of Cats. I. Rochlitz.
Netherlands, Springer. 3: 47 - 90. 

4. Bonanni R, Cafazzo S, Fantini C, Pontier D, Natoli, E (2007). Feeding-order in an
urban domestic cat colony: relationship to dominance rank, sex and age. Animal 
Behaviour 74: 1369–1379. 

5. Bowen J, Heath S (2005). An overview of feline social behaviour and communication.
Behaviour Problems in Small Animals. E. Saunders, Elsevier Saunders: 29 - 38. 

6. Bradshaw JWS, Casey RA , Brown SL (2012). The Behaviour of the Domestic Cat,
CABI. 

7. Bradshaw J (2013). Cat Sense. Allem Lane, London.

8. Bradshaw JWS (2000). The behaviour of the domestic cat.1
st 

ed. Oxon: CABI
Publishing. 

9. Bradshaw JWS, Casey RA, Brown SL (2012). The Behaviour of the Domestic Cat.
2nd ed., CAB International. Oxfordshire, UK. 

________________________________________________________________________________________________ 
 Eastern European Regional Veterinary Conference 2022 Scientific Proceedings

 
6



10. Bradshaw JWS, Cook SE (1996). Patterns of pet cat behaviour at feeding
occasions. Applied Animal Behaviour Science, 356 (47): 61–74. 

11. Bradshaw JWS, Horsfield GF, Allen JA, Robinson, IH. Feral cats:  their role in the
population dynamics of Felis catus. Applied Animal Behaviour Science 65: 273-283. 

12. Brown SL , Bradshaw JWS (2014). Communication in the domestic cat: within- and
between-species. The Domestic Cat: The Biology of its Behaviour. D. C. Turner and 
P. Bateson. USA, Cambridge University Press: 37 - 63. 

13. Carlstead K, Brown JL, Monfort SL, Killens R , Wildt DE (1992). "Urinary monitoring
of adrenal responses to psychological stressors in domestic and nondomestic felids." 
Zoo Biology 11: 165-176. 

14. Casey RA , Bradshaw JWS (2008). "The effects of additional socialisation for kittens
in a rescue centre on their behaviour and suitability as a pet." Applied Animal 
Behaviour Science 114: 196-205. 

15. Crowell-Davis SL (2005). Cat behaviour: Social organization communication and
development. The Welfare of cats. I. Rochlitz. Netherlands, Springer. 3: 1 - 22. 

16. Crowell-Davis SL, Curtis TM , Knowles RJ (2004). "Social organization in the cat: A
modern understanding." Journal of Feline Medicine and Surgery 6: 19-28. 

17. Crowell-Davis SL, Curtis TM, Knowles RJ (2004). Social organization in the cat: a
modern understanding. Journal of Feline Medicine and Surgery 6: 19–28. 

18. Damasceno J, Genaro G (2014). Dynamics of the access of captive domestic cats
to a feed environmental enrichment item. Applied Animal Behaviour Science 151: 67-
74.  

19. Dantas-Divers LMS, Crowell-Davis SL, Alford K, Genaro G, D’Almeida JM, Paixão
RL (2011). Agonistic behavior and environmental enrichment of cats communally 
housed in a shelter. Journal of American Veterinary Medical Association 239: 796–802.  

20. Driscoll CA, Macdonald DW , O'Brien SJ (2009). From wild animals to domestic
pets, an evolutionary view of domestication. National Academy Sciences. 

21. 2Driscoll CA, Menotti-Raymond M, Roca AL, Hupe K, Johnson WE, Geffen E,
Harley EH, Delibes M, Pontier D, Kitchener AC, Yamaguchi N, O'Brien SJ , Macdonald 
DW (2007). "The Near Eastern Origin of Cat Domestication." Science 317: 519-523. 

22. Edwards C, Heiblum M, Tejeda A , Galindo F (2007). "Experimental evaluation of
attachment behaviors in owned cats." Journal of Veterinary Behavior: Clinical 
Applications and Research 2: 119-125. 

23. Kerby G, Macdonald DW (1988). Cat society and the consequences of colony size.
In: D.C. Turner and P. Bateson (Editors), The Domestic Cat: the Biology of its 
Behaviour. Cambridge University Pmss. Cambridge, UK: 67-81.  

________________________________________________________________________________________________ 
 Eastern European Regional Veterinary Conference 2022 Scientific Proceedings

 
7



24. Kessler MR , Turner DC (1997). "Stress and adaptation of cats (Felis silvestris
catus) housed singly, in pairs and in groups in boarding catteries." Animal Welfare 6: 
243-254. 

25. Kessler MR , Turner DC (1998). Socialization and stress in cats (Felis silvestris
catus) housed singly and in groups in animal shelters. Animal Welfare. 8: 15 - 26. 

26. Knowles RJ, Curtis TM, Crowell-Davis SL (2004). Correlation of dominance as
determined by agonistic interactions with feeding order in cats. American Journal of 
Veterinary Research 65: 1548–1556.  

27. Legarnd-Defretin V (1994). Differences between cats and dogs: a nutritional view.
Proc. Nutr. 401 Soc. 53: 15–24. 

28. Liberg O, Sandell M (1988). Spacial organization and reproductive tactics in the
domestic cat and other felids. The Domestic Cat: The Biology of its Behaviour. D. C. 
Turner and P. Bateson, Cambridge University Press: 67 - 81. 

29. Lipinski MJ, Froenicke L, Baysac KC, Billings NC, Leutenegger CM, Levy AM,
Longeri M, Niini T, Ozpinar H, Slater MR, Pedersen NC , Lyons LA (2008). "The ascent 
of cat breeds: Genetic evaluations of breeds and worldwide random-bred populations." 
Genomics 91: 12-21. 

30. 3Miller J (1996). "The domestic cat: perspective on the nature and diversity of cats."
Journal of the American Veterinary Medical Association 208: 498-502. 

31. Natoli E, Baggio B , Pontier D (2001). "Male and female agonistic and affiliative
relationships in a social group of farm cats (Felis catus L.)." Behavioural Processes 
53: 137 - 143. 

32. Pageat P (1997). "Experimental evaluation of the efficacy of a synthetic analogue of
cats' facial pheromones (Feliway) in inhibiting urine marking of sexual origin in adult 
tom-cats." Journal of veterinary pharmacology and therapeutics 20: 169. 

33. Pageat P (1997). "La communication chimique dans l'univers des carnivores
domestiques." POINT VETERINAIRE 28: 27-36. 

34. Rochlitz I (2002). Comfortable quarters for cats in research institutions. In:
Reinhardt, V., Reinhardt, A. (Eds.), Comfortable Quarters for Laboratory Animals. 
Animal Welfare Institute, Washington DC: 50–55.  

35. Rodan I, Sundahl E, Gagnon HC-C, Heath S, Landsberg G, Seksel K , Yin S (2011).
AAFP and ISFM Feline-Friendly Handling Guidelines. Journal of Feline Medicine and 
Surgery, Elsevier. 13: 364 - 375. 

36. Seksel K (2008). "Preventing Behavior Problems in Puppies and Kittens."
Veterinary Clinics of North America: Small Animal Practice 38: 971-982. 

37. Seksel K, Mazurski EJ , Taylor A (1999). "Puppy socialisation programs: short and
long term behavioural effects." Applied Animal Behaviour Science 62: 335-349. 

________________________________________________________________________________________________ 
 Eastern European Regional Veterinary Conference 2022 Scientific Proceedings

 
8



38. Sousa J, Andriolo A , Genaro G (2010). "Avaliação da influência da puberdade
sobre o relacionamento intra e inter-específico de gatos domésticos  (Felis silvestris 
catus LINNAEUS 1758)." MedveP 8: 692 - 696. 

39. Sturgess K, Hurley KJ (2007). Nutrition and welfare. In: The Welfare of Cats,  ed. I.
Rochlitz. Cambridge: Springer: 227–257. 

40. Turner DC (2000). The human-cat relationship. The Domestic Cat: The Biology of
Its Behaviour. D. C. Turner and P. Bateson, Cambridge University Press: 193 - 207. 

41. Turner DC (2014). Social Life and Ecology. The Domestic Cat: The Biology Of Its
Behaviour. D. C. Turner and P. Bateson. United States of America, New York, 
Cambridge University Press: 63 - 80. 

42. 4van den Bos R (1998). "Post-conflict stress-response in confined group-living cat
(Felis silvestris catus)." Applied Animal Behaviour Science 59: 323 - 330. 

43. Vaughan TA, Ryan JM , Czaplewski NJ (2011). Mammalian Domestication.
Mammology, Jones & Bartlett Publishers. 

44. Vigne JD, Guilaine J, Debue K, Haye L , Gérard P (2004). "Early Taming of the Cat
in Cyprus." Science Magazine 304: 259. 

45. Yamane A, Doi T , Ono Y (1996). "Mating behaviors, courtship rank and mating
success of male feral cat (Felis catus)." Journal of Ethology 14: 35-44. 

46. Yamane A, Ono Y , Doi T (1994). "Home range size and spacing pattern of a feral
cat population on a small island " Journal of the Mammalogical Society of Japan 19: 
9 - 20. 

47. Yamane A, Emoto J, Ota N (1997). Factors affecting feeding order and social
tolerance to kittens in the group-living feral cats (Felis catus), Applied Animal 
Behaviour Science 52: 119-127.  

________________________________________________________________________________________________ 
 Eastern European Regional Veterinary Conference 2022 Scientific Proceedings

 
9



Social organization in Dogs: Is Dominance real or a 
myth? 

Gonçalo da Graça Pereira 
Centro para o Conhecimento Animal; Escola Superior Agrária de Elvas – 
Instituto Politécnico de Portalegre, ggp.vet@gmail.com 

Introduction 

In the past, dog’s behaviour and organization was interpreted in a simplistic way 
based in the dominance hierarchy. There was a belief the dogs were motivated 
for a higher status within the group, both with other dogs as well as humans, 
using aggressive behaviours to achieve the top of the hierarchy. Currently we 
know this information is based in false interpretations. Understanding better how 
the brain works and how animals learn, lead us to develop a better 
comprehension in the goals of certain behaviour manifestations used by dogs, 
as aggression. The capacity to identify and learn about particular signs that 
could “predict” each individual behaviour in different situations, allow to know 
the result of each encounter and how should interact1. 

Origin of Dominance Theory 

Once wolves are the ancestral, the behaviour experts suggested that, among 
dogs, there can be a similar social group organization to what understood in 
wolves. Saying that the organization was based in the “desire” of each individual 
be the “leader” or the “alpha” of the group. Thus, the hierarchy status of each 
individual in the group resulted from the competitive success in direct confronts 
between the elements. This interpretation of dogs became so evident and 
common, that it was established as the basis to interpret the interactions 
between dogs and people, considering that dogs also see people as 
competitors in the fight for a certain social status. And this explanation became 
used to explain behaviours that go from aggression, to attention seaking, to 
destruction, and also to the lack of recall exercise1. So, if there is a supposition 
that the dog’s behaviour is motivated by a desire to control or “dominate” its 
owner, the conclusion that become obvious was that to avoid any behaviour 
problem the owner needs establish a “dominance” over its dog. This 
interpretation of dog’s behaviour supported the development of training 
techniques based in positive punishment (aversive), where must be showed to 
the dog “who’s the boss”2. 

Results of more recent studies: new approach of interpretation 

At the beginning of this century, new research on wild populations of wolves 
suggested that their groups are based in cooperation between operative family 
groups, where a reproductive couple has puppies and all the other members of 
the family support in raising them3. Parents have the role of guiding the litter in 
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the development of social competencies and hunting, but the social organization 
comes naturally between the relationship parents-litter instead of the supposed 
competitive or aggressive encounters4. In these groups observed there were no 
“alphas” achieved by aggression4, and there are no proofs that a wolf keeps the 
“alpha” title during all his life based in any “dominant characteristic”5. The 
aggressive behaviour is very rare in stable groups6, and when it exists is 
flexible, depending on the individual situation. The typical dominance hierarchy 
in which was based the social structure doesn’t occur in a natural way in wolves 
(important to mention that the studies, where this theory was created and 
based, made during the seventies, were done in wolves in captivity), thus, the 
possibility to occur in dogs, is a poor argument7. 

Apart from what was mentioned before, studies made in feral dogs8,9 suggest 
before anything else that domestication changed significantly the social 
behaviour of this specie, when compared with its ancestral. In the wild, feral 
dogs do not associate themselves in strict familiar groups, not existing any 
reproductive restriction and, apparently, it was not observed any pyramidal 
structure based in a reproductive couple and its litters. The interaction between 
different individuals are very fluid and based much more in the circumstance, 
sexual cycles and previous experience from the behaviour of the others1. 
Similarly, in domestic dogs, the more recent researches10 suggest that these 
groups do not have social groups that can be interpreted based in a dominance 
hierarchy. 

Problems when using the not actualized theory of dominance 

The real problem is when there is the supposition that the dog shows a 
behaviour because he has the “final plan” of achieving the leadership position. 
And this will create the way that owners will “educate” and the responses given 
to their dogs. If owners believe that the dog has a certain attitude to “achieve a 
status”, “control” or “be the boss”, naturally tend to use coercive techniques. These 
techniques used to inhibit this supposed behaviour, induce a negative emotional state (for 
instance, fear and anxiety), which can have collateral effects as inducing an undesirable 
behaviour and/or affect its welfare1. Unfortunately, the concept of the “dominant 
position” is so entrenched in the historic scientific literature and in the public 
mind, mainly transmited by the incorrect message given by the social media and 
some television shows. Although the majority of trainers and behaviourists do not think 
this way any more, there are still some authors11 in ethology domain, interpreting 
aggressive signs as dominance, once their definitions still based in old literature, 
leading to perpetuate this obsolete theory. 

One of the most relevant characteristics of a gregarious specie is the 
communication capacity between individuals, both emitting as interpreting signs, 
which allows to adjust the behaviour accordingly to the situation12. It is clear that 
the social interactions inside the group and its continuity depend on the 
communication capacities of its elements13. Supposing that the dog’s 
behavioural responses are innate, such as “dominance”, ignores and 
underestimates its capacity to learn and integrate complex associations. Dogs 
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are clearly capable of learning about concrete consequences of social 
interactions14, and it is important to recognize this fact when observing the 
development of social interactions. Each animal reads the signs given by the others 
and learn about the possible meaning and consequences in different circumstances. 
Despite this, in each encounter, learns the meaning of the consequences of its 
own behaviour in the others’ responses1. To better elucidate this concept, the 
following example can be useful. Dogs pass by an observation period and 
assessment when they see an unknown dog for the first time in a park. They 
can have lots of previous experiences with dogs of all sizes, and use the 
obtained information in previous encounters, namely to communicate10. But 
when they see a dog for the first time, the anxiety increase gradually because 
they do not know how the other will respond. Gradually present a more tense 
and alert position and sudden quick movements, to grab information from the 
other. However, if they know each other, they are capable of preview a probable 
response, reacting accordingly to the previously learned experience. Depending 
on what they have learned before, they can go directly to play, ignore each 
other or can present reactive behaviour (including overt aggression). 
Behavioural problems that occur between dogs are quite common and produce 
between the same learning procedure, which can generalize to other individuals 
or contexts with similar characteristics. For example, a dog that shows aggression 
(which I prefer to call reactivity instead of aggressive) towards other dogs, initially 
caoul have had a unpleasant experience with other dogs, and the aggression can be 
the effective strategy to avoid the threat felt. In the same way, a puppy that lives with 
an older and tolerant dog will learn that the correct way to have a ludic interaction is 
running and jumping in the other dog! This behaviour can cause problems when 
this puppy will start interacting with other dogs that do not like this greeting 
behaviour. So, when dealing with these cases, a behaviourist should firstly 
obtain specific information about previous experiences, in a way to identify the 
reason for the development of such behaviour1. Obviously that, if dogs act one 
with each others based in an associative complex learning, there is no 
absolutely reason to suppose they do the same differently with us. In truth, 
several researches15 about dogs’ capacity to learn and interpret specific human 
signs in comparison with its ancestral, the wolf, reveal notable competences and 
proof this theory. Neverhteless, it is totally wrong to think that dogs see people 
as other dogs, but while they are developing their bonds in the humans “family”, 
they learn about everything we do toward them, in the same way they would 
learn with other dogs. Thus, for instance, they can learn that when a person 
smile or speak with a specific voice tone this would predict a good result, and 
they would behave accordingly (wagging tails, running, etc.). But they can also 
learn that if certain people rise their voice, with dilated pupils and with a hand on 
their neck, has a total different meaning and predicts a negative result. Once 
more, they can learn the adequate response, in their perspective, that solve the 
situation where they are. The possible options can be manifesting appeasing 
behaviours, avoid contact hiding, or use aggression to increase the security 
distance and take away the threat. Any of these options that has a successful 
result (which is, avoid the threat) is reinforced and become probably the one 
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presented in future occasions1. 

Problems related with the use of Positive Punishment 

Punishment has been used in dog training since the beginning of domestication. 
Despite these techniques based in inducing fear through pain being used since 
long time ago, it doesn’t mean that are the best option in terms of efficacy and 
animal welfare. Within, dog training that use these techniques leads to several 
risks1. These are: 

• Increase fear and anxiety about the situations where they are used;
• Decrease the dog’s capacity to learn;

• Possibility of association between punishment, which develops fear,
with certain contexts, for example, dogs or humans;

• Inhibition of behaviour, but without changing the emotional response
underlined, increasing the possibility of problems in the future;

• Promote a new response of avoidance or a negative response;
• Fear blocks the capacity of clearly understand the pretended response;
• Physical pain in a short or long term.

Conclusions 

There are training techniques used currently that does not require the use of 
punishment, finishing with the needs to use inadequate techniques that have a 
repercussion on dogs’ welfare. The comparison between safety and efficacy of 
techniques based in positive reinforcement and positive punishment must be 
always kept in mind1. We should have the exact perception of the motivation 
behind a certain behaviour and at the same time assessing the risk of an 
aversive experience that can increase the severity of behavioural problems or 
induce new ones. As veterinarians, generalists or specialists in Behavioural 
Medicine, we all share the preoccupation and responsibility of the welfare of our 
patients. For this reason, it is our duty to change dog’s behaviour without any 
need to use pain or fear, recommending adequate training methods as well as 
dog trainers that follow the ethical guidelines assuring the animal welfare, 
achieving success in solving behavioural problems. 
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Cats are now living in a restricted environment inside our houses with partial or 
complete deprivation of access to the outdoor environment. This outdoor environment is 
itself a coveted resource that, when limited, can lead to physical and behavioural 
disturbances. When monotonous, unchanging and unchallenging environments provide 
insufficient mental stimulation, animals show signs of boredom, often manifesting as 
abnormal behaviour patterns1. Furthermore, cats living in a restricted environment may 
not have enough physical space to allow an acceptable flight distance thereby reducing 
the cat’s opportunity to retreat. This situation is exacerbated by an increased density of 
cats living in the same home. In general, the presence of other individuals in its territory 
is not well tolerated, using displays of aggression to keep the others away2. The owner 
also promotes the creation of social relations incompatible with the behavioural nature 
of these animals, not ensuring, in most of the cases, conditions to address many of their 
basic instincts2. Cats organize their territory in a way that allows them to hunt, feed, rest 
and eliminate far from other cats. The environment’s balance can be disturbed by a 
poor distribution of required zones and resources (food, water, litter trays)3. The 
increase of interactions between cats can cause an increase in agonistic encounters 
and unwanted behaviours (as spraying, scratching and aggression)4.  
 
When living and interacting together, cats and humans create a bond5. The number of 
interactions is, on average, low but there is a variability in this and also in the types of 
interactions presented6. Guardian’s expectations of their cats can cause an increase of 
pressures, both behaviourally and evolutionary, that can cause welfare issues7. 
Inadequate contact with people and uncontrolled access to other cats have been 
mentioned as stressors for this species8. 
 
So, let’s now concentrate in ways to prevent behaviour problems! There are 3 efective 
ways: environmental enrichment, introduction of sintetic facial pheromones and 
pharmacological management with pschycotropics9, this last topic will not be covered in 
this lecture. Environmental enrichment is constituted by all measures that make the 
environment where the cat live more stimulant9 and that allow the manifestation of 
characteristic behaviours of the species2. The environmental enrichment goal is to 
decrease the perception of possible threat present in the household, and consequently 
decrease the activation of stress response10. As methods of environmental enrichment 
the following guidelines are recommended:  
 

1. Litter tray: the available litter tray should have a size enough3, in order that allow 
the cat to turn around inside, getting in and out without any problem. Usually is 
recommended to have at least one and a half the cat’s size. The majority of cats 
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prefer a thin (like sand) litter11 and is recommended to have, at least, one litter 
tray per cat plus one extra. This several litter trays should be dispersed by the 
territory and not all concentrated in the same room. Should be located in a place 
of easy access and quite, if possible with two diferent accesses to avoid the 
feeling of closure3, and far from noise equipments as washing machines. Cats 
usually have prefer opened liter trays, with simple litter without any odour. 
Hygiene must be guaranteed according to the use of the litter tray, but must be 
the most clean as possible.  
 

2. Food and water: the feeding station should assure that all cats from the same 
household have access , with an individual food and water bowl, being available 
ad libitum3, as cats in the wild hunt between 100 and 150 times per day, during a 
period of 6 to 8 hours2. This behaviour is shown in the typical feeding pattern of 
10 to 20 small meals during 24 hours that cats usually present11. Having one 
food bowl per cat in different places, avoid problems of bullying of cats to others. 
The existence of multiple feeding stations, in different heights and in quite 
locations, allow cats to eat in a calm way without stress11. For that reason, the 
number of food and water bowls should be, at least, the same number as cats. 
Both food and water bowls should be spread in different rooms from the 
household, in order to assure the access to this essentials resources. Food and 
Water bowl should not be side to side, and never close to the litter tray!  
 
The wet food is a way to increase the water intake, as well as the use of an 
electric fountain where the animal can have access to running water. The water 
bowls should be wide and few depth12. Should be given the option to choose 
between dry and wet food in separate bowls, instead of substitute the usual diet 
by a new one, allowing the animal to express his preferences. If the cat refuse (or 
because of owner decision) wet food, other ways to increase water intake should 
be searched according to the animal characteristics (fountains, drop by drop 
taps, change the type of water bowl or even the material).  
 
One very efficient technic of cognitive and environmental enrichment to cats, is 
hiding or complicate the access to a type of food that they like (with a strong 
odour). The hiding place or the access should not be so difficult, specially in first 
uses of this enrichment, otherwise will cause more frustration and, consequently, 
more anxiety to the animal. Interactive toys and food dispensers are also very 
recommended11. 
 

3. Physical Environment, Hiding Places and Flight Spot: it is totally required that 
every cat has access to a resting place, where can be isolated from the rest of 
the group (including from humans). In this resting territory should be available a 
hiding place (can be a simple card box, a shelf, a drawer) that is an important 
mechanism for stress decrease, allowing the cat to cope with situations that 
consider a threat. Nevertheless, there is a clear preference by higher height, 
because this give a better control of the territory and, consequently, a greater 
feeling of security and less anxiety. Usually, cats feel more secure when are in a 
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higher height that its “predator” or environmental threat13. A tree with different 
surfaces levels can be recommended. Nevertheless, a shelf, top of a cabinet, 
beds or sofas, can also be their choice. Baskets, cloth or blankets are very 
apreciated by cats, requiring an individual area for each animal3.  
 
We should also consider that every cat need always to have a flight spot that 
assure less confrontation with threats, and from where they can withdraw and 
flight. Scratching posts allow to the cat not only to use its claws, exteriorizing and 
maintaining them, but is also a way of territory marking, thus a behavioural need. 
The post should be placed in a well visible spot, close to the place where stay 
most of the time, especially close to the resting place (generally the cat use it 
after waking up). In general, the favorite posts are those that cut up and tear 
easily like: ropes, mat, carpet, tree trunk, paperboard11. In summary, the physical 
environmentl should always contemplate the possibility to the animal to climb, 
scratch, hide and rest. As we need to take in mind that cats cannot agregate in 
groups, preferring isolation, felines that cohabit in the same household must have 
respective áreas that allow them to “flight” from each others.  
 

4. Play and games: Toys available should stimulate the predatory instinct, with fast 
movements and imprevisible, as “fishing rods”, “moving” rats, aluminum foil balls, 
among others3. Form a routine of physical contact with humans since young will 
be beneficial because will create the level of tolerance to contact that the owner 
expect from him2. The guardian should dedicate some of his daily time to provide 
play and games with the cat, in order to promote physical exercise (with obvious 
consequences on stress decrease) but also, and very important, the affiliative 
link with the rest of the group, where the owner could be also included. Play 
should allow cat to express natural predatory behaviour, but directed to targets 
well selected by the owner. So, we should always recommend owners never to 
play with cats with hands or feet.  
 

5. Pheromones: pheromonotherapy revealed an essential tool on management of 
several behavioural problems related to stress and anxiety in cats4,9. 
Pheromones are volatile fatty acids released by different areas of the body that 
transmit information highly specific between individuals from the same species. 
Cats naturally use this type of chemical and odoriferous communication in 
several and varied situation. Facial pheromones are released in appeasing and 
satisfaction situations, for example during mutual grooming. The fraction F3 from 
the facial pheromone allow the cat to distinguish what is familiar, being deposited 
in objects and spaces when he rub the head14. Ceva Sante Animale (Libourne, 
França) created a synthetic analogue of the facial pheromone that is naturally 
released by cats,called Feliway®, that reduce the manifestation of behaviours 
related to anxiety in cats. Its effect and efficacy was scientific proved by several 
published papers. This product also helps the cat to identify the individuals from 
its social group, being recommended its utilization in case of arrival of new 
members of the family (cat, dog, baby, etc).  
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Nowadays, the owners after being properly informed by the veterinary, can also consult 
many available information in the internet. So, we should tell the owners that this 
information should be always scientific validated and properly filtered. One website well 
renown and with information of utility can be found in this electronic address: 
www.indoorcat.org. It’s better that we give directly the right websites, because we all 
know that every owner will go and consult Dr. Google. 
 
If we decrease the surrounding stress, improving quality of life and animal welfare15 
throught the implementation of therapeutic strategies that decrease the noradrenergic 
activation10, surely we will decrease the risk and manifestation of pathologies (including 
behaviour and many others)15. 
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Is it simply a toilet or details make the difference?  
 

Gonçalo da Graça Pereira  
DVM, MsC, PhD, Dip ECAWBM (BM), Dip ECAWBM (AWSEL)  
Center for Animal Knowledge (Centro para o Conhecimento Animal); Escola 
Superior Agrária de Elvas, Instituto Politécnico de Portalegre,ggp.vet@gmail.com 
 
People can experience a reduction in stress by having cats as part of their social 
structure and cats can benefit due to the plentiful food, shelter and social interactions 
involved1. Both people and animals can benefit from a social relationship between 
species2,3,4,5, but is the actual human lifestyle compromising the cat’s welfare and 
quality of life? The major role of the veterinarians is to assure the well-being of animals 
“relieving suffering, whether it is related to physical or emotional pain”6, as stated by 
Beaver and colleagues (2004). “Does it matter to the animal?” is the first question that 
should be asked when assessing any animal’s quality of life. In 2007, a panel of experts 
proposed that a first step towards assessing a species quality of life and welfare would 
be the establishment of an ethogram and definition of the behaviours consistent with 
optimal quality of life for that individual species7. With this in mind, a complete 
understanding of feline behaviour is important when evaluating the cat’s wellbeing. 
Correct interpretation of behaviour will allow seeing changes in behaviour that can be 
good indicators of fear, frustration, or pain8. Some behaviours may be so strongly 
motivated as to constitute a "need". Odendaal (1994) defined needs in terms of their 
effect on quality of life9. If a behavioural need arises, then it is important that the 
environment provided allows for that need to be met. Are this cat’s behavioural needs 
being ensured currently in the majority of households?  

Pet cats are now living in a restricted environment inside our houses with partial or 
complete deprivation of access to the outdoor environment. This outdoor environment is 
itself a coveted resource that, when limited, can lead to physical and behavioural 
disturbances. When monotonous, unchanging and unchallenging environments provide 
insufficient mental stimulation, animals show signs of boredom, often manifesting as 
abnormal behaviour patterns10. The absence of activity and environmental enrichment 
are major causes of stress. Furthermore, cats living in a restricted environment may not 
have enough physical space to allow an acceptable flight distance thereby reducing the 
cat’s opportunity to retreat. This situation is exacerbated by an increased density of cats 
living in the same home. Group housing of cats is seen in both shelter situations and in 
personal homes. Usually these cats are not related, are neutered and cannot migrate11. 
Wolfle (2000) suggested that for some social species (such as some rodents, dogs and 
non-human primates) companionship is often considered the most important need to 
achieve well-being12. But, in its wild nature, cats are solitary hunters13. In general, the 
presence of other individuals in its territory is not well tolerated, using displays of 
aggression to keep the others away14. The owner also promotes the creation of social 
relations incompatible with the behavioural nature of these animals, not ensuring, in 
most of the cases, conditions to address many of their basic instincts14. Cats organize 
their territory in a way that allows them to hunt, feed, rest and eliminate far from other 
cats15. The existence of protected isolation and elimination areas is crucial13. The space 
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reduction affects each individual in a different way, according to their respective 
distance and isolation needs. The environment’s balance can be disturbed by a poor 
distribution of required zones and resources (food, water, litter trays)15. The increase of 
interactions between cats can cause an increase in agonistic encounters and unwanted 
behaviours (as spraying, scratching and aggression)16.  
 

After identifying the major stressors that influence cat’s welfare, one could think that 
owners are evil. But a possible reason is totally different:  owners simply don’t know 
their cat’s behavioural needs. Da Graça Pereira and colleagues (2014) in their study 
showed that owners had a lack of information about their cat’s behavioural needs17. But, 
worse than this, another conclusion from the same study was that, when compared with 
veterinarians in certain categories of cat’s behavioural needs, veterinarians and owners 
were at the same knowledge level17. So, there is a long way to change the life-style of 
cats, as we need to change scholar curricula and also give educative/informative 
training for owners17. 
 
One of the major stressors identified in cats are its toilets. And there are many details 
that make the difference by the cat’s perspective. Some of the characteristics of a good 
litter tray are presented in this abstract, and during the lecture the author will show 
some signs to identify if the cat is enjoying its toitlet or not. The available litter tray 
should have a size enough15, in order that allow the cat to turn around inside, getting in 
and out without any problem. Usually is recommended to have at least one and a half 
the cat’s size. The majority of cats prefer a thin (like sand) litter18 and is recommended 
to have, at least, one litter tray per cat plus one extra or another possible rule is: “a 
cleaned toilet for each cat, in enough number, giving the chance to all cats to use one, if 
they need it, at the same time”. This several litter trays should be dispersed by the 
territory and not all concentrated in the same room. Should be located in a place of easy 
access and quite, if possible with two diferent accesses to avoid the feeling of closure15, 
and far from noise equipments as washing machines. Cats usually have prefer opened 
liter trays, with simple litter without any odour, but preference test can be performed, like 
giving the cat the option to choose what he prefer. Hygiene must be guaranteed 
according to the use of the litter tray, but must be the most clean as possible.  
 
If we decrease the surrounding stress, improving quality of life and animal welfare19 
throught the implementation of therapeutic strategies that decrease the noradrenergic 
activation20, surely we will decrease the risk and manifestation of pathologies (including 
behaviour and many others)19. 
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Cognitive Dysfunction Syndrom: can we stop aging? 
 
Gonçalo da Graça Pereira 
DVM, MsC, PhD, Dip ECAWBM (BM), Dip ECAWBM (AWSEL) 
Center for Animal Knowledge (CPCA); Escola Superior Agrária de Elvas, 
Instituto Politécnico de Portalegre, ggp.vet@gmail.com  
 
The Cognitive Dysfunction Syndrom (CDS) is a neurodegenerative pathology in 
older dogs and cats that is characterized by a cognitive gradual decline and increase 
of the brain disease.1,2-10 As many pathologies, including the CDS, can present firstly 
behavioural signs, its early identification is important to the health and welfare of the 
animal. Only based in clinical signs, the CDS has been traditionally diagnosed in 
dogs with 11 years old or more. Nevertheless, dogs that present changes in spatial 
memory can be seen between 6 and i8 years old.10 This functions is highly 
dependent on the frontal lobe, where there is an atrophy and accumulation of beta-
amyloid substance before other cerebral areas.5 In cats, based in more limited data, 
the cognitive and motor performance start to decrease aproximately at 10-11 years 
old, but the functional changes of nucleus caudate neurons was already observed 
from 6-7 years old.11, 12, 13 

 
The early diagnose offer an opportunity of treatment as well as prevention of 
complications. The behavioural decline can be slowed, the longevity increased and 
welfare assured. To diagnose CDS, veterinarians usually use the history intake and 
adecquate anamnesis. Only with an adecquate anamnesis with correct information in 
take through a detailed questionnaire, the diagnose can be done and found the 
different stages of this pathology. Several North-American associations (AAHA, 
2005; AAFP, 2008) mention in their guidelines to the senior patient that an annual 
exam with a blood check-up should be done in average adult age dogs and twice a 
year in seniors. Apart from this, the owners (do you mind that I call them guardians 
from now on?) should always be questionned about changes that they can see both 
in physical and behavioural (mental) health. Only when the veterinarian show a 
proactive attitude and ask the guardians about specific signs, usually those are not 
reported as they are seen as insignificant or not treatable. In a study with senior cats, 
154 guardians from cats with 11 or more years old were asked about signs of CDS. 
After exclude 19 cats due “medical” problems, 35% had a diagnose of CDS; the 
same diagnose was found in 28% from 95 cats with ages between 11 and 15 years 
old and in 50% of 46 cats with more than 15 years old.2  
 
So, the diagnose is initially based in clinical signs represented by the acronym DISH: 
a) Disorientation; b) Interaction (changes in the interaction with people or other 
animals); c) Sleep (change in sleep-awake cycle); and d) Housesoiling (inappropriate 
elimination). As the activity level can also show changes while time pass in animals 
with CDS, it was added an A from Activity, being currently considered the acronym 
DISHA. In table 1 (checklist for CDS, adaptaded from Landsberg et al.1), can be 
found a summary of these signs, and this table can be adapted to a questionnaire to 
be filled in by every guardians while waiting for the consultation. In cats, the 
clinicians tend to assume that the CDS has symilar signs to those observed in dogs.  
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TABLE 1 – Checklist for Cognitive Dysfunction Syndrom (adapted from Landsberg et 
al.1) 
 

Key: 0 – none; 1-mild; 2-moderate; 3-
severe 

Age first 
noticed 

Score: None: O – 
Mild: 1; Moderate: 
2; Severe: 3  

A: Confusion-Awareness- Spatial 
orientation 

  

- gets stuck or can’t geta round objects   

- stares blankly at walls or floor   

- decreased recognition of familiar 
people/pets 

  

- goes into wrong side of door; walks 
into door/walls 

  

B: Relationships – Social 
interactions 

  

- decreased interest in petting/avoids 
contact 

  

- decreased greeting behaviour   

- in need of constant contact, 
overdependent, ‘clingly’ 

  

- altered relationship other household 
pets – less social 

  

- altered relationship other household 
pets – fear/anxiety 

  

- agression towards: family members 
__ unfamiliar people __ family pets __ 
unfamiliar pets __ other_ _______ 

  

C: Response to stimuli   

- decreased response to auditory 
stimuli (sounds) 

  

- increased response, fear, phobia to 
auditory stimuli 

  

- decreased response to visual stimuli 
(sights) 

  

- increased response, fear, phobia to 
visual stimuli 

  

- decreased responsiveness to 
food/odour 

  

D: Activity/ Anxiety – 
Increased/repetitive 

  

- pacing/wanders aimlessly   

- snaps at air/licks air   

- licking owners ____; household 
objects ___ 

  

- vocalization   

- increased apetite (eats quicker or 
more food) 

  

- restless/agitation   
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E: Activity – Apathy/Depressed   

- decreased interest in food/treats   

- decreased exploration/activity   

- decreased interest in social 
interactions/play 

  

- decreased self-care   

F: Sleep-wake cycles; Reversed 
day/night schedule 

  

-restless sleep/waking at nights   

- increased daytime sleep   

G: Learning and Memory – 
Housesoiling 

  

- indoor elimination at sites previously 
trained 

  

- decreased /loss of signalling   

- goes outdoors, then returns indoors 
and eliminates 

  

- elimination in crate or sleeping área   

- incontinence   

H: Learning and Memory – Work, 
Tasks, Commands 

  

- impaired working ability – decreased 
ability to perform task 

  

- decreased responsiveness to 
commands and tricks 

  

- inability/slow to learn new tasks 
(retrain) 

  

 
Once the signs are identified, every clinical condition that can cause or contribute to 
these signs should be excluded. As geriatric animal have frequentlh concomitant 
multiple diseases, the diagnose of a “medical” problem does not exclude the 
possibility of the CDS. Although behavioural changes are very common associated 
with cerebral aging process or CDS, other pathologies with non-behavioural origin 
have to be excluded in a first phase.1 
 
Agind and its effect in the brain  
 
In dogs there is a decrease of the frontal volume, increase of ventricular size and 
there are evidences of meningis calcification, desmielinization, neuroaxonal 
degeneration and reduction of neurons number.6,7 There is also an increase of the 
activity of Mono-Amino-Oxidase B (MAOB).17 In cats there are also evidences of 
cerebral pathology associated to age, including neurons losing, cerebral atrophy, 
thickness of sulci, increase of ventricular size, but none of them are so marked as in 
dogs.2, 14 A decline of the colinergic system can also be identified in dogs and cats 
and this can contribute to the congnitive decline and, possible as well, to the motor 
function, but also to the alterations seen in REM phase of sleep.14, 17-20 Both in dogs 
and cats, as well as humans, there is an increase of the accumulation of difuse 
plaques of beta-amyloid and perivascular infiltrates.2-5 Nevertheless, this plaques, 
comparing to dogs and humans, are much more diffuse in cats.2, 3, 15, 21, 22 But the 
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link between the beta-amyloid plaques and the CSD in cats is still in discussion, 
having studies showing a positive correlation5, 15, 22 and others that don’t show it.23 
 
Strategies to “treat” CDS 
 
Now that we saw some of the effects of brain aging, that are the origin of signs that 
we see in our patients with CDS, there is a specific need to see which are the 
strategies to delay this process. We want to improve the cognition of these animals, 
only delaying this process. Unfortunately the  youth elixir was not yet found and we 
know that we will not stop this process, but only delay it.  
 

a) Cognitive Stimulation 
When we have an animal with CDS, the treatment with diet, drugs or 
suplements can be very useful in improving the signs and delaying the 
progression of this pathology and, above all, making the animal more tolerant 
to behavioural treatment/modification. Studies with dogs demonstrated that 
this is not simply an essential component in keeping the quality of life, but also 
an integrate part to maintain the cognitive function, using training, playing 
and/or exercise.23 This fact is similar to recent foundings in humans that 
shown that the education, cerebral and physical exercises delay the beginning 
of dementia. Moreover, the more recent scientific knowledge, namely studies 
on cerebral neuroplasticity from the National Institute on Aging, says that the 
combination between senior dogs and new “tricks” is essential for the 
wellbeing and mental health of this animals. The brain is an organ with 
plasticity and can be re-trained. When talking about animal training, the 
development of a plan that include cognitive stimulation, simple and that 
involve minimal stress is a strategy to follow42 not only in dogs, but in cats as 
well! The idea that the learning should only be requested during the early 
phases of the animal’s development should be left behing and seen as a 
continuous process during the whole life independently of the specie, being 
detrimental in this phase of life.  
 

b) Pharmacotherapy 
Before starting any medication, an health check-up must be done and also 
checked if any other medication is being given (or suplementation) with which 
can have any lateral side effects.  
 
There are currently no drugs approved for cats. For that reason, the possibility 
of showing improvement on signs should be always analysed taking in 
attention potential side effects. Nevertheles, has been reported improvements 
in cases of CDS in cats with the use of Selegiline2, 39 in the same dose as for 
dogs. The dose used vary from 0,5-1,0mg/kg, in the morning. Only some 
gastrointestinal signs were reported at the beginning of administration. 
Selegiline is an inhibitor of the Mono-Amino-Oxidase B (MAOB).16, 24 It can 
increase the level of dopamine and other catecolamines in the cortex and 
hypocampus and has demonstrated improvements in the cognitive function 
(both in laboratoy and clinically), having at the same time an important role in 
the free-radicals’ accumulation decrease in the brain. There should be a 
specially care with the simultaneous use of other MAO inhibitors as amitraz or 
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other drugs that increase the concentration of serotonine (due the 
serotoninergic syndrom!).  
 
Propentophiline is a potent vasodilator that increase the blood output to 
muscles and brain. For that reason it is licenced in some countries to treat 
apathy, letargy and depressive behaviour in the senior dog. It has been 
reported improvements in cats in a dose of ¼ of a pill of 50mg per day.4  
 

 
c) Nutritional and dietary treatment  

Another strategy to delay the signs of CDS is the use of food suplements to 
increase the antioxidants defences and reduce the toxical effects of free 
radicals. In humans several studies show that the dietary management can 
reduce the risk or delay the beginning of dementia. For example, the high 
consume of fruits and vegetables, nuts, integral grains and vitamine E and C 
can reduce the risk of cognitive decline and dementia.40, 41  
  

d) Complementary Treatment  
In conjuntion with medication for CDS can be combined other drugs directed 
to specific clinical signs (always checking possible medication interactions). 
In patients with changes on the sleep-wake cycle it can be importante to use 
an association with a benzodiazepine. Once lorazepam, oxazepam and 
clonazepam have not any active intermedious metabolites, they can be a 
good secure choice among the different benzodiazepines in patients that have 
alterations in the liver function. 
Natural therapeutics that promote sleep and others that reduce the anxiety 
can be considered, including melatonine, aromotherapy and some 
nutraceutics, as alfa-caseine (Zylkéne®, Vetoquinol®) or a diet supplemented 
with this nutraceutic (Calm Diet®, Royal Canin®), the L-tryptophane 
combined with L-teanine (Calmex®, VetPlus®). Apart from all this, even not 
having studies done in this age of patients, since that pheromones help to 
decrease anxiety and stress, it can be a huge supportive help in these 
patients. The use of Feliway® (CEVA®), since its scientific proved efficacy in 
several studies, can be used to reduce anxiety. At the same time, reducing 
anxiety can promote the welfare and behavioural improvements observed in 
senior animals.  
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“I’m getting bald! Is it stress?”: Feline Psychogenic Alopecia 
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Center for Animal Knowledge (Centro para o Conhecimento Animal); Escola 
Superior Agrária de Elvas, Instituto Politécnico de Portalegre,ggp.vet@gmail.com 

 
 

INTRODUCTION 
 
Repetitive behaviour can have various medical causes, but when the problems is not 
medical it can have several different aetiologies. The behaviour can be a normal part of 
the animal’s behavioural repertoire, it can be environmentally induced (boredom, 
anxiety, among others) or it could be conditioned. Alternately, the problem might be 
medical  (here the concept of medical, means organic disease, but behaviour which 
includes brain that is also an organ is also medical or organic. Therefore the distinction 
between medical and behavioral helps us to differentiate between the two; but 
remember that we cannot split the animal into pieces taking off the brain and call 
behaviour problems as non-medical). For example, we can have a dermatology lesion 
(focal dermatologic pathology in the paw) that causes pruritus to the animal, which the 
owner then reinforces when trying to stop. Even when you start treating the 
dermatologic problem you’ll also likely need a behavioural approach for behavioural 
modification. But it can happen also the other way round. The cat could be very anxious 
and start overgrooming (the mechanism will be explained below) leading to 
development of skin pathology. Therefore, the approach to treat a repetitive behaviour 
can involve both “medical” and behavioural approaches. Garner (2006) defined 
repeated motor patterns that are uniform and where the focus appears to be on 
performance of the motor pattern itself, as stereotypies1. Stereotypy describes a 
repetitive, ritualised, out-of-context locomotor behaviour. A different definition is 
presented for a compulsive behaviour that results from a fixation on a goal and non-
locomotor related. Compulsive behaviours can range from staring at an object to very 
complicated rituals involving a high level of cognition, that is displaced out of context, 
exaggerated or sustained. Hewson and Luescher (1996) defined compulsive behaviour 
as “behaviours that are usually brought on by conflict, but that are subsequently shown 
outside of the original context. The behaviours might share a similar pathophysiology 
(e.g. changes in serotonin, dopamine and beta-endorphin systems)”.2 

 
BIOLOGY OF THE CONDITION 
 
Compulsive disorder (CD) arises as a result of a pathological process in the central 
nervous system.  Little is known about the aetiology of obsessive-compulsive disorder 
(OCD) in humans and the evidences that this is the same disorders in dogs is 
circumstantional. Most evidences of pathophysiological mechanisms came from 
pharmacological studies. High dosage of dopaminergic drugs (as amphetamine) induce 
stereotyped behaviour in animals, while dopamine antagonists (as haloperidol) supress 
the sterreotyped behaviour3. Some authors mention that beta-endorphin antagonists 
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may be at least temporarily effective in suppressing compulsive behaviour4,5. There is a 
positive response in human patients with OCD to treatment with serotonin re-uptake 
inhibitors (SSRIs), while serotonin receptors agonists can exacerbate symptoms of 
compulsion. Based on this human evidence, veterinary behavioural medicine has been 
strongly influenced by the comparison made between compulsive disorders in animals 
with OCD in man. Nevertheless, even though compulsive disorder in animals and OCD 
in humans have some similarities, regarding ritualisation and repetition of behaviour, 
human OCD involves thoughts, preocupations and attempts at rationalisation. In 
humans these behaviours can involve cognitive or physical rituals, and there is a 
discussion among different authors if this condition does have or not have cognitive 
components that would be considered an obsession.   But, to avoid further discussion, 
we’ll consider that animals do not obsess, and that these are compulsiv disorders (CD). 
As seen previously by the definition presented before, a CD predicts that the 
compulsive behaviour is first shown in a specific conflict situation that can be prolonged 
and/or repeated. This situation can be generalized to other contexts in which the animal 
has a high level of arousal. This can lead to cases where the animal presents the 
compulsive behaviour constantly except when eating, drinking or sleeping and may, in 
very extreme cases, interfere with survival behaviours. Differences in the presenting 
signs of CD will vary between individuals. The link to explain why CD develops in 
animals is related to the copying strategy that a specific animal uses during arousal or 
anticipation. In some animals, if the final outcome from an arousal stimulus or 
anticipation is less rewarding, or never happens, then it will become a frustration. 
Frustration and fear are negative emotional experiences that involve anxiety, but are 
essentially the same emotional state in animals. Generally animals cope with arousal, 
anticipation and frustration and do not develop problems.  Whenever an animal is in a 
situation of frustration or motivational conflict, it is normal to perform a conflict 
behaviour, but this behaviour is only shown in conflict situations. In contrast, in CD the 
conflict behaviour is shown in situations in which there is no outside stimulus inducing it.  
CD starts when the animal discovers that the repetition of a behaviour produces a 
reduction in arousal and frustration. This is the reason why usually the ritualised 
behaviour is one that is already highly motivated to perform. It can correspond to a 
displacement or self-appeasing behaviour or escape behaviour, arising from species- or 
breed-specific behaviour, or a behaviour that was learned through previous intermitent 
reinforcement (for instance by the owners). Once ritualised, the compulsive behaviour is 
a powerful self-rewarding system. CD in cats are generally associated with the 
repetition or exaggeration of self-maintenance behaviours such as grooming, sucking or 
self-mutilation. In this presentation we will concentrate only in overgrooming behaviour 
that leads to alopecia. 
 
RISK AND UNDERLYING FACTORS 
 
1) Environment Factors  
Cats are highly reliant and depend on their ability to control and use the resources in 
their environment. There is a strong need to hunt, feed and perform self-maintenance 
behaviours during each day, at specific time intervals. When a cat cannot control its 
environment (e.g. a social conflict with another cat, or separation related problems), the 
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resources are not available at expected times, or there is a lack of stimuli, then stress, 
frustration or conflict may lead to the start of a CD.   A disease that increases stress or 
irritability can also contribute to CD. But environmental factors are extremely important 
for every behavioural problems in cats, especially for CD. This disorder is frequently 
associated with the lack of ability to perform normal behaviours combined with social 
stress (secondary to competition and conflict). For instance, grooming can be 
exacerbated as a substitute for hunting or the territory maintenance.  
 
2) Genetic susceptibility linked with breed  
Pure-breed oriental cats, especially Burmese and Siamese show higher rates of wool-
sucking and self-mutilation, but recently created breeds (e.g. Bengal cats) also appear 
to be at risk. This fact cannot be simply related to genetic predisposition as these cats 
are often reared in “non-domestic” situation such as a cattery. A possible lack of 
socialization and interaction with common domestic stimuli can develop fear and anxiety 
problems that in adulthood manifest in different ways, one of which could be CD. A lack 
of space and stimulation is also a risk factor in Bengal cats. 
 
3) Physical stimuli  
As mentioned in the introduction, a physical lesion (such as skin) or irritation (such as 
allergy or neuropathic pain), may trigger CD. Although not proven, it is assumed that the 
stress associated with a lesion or irritation can be a first trigger for an already 
susceptible cat. 
 
4) Conditioning  
Compulsive behaviours can be reinforced by owner attention or, at least, may condition 
normal conflict behaviours to a level that appears compulsive. If the compulsive 
behaviour is only present when the owner is around (or always that he is around), than 
this is suggestive of a conditioned behaviour.   
 
DIAGNOSIS 
 
As a syndromic diagnosis, it is essential that other aetiological diagnoses be considered 
as a first essential step. So, a medical assessment is very relevant to rule out 
neurological, dermatological or other medical pathologies that produce similar signs or 
that can co-exist in the same animal with CD. A complete physical examination with a 
basic neurological examination is required. In addition, prior to use of drugs the medical 
investigation should include: complete blood cell count, blood chemistry profile and 
possibly urinalysis. Imaging and other investigations (such as thyroid profile, 
dermatological tests, allergy testing, a complete neurological examination) may be 
required depending on the specifics. A trichogram should also be performed.  When 
alopecia is secondary to deliberate grooming, the hairs will feel sharp when compaired 
to normal hair touch. The reason for that feeling is that the tips have been taken off and 
the microscopic examination on a trichogram will confirm the state of the hair tips. 
Another sign of psychogenic alopecia is that the hairloss is restricted to parts of the 
body that can be reached with the tongue reach. Differential Diagnosis should include: 
parasitism (from fleas to notoedric mange), staphylococcal furunculosis, 
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dermatophytosis, endocrine dysfunction and allergy skin pathology, as well as localised 
or referred pain. Feline idiopathic cystitis can also be a reason for an alopecia in the 
perineal area with hair loss in the groin or abdomen.  Feline hyperaesthesia may be 
associated with an acute onset of self-biting and hair pulling but other signs can help to 
differentiate from compulsive over-grooming. Psychogenic alopecia should only be 
considered when all the other medical causes have been eliminated. However we must 
keep in mind that stress can lead to both exacerbation of auto-immune disease or 
allergy or cause immune depression, which can lead to a cycle.  For instance, licking 
can worsen many dermatological lesions, resulting in an itch-lick cycle, and licking can 
persist much longer even after the original dermatological cause has been removed.9 
 
TREATMENT 
 
The treatment consists of 3 main steps: a) Environmental enrichment – to change the 
animal’s environment and social interactions, removing (if possible) triggers and giving 
more consistency; b) Behavioural modification – avoiding every type of interactive 
punishment and increasing exercise, play and cognitive activities (from training basic 
commands to cognitive play to fill a greater proportion of his time and energy budget); c) 
Drug therapy - in most cases.  
 
1) Environmental Enrichment 
Since stress and anxiety are inter-related with CD, and particularly to psychogenic 
alopecia, triggers should be identified (based in the history intake) and removed (when 
possible). If it is impossible to remove the trigger, then desensitization and 
counterconditioning is required as behavioural modificiation. Improving the cat’s living 
environment is vital. Increasing the range of activities available for the cat, and 
maintinaing cognitive stimulation with interesting toys available and provided on a 
rotational basis. Food-dispensing toys may satisty a cat’s motivation to hunt. The 
relationship between cats from the same household, as well as the relationship with the 
owners, must be properly assessed, so that underlying psychosocial stress may be 
removed or at least alleviated. Nevertheless, an adequate interaction with its owners is 
required, as well as opportunities for play.  
Dr. Buffington presented an environmental enrichment program referred to as 
Multimodal Environmental Modification (MEMO) that was used as therapy for cats with 
idiopathic cystitis7. MEMO resulted in a significant decrease of clinical signs, as well as 
signs of anxiety and a tendency to reduce aggression episodes. This program provides 
environmental enrichment tailored to minimize environmental stress that can lead to 
conditions as feline idiopathic cystitis7. So, if for treatment of psychogenic alopecia we 
will need to decrease stress, than MEMO should be recommended. MEMO advocates 
evaluating and optimizing four key resources that can generate stress and anxiety: food, 
water, litter trays and resting/hiding places. Pheromonotherapy has been suggested as 
another useful tool to decrease perception of threats and increase the perception of 
safety within the household.  
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2) Behavioural modification 
Highly structured interactions (as command-response-reward) should be used to avoid 
casual interactions. Obedience sessions allow for consistent interaction and can be very 
stimulating for the cat (depending on the reward, motivation, intensity and frequency of 
each session). This should be provided regularly and consistently throughout the day. 
The owner should also play with toys and the training sessions can have some tricks, 
such as retrieving a ball, using clicker-training.  Punishment must never be used. It is 
aversive, unpredictable, leads to more stress and anxiety, and can generate undesired 
associations. An alternative that could be used is response substitution. When the cat 
engages in the inappropriate behaviour a noise might be used to stop behaviour, 
immediately followed by a command and the animal rewarded for obeying the 
command. 
 
3) Drug therapy 
Pharmacotherapy is indicated in cases of compulsive self-mutilation or severe self-
grooming. A reason not to delay the use of pharmacological treatment is that the longer 
the behaviour has been going on, the less effective its use is8. Fluoxetine (0,5-1mg/kg 
PO q24h), clomipramine (0,25-0,5-1mg/kg PO q24h – dose increase depending on the 
result), sertraline (0,5mg/kg PO q24h, during 6 to 8 weeks and than could be increased 
to 1mg/kg PO q24h) and paroxetine (0,5mg/kg PO q24h, during 6 to 8 weeks and than 
could be increased to 1mg/kg PO q24h) have proven effective as supportive treatment 
to behavioural modification and environmental modification. Tricyclics other than 
clomipramine are highly unlikely to have sufficient efficacy in psychogenic alopecia, as 
they have a weaker effect on serotonin reuptake. As compulsive behaviour, when 
established, can be performed even without a high arousal or high states of anxiety, 
anxiolytic drugs alone are generally insufficient. Drug results should be assessed after 4 
to 8 weeks.  The owner should closely track the number and severity of self-grooming 
bouts (since the beginning). If there is no improvement the drug therapy may be 
changed, the dose may be increased or combined poly pharmacology be considered. A 
successful drug therapy will produce about 70% decrease of the compulsive behaviour 
and after a period of 6 to 8 weeks without further over-grooming drug discontinuation 
plan can start. Weaning of the drug should be very gradual, starting with 75% of the 
dose for 2 weeks, than 50% for 2 weeks and 25% of the dose for 2 more weeks. This 
dose can be maintained for an extra 3 weeks, every other day, before being completely 
discontinued. During the weaning plan, if the behaviour reappears, the dose should be 
increased to the previous level that was effective for more 2 to 4 weeks before restarting 
the weaning. Be cautious of a possible rebound effect, where the compulsive disorder 
may reappear worse than before, due a sudden or too fast discontinuation of the drug. 
Some animals will need the medication for life-time. This can be seen as a chronic 
disease. Owner compliance is vital to the success of the treatment, but the outcome of 
the treatment can be negatively affected by problem duration9. The earlier the treatment 
can start, the better the results.    
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Understanding Heart Sounds 

Mike Martin MVB DVC MRCVS. Veterinary Cardiologist 

 

Cardiac (and respiratory) auscultation is a skill that requires both knowledge and 
experiential learning. But it is also excusable to assume more can be heard than 
actually can (when you read the books). Many books perpetuate the myth of what is 
seen on phonocardiography, can also be heard, but in reality this is rarely the case. 
So it is important to understand what we can appreciate on auscultation, but also what 
is important to know and get the fundamentals right.  

For me, auscultation is best performed with the animal either standing or sitting, 
however not when lying down. It needs to the owner and patient to be quiet, with the 
animal neither panting nor purring. I usually palpate the femoral pulse simultaneously 
during auscultation, to check for timing and pulse deficits.  

The standard routine is to consider the: area, audibility, rate, rhythm and abnormal 
sounds.  

1. Area is the first step, making sure to listen to the whole heart (and not just the region 
of the apex beat) by moving your stethoscope to all points of the compass, until heart 
sounds are no longer heard. Thus ensuring all areas of the heart have been 
auscultated, where remote murmurs such as a PDA can be found.  

2. Audibility can be increased with cardiomegaly or decreased with pericardial or 
pleural effusion. Although audibility will also be affected by the animals’ body condition. 
Additionally remember to palpate the heart, noting its position, strength or presence of 
any thrills (grade 5 or 6 murmur).  

3. Rate, both heart and pulses rates should be counted and recorded in clinical notes, 
remembering that the pulse rate cannot exceed the heart rate when recording those 
notes! Tachycardia is a feature of many conditions such as heart failure, anaemia, 
shock, dehydration and arrhythmias. Whereas a sinus arrhythmia is an indication of 
absence of sympathetic drive, and thus likely the absence of congestive heart failure. 
Bradycardia is a feature of some medical conditions such a hypothyroidism, Addison’s 
disease, as well as some arrhythmias such as heart block and atrial standstill. It is also 
seen in athletically fit animals, which is a normal-variant.  

4. Rhythm has many differing descriptions, but this can be simplified to a more 
pragmatic approach. The rhythm can be regular such as sinus rhythm, sinus 
tachycardia or sinus bradycardia, ie. there is a steady beat. There can be an 
‘intermittent tripping in the rhythm’ due to occasional premature or missed beat, such 
as with a ventricular premature complex or a sinus block. There can be a frequent 
tripping in the rhythm, when there are frequent premature beats. Or lastly, the rhythm 
can be ‘chaotic’. This is sometimes referred to as an ‘irregularly irregular’ rhythm – 
which always seems a mouthful to me. A chaotic rhythm can be due to very frequent 
premature beats or atrial fibrillation. When noting the rhythm it then also becomes 
important to note the percentage of pulse deficits and record both heart and pulse 
rates.  

5. Abnormal heart sounds then refers to murmur, gallops and other unusual sounds.  
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Murmurs sound like ‘white noise’ typically occurring with each heartbeat. The vast 
majority of murmurs are systolic in small animals. But occasionally a systolic murmur 
can have a musical component such as a squeak or whooping sound. Diastolic 
murmurs are rare in small animals and often difficult to hear, so might only be 
appreciated in retrospect after an echocardiographic examination. The most important 
murmur not to miss is the continuous murmur of a PDA, located high up under the 
armpit on the left side (North-West on the Compass). Murmurs can also be classified 
by their point of maximum intensity (PMI), however this is rarely of practical value, in 
part due to the inaccuracy of this in such small hearts and secondly because the 
majority of animals will need an echocardiographic examination of not only for 
diagnosis the murmur, but also the effects this has on cardiac morphology. The 
loudness of a murmur is conventionally graded out of 6. Grades 1 & 2 being quite, 
grades 3 & 4 being louder and grades 5 & 6 being so loud that the murmur can also 
be palpated as a precordial thrill.  

A gallop sound is a very useful sound to learn to recognise, but does require 
experiential learning to discover. The sound of a galloping horse however is a 4-beat 
sound, whereas a ‘gallop’ sound in cardiology is a 3-beat sound, or a ‘triplet-sound’. 
This is created by the accentuation of either S3 or S4. Neither of these sounds should 
be heard in small animals, but when a gallop-sound is heard it is an indication of either 
atrial or ventricular dilation and thus an indication warranting further diagnostic tests.  

 

The Essentials Summarised 
 
• Are the heart sounds louder or quieter than normal?  

– Does the apex beat feel stronger or weaker 
• Is there a pulse for each heart beat? 

– Count HR & PR 
• Is the rhythm:  

– Normal 
– Tripping: intermittent, frequent 
– Chaotic  
– If there is a murmur:  
– Is the PMI left or right? 
– Is it quiet, moderate or loud? 
– Is it continuous or not? 

• Is there a gallop sound? 
 

Recommended reading 

Cardiac Auscultation & Phonocardiography in Dogs, Horse and Cats. (2002) Kvart and 
Haggstrom. ISBN-13: 978-9163128370 
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Recognition and diagnosis of heart failure in dogs 
 
Mike Martin MVB DVC MRCVS Veterinary Cardiologist 
 
The overall incidence of heart disease in dogs is approximately 10%. The majority of 
these are due to adult heart disease due to mitral valve disease (MVD) or dilated 
cardiomyopathy (DCM). There are many manifestations of heart disease the most 
common of which is congestive heart failure (CHF).  
 
When a disease, or a defect, of the left side of the heart leads to CHF, we term this 
left sided congestive heart failure (CHF). The symptoms that manifest are different to 
right sided CHF, hence the reason we distinguish left from right sided heart failure.  
 
Mitral Valve Disease  
Mitral valve disease (aka. valvular endocardiosis) is the most common cause of left 
sided CHF in adult dogs and the following explanation should provide an 
understanding of how mitral valve disease (MVD) leads to left sided congestive heart 
failure. It is more common in older dogs and in smaller breeds. Some breeds are 
predisposed, eg. the Cavalier King Charles Spaniel. 
 
Each of the four valves in the heart should act as non-return valves, permitting blood 
flow in one direction (forwards) only and thus maintaining a normal flowing circulation. 
When MVD occurs in ageing dogs, the valves become degenerate and nodular, such 
that when the valve closes to prevent backflow, gaps occur in the valve resulting in a 
backward squirt of blood, with each heartbeat. This backward squirt of flow through an 
incompetent valve is what creates the systolic heart murmur.  
 
In MVD, this results in an extra volume of blood returning to the left atrium. The left 
atrium therefore becomes stretched and dilated by this. This also causes an increase 
in pressure in the left atrium. Thus MVD leads to a damming up of blood behind the 
mitral valve, similar to how a dam in a river causes the water levels to increase behind 
the dam. This damming back of blood occurs not only into the left atrium but also dams 
back up the blood vessels returning blood to the left atrium from the lungs (ie. the 
pulmonary veins). This then leads to the accumulation of fluid within the lung tissue 
(interstitial oedema), eventually squeezing out into the airways (alveolar oedema). 
Hence the term congestive heart failure (CHF) is derived. Since the heart disease (the 
MVD) is on the left side of the heart, it is termed left sided CHF.  
 
The symptoms of left sided CHF can then thus be explained.  
 
There are three common (or major) symptoms of left sided CHF: 
 
i. Breathlessness due to pulmonary congestion, as the lungs struggle to exchange 
gases (ie. oxygen and CO2) the rate and effort of breathing increases to compensate. 
The rested breathing rate (number of breathes per minute after rest and not panting) 
will increase markedly.  
 
ii. Exercise intolerance (fatigue on exercise) results due to the heart’s reduced 
pumping ability and reduced circulation. The muscles of exercise do not receive an 
adequate supply of well oxygenated blood at a good rate.  
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iii. Coughing commonly occurs due to compression of the windpipe (trachea) by the 
enlarged left atrium pushing up on it; or by a grossly enlarged heart squeezing the 
windpipe.  
 
Dilated Cardiomyopathy 
Dilated cardiomyopathy (DCM) is probably the second most common heart disease in 
adult dogs. It tends to occur in large breed dogs, three quarters are male and there 
are some breed predispositions such as: Dobermanns, Boxer, Great Danes, Cocker 
Spaniels, Germans Shepherds Dogs, Labradors, Irish Wolfhounds, Golden Retrievers 
and Newfoundlands.  
 
This is a disease in which the muscle of the left ventricle itself becomes weak.  
‘Cardio-myo-pathy’ literally means ‘heart-muscle-disease’. Since the left ventricle is 
the major pumping chamber of the heart, the ability of the heart to pump and circulate 
blood is markedly reduced. Thus this results in a damming back of blood from the left 
ventricle. Since the left ventricle cannot empty fully it becomes stretched and dilated. 
This results in damming back of blood into the left atrium and pulmonary veins. Thus, 
like MVD, leads to left sided congestive heart failure. Thus the same symptoms of left 
sided CHF described for MVD above. 
 
Diagnosis of Heart Disease versus respiratory disease 
 
The diagnosis of heart disease is greatly facilitated in veterinary medicine by breed 
predispositions. Small breed dogs such as the CKCS, terriers, yorkie’s are 
predisposed to MVD, whereas larger breed dogs such as the Cocker Spaniel, 
Doberman, Boxer, Great Dane, Labradors are predisposed to DCM. Mixed breed dogs 
can develop MVD but very rarely DCM. In contrast differentiating symptoms in dog 
from cardiac or respiratory aetiology is also facilitated by breeds predisposed to 
respiratory disease. A respiratory aetiology is much more likely in brachycephalic 
breeds, Westies and Cairns for example.  
 
Whilst clinical signs can be common to both conditions, some signs are much more 
likely in one or other. For example, sinus arrhythmia, cyanosis, wheezes and crackles 
are much more likely in respiratory cases, whereas, sinus tachycardia, pallor, 
arrhythmia, increased apex beat, gallop sound ascites, and jugular distension are all 
more likely in the cardiac case.  
 
The aims of the signalment, history taking and clinical examination are to decide if a 
cardiac versus respiratory cause is more likely, and thus which diagnostic pathway to 
follow, incurring this expenses for the owner. But if in doubt and finances permit then 
further diagnostics are indicated. But which one/s? 
 
Diagnostic tests  
 
Serum proBNP (Cardiopet, Idexx) 
In dogs with symptoms of breathlessness and/or coughing, this can be a useful test to 
helpful to decide if heart failure is likely or not, particularly if the result is very low or 
very high. It is critical to decant the plasma into the appropriate blood tubes, otherwise 
results become unreliable.  
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Thoracic Radiography 
This remains the most valuable diagnostic tool - if they are of good quality. X-rays 
shows the outline of structures in the chest, eg the shadow of the heart. Thus an overall 
appreciation of the heart size and shape can be seen. The lungs can often also be 
evaluated to check for any lung congestion or thoracic fluid, which greatly aids in 
deciding on which drugs and what dosages are needed.  
 
Electrocardiography (ECG) 
An ECG shows the electrical activity of the heart. An ECG is therefore used to 
diagnose arrhythmias heard on auscultation. However it is not particularly useful for 
the diagnosis of cardiomegaly or heart failure. 
 
Echocardiography 
An ultrasound scan shows the heart and its valves and the size of the four heart 
chambers can be appreciated. MVD results in dilation of the left atrium initially, but 
dilation of the left ventricle also follows. In DCM, both the left ventricle and atrium dilate 
to a similar proportion and additionally left ventricular contractility is poor.  
 
Blood tests 
When treating heart disease, blood tests are useful to keep an eye on kidney function, 
proteins level or electrolyte balance for example. When the heart fails and struggles 
to maintain a good pressure and supply of blood to the other organs, such as the 
kidneys, then there is the potential for the kidneys to suffer. In addition the kidney and 
liver need to metabolise the drugs used in treatment of heart disease and maintain a 
balance of electrolytes for example. Thus it is imperative to take a blood sample at 
appropriate intervals for testing. 
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Preclinical heart disease in dogs and cats: when to treat 
 
Mike Martin, MVB DVC MRCVS, Veterinary Cardiologist 
 
Heart failure is a clinical syndrome – not a disease. Heart disease may be present 
without heart failure, but heart failure cannot be present without disease. Heart failure 
is the most common clinical presentation of dogs and cats with heart disease. Heart 
failure (HF) can be defined as a failure of the heart to circulate enough blood to meet 
the metabolic demands of the body at normal filling pressures. Congestive heart failure 
(CHF) infers that there is a damming back of blood behind the failing heart, into the 
pulmonary or systemic circulations.  
 
Cats 
In cats hypertrophic cardiomyopathy (HCM) is a common cause of a murmur in 
asymptomatic cases; whereas a gallop sound or arrhythmia is more commonly 
associated with symptomatic cats. In the vast majority of cats echocardiography is 
needed to reach a diagnosis and determine the cause of the murmur. Most commonly 
this is due to outflow tract obstruction and becomes louder with faster heart rates, 
sometimes compounded by systolic anterior motion of the anterior cusp. 
Determination of the left ventricular wall thickness leads to the diagnosis of left 
ventricular hypertrophy, however this is not a clear cut-off due to the natural coefficient 
in variation.  
 
In a survey of normal cats, HCM was found in 15% (Paige et al 2009). Of the feline 
cardiomyopathies (sometimes referred to as Idiopathic Cardiomyopathies) 57% were 
found to be associated with HCM (Ferasin et al 2010). The common clinical 
presentations includes the asymptomatic cat which is often discovered following 
investigation of a murmur. However heart failure, arrhythmias, sudden death and 
thromboembolic disease also occur. In a study (Payne et al 2010) comparing the 
population characteristics and survival of cats with HCM, 91% of the asymptomatic 
cats had a murmur. This probably reflects that fact that an echo was performed 
following discovery of the murmur, hence a natural bias. Whereas only 43% of cats in 
CHF had a murmur. The presence of a gallop or arrhythmias was more likely to be a 
useful differentiating feature of cats in CHF.  
 
Echocardiography is now the standard diagnostic tool for recognition of left ventricular 
hypertrophy (LVH) in cats. Measurement of the left ventricular wall thickness can be 
made using either 2-D or M-mode methods, in either the long axis or short axis views. 
However M-mode is particularly difficult to obtain clear perpendicular bisecting views 
avoid the papillary muscles, so this of often not recommended. Accuracy of 
measurement is a problem and each operator will have a degree of variation in 
accuracy and precision, ie their coefficient of variation (CV) will differ. So remembering 
to allow for this lack of precision is important in clinical decision making. As a 
consequence it is very difficult to distinguish normal from abnormal, ie wall 
measurements around 5-6mm will have a significant overlap in the CV. However 
severe LVH is considered to be >8mm and this is unlikely to overlap with normal 
measurement. Tissue Doppler studies are becoming increasingly available and used 
to recognise early signs of diastolic failure, which is considered to be present even 
prior to development of LVH. 
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Hypertrophic obstructive cardiomyopathy (HOCM) is when the hypertrophy of the 
ventricular septal wall, impedes the left ventricular outflow tract (LVOT). This is a 
dynamic event, with increasing narrowing of the LVOT during systole. Therefore there 
is an exponential rise in the outflow tract velocity, creating a characteristic curve in the 
spectral Doppler signal. Additionally this can be compounded by systolic anterior 
motion (SAM) of the anterior mitral valve cusp, further increasing the outflow tract 
obstruction and spectral Doppler velocity and concurrently resulting in mitral valve 
incompetence. SAM is also heart rate dependant, in that a higher heart rate results in 
reduced diastolic filling and thus exacerbating the outflow tract obstruction. The 
loudness of the murmur will also increase with this increase in outflow traction 
obstruction. However at lower heart rates, there will be an improvement in ventricular 
diastolic filling and a reduction in the severity of the outflow traction obstruction. And 
with that a reduction in the loudness of the murmur. What is not clearly understood, is 
whether or not, SAM is present in a cat at home in which the heart rate is slow and 
normal. To what degree does the elevation in the heart rate in-clinic contribute to 
SAM?  
 
In summary, asymptomatic cats with HCM will commonly have a wall thickness of 6-
8mm. It is difficult predict which ones will progress to develop heart failure, and whilst 
a proportion do, there is a large proportion that remain asymptomatic for many years. 
However regular monitoring by echocardiography at least annually is indicated in this 
group of cats. Cats with severe HCM (ie >8mm) are more likely to progress towards 
heart failure. Monitoring not only LVH but also left atrial dilation is important in these 
cats.  
 
Dogs 
Adult dogs mostly present with either mitral valve disease (MVD) or dilated 
cardiomyopathy (DCM). MVD is much more common and accounts for ~80% of all 
cardiac cases in practice. Other acquired heart diseases do occur, such as pericardial 
effusion, arrhythmias and cor pulmonale, however these are fairly uncommon in 
practice, but need to be considered.  
 
Mitral valve disease (MVD) is a myxomatous degenerative disease in the older dog, 
with development of endocardiosus nodules on the valve cusps and chordae that lose 
their elasticity and break. Gaps appear in the valve when it closes in during systole, 
such that a jet of blood squirts through into the left atrium. This squirt of blood creates 
a noise, referred to as a murmur. The murmur occurs during systole only therefore. 
MVD is more common in smaller breed dogs, although any breed or size of dog can 
be affected.  
Initially a murmur of MVD usually starts quietly and is detected during a routine 
examination such as annual vaccination. In most dogs it will begin in the second half 
of life, but in CKCS it is being noted as young as 3 or 4 years of age. It is estimated 
that 50% of CKCS will have a mitral murmur by 5 years of age and 100% by 10 years 
of age. As time passes, the volume of mitral regurgitation insidiously progresses, such 
that the murmur gradually becomes louder. The return of blood back into the left atrium 
results in dilation. This additionally inhibits return of blood from the lungs via the 
pulmonary veins. At this early stage of MVD, there may still not be any symptoms and 
thus no indication for any treatment, but simply monitoring and education of owners to 
watch for symptoms. On chest radiographs, mild left atrial dilation may begin to be 
seen. However over time, left atrial and auricular dilation continues to ensue. This 
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further inhibits return of blood from the lungs and the pulmonary veins also become 
engorged. The left ventricle also begins to dilate to accommodate the large volume of 
blood shunting back and forth through the mitral valve. Additionally output through the 
aorta diminishes, simply because so much is now going backwards into the left atrium. 
At some point along this timeline, symptoms will begin to occur.  At this stage there is 
usually significant left atrial dilation. When symptoms are noticed by an owner, very 
much depends upon their observation skill set and the type of exercise (or not) their 
dog undertakes. Some owners may notice symptoms very early, such as exercise 
intolerance, due to the reduction in cardiac output. This ‘blurs’ the cut-off between 
preclinical (asymptomatic) and clinical heart failure. As heart failure develops, a dog 
will struggle to maintain its normal activity and exercise, maybe becoming 
breathlessness after strenuous exercise, which it didn’t used to do. In older dogs, 
some owners may assume this is simply part of the aging process and fail to 
communicate this observation to their vet for that reason. Thus good questioning of 
owners by their vet is required to tease out this history. At this symptomatic but pre-
congestive stage, the murmur is likely to be fairly loud. The heart rate becomes faster 
(in an attempt to maintain cardiac output) and so does not relax or slow in the 
consulting room, ie. there is a loss of normal sinus arrhythmia. This stage of heart 
failure is also referred to as forward heart failure, as the symptoms are primarily related 
to a reduction in cardiac output.  
 
There are three common (or major) symptoms of left sided CHF: 
 
1. Breathlessness due to pulmonary congestion, as the lungs struggle to exchange 
gases (ie. oxygen and CO2) the rate of breathing increases to compensate. The rested 
breathing rate (number of breathes per minute after rest and not panting) will increase 
markedly. The normal rate is <20 breaths/min. Dogs with pulmonary congestion can 
have rates in excess of 40/min.  
 
2. Exercise intolerance (fatigue on exercise) results due to the heart’s reduced 
pumping ability and reduced circulation. The muscles of exercise do not receive an 
adequate supply of well oxygenated blood at a good rate.  
 
3. Coughing commonly occurs due to compression of the windpipe (trachea) by the 
enlarged left atrium pushing up on it; or by a grossly enlarged heart squeezing the 
windpipe.  
 
In 2002, the SVEP Study (Efficacy of Enalapril for Prevention of Congestive Heart 
Failure in Dogs with Myxomatous Valve Disease and Asymptomatic Mitral 
Regurgitation) published the results of a trial: double blinded placebo controlled trial 
of enalapril following the onset of a mitral murmur, but prior to onset of heart failure. 
This showed that enalapril did not delay the onset of heart failure, regardless of 
whether or not cardiomegaly was present. At this time point ACE inhibitors are not 
indicated for preclinical heart failure in dogs with MVD. In 2016, the EPIC Study (Effect 
of Pimobendan in Dogs with Preclinical Myxomatous Mitral Valve Disease and 
Cardiomegaly: The EPIC Study—A Randomized Clinical Trial) published the results 
of a trial: a blinded, placebo control trial of pimobendan following the onset of a mitral 
murmur with cardiomegaly, but preclinical (asymptomatic) heart failure. This showed 
that pimobendan delayed the onset of clinical heart failure, producing a substantial 
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clinical benefit. Therefore following the results of this study, pimobendan is indicated 
for dogs with asympomatic MVD, following the onset of cardiomegaly.  
 
Dilated cardiomyopathy (DCM) is probably the second most common heart disease in 
adult dogs. It tends to occur in large pure breed dogs, three quarters are male and 
there are some breed predispositions such as: Dobermanns, Boxer, Great Danes, 
Cocker Spaniels, Germans Shepherds Dogs, Labradors, Irish Wolfhounds, Golden 
Retrievers and Newfoundlands.  
This is a disease in which the muscle of the left ventricle itself becomes weak.  
‘Cardio-myo-pathy’ literally means ‘heart-muscle-disease’. Since the left ventricle is 
the major pumping muscle (or chamber) of the heart, the ability of the heart to pump 
and circulate blood is markedly reduced. Thus this results in a damming back of blood 
from the left ventricle. Since the left ventricle cannot empty fully it becomes stretched 
and dilated. This results in damming back of blood into the left atrium and pulmonary 
veins. Thus, like MVD, leads to left sided congestive heart failure. Thus the same 
symptoms of left sided CHF described for MVD above. The survival statistics for dogs 
with DCM are generally considered poor. The survival, with current treatment, at 3 
months is 50%, at 1 year is around 20% and at 2 years is 5 to 10%. Some breeds 
have a much poorer survival such as Dobermanns, and females have a slightly poorer 
survival than males. The pre-clinical phase of heart disease in dogs with DCM can be 
several months long. This may be detected by early signs of left ventricular 
remodelling (dilation) on echocardiographic examination and also the onset of 
ventricular arrhythmias on a 24 hour Holter monitor. When clinical signs develops 
these are the common triad of exercise intolerance, coughing and breathless (as is 
common to MVD).  
 
In 2012, the Protect Study (Efficacy of Pimobendan in the Prevention of Congestive 
Heart Failure or Sudden Death in Doberman Pinschers with Preclinical Dilated 
Cardiomyopathy) published the results of a trial: a blinded, placebo control trial of 
pimobendan following the diagnosis by echocardiography of preclinical DCM. This 
showed that pimobendan in Dobermans with preclinical DCM prolongs the time to the 
onset of clinical signs and extends survival. Treatment of dogs in the preclinical phase 
of this common cardiovascular disorder with pimobendan can lead to improved 
outcome. Therefore following the results of this study, pimobendan is indicated for 
dogs with preclinical DCM.  
 
In summary, in dogs, pimobendan is beneficial early in heart failure when there is 
cardiomegaly (echocardiography the most useful method of diagnosis).  
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Treatment and Monitoring of Mitral Valve Disease (MVD) in 

dogs, as per current ACVIM (2019) Guidelines 
 

Mike Martin MVB DVC MRCVS Veterinary Cardiologist  

 

The latest (2019) ACVIM Guidelines, for Mitral Valve Disease (MVD) in dogs, has been 

updated and renewed by a panel of international expert cardiologists. These 

guidelines additionally discuss key aspects of the diagnosis as well as the staging of 

heart failure.  

The estimated diagnostic error rate for CHF in veterinary practice is 30%, so correct 

diagnosis is key to providing appropriate treatment, but it is also important to note that 

if there is a failure to respond to medications, then there may be a need to review the 

diagnosis. Therefore a failure in response to medication is possibly associated with 

misdiagnosis then the medications. The guidelines refer to a number of key diagnostic 

features from the grade of murmur through to the various measurements from 

diagnostic tests such as radiography and echocardiography.  

The treatment recommendations for clinical (symptomatic) congestive heart failure 

(CHF) due to MVD are now: pimobendan, ACE inhibitors, diuretics & spironolactone 

(PADS). However, continued lifelong monitoring is also important and there are a 

number of useful guidelines on how best to do so, both for owners and vets. Monitoring 

renal and electrolytes status is important as well as ensuring there is neither over-

diuresis or under-diuresis, as well as appropriate diagnosis and treatment. 

 

Stage A - Predisposed 

This stage simply refers to breeds of dog that are predisposed to MVD, as this is likely 

a hereditary disease. At this stage regular monitoring for the development of a murmur 

is usually all that is required.  

 

Stage B1 – Preclinical but no cardiomegaly 

This stage refers to dogs that have developed a mitral murmur (grade 1 to 2), but have 

not yet developed any symptoms of congestion nor evidence of significant 

cardiomegaly. The most useful monitoring tool in this group is echocardiography every 

6-12 months, but thoracic radiography and blood pressure can be helpful too.  

 

Stage B2 – Preclinical + cardiomegaly 

In this stage, there is presence of cardiomegaly as defined below, but not yet 

radiographic evidence of congestive failure (pulmonary oedema). There are a number 

of criteria for this group: 

- No evidence of pulmonary oedema on thoracic radiographs. 
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- The presence of a mitral murmur, grade 3 – 6. 

- Thoracic radiographs in which the VHS > 10.5 or the VLAS > 3. 

- Echocardiographic measurement of the LA: Aorta ratio on the short axis view > 1.6:1 

and the LVIDDN (Cornell) > 1.7.  

 For dogs that meet these criteria, then medication with pimobendan is now indicated. 

Additionally, if there is evidence of progressing LA dilation, then an ACE inhibitor is 

also indicated.  

 

Stage C – Clinical congestive heart failure 

These dogs now have radiographic evidence of pulmonary oedema, in addition to 

exceeding the criteria in stage B2. The recommended medications for these dogs is: 

‘PADS’ – pimobendan, ACEi inhibitor, Diuretics & Spironolactone.  

Involvement in the owner in home-monitoring is also important in the long-term 

management of these cases. 

 

Stage D – Advanced, refractory to treatment 

These dogs have most commonly been in stage C for sometime and are now 

progressing to the point where they are becoming resistance to normal doses of the 

cardiac medications. One criteria is that the dose of furosemide now exceeds 8mg/kg 

per day to control pulmonary oedema or ascites. When this occurs, changing the 

furosemide for torsemide is an option, as well as maxing out the dose of the other 

medications. If pulmonary hypertension is present, then the use of sildenafil is a 

consideration. For the chronic cough due to airway compression (rather than 

pulmonary oedema) then anti-tussives are useful.  

In advanced or chronic heart failure case, or in cases when the medications are 

introduced or their dose increased, monitoring renal function and electrolytes is 

important on a regular basis, as well as blood pressure and hydration status.  

 

Reference 

ACVIM Consensus guidelines for the diagnosis and treatment of MVD in dogs (2019) 

JVIM 1-14. 
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Introduction to understanding ECGs 
 
Mike Martin MVB DVC MRCVS Veterinary Cardiologist 
 
 
ECG interpretation has always been portrayed as a difficult and esoteric skill. However 
it does not need to be and this lecture offers a uniquely simple way to understand and 
learn ECG interpretation. Once the basic concept is understood, then it is just a matter 
of learning a few new words (like learning a new language).  
 
Step 1 is to learn to recognise the shape (morphology) of the normal complexes. Once 
this is achieved then recognizing the abnormal complexes becomes easier. Then 
apply the correct description (language).  
 
It is important to develop, and use, a routine when reading ECGs. Always read an 
ECG from its beginning, i.e. from left to right. When the ECG is difficult to read, start 
from the easiest part of the tracing that is recognisable, then continue reading (left to 
right) from that point. 
 
It is important to not over-read or be too dependent on ECG findings. Since the ECG 
records only the electrical activity of the heart, it should be remembered that this limits 
the information that can be gained from it. It is often poorly related to the mechanical 
function of the heart and does not provide information about aetiology or severity of 
organic heart disease. A normal ECG does not necessarily infer that the heart is 
normal and, likewise, an abnormal ECG is not necessarily indicative of heart disease. 
Additionally, if the ECG is abnormal, it is important to determine what the clinical 
significance is, and if treatment is indicated or not. 
 
Some terminology 
• Ectopic complexes may be classified by the following: 
• Site of origin. They are either ventricular or supraventricular 

• Timing. Ectopic complexes that occur before the next normal complex would have 
been due are termed premature, and those that occur following a pause such as 
a period of sinus arrest or in complete heart block are termed escape complexes. 

• Rate. 
o Tachycardia is defined as >180-200/min 
o An escape rhythm is often <100/min. 
o Accelerated idioventricular rhythm (AIVR) is typically between 100-200/min 

• Morphology. If all the ectopics in a tracing have a similar morphology to each other 
they are referred to as uniform and those in which there are different shapes as 
multiform (or polymorphic). 

• Number of ectopics. Premature ectopic complexes may occur singly, in pairs or in 
runs of three or more; the latter is referred to as a tachycardia. A tachycardia may 
be continuous, termed persistent or sustained, or intermittent, termed 
paroxysmal. 

 
Recommended reading:  
 
Martin (2015) Small Animal ECGs: An Introductory Guide (3rd edition). Wiley Blackwell.  
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Collapse & Syncope: A Cardiologist's Perspective 
 
Mike Martin, MVB DVC MRCVS Veterinary Cardiologist 
 
 
Collapse is a broad generic term, defined as a sudden loss of postural tone, but 
not necessarily with a loss of consciousness and may be of any duration. 
Syncope is a subset of collapse that is a transient loss of consciousness, 
resulting from insufficient blood flow to the brain, with an associated reduction 
in delivery of oxygen and nutrients, which is of short duration and followed by a 
recovery to normal. It is of paramount importance to differentiate syncope from 
non-syncopal causes of collapse, particularly neurological causes such as 
epileptic seizures.   
 
The diagnostic rate for animals that present with collapse has been reported as 
67% of 743 dogs in one study, which is relatively high as many animals have 
abnormalities on physical examination or diagnostic tests that lead to a 
diagnosis. In this study, there were 153 dogs with undiagnosed collapse of 
which 42% resolved, 23% continued to collapse, 24% died and 11% were 
subsequently diagnosed. In one human study the mechanism of syncope 
remained unexplained in 40% of cases. Additionally differentiation from an 
epileptic seizure is difficult; it is estimated that 20% of human patients 
presenting to a neurology department are subsequently diagnosed with 
cardiogenic syncope, which is likely to be similar in veterinary medicine. 
 
Cardiogenic syncope occurs when there is an intermittent, profound 
hypotension that results in a marked reduction in blood flow to the brain. It is 
estimated that blood pressure has to fall by at least 50% before 
unconsciousness develops and is usually much lower than this during syncope. 
This requires an arrhythmia that results in asystole (such as sinus arrest or 
ventricular standstill) or a marked reduction in cardiac output (such as a rapid 
ventricular tachycardia). Additionally the duration of a sustained arrhythmia to 
cause sufficient hypotension to induce syncope has to be a minimum of 10-30 
seconds, depending upon the activity level (metabolic demand) of the animal.  
 
The most common arrhythmias that cause sufficient hypotension to result in 
syncope are bradyarrhythmias that result in asystole (for which a pacemaker 
might be indicated), such as sinus arrest (which might be part of sick sinus 
syndrome) and advanced atrioventricular block with periods of ventricular 
standstill or tachyarrhythmias that have a marked effect on stroke volume such 
as a rapid ventricular tachycardia. Atrioventricular block is usually evident at the 
time of examination; however sinus arrest or ventricular tachycardia can be 
intermittent and might only be detected on Holter recordings. Ventricular 
tachycardia (VT) does not always produce syncope, although there will usually 
be a degree of hypotension, and it tends to be the more rapid VT that is 
associated with syncope. The combination of structural heart disease or 
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pulmonary hypertension (which is severe enough to limit cardiac output) with 
the addition of these arrhythmias, may result in syncope, particularly following 
excitement or exertion.  
 
There are a number of synonyms in this group including vasovagal syncope and 
vasodepressor syncope. Neurocardiogenic syncope achieves such a profound 
hypotension to produce syncope by the combination of a profound 
bradyarrhythmia and vasodilation. Neurocardiogenic syncope is a response 
that, when triggered, results in reflex vasodilation usually with bradycardia, and 
the combined effects are profound hypotension and thus syncope. It is 
characterized by sudden autonomic nervous system failure: there is withdrawal 
of sympathetic tone with abrupt increase in vagal tone, although the exact 
mechanism remains unclear. The triggering events are variable and determined 
by which afferent nerve or receptor is stimulated.  
 
Vasovagal syncope is probably the most well-known, particularly in young 
Boxer dogs; the trigger is usually intense excitement such as greeting the owner 
or play activity, resulting in the neurocardiogenic reflex described above and 
syncope. Vasovagal syncope also seems to be exacerbated by concurrent 
gastrointestinal or abdominal conditions, and syncope may resolve when the 
abdominal disorder resolves. The presence of structural heart disease such as 
aortic stenosis or hypertrophic obstructive cardiomyopathy can exacerbate high 
left ventricular pressures, stimulating ventricular pressure receptors and 
triggering this neurocardiogenic reflex; this is termed the Bezold-Jarisch reflex. 
This reflex originates in cardiac sensory receptors with non-myelinated vagal 
afferent C fibers in the left ventricle. When the receptors are stimulated by 
increased left ventricular pressure, the increased pressure is perceived as 
hypertension; reflex vasodilation, bradycardia, and syncope result. This reflex 
is also triggered in animals suffering rapid, severe hemorrhage;  vigorous 
contraction of the left ventricle around a volume depleted ventricular chamber, 
produces an paradoxical increase in firing of these receptors resulting in a reflex 
bradycardia and vasodilation. 
 
It is also well known that some small breed dogs with mitral valve disease can 
present with syncope. The mechanism of the syncope in this setting remains 
unclear, but includes vasovagal syncope, arrhythmias and pulmonary 
hypertension. Situational syncope is when the neurocardiogenic reflex is 
triggered by activities such as coughing (tussive-syncope), vomiting, sneezing, 
micturition, defecating, swallowing, or visceral pain. Tussive syncope is 
common in dogs with either cardiac or respiratory disease; the mechanism 
remains unclear but may be associated with an increase in intrathoracic 
pressure during coughing inhibiting venous return or possibly a 
neurocardiogenic reflex vasodepressor-bradycardia response to cough.  
 
It is difficult to differentiate syncope from the many causes of non-syncopal 
collapse that are not association of a reduction in blood flow to the brain. 
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Conditions to consider would include neurological conditions such as epileptic 
seizures, narcolepsy, paroxysmal movement disorders, neuromuscular disease 
or exercise induced collapse (EIC). Animals with profound hypoxia, such as 
severe respiratory disease, pulmonary hypertension or transient upper airway 
obstructive conditions, can present with intermittent collapse particularly 
following excitement or exertion. Coughing, common with respiratory 
conditions, can also lead to tussive-syncope. 
 
When an animal is presented with a history of collapse, it can be very difficult to 
determine the type of collapse and to differentiate between cardiogenic syncope 
and seizures. Owners will recall events in an array of descriptions, misleading 
analogies or misunderstood terminology. It is critical that the clinician uses 
analytical questioning to ascertain as good an original description of the 
collapse as possible; this therefore also has to be from the person who 
witnessed the collapse. Differentiation between syncope and non-syncopal 
collapse is often difficult and therefore keeping an open mind to all causes of 
transient collapse is prudent. History taking for collapse is a particularly difficult 
and challenging task for the clinician, which requires considerable time and 
experience. Obtaining movies of the animal during a collapse can be invaluable 
in these situations.  
 
Determining if an animal was unconscious or not, from an owner, is difficult. 
Additionally ‘unconscious’ is a symptom, as opposed to a clinical sign. A client 
is usually unaware that the eyes often remain open when unconscious (or even 
dead) and this can be misinterpreted as being conscious (their pet was ‘staring 
at them’). It is more appropriate to ask questions around how responsive their 
animal was; did their pet react or move in response to touch or calling? Loss of 
bladder/bowel control with urination or defecation is not only seen with epileptic 
seizures but can also be seen with cardiogenic syncope. Animals with 
cardiogenic syncope are often motionless (sleep-like) with flaccid limb and body 
tone. However in some that are partially unconscious, they can flail their legs 
(as if struggling to get up), such that this can mimic epileptic seizures; detailed 
questioning is therefore needed to differentiate semi-conscious ‘leg-flailing’ from 
paddling (swimming) movement of the legs (more suggestive of epileptic 
seizures). Additionally dogs with cardiogenic syncope that is prolonged or 
severe, can develop profound cerebral hypoxia which results in the 
development of a brief period of opisthotonos (forelegs outstretched and stiff, 
with the head and neck arched backwards), which seems to be uncommon with 
epileptic seizures. Whereas epileptic seizures are often characterized by jaw 
chopping (or chattering of the teeth) and salivation, followed by exhaustion on 
recovery (due to the ‘exercise’ that occurs with an epileptic seizure). Syncope 
may have a trigger event such as excitement or the onset of exercise, whereas 
epileptic seizures usually occur at rest or from sleep with no specific trigger, 
often have a pre-ictal period of anxiety or odd behavior and also associated with 
facial muscle twitching. Cats can also have cardiogenic syncope which mimics 
brief focal seizures. Cardiogenic syncope is typically short in duration and the 
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animal should generally return to normal within a few seconds to maybe a 
minute (although it can be difficult for an owner to reliably recall the duration of 
time when in a panic). Epileptic seizures can be followed by a post-ictal period 
of up to hours where the animal may be confused, anxious or display localizing 
neurologic signs. 
 
If abnormalities are found on physical examination, this might identify the body 
system requiring further investigation. If there is no abnormality found on 
physical examination, then a meticulous history becomes the most important 
part of the assessment.  
 
Comprehensive blood work is important (complete blood count and serum 
chemistries, electrolytes, fasted glucose and thyroid status); if haemorrhage is 
suspected repeat bloods 12-24 hours later may be necessary to reveal blood 
loss. If hypoadrenocorticism is suspected an ACTH test should be performed. 
 
An electrocardiogram (ECG) is usually indicated, certainly if an arrhythmia is 
present, however ideally the ECG needs to be performed when the syncopal 
event occurs, thus documenting if an intermittent arrhythmia was the cause of 
the syncope or not. Additionally it is also important to rule out an arrhythmia, 
prior to considering general anaesthesia for additional diagnostic investigations 
such as MRI. For these reasons Holter monitoring has become a key diagnostic 
test in syncopal animals. It is important when using a Holter monitor that the 
timing of the event is accurately and reliably recorded; and this is really only 
reliably achieved by asking the client to press the ‘event button’ on the Holter 
monitor. Pressing the button at both the start and end of the syncope can 
sometimes be useful. Many animals may not have a syncopal event whilst the 
Holter is being worn, so attempts to induce syncope should be encouraged. 
From the history it should be determined if there is a trigger for the syncope, 
and whilst this may not be common, if there is, then this behaviour or routine 
should be encouraged during the Holter recording. Holter monitoring is typically 
for 24 hours for an arrhythmia count, however in animals with syncope, the 
Holter ideally needs to be worn until there is a collapse; this can take several 
days, or potentially longer, depending upon the frequency of syncope. The limits 
of duration are more around what the animal will tolerate, size of the memory 
card or battery life. For the majority of cases, the Holter can be worn for 5-7 
days. Even if the animal does not collapse within that time, there may be periods 
of arrhythmia that might be suggestive of the underlying mechanism of syncope.  
 
Insertable loop recorders are implantable event devices that can be surgically 
placed and although they are not commonly used in veterinary practice they 
provide an alternative option for animals that do not have a syncopal event 
during Holter monitoring but an arrhythmia is still suspected or important to rule 
out. 

 
In the majority of cases echocardiography is indicated to screen for structural 
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heart disease; or for conditions that might be associated with arrhythmias, such 
as cardiomyopathy.  Thoracic radiography might reveal changes consistent with 
cardiac or respiratory disease; however occasionally it might be indicative of 
shock (microcardia, thin caudal vena cava, hypovascular lung field) warranting 
an investigation for underlying causes, including blood work and abdominal 
ultrasonography in search of abdominal disease or a haemoabdomen.  

If all the above is still inconclusive, then the key step remains with Holter 
recording to document if intermittent sustained arrhythmias are the cause of 
collapse or not; and this may need to be repeated a few times, or an implantable 
loop recorder considered. Alternative options include teaching the client to 
examine the mucosa for pallor (lips and gums are more reliable than the 
tongue), palpating or even auscultating the heart during syncope, however this 
can be difficult if the duration of syncope is short. Taking a movie of the collapse 
is particularly useful in providing the opportunity for the clinician to observe the 
event and decide if this is a syncope or non-syncopal collapse and potentially 
the body system involved.  

SUMMARY 

Collapse is a broad generic term, defined as a sudden loss of postural tone, 
but not necessarily with a loss of consciousness. Syncope is a subset of 
collapse that is characterized by unconsciousness, due to a transient 
reduction in blood flow to the brain, which is of short duration followed by a 
rapid recovery to normal. The common causes of syncope are classified as 
cardiogenic or neurocardiogenic. It is of paramount importance to 
differentiate syncope from the large number of non-syncopal causes of 
collapse, particularly epileptic seizures and paroxysmal movement disorder. 
Cardiovascular conditions dominate the differentials for syncope, most 
commonly as a consequence of hypotension associated with cardiac 
disease or neurocardiogenic reflexes. If there is no abnormality found on 
physical examination, then a meticulous history becomes the most important 
part of the assessment. If diagnostic tests are inconclusive, then the key 
step is documenting a collapse on Holter recording to rule in/out an 
intermittent arrhythmia; and this may need to be repeated in some animals. 
Once a diagnosis is reached, then causes need to be investigated in order 
to provide appropriate treatment.  
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Introduction to interventional cardiology 
 
Mike Martin MVB DVC MRCVS Veterinary Cardiologist 
 
 
Interventional cardiac procedures are now commonly used for the correction or 
palliation of some congenital heart defects.  
 
This involves the passing of catheters via peripheral vessels, such as the femoral vein 
or artery or the jugular vein, under general anesthesia. Access to the vessels in 
animals commonly involves a direct surgical dissection, although in some 
circumstances a direct puncture Seldinger technique can be used. Vascular access 
sheaths with a haemostatic valve are used to enter the vessels, allowing repeated and 
easy passage of various guide wires and catheters, without blood loss. Manipulation 
and directional control of the catheters and guide wires is observed under fluoroscopy 
with image intensification. The image on the monitor is typically magnified thus 
accurate scaling is necessary. Scaling is achieved by measurement markings on a 
catheter placed within the heart or great vessels and the exact magnification measured 
at the commencement of the intervention. An angiographic pressure injector is 
required for rapid delivery of radiographic contrast and a blood pressure monitor for 
direct manometry.  
 
There is a limitation in size at the lower end of the weight range. For example 
catheterization of the femoral artery in a tiny puppy <3kg is difficult, because the 
catheter needed to deliver the Amplatz device typically exceeds the diameter of the 
lumen of the artery. However newer techniques are constantly evolving.  
 
The common defects which are now normally managed by interventional techniques 
via catheterization are:  
 

• patent ductus arteriosus (PDA): commonly closed using an Amplatz Canine Duct 
Occluder. 

• valvular pulmonic stenosis (PS): using balloon dilation catheters 

• cor triatriatum: using a combination of cutting balloon and high pressure balloon 
catheters 

• Subaortic stenosis with myocardial failure: using a combination of cutting balloon 
and high pressure balloon catheters 

 
Pacemaker implantation is now a well recognized procedure for the management of 
various bradyarrhythmias causing symptoms such as syncope or for the risk of death 
such as: 
 

• 3rd degree heart block (complete heart block) 

• Advanced / symptomatic 2nd degree heart block (intermittent heart block) 

• Sinus arrest (often part of sick sinus syndrome) 

• Vasovagal syncope when the bradycardia portion is profound  
 

Modern pacemakers are typically rate responsive to allowing an increase in the heart 
rate with exercise. Remote monitoring from home by an owner is now also possible, 
saving the journey time and fuel cost for regular pacemaker checks on its function and 
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battery life.  
 
Electrophysiological studies and ablation of tachyarrhythmias caused by congenital 
electrical bypass tracts is now available with increasing success rates, often in a 
liaison with an experienced human cardiologist. 
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The Dermatologist’s Toolbox: Practical Diagnostic 
Techniques 
 
Nao Hensel 
DVM, MRCVS, Dipl. ACVD, Dipl. ECVD 
Tierdermatologie Basel, Switzerland, nhensel@tierdermatologie.ch 
 
 
Most diagnostic tests in veterinary dermatology are easy to perform and do not require 
special tools. In addition, results are often available immediately which can help to 
build treatment plans effectively. In this lecture, some of the essential dermatological 
diagnostic tests are reviewed. 
 
Flea Combing 
 Flea comb can identify, as the name says so, fleas and flea dirt. Fleas can be 
easily identified, but this cannot be always the case. When the infestation is not severe, 
you may find flea dirt. The easiest way to find flea dirt is to collect the materials onto 
the wet paper towel. Flea dirt can be visualised as red-brown stain that comes off from 
the collected sample. 
 
Deep Skin Scraping 
 Place a few drops of mineral oil onto a glass slide. Dip a dull scalpel blade (#10) 
or a palette knife in mineral oil, then pinch and squeeze the sample area of the skin. 
Place the blade in 45-degree angle against the skin, then scrape the sample area until 
micro bleeding is observed. Place the sample onto the glass slide then place a slide 
cover. Evaluate the sample with microscope while the condenser is set to “down”. 
 
Superficial Skin Scraping 
 Similar process to deep skin scraping, but scraping does not have to be 
continued until the micro bleeding of the lesional skin. Alternatively, mineral oil can be 
placed directly onto the patient and collect the oil onto a clean glass slide. Evaluate in 
the same manner as deep skin scraping.  
  
Skin Cytology: Direct Imprint 
 This is most likely the easiest to identify cells and organisms than tape method. 
Push a clean glass slide against the lesional skin while placing a finger behind to 
prevent breaking the slide. It is most suitable for moist/oily lesions such as pustules, 
under the crust, erosions/ulcerations, etc. When sampling a pustule, open the pustule 
with a sterile needle or the edge of the slide to collect the materials in the pustule.  
 
Skin Cytology: Tape 
 Tape skin cytology may be challenging to interpret if you are not use to this 
technique. However, it is extremely useful to collect samples from dry lesions such as 
scaling, and the interdigital space. Press a small piece of tape (ca. 3~4cm long) onto 
the sample area a few times then placed onto a clean glass slide. The tape should be 
a clear, transparent type rather than matt finished type.  
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Skin Cytology: Cotton Swab  
 When you need to get sample from skin folds, cotton swab method is very 
useful. Wipe the lesion with a clean cotton swab (does not have to be sterile for 
cytology) then roll the swab onto a clean glass slide. This method can be also used 
for the ears. 
 
Staining technique 
 Most dermatological samples can be visualised with a commercial 
Romanowsky stain (Diff-Quik). When the sample is oily or suspected to find yeasts, 
heat fixation is necessary before staining. This can be done by holding a lit lighter 
under the slide for a few seconds. Dip the sample slide five times into each solution 
(fixation, solution 1, solution 2) then wash with clean water. Once the slide is dried, it 
can be evaluated with a microscope. For this procedure, the microscopic condenser 
should be placed “up” to visualise cells and organisms.  
 For tape preparation, the first solution can be skipped as the tape itself “fix” the 
sample. The rest of the staining procedure is the same. Another way to stain tape 
sample is to place a drop of the third solution from Diff-Quik onto a slide then place 
the tape onto the slide (the sample side of the tape towards the glass slide). Remove 
excess solution and it is ready to evaluate with a microscope.  
 
Trichogram 
 This is useful to evaluate hair shafts and hair bulbs. The hair bulb appears 
differently depending on which stage of the hair cycle. This is often useful to evaluate 
hypotrichotic/alopecic patients to evaluate if the hairs are in mostly in the telogen 
phase or the anagen phase. Some disorders also have unique appearance of the hair 
bulbs. For example, if the tip of the hair bulb appears like a “exclamation mark”, this is 
suggestive of alopecia areata. However, this method cannot be used to make a 
definitive diagnosis, thus further testing should be performed such as biopsy. 
Observing hair shafts can also give clues of diseases. For example, the dermatophyte 
grows in the hair shafts thus the hair shafts become widen and “fuzzy” appearance 
from the fungal spores. The distribution of melanin granules also can suggest some 
alopecic skin diseases. When melanin granules are clumped rather than evenly 
distributed, this can be a sign of colour dilution alopecia. However, this itself cannot 
be used as a definitive diagnosis thus combining clinical signs and biopsy should be 
used to diagnose the disease.  
 This method is also used to detect demodex mites from the lesions where skin 
scrape is difficult such as paws and the face. Pluck some hairs from the lesion and 
placed them onto a clean glass slide with a drop of mineral oil. Cover the sample and 
evaluate with a microscope. Demodex can be found at the hair bulb areas. 
 
Biopsy 
 At last, biopsy is one of the most powerful diagnostic tools in dermatology. 
However, poor specimen selection or techniques can lead to inconclusive diagnosis. 
Thus, it is important to know when to do it, where to do it and how to do it. 
 WHEN: suspected neoplasia, non-responsive to therapy, vesicular dermatitis, 
suspected specific disease. It is also important to note that secondary infections or 
certain medications such as glucocorticoids can interfere the results. To avoid the 
interference, secondary infections should be treated accordingly, and glucocorticoids 
should be discontinued prior to procedure. 
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 WHERE: Primary and secondary lesions are the best sampling area. Also, 
multiples samples should be taken to optimise the best results. The sampling area 
should be newly developed area and avoid old/chronic lesions and the middle of 
eroded area. It is also effective to get a sample from the edge of the newly developing 
area. When pustules are taken, the whole pustule should be removed without 
disturbing/breaking the contents. The crusts should remain attached onto the skin 
lesion during the procedure. If the crust detaches, send the crust with the sample for 
evaluation. When alopecic disease is suspected, at least 3 samples should be taken 
from alopecic lesion, the edge of alopecia, and the grossly normal skin.  
 HOW TO: Most biopsy can be done with an 8mm biopsy punch. Six-mm punch 
can be used for the face, nose, and the paw pads. Four-mm punch is used very rarely 
and used for face/nose/paw pads in small patients. The sample area can be gently 
clipped without touching the skin or manually cut hairs with scissors. The sample area 
should not be surgically prepared because the preparation can damage the skin and 
negatively affect histopathological evaluation. Place a biopsy punch perpendicular to 
the skin, then with a gentle pressure down to the skin, twist the punch in one direction. 
If the punch is twisted in both directions, it can cause artifact which can make the 
diagnosis more challenging for pathologists. Once the punch goes through the skin, 
the bottom of the subcutis is gently grabbed to lift the sample then cut the bottom. 
Place the sample in formalin solution. It is very practical to separate each sample into 
a different small tube with a clear labelling of its sample location. A couple simple 
interrupted sutures are ideal for better healing of the skin. 
 Dermatology can be more challenging pathology field than other organ systems 
thus it is always a good idea to send the sample to a pathologist who are interested in 
dermatopathology. The submission form should be filled with full history and 
differential diagnoses. If there are clinical pictures, they should be sent to the 
pathologist.  
 
 
Suggested Readings 
 
Mueller and Kirk’s Small Animal Dermatology 7th ed. Chapter 2: Diagnostic Methods. 
57-107. 
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Congenital and Genetic Skin Diseases 
 
Nao Hensel 
DVM, MRCVS, Dipl. ACVD, Dipl. ECVD 
Tierdermatologie Basel, Switzerland, nhensel@tierdermatologie.ch 
 
 
 Some congenital and genetic skin diseases can mimic common skin diseases. 
This can lead to misdiagnosis and eventually ineffective therapies. It is therefore 
important to recognise typical presentations of these congenital/genetic skin diseases.  
 
Online Mendelian Inheritance in Animals (www.omia.org) 
 This is a very useful website to search genetic diseases in animals. It is well 
maintained and up-to date with a good source of literature. 
 
Primary Disorder of Cornification: 
 Cornification is a process of forming cornified layer of the skin. When there is a 
defect in this process, altered stratum cornium would be produced, which led to the 
skin barrier damage. This damage further causes increased transepidermal water loss 
which would clinically appear as scaling, dry skin. This clinical presentation, however, 
should not be confused with other scaling disorders such as scabies and 
endocrinopathies. Some of the primary disorders of cornification with its responsible 
genetic mutation are listed below. 

• Ichthyosis: Golden retriever (PNPLA1), Jack Russel terrier (TGM1), American 
bulldog (NIPAL4), Great Dane (SLC27A4) 

• Epidermolytic hyperkeratosis: Norfolk terrier (KRT10) 

• Keratoconjuctivitis Sicca & Ichthyoform dermatosis: Cavalier King Charles 
Spaniel (FAM83H) 

• Footpad hyperkeratosis: Irish terrier & Kromfohrländer (FAM 83G), Dougue de 
Bordeaux (KRT16) 

• Hereditary nasal parakeratosis: Labrador retriever (SUV39H2) 
 
Ichthyosis: American bulldog 
 American bulldog ithchyosis can mimic allergies and often are referred for 
allergy workup to dermatologists. The common clinical features are marked erythema 
and “dirty-look” skin especially around the face and the legs. It is common to find 
Malassezia dermatitis which can cause pruritus. Genetic mutation of NIPAL4 
(ICHTHYIN) has been identified for this disorder, which is responsible for the 
epidermal lipid metabolism (1). 
 
Ichthyosis: Golden Retriever 
 Clinical appearance of this type of ichthyosis can be subtle, thus it may be 
unnoticed. Individuals affected by this disorder are often otherwise healthy. The scales 
are white to grey in colour and more commonly found on the trunk. Unlike American 
bulldogs, this type does not show erythema, rather hyperpigmentation and they are 
prone to get secondary bacterial folliculitis. Clinical signs tend to appear in was/wane 
pattern. Its responsible gene is PNPLA1 involved in the epidermal lipid metabolism (2).  
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Definitive diagnosis of ichthyosis is done by histopathology. There is no cure for this 
disorder, however, successful management can achieve acceptable quality of life in 
American bulldog and golden retriever ichthyosis. Please note some variants of 
ichthyosis have poor prognosis that often result in euthanasia as seen in great Danes 
(3). Combining keratolytic/antiseborrheic shampoo with topical moisturisers and 
prevention of the secondary Malassezia dermatitis can be successfully used to 
maintain ichthyosis with NIPAL4 mutation in an American Bully (4) and topical 
polyhydroxy acid has been used successfully in golden ichthyosis (5). 
 
Hereditary nasal parakeratosis 
 As the name explains its clinical appearance, affected individuals show thick 
brown scales +/- fissures on the nasal planum. These clinical signs are similar to 
autoimmune diseases especially to discoid lupus erythematosus. Biopsy is necessary 
to get a definitive diagnosis, but the secondary bacterial infections are often 
accompanied thus they need to be treated prior to biopsy procedure. Genetic mutation 
in Labrador retriever is found to be SUV39H2 causing altered terminal keratinocyte 
differentiation (6). 
 
Exfoliative cutaneous lupus erythematosus 
 This rare devastating disease is caused by a unique genetic mutation linking to 
an autoimmune disease, exfoliative cutaneous lupus erythematosus (ECLE). German 
shorthaired pointer and other hunting dog breeds are affected. Scaling and alopecia 
are the most common clinical signs followed by follicular casts and crusts. This 
eventually leads to generalised ulcerative dermatitis. Besides dermatological signs, 
affected individual can develop stiff gait, lameness and arched back (7). It is only 
recent that the genetic mutation and its role in ECLE development was revealed. The 
gene mutation is found to be UNC93B1 which plays a role in balanced immune 
response (8). When this balance is disturbed, immune response cannot be stopped 
thus leading to autoimmunity. Most therapies are not effective and >50% of cases are 
euthanised. A successful treatment with mycophenolate mofetil has been reported (9). 
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Review: Cutaneous Lupus Erythematosus in dogs 
 
Nao Hensel 
DVM, MRCVS, Dipl. ACVD, Dipl. ECVD 
Tierdermatologie Basel, Switzerland, nhensel@tierdermatologie.ch 
 
 Recently, a new classification for canine cutaneous lupus erythematosus (CLE) 
has been proposed according to the human classification (1). In this lecture, CLE in 
dogs is reviewed according to the new classification. 
 
Acute CLE: not reported in dogs 
 
Subacute CLE: 

• Vesicular cutaneous lupus erythematosus (VCLE): 
VLCE has been reported in collies, Shetland sheepdogs, and its mixes which 

suggests genetic predisposition (2). Clinical signs start commonly in summer as 
erythema and flaccid vesicles which sloughs off to become erosions/ulcers with sharp 
edges. The lesions are commonly seen in abdomen, axillae, groin, and medial thighs. 
Similar clinical signs are appeared in dermatomyositis and erythema multiforme thus 
they should be excluded. The definitive diagnosis is done by histopathology. 
Ciclosporin +/- tacrolimus is a preferred therapy option; however, relapse has been 
commonly seen when ciclosporin is reduced (3). 
 
Chronic CLE: 

• Exfoliative cutaneous lupus erythematosus (ECLE): 
This rare devastating disease is caused by a unique genetic mutation linking to an 

autoimmune disease, exfoliative cutaneous lupus erythematosus (ECLE). German 
shorthaired pointer and other hunting dog breeds are affected. Scaling and alopecia 
are the most common clinical signs followed by follicular casts and crusts. This 
eventually leads to generalised ulcerative dermatitis. Besides dermatological signs 
affected individual can develop stiff gait, lameness and arched back (4). It is only 
recent that the genetic mutation and its role in ECLE development was revealed. The 
gene mutation is found to be UNC93B1 which plays a role in balanced immune 
response (5). When this balance is disturbed, immune response cannot be stopped 
thus leading to autoimmunity. Most therapies are not effective and >50% of cases are 
euthanised. A successful treatment with mycophenolate mofetil has been reported (6). 

 

• Mucocutaneous lupus erythematosus (MLE): 
More than 50% of MLE has been reported to be German shepherd dogs and 

its related breeds. As the name of the disease suggests, the eroded/ulcerated lesions 
are found in pericutaneous areas such as anus, genital/perigenital, periocular regions 
and usually symmetrical. The most important differential diagnosis is mucocutaneous 
pyoderma as German shepherd dogs are predisposed to it as well. Definitive diagnosis 
is done by histopathology; however, bacterial infection should be treated prior to 
biopsy procedure if present. Oral glucocorticoids are effective for MLE; however, some 
relapse are reported if glucocorticoids are tapered (7).  

 

• Discoid lupus erythematosus (DLE): 
o Facial DLE: 
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More than 1/3 of Facial DLE is found to be German shepherd dogs and its 
related breeds (1). The most common area affected are the nasal planum and nares 
showing erythema, depigmentation, crusts, erosion/ulcerations with a loss of 
architecture of the nasal planum. Treatments are often successful with a combination 
of tetracycline (doxycycline) and niacinamide or topical tacrolimus ointment and oral 
glucocorticoids.  

 
o Generalised DLE: 

Generalised discoid lupus is a rare disease. Unlike any other types of CLE, 
there is no predisposed breed in generalized DLE. Common clinical findings are 
annular (discoid) to polycyclic plaques and dyspigmentation, and 7 out of 10 dogs are 
reported to have a low positive ANA titre (8). One case has been reported to develop 
systemic lupus erythematosus (9). Ciclosporin with a short course of oral 
glucocorticoids seem to be the choice of treatment for generalized DLE (8), however, 
hydroxychloroquine with tacrolimus ointment has also been reported to be effective 
(10). 
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Unusual Skin Lesions Associated with an Internal Disease 
 
Nao Hensel 
DVM, MRCVS, Dipl. ACVD, Dipl. ECVD 
Tierdermatologie Basel, Switzerland, nhensel@tierdermatologie.ch 
 
 Some skin disorders with a unique presentation are associated with an internal 
disease. Because these skin disorders are often secondary to the internal disease, 
treatments are focused on the internal disease. Therefore, it is important to recognize 
the disease presentation and workup for the case.  
 
Necrolytic migratory erythema (NME): 
 This skin disorder is also known as hepatocutaneous syndrome, metabolic 
epidermal necrosis and superficial necrolytic dermatitis. The skin lesions are due to 
degeneration of keratinocytes.  
 In humans, NME is commonly associated with pancreatic tumour with 
hyperglucagonemia (1). In dogs, however, it is commonly associated with liver disease 
than pancreatic tumour (2) and hyperglucagonemia is found only if there is 
glucagonoma (3). There are only three cases reported in cats, and each case seems 
to be associated with different internal disease: pancreatic tumour, chronic 
hepatopathy, ad glucagon producing hepatic neuroendocrine carcinoma (4-6). 
Clinically, the skin lesions such as crusts, erosion/ulceration of the muzzle, 
mucocutaneous areas, distal limbs, and footpads are often appear before the internal 
disease is diagnosed. Bloodwork can show normocytic, normochromic, 
nonregenerative anaemia with borderline hyperglycemia, elevated ATP and ALT and 
hypoalbuminemia. Antinuclear antibody can be positive. The ultrasound of the liver 
show “honeycomb” (or Swiss cheese) appearance. Treatments are often unrewarding, 
and most dogs die or are euthanized within 5 months after the skin lesions appeared. 
Treatments for the underlying cause include surgical removal of the tumour and oral 
glucocorticoids for the liver disease. In addition, nutritional support should be provided 
with high quality protein, zinc and fatty acid supplements, pancreatic enzyme if there 
is a concurrent pancreatitis. Amino acid infusion has been commonly used as well. 
There are some case reports of successful treatment of canine NME treated with 
octreotide (7) and adipose tissue-derived mesenchymal stem cells (8). However, it is 
important to note that the latter case had been treated with not only with the 
mesenchymal stem cells but also with various other therapies.  
 
Paraneoplastic alopecia: 
 It is a rare syndrome in cats and is often associated with pancreatic or bile duct 
carcinomas (9). By the time of skin lesion appearance, metastasis is often present. Its 
exact pathogenesis is unknown. The skin lesions are very striking and characterized 
with a rapidly spreading shiny alopecia due to a loss of stratum corneum that can be 
observed in histopathology (10). Due to the nature of malignancy, majority of 
paraneoplastic alopecia in cats die or euthanized within 8 weeks of initial skin lesion 
appearance.  
 
Thymoma-associated feline exfoliative dermatosis 
 As many of the skin disorders associated with internal disease have poor 
prognosis, thymoma-associated feline exfoliative dermatosis often has a good 
prognosis. It is a rare paraneoplastic syndrome from thymoma, and cutaneous signs 
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appear before the signs of neoplasia. Skin lesions often start with dry exfoliative 
dermatitis characterized with large scales over the head/neck/pinnae that eventually 
become generalized. Diagnosis is done by clinical suspicion, histopathology, and 
radiographs/CT. The treatment of choice is a surgical removal of thymoma. The skin 
lesions rapidly disappear within a few months after the surgery.  
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INTRODUCTION 
The skin is the largest organ of the body and represents about 12% of the bodyweight. 
It is a complex organ with multiple layers and adnexal structures. The skin is a crucial 
organ for survival and protects the body from the outside environments. It is also 
maintaining the body shape as well as important for thermoregulation and storage of 
nutrients.1 

 
SKIN BARRIER 
The skin barrier effect of the skin is one of the most important functions of the skin. It 
consists of cornified keratinocytes and an intercellular layered lipid matrix, in the most 
superficial layer of the epidermis. An intact skin barrier prevents water loss and 
penetration of external substances (e.g. allergens, microorganisms, chemicals, etc.), 
basically a physical and chemical barrier. The skin barrier can be impaired by 
abnormal transepidermal water loss (TEWL), changes in the lipid matrix and altered 
protein expression (e.g. filaggrin).1 Several studies showed that skin barrier 
abnormalities are commonly found in atopic dermatitis.2 
 
INDICATIONS FOR TOPICAL THERAPY 
The effect of topical therapy has been underestimated for a very long time. However, 
topical therapy has become a crucial part in the management of various skin diseases 
and the maintaining of healthy skin. Numerous commercial formulations are available 
and may include a combination of different active ingredients. The most common 
formulation used for topical therapy are shampoos. Besides the specific purpose, the 
cleansing effect plays a major role. The cleansing effect is important in the removal of 
microorganisms and organic debris (e.g. dead skin cells, crusts, microorganisms). 
Other formulations which can be used in addition are leave-on lotions, mousse, sprays, 
wipes and ointments. 
 
TOPICAL THERAPY FOR SUPERFICIAL SKIN INFECTIONS 
Superficial Pyoderma  
Superficial pyoderma is a common secondary problem in atopic dogs and with the 
emergence of multi-drug resistant bacteria topical therapy became even more 
important. Topical therapy should be always considered as first choice in localized and 
generalized superficial pyoderma. It decreases the number of bacteria and surface 
colonization, and so helps to reduce the risk of recurrence. Chlorhexidine is the most 
commonly used active ingredient at 0.5-4%. Other antibacterial compounds are 
benzoyl peroxide and polyhexanide. For localized treatments ointments, creams or 
gels containing fucidic acid, mupirocin or silver sulfadiazine can be used as well. 
Shampooing can be very time consuming and labour-intensive. We often recommend 
a combination of shampooing (1-2x per week) and daily application of antimicrobial 
mousse, lotions or sprays. During the shampooing the product should be gently 
massaged into the skin for 5-10 minutes, before rinsing it off. It the animal has a dense 
and long coat, then clipping the coat is recommended.3 
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Malassezia Dermatitis 
Similar to bacterial pyoderma, Malassezia dermatitis is frequently a recurrent skin 
infection associated with an underlying disease such as atopic dermatitis. For 
generalized infections, shampoo therapy is most useful, while localized infections 
may benefit from creams, lotions, wipes and sprays. Chlorhexidine containing 
products, often in combination with an antifungal component, such as miconazole 
(Malaseb, Dechra), are used to treat these infections. A combination of biweekly 
shampooing and daily leave-on lotions or sprays will enhance the effect of the topical 
treatment.3 
  
TOPICAL THERAPY FOR CANINE ATOPIC DERMATITIS (CAD) 
The purpose topical therapy in CAD has to functions: 1: provide moisture, soothe the 
skin and maintain an intact skin barrier, and 2. reducing inflammation if the skin allergy 
is flaring up. Oatmeal, glycerin and essential oils are often used in shampoos and 
should be used as needed for maintenance. Ophytrium is a novel Ophiopogon 
japonicus (Japanese mondo grass) derived product. It blocks inflammatory pathways, 
maintains epidermal morphology and barrier function, and reduces staphylococcal 
adherence and biofilm formation in the epidermis. It has been incorporated in 
shampoos and foams for dogs (Douxo S3®, Ceva). In cases with localized allergic 
inflammation topical steroids, such as hydrocortisone aceponate (Cortavance, Virbac) 
can be used. Due to potential side effect (skin atrophy, comedones, alopecia) long 
term application should be avoided. However, long-term proactive treatment on two 
consecutive days per week showed good results with minimal side effects. Topicals 
containing essential fatty acids, phytosphingosine and ceramides can be used, usually 
as weekly spot ons, as an adjunct treatment to stabilize the skin barrier.3-5 
 
TOPICAL THERAPY FOR SEBORRHEIC SKIN DISEASES 
Anti-seborrheic shampoos act by restoring and normalizing keratinocyte turnover. The 
mechanisms involved are: 1. cytostatic effects (keratoplastic) on basal cells reducing 
epidermal proliferation, and 2. keratolytic effect by increasing desquamation. There 
are many keratoplastic and keratolytic agents that are commercially available in 
shampoo formulations. Salicylic acid is a keratolytic agent. Sulphur is mildly keratolytic 
and has numerous other, mainly anti-seborrheic, properties. It is also keratoplastic, 
due to a direct cytostatic effect and possibly because it interacts with epidermal 
cysteine to form cystine, an important component 
of the corneal layer. Selenium disulphide is keratolytic and keratoplastic by reducing 
epidermal turnover and impairing disulphide bridge formation in keratin. It is also anti-
seborrheic but also has irritant and drying effects. Benzoyl peroxide, in addition to 
being antibacterial, is anti-seborrheic, by hydrolyzing sebum and reducing sebaceous 
gland activity.6 
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Claw Diseases in Dogs and Cats1 

 
Dr. med. Vet. Patrick Hensel, Dipl.ACVD, Dipl.ECVD 
Tierdermatologie Basel, Switzerland, phensel@tierdermatologie.ch 
 
 
INTRODUCTION 
Claws are the pointed appendages at the end of the digits made out of thick layers of 
smooth keratin, which grows at the rate of proximately 0.8 mm per week. They are 
used by animals for defence, locomotion and prehensility. Common changes found on 
claws are traumatic fractures, abnormal rapid growth (inflammation), scaling, dark-
brown deposits, staining. While trauma, tumour and secondary infections usually 
affect one or a few claws, diseases such as symmetrical lupoid onychodystrophy will 
affect all claws. 
 
DIAGNOSING CLAW DISEASES 
A thorough diagnostic work-up is necessary to properly diagnose and manage claw 
diseases. This includes a detailed history (e.g., drugs, food, vaccinations) and physical 
exam (single vs. multiple claw involvement). Diagnostic tests include cytology to 
identify microorganisms, inflammatory and neoplastic cells, fungal/bacterial culture 
and claw biopsies (e.g., Onychobiopsy). Based on a prospective study cytology, 
bacterial culture & sensitivity, claw biopsy and an elimination diet trial is recommended 
in the diagnostic work-up of claw diseases.2 
 
CLAW TRAUMA 
Injuries to claws is one of the most common claw diseases. Typically, only a few claws 
are affected, and secondary infections of the claw bed are common. Treatment 
consists of trimming loose claw material, antimicrobial foot soaks (e.g., chlorhexidine) 
and oral antibiotics. 
 
BACTERIAL PARONYCHIA 
Bacterial infections of claws are common and considered a secondary problem. 
Trauma is the most common underlying problem followed by systemic diseases such 
as hypothyroidism, Cushing’s syndrome, diabetes mellitus and immune-mediated 
diseases. A bacterial infection can be easily confirmed by cytology. In more severe, 
non-responsive cases bacterial culture from the lesion and radiographs. 
Recommended therapy is to remove loose claw material, daily foot scrubs/soaks with 
chlorhexidine daily and broad-spectrum antibiotics for at least two weeks beyond 
resolution. 
 
ONYCHOMYCOSIS 
Fungal infections of claws are rare. In atopic dogs and Devon Rex cats Malassezia 
infections cause dark-brown accumulation of debris on the claw fold. The claw itself 
often shows a brown-red discoloration. Other fungal organisms which have been 
reported affecting claws, but usually the skin as well, are Trichophyton, blastomycosis, 
cryptococcosis and sporotrichosis infections. Malassezia infections are usually locally 
treated with antimicrobial shampoo, lotions and/or disinfectant wipes. More severe 
fungal infections my require systemic treatment with ketonoazole (5-10mg/kg BW PO 
BID), intraconazole (5mg/kg BW PO SID). 
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NEOPLASTIC CLAW DISEASES 
Tumours affecting the claw and the adjacent digit occur mostly solitary. In dogs 
squamous cell carcinoma (SCC), melanoma, soft-tissue sarcoma, and mast cell 
tumours (MCT) are most common. Squamous cell carcinoma is the most common 
malignant tumour in cats. SCC) has the highest incidence in large-breed, black-coated 
dogs (e.g., Labrador, Poodle) and Melanoma is a mostly malignant, solitary tumour in 
e.g., Schnauzer, Scottish terrier.  
Diagnostic tests include fine needle aspiration of the mass, radiography (including 
thorax) and histopathology. Treatment options are amputation, and chemotherapy for 
malignant melanoma and MCT. 
 
IMMUNE-MEDIATED CLAW DISEASES 
In most cases the claw fold is affected resulting in inflammation (paronychia) and 
sometimes sloughing of claws (onychomadesis). Diseases such as symmetric 
lupoid onychitis, lupus erythematosus, subepidermal bullous dermatoses, and 
pemphigus vulgaris are involved if the skin is not involved. With skin involvement 
pemphigus foliaceus is a common underlying disease. Vasculitis due to drug reactions 
or vaccinations can occur in rare cases. Once a diagnosis is made immune-
suppressive therapy (glucocorticoids, ciclosporine, tetracycline/niacinamide, 
pentoxifylline and/or azathioprine) is usually recommended. 
 
SYMMETRIC LUPOID ONYCHODYSTROPHY (SLO) 
Although this condition appears clinically very similar to the immune-mediated claw 
diseases, the pathomechanism is still unclear. This disease can be observed in 
several breeds (e.g., Rhodesian ridgeback, Greyhound). The initial typical sign is 
licking the paws, pain and separation of the claw from the base and progressing to 
sloughing and affecting all claws at some point. Affected claws may also show purulent 
discharge and secondary bacterial infections. Once the claw sloughed off the horn 
regrowth is abnormal. The horn is soft, brittle and misshapen. 
Diagnosis is based on signalment and clinical presentation. Histopathology is helpful 
but not pathognomonic for SLO. It shows a reaction pattern which may be observed 
with food hypersensitivity, drug reaction, or leishmaniasis. 
Treatment protocols consist in a combination essential fatty acid (omega-3 and 
omega-6), pentoxifylline (10–30 mg/kg PO BID-TID), prednisolone (2-3 mg/kg PO 
SID), tetracycline or doxycycline/niacinamide and ciclosporine (5-10 mg/kg PO SID).3,4 
 
IDIOPATHIC ONYCHODYSTROPHY 
Another form of onychodystrophy for which a cause cannot be identified. It usually 
affects older dogs and breeds such as Siberian huskies, Dachshunds, Rhodesian 
Ridgebacks, Rottweilers, Cocker spaniels. Secondary bacterial claw infection is often 
present. Treatment recommendations are essential fatty acids and biotin (5mg/kg PO 
SID). 
 
IDIOPATHIC ONYCHOMADESIS 
A rare condition which has been observed in breeds such as German shepherd dog, 
whippet, and English springer spaniels. In a study it was shown that German 
shepherds has decreased concentrations of iron, manganese, and magnesium in 
claws. This condition is treated as SLO. 
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INTRODUCTION 
Adverse food reactions can be caused by a food allergy as well as food intolerance. 
Food intolerance appears to occur more common than food allergy. While food allergy 
has based on an immune-mediated hypersensitivity reaction, food intolerance is 
based on an abnormal physiological response to a food or food additive. Clinical signs 
are variable, dose-dependent, occur at any age and can appear suddenly and last for 
several days. Skin and the gastrointestinal tract are most commonly affected, but in 
rare cases respiratory or neurological signs can be observed. 
 
FOOD INTOLERANCE1 

Mechanisms include food toxicity, pharmacological reactions, metabolic reactions, 
dysmotility, dysbiosis, physical effects and non-specific dietary sensitivity. 
 
Food Toxicity 
Dogs and cats appear relatively resistant to pathogenic effect from 
Salmonella, Campylobacter and E. coli and show very rarely clinical signs. Also 
bacterial toxins produced by Clostridium botulinum, Staph. aureus and Bacillus cereus 
seem not to have a major effect compared to humans. However, with the hype of 
biologically Approved Raw Food (BARF) diets the risk of microbial contamination may 
result in an increased risk to animal and human. Dogs and cats are highly susceptible 
to aflatoxicosis caused by contamination of grains & legumes by Aspergillus. Clinical 
signs are vomiting, depression, haemorrhage, and icterus death. Dogs are also prone 
to seizures after ingesting mould foods containing mycotoxin from Penicillium. 
 
Plant-derived Food Toxicity 
Spinach, rhubarb and beetroot, contain high levels of oxalic acid which can result in 
Calcium oxalate uroliths and gastroenteritis in dogs. Poor-quality diets containing 
cereals, legumes or nuts that are rich in phytic acid. Phytic acid interfere with zinc 
absorption in the gastrointestinal tract resulting in a possible Zinc-responsive 
dermatosis. 
 
Metal-derived Food Toxicity 
Depending on the amount ingested, duration of exposure and accumulation in tissues 
over time, various metals such as lead, cadmium will result in clinical sings. Acute lead 
toxicity cases central nervous system signs (e.g., blindness, deafness, seizure) and in 
chronic lead toxicity rather gastro-intestinal signs (e.g., vomiting, diarrhoea). 
 
Food Additives-derived Food Toxicity 
Food additives are used to ensure quality, safety, texture, consistency, appearance, 
odour or taste. Benzoic acid and propylene glycol are used as preservatives and 
humectants. In humans, benzoic acid is linked to atopic dermatitis and urticaria, while 
Propylene glycol causes Heinz body formation and reduced erythrocyte survival. 
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Dietary supplements-derived Food Toxicity 
Safe upper limits have not been established for many nutrients. Fat-soluble vitamins 
such as vitamin A or D can lead to Hypervitaminosis syndrome. Vitamin D poisoning 
causes an imbalance of calcium and phosphorus characterized by 
hyperphosphatemia and hypercalcemia, leading to renal failure, cardiac abnormalities, 
hypertension, CNS depression, anorexia, vomiting, diarrhoea, and lethargy. A vitamin 
A toxicity can cause anorexia, nausea, peeling skin, weakness, tremors, convulsions, 
paralysis, and death. 
Essential fatty acids & other oils, if used excessively may cause diarrhoea and 
pancreatitis. 
 
Histamine-derived Pharmacological Reaction 
Scombroid poisoning occurs from eating fish (e.g., tuna, mackerel, sardine) high 
in histamine due to inappropriate storage or processing. Subsequent cooking, 
smoking, or freezing does not eliminate the histamine. Clinical signs are acute 
gastrointestinal signs (vomiting and diarrhoea).  
 
Methyxanthine-derived Pharmacological Reaction 
Dogs and cats are very susceptible to theobromine (chocolate, garden mulch) and 
caffeine. Typical clinical signs are: restlessness, polydipsia, gastrointestinal signs, and 
in more serious cases neurological signs, cardiac arrhythmia and respiratory failure.  
 
Xylitol-derived Pharmacological Reaction 
Xylitol is natural sugar alcohol used as artificial sweetener, antibacterial agent, medical 
& dental care products. It is highly toxic to dogs. It stimulates insulin release resulting 
initially with vomiting followed by severe hypoglycemia, seizures and liver failure. 
 
Pharmacological reactions due to food plants 
Grapes and raisins cause vomiting within 24 hours after ingestion followed by renal 
failure, death in dogs. The mechanism is unknown. Garlic, onion and leek contain N-
propyl sulphide. Clinical signs start vomiting, diarrhoea, abdominal pain, loss of 
appetite and depression, followed by weakness, pale mucous membranes, jaundice, 
dark urine, tachycardia and tachypnoea. Hops has shown to induce hyperthermia, 
tachycardia, tachypnoea, vomiting, abdominal pain, seizures and death. The 
pathomechanism is unknown. 
 
Carbohydrate-derived Metabolic Reaction 
Dogs and cats are lactose intolerant due to decreased lactase activity. While dogs 
tolerate up to 2 g/kg BW of lactose, while cats tolerate not more than 1 g/kg BW. 
Clinical sings are diarrhoea, bloating and abdominal discomfort. 
 
Dysmotility 
Foods high in fat, highly viscous (e.g soluble fibre) and poorly digestible starch can 
cause prolonged gastric retention followed by vomiting. Highly fermentable fibre (e.g., 
pectin, guar gum) cause methane production in the colon and risk for constipation. 
 
Dysbiosis 
A diverse and balanced microbiota is important for the integrity of the gut, the ^ 
immune system to prevent invasion and provides nutritional benefits. 
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Pathomechanism is poorly understood, but antibiotic do affect the microbiota. A 
disrupted microbiota can result in acute and chronic gastrointestinal inflammation. 
 
Physical Effects 
Ingestion of bones and excessive amount of hairs can cause physical irritation, 
damage and motility problems, which may result in constipation or acute colitis. 
Ingestion of sand and rocks may cause small intestinal obstruction, ulceration of the 
intestinal mucosa, haemorrhage and altered motility. 
 
FOOD ALLERGY 
This condition affects all age groups, both gender and typically show a variety of 
dermatological clinical signs such as non-seasonal pruritus, atopic dermatitis, otitis 
and secondary skin infections in dogs. In cats the clinical signs consist of symmetric, 
self-induced alopecia, miliary dermatitis and eosinophilic granuloma complex. German 
shepherd, Labrador, golden retrievers, and West Highland white terriers appear to be 
overrepresented. Approximately 30% of dogs with atopic dermatitis also suffer from 
food allergies. The gastro-intestinal signs are diarrhoea, intermittent soft stool, 
vomiting, flatulence and frequent defecation. 
In most instances, animal proteins are responsible for the food-related allergies. In 
dogs the most common allergens involved are beef, chicken and dairy, responsible for 
up to 78% of food allergies. In cats, beef, dairy, and fish make up to 90% of all food 
allergies. 
Various attempts to establish reliable diagnostic test (e.g., serum food-specific IgE and 
IgG, lymphocyte proliferation test, patch testing and western blot analysis) for food 
allergies have failed.3,4 For this reason a strict elimination diet trial with a novel mono-
protein diet (e.g., horse, goat, kangaroo, etc.) or a hydrolized diet is still considered 
the most effect way to diagnose or to rule out a food allergy. The chance of diagnosing 
a food allergy is about 90% if the eliminations diet trial is performed for 8 weeks.5 
Do storage mites play a role in commercial pet foods? House dust mites are the most 
common allergens in atopic dermatitis. IgE reactivity against storage mites and cross-
reactivity with house dust mites is common. This suggests that storage mites 
contaminated food may possibly cause a false positive diagnosis of food allergy. 
Storage mites such as Tyrophagus putrescentiae prefer to grow in protein-rich and fat-
rich food kibbles. However, new food bags are usually not contaminated. For this 
reason, it is important to store food bags in temperate conditions in a sealed container, 
and to use a new food bag for starting a food trial or to perform a provocation test.6 
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INTRODUCTION 
The coat in dogs and cat is composed of compounded hair follicles which contain 
primary (guard) and secondary (undercoat) hair. The hair follicle superior portion is 
composed of the infundibulum and isthmus (=permanent portion). The suprabulbar 
and bulbar region is the transitory portion (regression during catagen and absent 
during telogen). The normal hair cycle consists of anagen (growth), catagen 
(regression), telogen (rest), exogen (shedding and kenogen (lag phase). The hair 
cycle is very complex and is regulated by various factors such as hormones, growth 
factors, cytokines, photoperiod, environment and genetics. These factors can have a 
stimulating (e.g., Melatonin, Substance P or inhibitory (e.g., cortisol, Interleukin-1) 
effect on hair growth.2 The hair has a very important function such as thermoregulation, 
physical & immunological protection, sensory perception, social interactions and 
camouflage. A variety of cutaneous and systemic diseases can cause hair loss which 
will result in Hypotrichosis or Alopecia. This lecture will cover skin conditions 
associated with non-pruritic and non-inflammatory hair loss. 
 
SHEDDING 
Excessive shedding is a common complaint among dog owners. However, this is a 
physiological process with variable intensity. Shedding can for example be influenced 
by nutrition and stress. 
 
DIAGNOSTIC APPROACH FOR ALOPECIA 
A detailed patient history followed by a thorough clinical examination is important part 
for the diagnosis of the problem. Trichogramm is a simple but effective method to 
examine the hairs. It can be used to identify the phase of the hair cycle, anatomical 
abnormalities of the hair shaft (e.g., excessive melanin clumping), broken hair shafts 
as an indication of excessive licking in cats, etc.2 

 
ALOPECIC BREEDS 
Although in various dog and cat breeds lack of hair is a standard and is usually present 
since birth. In all these cases this is the result of a gene mutation. A mutation of the 
FOXI3 gene causes ectodermal dysplasia resulting in hairlessness in breeds such as 
Chinese Crested, Peruvian Inca or Mexican Hairless. In Sphinx the mutation has been 
found on the KRT71 gene. Other hairless cat breeds are Peterbald, Ukrainian Levkoy, 
Donskey and Bambino. 
Due to the lack of hair the skin is less protected and prone to dry seborrheic skin, 
secondary bacterial infections ins dogs, or greasy seborrhea and Malassezia 
overgrowth in Sphinx cats. In dogs, formation of comedones and milia are common. 
The skin problems however are often mild and don’t require aggressive therapy. 
Topical therapy is usually the best form of symptomatic treatment. Products containing 
Benzoyl peroxide are used for antiseborrheic/comedolytic effects, and in cases with 
secondary skin infections, chlorhexidine is the most common used topical component. 
Dry skin may benefit also benefit from using of remoisturizing products. 
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HORMONAL ALOPECIA 
The typical clinical presentation of endocrine-induced alopecia is non-pruritic, truncal 
symmetric alopecia/hypotrichosis with hyperpigmentation, poor quality coat (dull and 
dry), variable degree of seborrhea and secondary pyoderma. The most clinically 
relevant diseases affecting the skin would be Hypothyroidism, Cushing’s Syndrome 
and in rear cases sex hormone imbalances (e.g., testicular neoplasia). Other hormonal 
diseases, which don’t affect the general health, are Alopecia X and cyclic flank 
alopecia.  
 
Hypothyroidsm 
Hypothyroidism affects often middle-aged (6-10 years), large breed dogs. The primary 
cause in most cases (>95%) is a lymphocytic thyroiditis and idiopathic atrophy of the 
thyroid gland. In rare cases a secondary hypothyroidism can occur due to neoplasia. 
The disease is known as the “great imitator” due to its wide variety of clinical signs. 
Typical clinical signs are recurrent pyoderma and otitis, comedones, poor wound 
healing, acral lick granuloma, lethargy, weight gain, poor libido or abnormal hair cycle. 
Diagnosing hypothyroidism requires a total T4 and TSH. Total T4 can be low due to 
other non-thyroidal diseases (euthyroid sick syndrome) and drugs (e.g., 
glucocorticoids, sulfonamides, anticonvulsants or non-steroidal anti-inflammatory 
agents). A more reliable test would be a free T4 by dialysis if available. The treatment 
of choice for hypothyroidism is levothyroxine. Recommended starting dose is 0.01 to 
0.02mg/kg bodyweight given orally every 12 hours. The therapy should be monitored 
by testing the total T4 4-6 hours post pilling and adjusted as needed. 
 
Cushing’s Syndrome (Hyperandrenocorticism) 
This disease is most commonly seen in middle aged dogs and older and is 
predisposed in breeds such as Boxer, Boston terrier, poodle and dachshund. The 
cause of Hyperadrenocorticism can be iatrogenic, due to excessive or prolonged 
treatment with glucocorticoids or neoplasia. Pituitary adenomas account for 
approximately 85% and adrenal tumors about 15%. Dermatological abnormalities 
consist of atrophy, hyperpigmentation, comedones, poor wound healing, secondary 
infections and Calcinosis cutis. The coat is often dull and dark hair becomes lighter 
(bleaching). Other non-dermatological signs are polyuria/polydipsia, polyphagia, 
muscle weakness, lameness, etc. The preferred diagnostic test is a low-dose 
dexamethasone suppression test (LDDST). Other diagnostic test are ACTH 
stimulation test and urine cortisol-to-creatinine ratio. Once a pituitary or adrenal 
hyperadrenocorticism is diagnosed treatment with Trilostane (2mg/kg BW orally BID 
or 1mg/kg BW orally SID). 
 
Sex Hormone Imbalance 
In male dogs Sertoli cell tumors may cause hyperoestrogenism, while in female dogs, 
granulosa cell tumors and ovarian cysts can cause skin changes and alopecia. Typical 
skin lesions are hyperpigmentation and hypotrichosis/alopecia. Treatment of choice in 
intact animals with abnormal reproductive organs is neutering. Skin and coat changes 
should normalize within 2 to 6 months after neutering.  
 
Alopecia X 
This condition has different names such as: congenital adrenal hyperplasia, adult-
onset hyposomatotropism, growth hormone–responsive dermatosis, pseudo-
Cushing’s disease, etc. The exact pathomechanism remains still unclear. Age of 
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disease onset is around 1 to 2 years. Male dogs appear more predisposed than female 
dogs as well as breeds such as Pomeranian, Chow Chow, Keeshond and Samoyed. 
A typical triggering factor seems to be clipping at the groomer, which results in lack of 
hair regrowth. In other instances, the problem starts with progressive loss of primary, 
which gives the dog a puppy-like coat. The hair loss continues and can result in 
complete truncal alopecia and hyperpigmentation. Alopecia X is diagnosed by 
signalment, clinical presentation and ruling out other endocrinological diseases (e.g., 
Hypothyroidism, Cushings’s syndrome). Since the general health is not negatively 
affected observation without treatment is acceptable. Melatonin (3-12 mg/kg BW PO 
BID) can sometimes show beneficial effects. Although treatment with Trilostane 
showed a clinical improvement of up to 70%, the potential side effects should be 
considered before starting treatment with this drug. 
 
Cyclic Flank Alopecia 
This is a localized cyclic (seasonal) follicular dysplasia, which occurs on the Northern 
hemisphere during the winter season (November to March). The hair usually will 
regrow within 3 to 8 months. The exact pathomechanism is unknown but is suspected 
that it is associated with the photoperiod control of melatonin. The condition occurs in 
rather young adult dogs and breeds such as Boxer, bulldog, Airedale and Schnauzer 
appear to be predisposed. The diagnosis is based on signalment, history and clinical 
presentation. Treatment with Melatonin (3-12 mg/kg BW SID-BID for 2-3 months) may 
be beneficial. 
 
Follicular Dysplasia 
This a genetic disease with an autosomal recessive trait resulting in defective hair 
pigmentation and formation. The dogs appear normal at birth, but usually start losing 
hair after several months. 
Color Dilution alopecia is common in color-dilute dogs (blue = dilute of black; fawn = 
dilute of brown) and often seen in Dobermann, silver Labrador Retrievers and others.  
As the name already implies, Black Hair Follicular Dysplasia affects only black hairs. 
This condition has been recognized in many different breeds (e.g. Bearded Collie, 
Basset Hound, Papillion, American Cocker). 
Diagnosis is based on history, clinical presentation as well diagnostic tests such as 
trichogram and histopathology. Typical findings are excessive and irregular clumping 
of melanin. Treatment is based on symptomatic skin care such as comedolytic and 
antibacterial shampoos and remoisturizing conditioners.  
 
Canine Pattern Baldness 
The pathogenesis of this skin condition is unknown, but the hair loss appears to occur 
due to a progressive miniaturization of hair follicles. Two clinical presentations of 
alopecia have been recognized. The first one is the ventral type which has been 
recognized in breeds such as Boston terrier, dachshund, Chihuahua, etc. The other 
one is the so-called pinnal type and is a common finding in dachshund. 
No treatment is necessary, but melatonin may potentially be beneficial. 
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Approach to the emergency patient 
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All stages of emergency evaluation are important to the positive and successful 
management of the emergency patients: the rapid triage often performed in the 
waiting room, primary survey of the major body system and initial stabilization, 
secondary survey. Triage and primary survey allow the clinician to identify the most 
unstable patient and to focus on the treatment of the most life threatening conditions 
that often affect one (or more) of the major body system: the respiratory, 
cardiovascular and neurology system. Achieving and maintaining adequate tissue 
perfusion and oxygenation is the major goal in the stabilization of the cardiovascular 
and respiratory systems. 

   
Triage: 
Triage involves a logical and focused examination of patients so that they can be 
classified according to the severity of their illness/injury. This ensures that the most 
critical patients/problems are dealt with first (1,2) . Every emergency patient should be 
examined immediately, whilst still in the the waiting room. Triage should focus on the 
rapid evaluation of the ABCD’s: airway, breathing, circulation, and disabilities 
(evaluation of the mental state and gait) (1,2) . Triage will tell us only if there is 
something wrong with one or more of these body systems.  
 
1) Airway 

 Be sure the animal has a patent airway. If the animal is not breathing,  
CPR should be started and the animal should be promptly intubated and 
100% oxygen should be initially administered. 
 

2) Breathing: 
 Is the animal breathing? What is the animal’s respiratory rate and effort?  

Signs of respiratory distress include loud airway sounds, increased rate 
and effort, flaring of the nares, open mouth breathing, extended head and 
neck. Apnoeic patients should be intubated and ventilated with 100% 
oxygen.  
Patients that are breathing but show signs of respiratory distress require 
immediate stabilisation with supplemental oxygen. 
 

3) Circulation:  
 Is the heart beating effectively? Is there a peripheral pulse? What colour 

are the mucous membrane?  
Palpate the peripheral pulse and listen to the heart. If no pulse or 
heartbeat can be detected cardiopulmonary cerebrovascular resuscitation 
(CPCR) should be initiated.  
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Signs of cardiovascular compromise include severe tachycardia or 
bradycardia, weak peripheral pulses, pale or hyperaemic mucous 
membrane. 
 

4) Disability: 
 Observe the patient’s level of consciousness. Observe the posture of the 

animal ( head tilt, Shiff-Sherrington’s  posture) and the  ability of the 
animal to stand walk or the presence of paresis or paralysis. 

A very brief or capsule history should be obtained from the owners about the nature 
of the primary complaints and its progression. This information should help the 
clinician to better understand the nature of the problems. A complete anamnesis will 
be collected once the patient’s stabilisation has commenced.   

As a result of the triage any unstable animal should be promptly moved to the 
examination room. Here, the primary survey should be performed to gather further 
information and first treatment can be provided. The primary survey is a more in 
depth evaluation of the major body system to try and give a name to the 
abnormalities noticed during the triage, so that appropriate stabilisation can begin. 
Initial stabilisation should also begin in the treatment area, which  needs to be 
adequately equipped to offer oxygen, administration of  fluid therapy, to perform 
ECG, pulsoxymeter monitoring and also furbished with a small lab to be able to 
perform an emergency database(2).  

It’s important to observe the patient quickly for obvious signs of trauma injury (limb or 
spinal fractures, thoracic wounds). Being aware of such abnormalities helps with the 
initial approach of the patient: manipulating a broken leg is painful and can provoke 
aggressive behaviour; suspicion of spinal injury necessitates the immediate need of 
a backboard before moving the patient to avoid any further damage to the spinal 
column. 

Primary survey: Major body system assessment. 
The primary survey amplifies the information obtained during the triage and it’s 
focused on the assessment of the three major body system: respiratory, 
cardiovascular and (central) nervous system (2) . Its purpose is to determine the 
stability of the patient in more detail and to identify and treat more subtle life-
threatening conditions. 
 
Respiratory system examination: 
Dogs and cats with respiratory distress are prone to sudden deterioration, so careful 
management is always required whilst providing additional oxygen. Often a light 
sedation might be necessary to reduce the stress associated to dyspnoea. 
Further assessment should focus on : 

• Respiratory pattern 

• Respiratory rate  

• Respiratory effort  

• Lung sounds on auscultation 
 
The patient’s breathing pattern, effort, rate, and rhythm can be evaluated from a 
distance whilst administering extra oxygen. The simple observation of the respiratory 
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pattern could help us localise the area of the respiratory tract primarily involved 
(upper airway, lower airway, pulmonary parenchyma and pleural space) so that a 
focused and appropriate stabilisation can be offered to the patient. 
Loud sounds that can be heard without the aid of the stethoscope (stridor and 
stertor) should be recognized as they are indicative of upper airways partial 
obstruction.  
The respiratory assessment should proceed with thoracic auscultation. Increased 
lung sounds and the presence of wheezes and crackles are usually signs of lower 
airway (wheezes) or parenchymal disease (crackles). In pleural space disease 
auscultation will identify a marked decrease in, or absence of, breath sounds. With 
pleural effusion, the breath sounds are decreased ventrally; with pneumothorax they 
are decreased dorsally.  
 
Cardiovascular system 
Is the patient in shock? And if the answer is yes, which type of shock is my patient 
suffering from? This is the most important question we should be able to answer 
quickly while performing the assessment of the cardiovascular status of the patient.  
Our evaluation should focus on assessment of : 
 heart rate and auscultation 
 pulse quality 
 mucous membrane colour 
 capillary refill time (CRT) 

 
Heart rate 
Seriously ill patients may have heart rates higher than 160-180 bpm, although 
bradycardia in cats can be a sign of severe illness and hypoperfusion. 
When, despite the degree of collapse bradycardia is detected, particularly in dogs, 
be very vigilant for possible underlying metabolic (Addison disease), electrolyte 
(hyperkalaemia) neurological disease (increased intracranial pressure) or sinoatrial 
node disease.  
 
Heart auscultation should be carefully performed to detect murmurs or gallop rhythm. 
 
Pulse quality 
Peripheral pulse should be palpated or at the femoral or at the metatarsal pulse. A 
normal pulse should be readily palpable and strong. An arterial pulse stronger or 
easier to feel than normal is described as ‘bounding’ or ‘snappy’ and it is typically 
identified in early stages of shock and anaemia.  An arterial pulse may also be weak, 
very weak/’thready’, or absent. Causes include later stages of shock as well as heart 
disease resulting in poor cardiac muscle contraction. The presence of pulse deficit is 
usually indicative of the presence of a dysrhythmia.  
 
Mucous membrane colour  
A pale to white mucous membrane colour is caused by hypoperfusion (hypovolaemic 
/ cardiogenic shock) or anaemia. A red color suggests an increased volume of blood 
in the capillary bed because of vasodilation, as in systemic inflammatory diseases or 
sepsis. The evaluation of the mucous membrane allows also the detection of 
cyanosis, icterus, petecchiae or ecchimosis.  
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Capillary refill time 
It is normally 1 to 2. CRT is determined by precapillary sphincter tone. 
Vasoconstriction caused by an increase in sympathetic tone, such as in response to 
hypoperfusion in shock, can cause the CRT to be greater than 2 seconds,  while 
vasodilation often characteristic of systemic inflammation or sepsis, can result in a 
CRT that is shorter than normal (i.e, less than 1 second). 
 
Being able to assess the cardiovascular parameters rapidly is very important and 
once we have collected our data, we should try and distinguish between the different 
types of shock as they might require a different treatment.  
There are 4 types of shock: 

• Hypovolemic (hemorrhage, dehydration, 3rd space loss of fluid). 

• Cardiogenic (heart failure, arrhythmia) 

• Vasodilatory (systemic inflammatory response syndrome, sepsis, 
anaphylaxis) 

• Obstructive (GDV, pericardial effusion, pneumothorax) 
 
 
Neurologic system examination 
A brief neurologic survey is part of the major body system evaluation in the initial 
assessment and should focus on: 

• Mental state 

• Posture  

• Examination of the spine  

What we would like to gather form a brief evaluation of mentation, posture and gait is 
if the abnormalities we see in our patients are the result of a primary neurological 
problem (in that case a full neurological examination should be performed) or the 
result of the underlying disease in that patients (shock, pain, hypoglycemia) 

Mental state  
It is the patient’s level of consciousness and response to surroundings.  
Characterize the patient’s mental state as: 

 Alert and normally responsive  
 Depressed or obtunded 
 Semicomatose, stuporous 
 Comatose 

The last two categories suggest abnormal brain function often associated to a 
primary neurological problem or hypoglycemia; a depressed or obtunded state is 
often caused by extracranial disease, such as decreased tissue perfusion or pain. 

Posture: 
It’s important to note abnormal posturing, such as hyperextension of the neck with 
extensor rigidity of the forelegs (Schiff- Sherrington sign); spontaneous nystagmus, 
strabismus, and head tilt.  
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Examination of the spine.  
Palpate the entire spinal column for areas of swelling, crepitation, bony deformity, or 
pain. Spinal reflexes (when possible) should be elicited and deep pain assessed. 
 
Additional Evaluation  
Another vital signs which should be measured and recorded during the initial 
assessment is core body temperature,  assessment of pain and an abdominal 
palpation should be performed.  

The aim of the primary survey is to identify life-threatening respiratory and 
cardiovascular states and address them before a definitive diagnosis is reached . 
Once the patient is stable then a more in-depth secondary survey can begin, which 
should include a full physical examination of the patient and further, in-depth 
investigations and treatments. 
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Fluid therapy is considered a fundamental part of the management of the emergency 
and hospitalized the patient. Fluid therapy is of great importance in the treatment of 
acute losses from the intravascular compartment (hypovolemia, hypoperfusion), or it 
can be used to restore and maintain water, electrolyte and acid base balance in 
patients who are stable from a hemodynamic point of view. Fluid therapy can be 
divided into three phases; the resuscitation, rehydration and maintenance phase. The 
type of fluid, the route of administration, the time of administration vary according to 
the type of patient and the underlying disease and because the clinical situation of a 
patient in intensive care varies continuously, the fluid therapy plan must be constantly 
be modified and adapted to the different needs of the patient.  
 
There are no premade recipes of which and how much fluid to administer that fits all 
patient. A detailed anamnesis, physical examination (especially the evaluation of the 
cardiovascular system), the presence of underlying disease constitute essential points 
to establish the type, quantity and route of administration of a solution. In order to 
correctly plan fluid therapy for each individual patient, it is extremely important to 
recognize and appreciate the difference between hypoperfusion and dehydration.  
 
Hypoperfusion refers to a circulatory deficit, local or general, which results in an 
inadequate distribution of oxygen and nutrients to the tissues (hypovolemic, 
distributive shock). Clinical signs associated with hypovolemia in dogs are, 
tachycardia, pale mucous membrane, prolonged capillary filling time and weak or 
absent peripheral pulse. In cats, the clinical signs of hypovolemia are: tachycardia (> 
220 bm), although the majority may present with bradycardia (120-140 bm), defined 
as inappropriate for the clinical situation, weak or thready peripheral pulse (femoral 
and metatarsal), pale oral mucosa and usually hypothermia and hypotension. Patients 
suffering from hypovolemia will need the administration of a certain amount (boluses) 
of fluid (crystalloids, colloids or blood products) in a short period of time, to restore the 
volume.  
 
Dehydration refers to a reduction of free water in the body, or to the loss of water and 
solutes in excess of the quantity taken daily. Depending on the percentage of 
dehydration, patients will exhibit different clinical signs (sinking of the orbits, loss of 
skin elasticity, delayed return of the skin fold, dry oral mucosa), up to showing signs 
of hypovolemic shock, when the percentage of dehydration exceeds the 12-15%. 
Patients suffering from dehydration will benefit from the administration of balanced 
crystalloid solutions to restore fluid loss from the interstitial and intracellular spaces. 
The quantity of solution to be administered is usually calculated using the formula: 
(body weight (kg) x percentage of dehydration (deficit) X 10) = total ml to which the 
maintenance fluids will be added (40-60ml / kg / day ) and the estimated continuing 
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losses (ml). These fluids can be administered in 12-36 hours, depending on the 
patient's clinical situation 
. 
In planning fluid therapy we must also choose the route of administration of our 
solution. The intravenous route is considered the route of choice in a critically ill 
patient, in case of hypovolaemia or hypoperfusion and in case of moderate or severe 
dehydration. The intravenous route allows the rapid administration of a large amount 
of fluids and rapid absorption of the administered solution. Hypertonic solutions, 
colloidal solutions and blood products should only be administered intravenously (the 
intraosseous route is an exception). As the name suggests, this route requires 
intravenous access (peripheral or central) and constant monitoring to avoid 
complications related to the fluid therapy itself (hypervolemia) or to the intravenous 
route (phlebitis, thrombosis, infection, etc.). The intraosseous route is often mentioned 
in books, but can only be used in puppies or small cats; requires, as well as the 
intravenous route, continuous monitoring of the catheter. 
The subcutaneous route should only be used for maintenance therapy or in cases of 
mild dehydration (5%). Approximately 10ml / kg can be administered per site. The 
subcutaneous route is inadequate for the administration of fluids in patients in shock 
and in moderately and severely dehydrated patients, because the peripheral 
vasoconstriction present in these situations reduces the absorption of fluids from the 
subcutaneous space 
 
In human medicine the most recent Surviving Sepsis Campaign recommends 
“aggressive fluid resuscitation during the first 24 hours of management” with the goal 
of increasing venous return and stroke volume. In patients who are on the ascending 
limb of the Frank-Starling curve, the increased venous return will often  result in 
increased stroke volume and cardiac output. However, less than 50% of 
hemodynamically unstable patients will respond clinically to multiple fluid 
administration.  
In patients unable to deal with the excessive amount of fluid administered, fluid will 
accumulate causing what has been defined as the new iatrogenic syndrome in critical 
illness: fluid overload. 
The best way to avoid fluid overload is to prevent fluid overload. Following initial fluid 
resuscitation, continuous assessment of daily fluid balance with the evaluation of the 
INS and OUTS should be performed. These principles should be applied during the 
resuscitation of patients with shock which can be viewed as occurring in four phases 
corresponding to the acronym ‘ROSE’: resuscitation, optimization, stabilization and 
evacuation. The goals of fluid administration as well as the risk and benefits, depend 
on the different phase of fluid resuscitation. The primary goal of fluid administration 
during the resuscitation phase is to rapidly correct systemic hypotension. During the 
optimization phase, the goal of fluid administration is to improve oxygen delivery to the 
tissues. Patients in this phase might still require additional fluid therapy, however the 
use of vasopressors to maintain blood pressure and perfusion should be considered 
earlier in this phase, to avoid fluid overload. In the stabilization phase, patients are 
hemodynamically stable and fluid administration should be restricted to cover their 
needs (maintenance, correction of dehydration and ongoing losses). A close and 
careful monitoring of the fluid balance should be performed and positive fluid balance 
avoided. In the evacuation phase, interventions are targeted at fluid removal an to 
achieve a negative (or zero) fluid balance.  
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Treatment of hypovolaemia and shock: 
Therapy for hypovolaemia revolves around replacement of the intravascular volume 
deficit with fluid therapy. Rational decision making on the type and rate of 
administration of intravenous fluid therapy most appropriate in any individual patient 
relies on an understanding of fluid homeostasis within the body and on the nature of 
the fluid loss.   
 
Different fluid therapy strategies can be used in these patients:  

• Isotonic crystalloid replacement solutions  

• Hypertonic saline solution  

• Colloid administration 

• Blood products  
 
Isotonic crystalloids 
The ionic composition of isotonic crystalloids is very similar to that of the extracellular 
fluid. They have a sodium concentration of either 130 mmol/l (compound sodium 
lactate (CSL), Normosol-R®, and Plasmalyte 7.4®,) or 154 mmol/l (0.9 % NaCl). 
Buffered isotonic crystalloid solutions, such as lactated Ringer's solution, compound 
sodium lactate (CSL) Normosol-R®, and Plasmalyte 7.4®, provide a more normal pH 
level, and may more rapidly and efficiently restore normal pH for this reason.  
Crystalloids rapidly distribute into the extravascular fluid compartment so that 30 
minutes following administration only 25% of the solution remains in the intravascular 
space. Therefore some animals will require additional resuscitation at this time point. 
Crystalloid volume and rate of administration depends on a number of factors that can 
determine the ability of the interstitial space to handle the increased fluid load.  
Crystalloids are usually used as the first line resuscitation fluid in hypovolaemia as 
they are inexpensive, readily available in every practice and their redistribution into the 
interstitium is advantageous in patients that are both hypovolaemic and severely 
dehydrated (for example in profuse vomiting and diarrhoea, polyuria, burns). 
Administration of high doses of crystalloid solutions may cause a dilutional 
coagulopathy and may also dilute albumin and red blood cell mass.  Care must be 
taken when correcting perfusion deficits with crystalloids if there is significant 
impairment of renal function, increased vascular permeability, in pulmonary disease 
(e.g. pulmonary contusion following trauma), or if significant haemorrhage is occurring. 
In these cases administration of smaller boluses of crystalloids should be considered. 
The “shock dose” of crystalloids quoted in many older emergency books was 60-90 
ml/kg/h for dogs and 40-60ml/kg/h for cats. However, fluid resuscitation is now thought 
of in terms of smaller boluses administration ( low volume resuscitation) rather than a 
large amount of fluid. The author prefers to consider fluid administration in 
resuscitation from hypovolaemia as a fluid dose that needs to be administered over a 
short period of time (usually 15-20 minutes). There are no precise guidelines on how 
much fluid to administer in small animals during hypovolaemic shock. Usually small 
boluses of 10-20 ml/kg administered over 20 minutes in dogs and 5-10 ml/kg bolus 
administered over 20 minutes in cats are a good starting point. At the end of bolus 
infusion the animal needs to be reassessed for improvement in cardiovascular 
parameters and the need for further bolus administration. If an animal is in shock and 
the fluid need to be delivered rapidly, an infusion pump is necessary or, in larger 
animals, the use of a pressure bag (Fig 8) is helpful in administering large volumes of 
fluid quickly. 
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The volume of fluid administered should be titrated according to the patient’s clinical 
response in order to prevent volume overload. 
 
Hypothermia, especially in the cat, can significantly decrease the cardiovascular 
response to fluid resuscitation. It’s important to warm hypovolaemic animals slowly 
while fluid resuscitation is attempted. Do not re-warm the animal too quickly before 
administering fluid as the increase in body temperature may cause peripheral 
vasodilatation and worsen the perfusion status. Wrapping the hypothermic animal in 
a blanket or placing them in a warm incubator will limit the continued loss of body heat. 
 
Animals that do not respond adequately to crystalloids resuscitation will require 
additional therapeutic, diagnostic and monitoring strategies. Additional fluid therapy 
options in these patients include the use of colloids, hypertonic saline and blood 
products. 
 
Colloids: 
Synthetic colloids (hydroxyethyl starches (HES)) are isotonic crystalloid solution to 
which large molecules have been added to achieve a colloid concentration of 6% or 
10%.  Colloids redistribute into the interstitium at a lower rate than crystalloids fluid 
and they are able to attract an retain water in the intravascular space by increasing 
the intravascular colloid osmotic pressure. They are able to cause volume expansion 
greater than the effective volume administered. This characteristic is advantageous 
when sustained volume support is required during increased capillary permeability. 
The main adverse effects reported mainly in human medicine of synthetic colloids is 
their negative effect on coagulation and the possibility to induce acute kidney injury. 
For these reasons, care should be taken when administering colloid solution to a 
patient; however, these side effects are uncommonly reported in veterinary medicine. 
Doses of colloids used during fluid resuscitation are 5-10 ml/kg as a bolus in cats, 
administered over 20 minutes.  
 
Hypertonic saline  
The usual concentration of hypertonic saline used to treat shock is 7.2-7.5 % and it is 
a hypertonic fluid when compared to the extracellular fluid. Hypertonic saline provides 
an additional osmotic attraction for water to flow from the interstitium into the vessel 
during resuscitation of hypovolaemic shock. 
This solution is typically used for animals that are in shock in order to rapidly increase 
intravascular volume and improve perfusion. As this increase is at the expense of fluid 
from other compartments, hypertonic saline should be followed by further replacement 
crystalloid therapy to replace the deficit. In addition to rapid volume expansion, 
hypertonic saline may have other desirable properties. For example, there is evidence 
that it limits lung and cerebral fluid accumulation in various forms of shock and organ 
injury, decreases reperfusion injury and has immunomodulatory effects.  
Hypertonic saline can be beneficial for intracranial hypertension by virtue of its 
hypertonicity and it has been suggested as a resuscitation fluid for animals presenting 
with head trauma.  
The adverse effects are hypernatremia and hyperchloremia. 
The dose administered is 4-6 ml/kg in dogs and 2-4ml/kg in cats administered over 10 
minutes.  
 
 

________________________________________________________________________________________________ 
 Eastern European Regional Veterinary Conference 2022 Scientific Proceedings

 
97



 
 
Haemorrhagic hypovolaemic shock 
Patients that are in hypovolaemic shock as a result of haemorrhage may require 
administration of blood products during their stabilisation.  
 
Blood products: 
When the animal with acute blood loss is unsuccessfully resuscitated with crystalloids 
or colloids then the administration of red blood cells, plasma (bleeding secondary to 
coagulopathy), or whole blood are necessary. Dogs and cats receiving whole blood or 
a combination of packed red blood cell-colloid transfusion should be blood typed and 
crossmatched, time permitting. If time is a limiting factor, a universal donor (DEA 1.1 
negative) should be chosen for the canine patient. Blood typing or crossmatching is 
always recommended for the cat. 
Ideally blood should be administered at 1ml/kg for the first 15-30 minutes to monitor 
for possible transfusion reaction, but in an emergency situation blood can be 
administered faster. The clinician should still monitor physiological parameters and be 
aware of the possibility of a transfusion reaction. 
Blood products can be administered at 5-10 ml/kg in 30minutes.  
 
Other solutions defined as hypotonic (tonicity lower than plasma) such as 5% glucose 
solution, 0.45% NaCl and 0.18% NaCl and 5% glucose solution, should never be used 
as main solutions in the management of hypovolemia and dehydration.. 
 
Maintenance and correction of dehydration fluid therapy 
Patients considered dehydrated suffer from interstitial and intracellular fluid loss that 
occur most commonly when fluid loss exceeds fluid intake over a longer period of time 
(protracted vomiting and diarrhoea, panting, polyuria). 
Fluid therapy in a dehydrated patient should not just be limited to correction of 
dehydration. These patient most of the time will not eat and drink enough to cover their 
insensitive fluid losses, so maintenance fluid therapy (administered at 40-60ml/kg/day) 
is also necessary. 
Dehydration is evaluated given a percentage to fluid loss based on clinical 
examination. Parameters like turgor, dryness of mucous membranes and position of 
the eyes in the orbit are used as subjective parameters to estimate dehydration. 
The formula to calculate dehydration deficit: 
% dehydration x10 x body weight= ml of fluid to administer to correct that estimated 
dehydration  
Some patients will also suffer from ongoing losses (as with diarrhoea, polyuria) and 
they should be taken into account when we are making a fluid therapy plan. 
Isotonic crystalloid solution are commonly used to treat dehydration and ongoing 
losses.  
As dehydration is not an emergency and happened over a period, we usually 
administer correction of dehydration and ongoing losses over a period of 12-24 hours.  
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The post operative period is definitely one of the most critical period that can affect the 
outcome of our patient; careful patient assessment, monitoring and care can make the 
difference between life and death. Often these patients were critical before going to 
surgery, they might have lost blood, they might have developed arrhythmias during 
surgery and they are probably hypothermic. Anaesthetic agents still in circulation and 
drugs used for post-operative analgesia can also cause cardiovascular and respiratory 
compromise that ultimately can lead to impaired tissue oxygen delivery. 

The clinicians caring for post-operative patients, have to be prepared, aware of the 
common complications that can occur in the post-operative period and able to 
anticipate potential problems.  They need to know significant clinical history of the 
patient, medications, and any relevant information on the previous surgery and 
anesthesia (blood loss, fluid administered, urinary production, any complications, use 
of vasopressor etc). Postoperative patients should be monitored in a 24-hour facility 
equipped with in-house laboratory equipment, monitoring capabilities (blood pressure, 
ECG, etc.), different drugs available, blood products and oxygen.  

Patient’s cardiovascular, respiratory parameters, temperature, mental state, blood 
pressure and (when necessary) urinary production and fluid balance, should be 
monitored every 4-6 hours. Analgesia should be assessed every 2-4 hours using one 
of the validated pain scoring for dogs and cats (Glasgow modified pain scale) and the 
analgesia titrated to the patient’s need. It is important to record the different data in the 
patient’s map as number and if possible in a graph to be able to rapidly compare them 
and pick up subtle and rapid changes of the patient’s clinical condition.  

The cardiovascular system is one of the most important system to monitor in the 
critically ill post-operative patient as problems like hypovolemic or distributive shock 
(in response to loss of fluid via vomiting, diarrhoea, abdominal or thoracic drainage, 
development of inflammation) or arrhythmogenic shock secondary to the development 
of arrhythmias ( i.e. GDV patients or patients after splenectomy, septic peritonitis)  
could  develop rapidly in the post-operative patient and they can be easily recognise 
by performing a complete and focused cardiovascular assessment  

Monitoring in patients with cardiovascular problems is divided into 2 broad categories: 
macrovascular and microvascular parameters. Macrovascular parameters are related 
to the systemic evaluation of the functionality of the cardiovascular system, such as 
the evaluation of perfusion parameters (heart rate, mucous membrane colour, capillary 
refill time, quality of the peripheral pulse and heart auscultation), blood pressure (BP) 
and urine production. Microvascular parameters are associated with secondary tissue 
oxygenation and include blood lactate and lactate clearance, base excess (BE) and 
central venous oxygen saturation (Scvo2). The best monitoring of these patients is 
achieved by the combined evaluation of these parameters: 
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1. Blood pressure: 
Arterial pressure is the pressure exerted on the vascular walls by the ejection of blood 
from the left ventricle. The elastic distension of the arterial walls is responsible for 
maintaining the antegrade flow of blood even during diastole. Mean arterial pressure 
is considered to be around 80-90 mmHg.  Hypotension is defined as a MAP of less 
than 60-65 mm Hg. Below this range, the ability of the kidneys  and the brain to 
regulate their perfusion through self-regulation is lost and the blood flow directed to 
these organs becomes directly dependent on systemic blood pressure. Hypotension 
is a common complication in critically ill patients and can be related to the presence of 
hypovolemia, inadequate cardiac output, vasodilation. However, the evaluation of 
arterial pressure alone is not an accurate index of cardiac output, as its value can be 
influenced by the tone of the peripheral vessels. A normal blood pressure value in a 
patient with peripheral vasoconstriction is not indicative of normal tissue perfusion. 
Blood pressure can be assessed through the direct method (invasive blood pressure 
through the placement of a peripheral arterial catheter) or through non-invasive 
techniques (doppler or oscillometric technique). The invasive technique is considered 
the gold standard technique for measuring blood pressure, while non-invasive 
techniques tend to overestimate the arterial pressure in the hypotensive patient, 
therefore they are not accurate. 
Blood pressure assessment should be considered in relation to other perfusion 
parameters; in a hypoperfused and hypotensive patient, initial therapy is aggressive 
fluid therapy to help improve systemic perfusion. When hypotension persists despite 
fluid resuscitation, then vasopressor drugs should be considered. 
2. Blood lactate: 
Lactate is the product of cellular anaerobic metabolism, when cells and tissues are 
hypoperfused and exposed to inadequate concentrations of oxygen and nutrients. 
Normal lactate value in dogs and cats should be less than 2.5 mmol / L. It has been 
shown in both human and veterinary medicine that blood lactate is an important 
prognostic indicator as it can reflect the degree of tissue and organ dysoxia. Nowadays 
also for lactate it is preferred to evaluate the trend of lactic acidemia in response to 
therapy as a prognostic value instead of the single initial value. 

 
In the post-operative patient, the development of pulmonary complications is quite 
common and could affect negatively the patient's prognosis. Often these changes 
occur in animals without previous respiratory diseases, as a result of the surgery and 
anesthesia (especially abdominal and thoracic surgery), or as a consequence of the 
underlying systemic diseases. 

The most common pulmonary complications that can develop in the perioperative 
period are: 
• Respiratory failure 
• Pulmonary atelectasis 
• Pneumonia ab ingestis 
 
The development of respiratory failure in critically ill patients, especially in the post-
operative period, is a fairly common occurrence. Often these patients in the imminent 
post-operative period prefer to assume lateral decubitus, creating areas of lung 
atelectasis and increasing the possibility of V / Q mistmatch. Furthermore, the 
presence still in circulation of residues of anesthetics that can depress breathing, pain, 
analgesic therapy with the administration of opioids, can all negatively affect 
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respiratory function. Respiratory failure leads to hypercapnia, hypoxia and if not 
recognized quickly and treated adequately it can lead to respiratory arrest. 

Simply assessing the respiratory rate in these animals is not sufficient, because they 
can develop ventilatory failure even in the presence of a normal respiratory rate. The 
use of the pulse oximeter in the awakening phases to monitor the saturation and the 
execution of an arterial blood sample to evaluate the partial pressure of oxygen and 
of CO2 will allow us to identify the patient at risk. 

If the problem is temporary hypoxemia (PaO2> 80 mmHg), the simple administration 
of oxygen may be sufficient to restore normal oxygenation of the blood. In the event 
that hypoxemia is associated with hypercapnia (PaCO2> 55 mmHg), then we should 
consider decreasing the analgesic drugs the patient is receiving, antagonizing if 
possible the anesthetic drugs that may still be in circulation, and, if necessary, the 
patient will have to be intubated with an orotracheal tube or with a laryngeal mask, 
until the subject is able to maintain eucapnia 

Pulmonary atelectasis can develop in critically ill patients due to frequent laying in 
lateral decubitus. Some patients can sometimes remain in the same position for a full 
day if their decubitus is not changed. Pulmonary atelectasis can also develop when 
some areas of the lung are not well ventilated (decreased tidal volume or shallow 
breathing due to pain, sensory depression) and atelectasis may contribute to the 
formation of microshunts and the development of hypoxia. Excessive pain, especially 
after chrurgia or trauma to the chest, can affect the thoracic excursion and the position 
assumed by the animal and can favor the formation of areas of pomonar ateletasia 

Preventing the development of atelectasis is fundamental in patients in intensive care, 
especially after surgery. It is therefore advisable in all critically ill patients to change 
decubitus at least every 2-4 hours and if they accept it they should be kept in sternal 
decubitus. Analgesia must always be adequate for the patient and ventilation 
monitored carefully. 

In a recent study on post anesthetic respiratory complications in the canine population, 
aspiration pneumonia was the second most common respiratory complication, 
especially after abdominal and thoracic surgery performed in an emergency. 

The most risky patients are patients who have a distended stomach from food or 
gastric fluids, patients who suffer from esophageal pathologies, vomiting, 
regurgitation, who are mainly in lateral decubitus and who suffer from severe 
neurological diseases that alter their state of consciousness and their ability to protect 
the airways. All of these patients have a high risk of post-operative regurgitation / 
vomiting. Often even the analgesic protocol with the use of opioids in patients in 
intensive care can favor the formation of paralytic ileus and delay gastric emptying, 
predisposing these patients to nausea, regurgitation and possible pneumonia with ab 
ingestis. 

The dyspnoic subject with aspiration pneumonia will benefit from oxygen 
supplementation. The need for oxygen therapy can be based on the assessment of 
arterial oxygen pressure, using an arterial blood gas. Any hypoxic animal, with a PaO2 
<80 mmHg will benefit from extra oxygen. If the patient supports manipulation without 
worsening his condition, another treatment to consider is nebulization and coupage. 
Nebulization with sterile solution allows to humidify the airways, to soften secretions, 
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favoring their expectoration. Coupage consists in hitting the chest with the palm of the 
hand in a rhythmic way to favor the expectoration of secretions. 

The use of glucocorticoids is not recommended. The use of diuretics such as 
furosemide and bronchial dilators (terbutaline) have no scientific confirmation in the 
patient with aspiration pneumonia and therefore their use should be reserved for 
severe cases that do not respond to normal medical therapy. 

Gastrointestinal alterations in critically ill patients can range from the development of 
impaired intestinal motility following anesthesia, administration of opioids as post-
operative analgesics, reduced activities; intestinal dysmicrobism following the 
administration of antibiotics; nausea and vomiting, up to the onset of hemorrhagic 
diarrhea and bacterial translocation as the final symptom of alteration and 
hypoperfusion of the intestinal mucosa. 

Problems of dysmotility and especially the presence of paralytic ileus should be quickly 
recognized in critically ill patients. Paralytic ileus is associated with dysorexia, 
anorexia, nausea and vomiting, reduced gastric emptying and reduced passage of 
stools and prolonged hospitalization. 

The pathophysiology of paralytic ileus, especially after surgery, is complex and 
involves an interaction between neurogenic, metabolic and inflammatory factors. 
Surgical stress and sympathetic stimulation, manipulation of the intestines and 
abdominal pain can stimulate the afferent and sympathetic efferent nociceptive 
pathways. The release of endogenous opioids decreases intestinal propulsive activity, 
favoring the development of the ileum. The same opioids, administered post-operative, 
have an effect on enteric opioid receptors and favor the release of acetylcholine from 
the mesenteric plexus, worsening dysmotility. 

If we suspect the presence of paralytic ileus, the cause of dysmotility should be sought 
and the patient treated with prokinetic and anti-emetic / anti-nausea drugs. If the cause 
is excessive administration of opioids as a single analgesic, the dose of opioids should 
be reduced and the analgesia administered with a multimodal modality (combination 
of opioids and ketamine or opioids ketamine and lidocaine). Treatment of 
gastrointestinal complications includes the use of fluid therapy to restore fluid loss 
through the gastrointestinal tract, early enteral nutrition to avoid intestinal villous 
atrophy and intestinal dysmicrobism, and the use of prokinetics and antinausea 
medications. 

Neurologic assessment as  daily assessment of mentation is important as this can be 
an early indicator of systemic changes (inadequate perfusion, hypovolemia, acidosis, 
hypoglycemia) or due to intracranial factors which must be addressed differently.  

Pain needs to be assessed and addressed in post-operative patients to ensure optimal 
healing and provide comfort to our patients. Multimodal analgesia is preferred in these 
patients ideal to address pain in different part of the nociceptive pathway while 
minimizing any possible side effects.Opioids are usually the base for multimodal 
analgesia plan in the post-surgical patient; other analgesic that can be added are 
ketamine CRI, lidocaine Cri in the dog, paracetamol in the dog. Non-steroidal anti-
inflammatory drugs can be considered only in the stable patient.  

Determination of the patient’s fluid needs remains one of the most challenging aspect 
of post-operative care. The fluid requirement in the hospitalised patients encompass 
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maintenance fluid, correction of any pre-existing dehydration and correction of the 
ongoing losses. It is important to remember that often critically ill patients have the 
tendency to retain fluid and are predisposed to develop fluid overload. That is why it 
is very important to determine the patient’s fluid balance and titrate the fluid therapy 
plan to the patent’s clinical status. Patient’s fluid balance can be evaluated by serial 
weights, urinary production and measuring any fluid we are administering to the 
patient. It is important, especially in the small patient to take into consideration also 
fluid used to flush medication or IV catheter, and the amount of fluid contained in the 
enteral nutrition. Fluid overload (defined as an increased of > 10% of the body weight 
or clinical signs of oedema) should be avoided. 

In the post-operative patients it is important to monitor different parameters like 
electrolytes and venous blood gas, kidney function, glucose and eventually 
haematocrit. The frequency and the amount of blood performed in the post-operative 
patient often depends on the underlying disease and on its recovery  

Other important aspects that require consideration in the postoperative patients is 
addressing early nutrition with enteral nutrition and eventually with the placement of 
feeding tube , treatment of wounds, management of catheters (intravenous, arterial, 
urinary, central), and providing enough TLC.  
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The presence of anaemia and associated clinical signs are often one of the reasons 
why the patient is brought to an emergency clinic. However, it is important to remember 
that the patient can become anaemic even once admitted to the hospital due to the 
frequent blood sampling to which he is subjected during hospitalization (feline patient 
or small dogs especially) or associated with blood loss (surgery, loss through the 
gastrointestinal tract etc). It is therefore necessary to know the indications, the blood 
components available and the importance of transfusion practice in these two species. 

Transfusion therapy refers to the safe and effective replacement of blood or one of its 
components, thus offering support for critically ill patients with anaemia and those with 
coagulopathies. The primary indication for transfusion of whole blood or red blood cells 
is a reduced number of red blood cells, which results in a reduction in the oxygen 
carrying capacity and, in turn, leads to the development of tissue hypoxia regardless 
of the underlying cause of the anaemia. Other occasional indications include severe 
methemoglobinemia (as a consequence of paracetamol toxicity in cats mainly but also 
in dogs) or anaemia secondary to coagulopathies. Indications for plasma transfusion 
are often the presence of a coagulopathy. 

Blood and blood components transfusions: 

One of the questions that often arises when dealing with an anaemic patient is: when 
do I decide to transfuse? What parameters can I use in my decision? Unfortunately, 
there are no fixed parameters, the so-called transfusion "triggers", which can be used 
in all situations. We must evaluate each individual patient before deciding whether or 
not (and with what urgency) he will need a blood transfusion. Parameters that we 
should consider are: the haematocrit value (<13-15% in the case of a more chronic 
anaemia or <25% in the case of acute hemorrhage), the speed of onset of the anaemia 
and the associated clinical symptoms. It is important to remember that blood 
transfusion almost never represents the definitive therapy of the underlying disease, 
but must be considered as supportive therapy for the patient while waiting for a 
definitive diagnosis to be reached or waiting for the therapy started to take effect. 

There are several blood components available and the choice of one or the other often 
depends on their availability from the underlying disease: 

Whole blood: blood that has not been separated into its various components. Called 
fresh whole blood when used 6-8 hours after collection; it still contains platelets, 
clotting factors, and of course red blood cells. Whole blood stored is whole blood that 
has been stored in the refrigerator for more than 6-8 hours after collection. After this 
period, the platelets are no longer viable and the more labile clotting factors (factor 
VIII, von Willebrand factor) gradually lose their activity. 

Fresh whole blood should be used in a patient with blood loss anaemia or secondary 
to coagulopathy, where the volume expansion effect of the plasma or the 
administration of coagulation factors are essential 
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In dogs, one unit of whole blood is the volume obtained by filling a commercial bag 
with human blood (about 500 ml). In cats, this corresponds to about 50-60 ml. In cats, 
when we talk about blood transfusion, we often talk about whole blood. Some centers 
in Europe and the United States have begun, even in cats, to separate whole blood 
into two blood products: red blood cell concentrate (PRBC) and plasma. 

Packed red blood cells: obtained after centrifugation of whole blood and separation of 
red blood cells from plasma. It contains only erythrocytes and by missing the plasma 
part they are more concentrated in a smaller volume. They contain anticoagulant and 
additive factors to preserve and keep erythrocytes viable. They can be kept in the 
fridge for up to 28 days. Often used in normovolemic anaemia. 

Plasma: Fresh Frozen Plasma: Frozen at -30 ° C within 6 hours of blood collection. 
Contains all coagulation factors and fibrinogen and von Willenbrandt factor. It is used 
in most coagulopathies (DIC, haemophilia A and B, liver failure, rodenticide poisoning, 
von Willenbrandt's disease, etc.) If frozen after 6 hours, or fresh frozen plasma that 
remains in the freezer after a year, it is called frozen plasma. Fresh frozen plasma still 
contains all vit K dependent coagulation factors (II, VII; IX and X) and therefore can be 
used in rodenticide coagulopathy situations. Unlike dogs, only plasma specific to the 
patient's blood group should be administered in cats as they have antibodies to non-
self blood groups within the plasma. 

Cryoprecipitate: Insoluble precipitate after thawing of fresh frozen plasma at 4-6 ° C. 
Contains concentrate of factor vW, fibrinogen, factor XIII and factor VIII. 

Platelet transfusion: Concentrated platelets and platelet-rich plasma. These products 
can be obtained by apheresis or by slow centrifugation of fresh whole blood, so that 
the platelets remain in the supernatant. To be used in case of bleeding due to 
thrombocytopenia or thrombocytopathy. 

The literature has recently described as an alternative of exception to the transfusion 
of typed blood in cats (in the case in which it is impossible to find it) xenotransfusion. 
By xenotransfusion we mean the transfusion of canine blood in patients of the feline 
species, a therapeutic approach which assumes the absence in the cat of preformed 
antibodies to dog erythrocyte antigens. Unfortunately in the cat plasma, antibodies 
against dog erythrocytes have been found in a recent article and the average life span 
of transfused canine red blood cells in the feline patient is less than 4 days. 

Compatibility test 

Once the need for transfusion and the blood component to be used have been 
decided, in both cats and dogs, it is necessary to perform some compatibility tests: the 
typing of the blood group and the cross-compatibility test. 

Dog blood groups are classified using the Dog Erythrocyte Antigen (DEA) system. Up 
to 12 different erythrocyte antigens have been recognized. Canine erythrocytes are 
positive or negative for a certain antigen (eg DEA 4 positive or negative). Canine 
erythrocytes can express more than one antigen on their membranes, but for simplicity 
it is universally accepted that the "blood group" that is normally tested is DEA 1.1, 
being one of the antigens capable of inducing a more significant transfusion reaction. 
For this dogs are defined to be DEA 1.1 positive or negative. Dogs do not have natural 
antibodies against other antigens and it is for this reason that the first transfusion in 
dogs is often done without having to determine the recipient's blood group, unless the 
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recipient has already received other transfusions in the past. However, it is important 
to take a blood sample in EDTA (and actually also in heparin, serum and citrate) before 
the transfusion in order to carry out some diagnostic tests and the evaluation of the 
post transfusion blood group. 

In the cat it is essential to type the blood group even before the first transfusion, unlike 
in the dog. In the feline species there are in fact preformed natural antibodies 
(alloantibodies) against the erythrocyte antigens of the blood group other than that of 
the subject which can cause lethal transfusion reactions even following the first blood 
transfusion. can cause reactions 

In cats, a main blood group system called AB is recognized, within which cats can be 
of blood type A, B or AB. Blood group A is the most prevalent in the feline population 
and in cats of the European common breed. Group B has a higher prevalence in pure 
cat breeds such as British Shorthair, Burmese, Somali. The AB group is very rare. In 
2007, mainly in the United States, a new erythrocyte blood group antigen called Mik 
was identified, which can cause transfusion reactions even in the case of compatible 
transfusions of the group AB system. Due to the possible presence of the Mik antigen, 
it is suggested by many to perform, in addition to blood typing, also the cross-reaction 
test. 

Cats must be transfused with blood of the same blood group. Only in cats of group 
AB, in case of unavailability of blood of rare group AB, it is possible to transfuse blood 
of group A. 

There are different kits for the evaluation of the blood group in dogs and cats: these 
are the agglutination tests on paper (canine DEA 1.1; Feline A, B, AB Agrolabo, 
RapidVet H) and immunochromatography (RapidVet-H IC, Feline Blood Typing 
Agrolabo, Quick and Lab test A + B Alvedia). 

The cross-match test detects the serological compatibility between the recipient and 
the potential donor and must always be performed in cats if the determination of the 
blood group is not possible and in dogs or cats that have already received a transfusion 
in the previous 3-4 days or in the past. The major cross-match checks whether the 
recipient's plasma contains antibodies to the donor's erythrocyte antigens, while the 
minor cross-match evaluates whether the donor plasma contains antibodies to the 
recipient's erythrocyte antigens. Although testing laboratories use tube, microgel 
column (DMS Laboratories, Flemington, NJ) and strip (Alvedia, Lyon, France) tests, 
there are several methods of crossmatching in clinical practice without using a 
laboratory. If haemolysis and / or agglutination occurs during the major cross-match, 
transfusion should not be performed. 

Administration of blood components 

The goal of blood transfusion in most cases is to increase the patient's hematocrit 
sufficiently to control the signs of anemia. The goal should be to achieve a hematocrit 
of over 20% in cats and over 30% in dogs, although in practice post-transfusion PCV 
is not always that high. The half-life of transfused red blood cells is 35-38 days in 
blood-compatible subjects in which there is no increased destruction or loss of 
transfused cells. 

It is not recommended to rewarm blood after taking it out of the refrigerator prior to 
transfusion, but if possible it should be allowed to reach room temperature prior to 
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administration. Active heating (in hot water) can accelerate the breakdown of red blood 
cells and allow for rapid growth of contaminating microorganisms. The plasma must 
instead be thawed in a water bath (≤39 ° C) never in a microwave. 

The volume of blood to be administered can be calculated from the following equation: 

Ml of blood to be administered = 60 (cat) 80 (dog) x BWx (desired Ht-patient's Ht) 

                                                                                                Ht of the donor 

In practice, for every 2 ml of whole blood transfused per kg of body weight of the 
recipient, the Hct should increase by 1%. 

Blood should be administered through a commercially available filter, (e.g. filter 
present in the 200 μm transfusion set). If blood is being administered through a syringe 
pump, an 18-micron disposable filter can be connected in series (eg Hemo-Nate; Utah 
Medical Products). It is forbidden to administer drugs and crystalloid fluids (fluids 
containing calcium or glucose or those that are hypotonic or hypertonic) during 
transfusion through the same venous catheter, except for the physiological solution, 
to avoid the lysis of erythrocytes or the precipitation of calcium crystals. The use of 
volumetric pumps for the administration of blood transfusion has been associated with 
increased lysis and damage to red blood cells. Administration via syringe pumps or 
gravity is suggested. 

The transfusion should be completed within 4-6 hours to avoid bacterial proliferation 
and alteration of blood cells. The speed with which the transfusion is performed 
depends on the type of anemia we are treating: in the case of haemorrhage the 
transfusion of blood or plasma will be faster (used as a bolus in the initial resuscitation 
5-10ml / kg in 30 minutes) while in the Normovolemic patient with anemia (even 
severe) transfusion should be performed slowly to avoid overhydration. 

In the anemic and normovolemic patient the blood transfusion must be done in 4-6 
hours; administration initially for the first 15 minutes should be 1.5ml / kg / hour and if 
no transfusion reactions occur, then the rate can be increased up to 1ml / kg / hour 
and for the next 15 minutes and then increased again in the subsequent period. 

In bleeding animals with coagulopathies, plasma is initially administered at a dosage 
of approximately 10-20 ml / kg. 

Patients receiving transfusion should be carefully monitored for possible transfusion 
reactions. If a transfusion reaction is suspected, the transfusion should be stopped 
immediately and the recipient monitored continuously for possible clinical 
deterioration. 
 
Transfusion reactions: 
With the term transfusion reaction (TR), we define: "any adverse event following a 
blood transfusion, attributed to the transfusion". The risk of a TR is present whenever 
a blood product is administered. These adverse effects can occur despite appropriate 
preliminary donor screening, blood collection techniques, and pre-transfusion 
compatibility testing. Transfusion reactions can be classified into acute or delayed 
immunological and non-immunological reactions. Non-haemolytic febrile transfusion 
reaction (FNHTR) and acute cardiac transfusion overload (TACO) are the most 
common TRs in dogs and cats. 
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 Immunologiche Non-immunologiche 

Acuta  

– FNHR 
– Reazioni trasfusionali emolitiche 

acute 
– Reazione allergica  
– Anafilassi 
– TRALI 

– TACO 
– Sepsi associate alla 

trasfusione 
– Disturbi elettrolitici 
– ipotermia 

Ritardata  
– Reazioni trasfusionali emolitiche 

ritardate 
– Trasmissione di infezioni  

 
 
- Non-haemolytic febrile transfusion reactions (FNHTR) 
Acute immunological reaction characterized by the development during or within 4 
hours of the end of a transfusion of a temperature above 39 ° C or by a temperature 
increase above 1 ° C above the pre-transfusion body temperature. Caused by the 
presence of inflammatory pyrogenic cytokines, often in response to a recipient's 
reaction to the donor's leukocytes. Usually self-limiting. If it develops during 
transfusion, it is advised to stop or slow down the transfusion. Administration of a 
non-steroidal anti-inflammatory drug is not recommended. 
 
- Acute hemolytic transfusion reaction (AHTR) 
Acute, non-infectious, immunological (or non-immunological) reaction occurring 
secondary to accelerated destruction of transfused red blood cells, characterized 
by acute haemolysis during or within 24 hours of administration of blood products. 
Acute immunological haemolytic reactions are type II hypersensitivity reactions 
that occur due to a major or minor incompatibility between donor and recipient red 
blood cells. Acute non-immunological hemolytic transfusion reactions occur due to 
thermal, osmotic, mechanical, or chemical factors that damage transfused blood 
cells, causing acute hemolysis. Clinical signs: pyrexia, tremors, hypotension, 
nausea, vomiting, restlessness, salivation, hemoglobinuria, shock and death. 
Supportive treatment with fluid therapy and possibly vasopressors to maintain 
blood pressure in the range and maintain renal perfusion. The effectiveness of 
administering a dose of glucocorticoids has not been demonstrated. 
 
- Allergic reactions (type I hypersensitivity) 
They result from a response to certain plasma proteins in the donor's blood, often 
after transfusion of plasma or whole blood. Clinical signs often include skin edema 
erythema and angioedema (often of the muzzle), pruritus, urticarial lesions. The 
temporary suspension of the transfusion and the administration of an antihistamine 
solve the clinical symptoms in the majority of cases. Anti-inflammatory steroids 
should only be considered for the most severe reactions. 
 
- Acute transfusion-related lung injury (TRALI) 
Reaction characterized by acute onset, severe hypoxemia (PaO2 / FiO2 ≤ 300 
mmHg), bilateral interstitial / alveolar infiltrates on chest radiographs and no 
evidence of left circulation overload. It is a lesion due to an immunological reaction 
secondary to antigen-antibody interactions in the lungs. Transfusions of plasma or 
platelets have the highest risk of causing TRALI. Clinical signs include severe 
dyspnoea, tachypnea, hypoxemia, fever, hypotension, cyanosis, diffuse crackles 
with no evidence of circulatory overload. Onset of dyspnoea usually occurs during 
or within 6 hours of a transfusion. Treatment is mainly supportive and includes the 
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interruption of the transfusion, the administration of oxygen and possibly pulmonary 
ventilation in the most severe cases. 

- Circulatory overload associated with transfusion (TACO) 

Transfusion reaction that occurs when the volume or infusion rate of the 
transfusion exceeds the ability of the vascular system to compensate. There are 
several risk factors such as the presence of renal or cardiac pathology, a chronic 
compensated anemia, the previous administration of infusions. TACO is one of 
the most common transfusion reactions in the feline patient. 

Clinical signs are mostly respiratory due to left circulation overload: tachypnea, 
dyspnoea, cough, serous nasal discharge, development of pulmonary edema or 
pleural effusion. Stopping the transfusion (and possibly resuming it with the more 
stable patient at a slower rate), administering a diuretic such as furosemide to 
reduce fluid overload, and oxygen therapy often facilitate resolution of clinical 
symptoms. 

- Delayed haemolytic transfusion reaction (DHTR) 

They occur 24 hours to 28 days after the administration of blood products and is 
due to the formation of antibodies to transfused red blood cells shortly after 
transfusion and leads to hemolysis of red blood cells. The clinical signs observed 
are fever, jaundice and a rapid decrease in hematocrit. 
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Approach and management of the multitrauma patient 
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Traumatic events, such as motor vehicle accidents, penetrating injuries, animal bites 
are common presentations in small animal emergency medicine. In this presentation 
we will focus mainly on the approach to blunt trauma. In the last years there has been 
a lot of attention on the concept of “damage control resuscitation” in trauma patients, 
with the goals of controlling hemorrhage and improving tissue hypoperfusion trying to 
minimize and prevent excessive inflammation. 
 
Initial Assessment  
Every trauma patient that is brought to your practice requires proper and immediate 
triage to determine the urgency and severity of the problems. Traumatic injuries will 
often affect more than one body system. Common problems in multitrauma patients 
that require immediate attention and treatment include respiratory distress, shock, 
brain and spinal trauma, acute abdomen and bleeding. It is important not to get 
distracted by less life-threatening abnormalities that have to be addressed in second 
instance, such as an open fracture, open wounds on the limb, or proptosis of an eye. 
They will not affect the survival of the patient in the acute phase.   

A rapid and systematic approach to the trauma patient will allow the emergency 
clinician to rapidly assess these patients so that the urgency and severity of the 
underlying problems can be determined; to recognize any life threatening condition so 
that aggressive treatment and stabilisation can be initiated; to decide the best timing 
of any additional diagnostic examinations and to closely monitor them for any further 
complication or deterioration in their clinical condition. 
 
The initial triage and initial assessment should follow the ABCD’s approach. 

Airway/Breathing assessment: 
Oxygen should always be administered in every traumatised patient, especially in 
patients that are dyspnoeic. Multitrauma patients can suffer commonly from chest 
injuries (pulmonary contusions, pneumothorax and haemothorax) or penetrating chest 
injury. A careful examination of the respiratory system should help us identify the 
presence of these abnormalities. Our triage and initial assessment should focus on 
evaluation of the respiratory rate, effort and lung auscultation. Often multitraumatised 
patients are too unstable to be able to undergo extensive diagnostics, so our initial 
physical examination should already allow us to localize and identify what the 
underlying cause of the dyspnoea in that patient is. 
Recently the use of ultrasound in trauma patient (TFAST) to evaluate the presence of 
lung and pleural space disease has gained popularity in the emergency room as a non 
invasive quite sensitive diagnostics to identify pneumothorax, pleural effusion and 
pulmonary contusion. Pneumothorax and haemothorax that cause severe dyspnoea 
should be addressed immediately with a thoracocentesis.  If pulmonary contusions are 
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suspected we should be more careful in administering fluids in the resuscitation phase. 
Penetrating chest injury should be initially cleaned and covered. 
 
Shock:  
Multitrauma patients often present in a state of generalised hypoperfusion and they 
can suffer from different types of shock. Most patients in traumatic shock will be 
suffering from hypovolaemia secondary to external or internal haemorrhage or 
haemorrhage associated to long bone fractures and/or severe tissue trauma. Pain and 
severe injury to the spinal cord can contribute to the inability of the body to compensate 
to shock. Cardiogenic or arrhythmogenic shock may result as consequence of 
myocardial contusion and hypoxia. Septic shock may develop in later stages, because 
of wound infection or bacterial translocation from the gastrointestinal tract. 

Rapid assessment of the cardiovascular perfusion parameters (heart rate, peripheral 
pulse quality, mucous membrane colour and capillary refill time) will allow the 
emergency clinician to recognize the patient that suffers from different degree of 
hypoperfusion. 
In human and recently in veterinary medicine, however, it has been demonstrated that 
many patients that suffer from shock have evidence of occult shock (i.e., ongoing 
tissue hypoperfusion) despite normalization of the cardiovascular parameters. For this 
reason the evaluation, especially in traumatised patient, of base excess (BE), the 
shock index (SI the ratio between the heart rate and systolic blood pressure), the 
venous oxygen saturation (SvO2) and the evaluation of the lactate clearance as 
markers of tissue hypoperfusion and injury, is becoming an accepted manner of 
evaluating perfusion, requirement for blood transfusion and some of this parameters 
have also shown to be predictive of mortality.  
 
Therapy for hypovolaemia revolves around replacement of the intravascular volume 
deficit with intravascular fluid therapy and should never be delayed. It is preferable to 
consider a low volume resuscitation or an hypotensive resuscitation, targeting a mean 
arterial blood pressure of > 60/65mmHg by administering smaller boluses  (and the 
dose will vary depending on the type of fluid being used) that needs to be administered 
over a short period of time (usually 15-20 minutes). 
Different fluid types can be used in these patients:  
 isotonic crystalloid replacement solutions;  
 hypertonic saline solution;  
 colloid administration; 
 blood products.  

 
Neurologic system: 
Evaluation of the neurological system should include: evaluation of mentation, 
postures, gait and when necessary a complete neurological examination should be 
performed. Signs of head injury include bleeding or wounds involving the head, altered 
mentation (stupor or coma) associated to cranial nerve deficits and abnormalities in 
the pupil size. Scleral haemorrhage or blood in ear canals or from the nose could be 
signs of cranium fracture.  
When signs of head injury exist, then the first order of priority includes promoting 
cerebral blood flow by maintaining good tissue perfusion and mean arterial pressure 
between 80-100 mmHg. Hypertonic saline can be used as first line resuscitation fluid; 
otherwise low volume resuscitation using isotonic crystalloid or colloid can be used. In 
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case of worsening mental status mannitol infusion can also be considered (0.5-1 g/kg 
IV). Care is taken to minimize increases in intracranial pressure. The head and neck 
are kept in a slightly raised position (~30 degrees) with little manipulation and the 
jugular veins are not occluded. The use of steroid in head trauma  is contraindicated! 
 
If spinal injury is suspected the spine should be stabilised and supported on a 
blackboard and lateral radiograph of the spine performed before attempting to move 
the animal. .  A careful palpation of the spine for pain, crepitation and abnormalities 
and a neurological examination with attention to spinal reflexes, withdrawal and 
presence of deep pain should be performed in every patient with suspected spinal 
injury.  As for the head trauma, maintaining good perfusion to the spinal cord is 
fundamental, so general perfusion and blood pressure should be maintained  with fluid 
therapy. The role of corticosteroids in the treatment of acute spinal injury is becoming 
less controversial, as there is little evidence supporting improved outcome when 
corticosteroids are used and the potential risks of corticosteroid therapy 
(gastrointestinal ulceration) are considered to outweigh the potential benefits.   

 
Abdominal evaluation 
The abdomen should be palpated for painful response, focal lesions and the presence 
of a fluid thrill; the bladder should be identified. Frequent re-evaluation of the abdomen 
for progressive distension is important. A significant volume (40 ml/kg) of free 
peritoneal fluid is necessary for a fluid thrill to be detected and palpation with the 
patient standing is most likely to be successful. If available, ultrasonography (AFAST) 
provides a much more sensitive and patient-friendly means of detecting peritoneal fluid.  
Occasionally umbilical and peri-testicular skin discoloration may be observed when 
significant intra abdominal hemorrhage dissects through the abdominal muscle planes 
and sub cutis. If abdominal effusion is suspected abdominocentesis should be 
performed.  The fluid collected should be evaluated and analysed for haematocrit, 
urea, creatinine potassium and cytology performed.   
Traumatic haemoabdomen does not often require surgical management. During initial 
stabilization of the patient it is possible to apply an abdominal counter-pressure 
bandage to help in stopping minor venous bleeding from parenchymatous organ 
laceration. Uroabdomen should be considered a surgical emergency after the 
stabilization of the animal’s major body system and electrolytes. For this reason, these 
patients should be treated aggressively but conservatively initially obtaining urinary 
diversion with placing an abdominal drainage and a urinary catheter and stabilizing 
the patient has the priority over surgery. 
 
 
Pain assessment 
Dogs that have suffered from trauma are usually in considerable pain. Pain should 
always be assessed and addressed during the initial stabilisation. Non steroidal anti-
inflammatory drugs are contraindicated in animals that are in shock. A pure µ-opioid 
should be used in these patients. 

Additional Care 
All wounds should be evaluated and covered to prevent desiccation followed by 
placement of some form of dressing (preferably sterile). Once the patient is stable the 
wounds should be clipped and cleaned and ALL penetrating wounds should be 
surgically explored. 
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Diagnostic testing 
In multitrauma, choosing and timing additional diagnostic examinations is difficult and 
controversial. With proper physical examination, the clinician should be able to initiate 
treatment and stabilise the animal. Further diagnostics such as radiographs of the 
thorax, complete ultrasound of the abdomen, CT of the head and spine, should only 
be considered in a stable animal.  An early obtained blood sample can be useful to 
detect early internal haemorrhage and electrolytes abnormalities.  A low packed cell 
volume (PCV) and total solids (TS) is very suggestive of blood loss; however, the initial 
presence of a normal or elevated PCV with concurrent low TS also may be the 
consequence of acute bleeding with splenic contraction and release of sequestered 
red blood cells.  

The syndrome ‘acute traumatic coagulopathy’ (ATC), is believed to result from a 
combination of tissue damage and systemic hypoperfusion in multitraumatised 
patients so coagulation parameters as well as platelet number should be evaluated, 
when possible, in a traumatized patient. The use of anti-fibrinolytics to address 
excessive bleeding and hyperfibrinolysis in ACT has gained popularity in human 
trauma medicine in recent years. However, the evidence of hyperfibrinolysis in 
veterinary patients is small. For this reason the author considers that the decision to 
use antifibrinolytics should be guided by viscoelastic testing and reasonable to 
consider in trauma patients with persistent bleeding that isn't responding to 
conventional therapy.  

Monitoring: 
Careful monitoring of the physical examination parameters is the most reliable 
indicators of change in perfusion status. Evaluation of the respiratory pattern and 
neurological status should be frequently repeated. Further parameters that can 
provide information on perfusion status include arterial blood pressure, central venous 
pressure, oximetry (pulse and central venous), and urine output. Recording and 
identifying trends of change highlight the need for intervention. 
 

Animal that do not stabilize after fluid resuscitation, pain management and blood 
transfusion should be suspected of ongoing haemorrhage and should be considered 
candidates for emergency surgical intervention. 
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Chiara Valtolina 
DVM, PhD,  Diplomate ACVECC, Diplomate ECVECC 
Intensive Care Unit, Department of Clinical Sciences of Companion Animals,                                  
Faculty of Veterinary Medicine, Utrecht University. The Netherlands 
c.valtolina@uu.nl 
 

Working in an emergency room can be very stressful and at times discouraging; the 
animals that are brought into emergencies are among the most critical and unstable 
animals that we find ourselves managing and often a simple mistake is enough to 
compromise or worsen their clinical condition. 

Unfortunately, in stressful situations it is easy to make mistakes; for this reason, the 
emergency doctor must learn to remain calm even in most critical situations and 
should adopt a systematic and rigorous method in the evaluation and management of 
the emergency patients. 

The first big mistake and source of enormous stress is approaching this discipline 
without having a good knowledge of the subject and of the principles of patient’s  
stabilization; in fact, most of the mistakes made in both veterinary and human 
emergencies are made out of inexperience. The only solution for this is to never start 
working unprepared and always have a good book or emergency manual available for 
consultation in the most difficult cases. In textbooks and practical manuals we find how 
we should deal with certain emergencies and what we should do for a certain patient 
or diseases. However quite often, the things to avoid, the most common mistakes that 
we should not make whilst working, are not mentioned. In this presentation we will 
explore some of the mistakes that are most commonly made in emergency medicine, 
so that we can avoid them the next time we find ourselves in a similar situation. 

Do not perform a thorough initial physical examination and good anamnesis: 

Often, faced with a critically ill patient, we think that we must immediately resort to 
diagnostic tests (eg blood work, radiographic, abdominal ultrasound) to quickly reach 
a diagnosis, which will allows us to treat the patient. Often this leads to unnecessary, 
expensive and sometimes dangerous tests for the patient. One of the most typical 
examples is the execution of the thoracic radiographs in the dyspnoeic patient. 
Fighting with these patients, with a fragile and unstable clinical condition, on the 
radiological table is often the cause of the sudden clinical worsening and death of the 
patient. The execution of an initial systematic and rigorous physical examination 
focusing especially of the respiratory, cardiovascular and neurological systems (see 
lecture on triage and approach to the emergency patient) is instead the best, most 
economical and rapid method that every doctor has to evaluate the severity of the 
patient's clinical situation and identify the most critical alterations that require 
immediate stabilization. 

 A complete and details anamnesis should be taken for every emergency patients: it 
should not delay patient’s stabilisation but it needs to be collected at a later stage. A 
lot of important information can be deducted from a good anamnesis: how problem 
initially presented, how they developed, previous sickness, exposure to toxins and 
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poisons, foreign country anamnesis, vaccination and deworming are all important 
question. 

Approach to the dyspnoeic animal 
 
Dealing with a dyspnoeic patient is one of the most difficult tasks that an emergency 
clinician will have to deal with. Some of the most compromised dyspnoeic patients will 
die on the radiology table if we try to perform radiographs as initial diagnostic plan and 
dyspnoeic patients will often crash on the treatment table, if we try to restrain them to 
perform a complete physical examination, if we try to collect blood for diagnostics and 
if we restrain them to place an IV catheter. 
So what should we do when we have to treat a dyspnoeic cat or dog? Gentle, careful 
handling should be used to minimize stress. Even if it is tempting to perform a good 
physical exam, a few minutes of “hands off” approach while we are providing extra 
oxygen therapy, will help to calm them down and hopefully to breath a bit better 
especially dyspnoeic cat.  Providing oxygen while allowing the cat to calm down will 
give us the time to evaluate the respiratory pattern and to get some extra information 
from the owners.  A brief targeted physical examination (cardiovascular and 
respiratory) should be performed as soon as the animal is more relaxed, still while 
providing oxygen therapy. The majority of dyspnoeic animals will benefit from a mild 
sedation; dyspnoea perpetuates dyspnoea so administering a drug that will reduce air 
hunger and the sense of dyspnoea is usually recommended. This may include low-
dose butorphanol intramuscularly.  
Since few years the use of ultrasound in emergency trauma patient (TFAST) has 
gained popularity as rapid, minimally invasive, easy to execute and versatile, providing 
diagnosis of lung and pleural space disease in trauma patient. Recently publications 
have highlighted the accuracy of a lung ultrasound (Vet BLUE protocol) in the 
management and diagnosis of dyspnoea in dogs.  Thoracic ultrasound allows to detect 
rapidly the presence of pleural space disease (pleural effusion or pneumothorax), 
pericardial disease and the evaluation of the left atrial size with a good accuracy to 
chest radiography. 

The fear of thoracocentesis in patients with pleural space disease 

The inexperienced clinician often has the belief that any dyspnoeic patient can be 
stabilized with extra oxygen administration. The patient who presents dyspnoeic due 
to a pathology of the pleural space (pneumothorax or pleural effusion) is dyspnoeic 
because the lungs are unable to expand properly and not due to a reduction in gas 
exchange at the alveolar level. The only way to stabilize a dyspnoeic patient due to a 
pathology of the pleural space is to perform a thoracocentesis. 

Also remember that the administration of a diuretic (furosemide) in the dyspnoeic 
patient with pleural effusion is often not recommended (with the exclusion f the patient 
with congestive heart failure), nor sufficient to rapidly eliminate the fluid accumulated 
in the pleural space. Therefore, the administration of a diuretic should never replace 
thoracocentesis. 

Inadequate resuscitation fluid to stabilize patients in shock: too little or too much 

Often the emergency physician tends to be either overly enthusiastic or overly cautious 
in administering fluids to the patient in shock, for fear of not treating shock properly or 
causing pulmonary oedema and fluid overload respectively. When we are faced with 
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an animal suffering from hypovolemic shock it is important to know what fluids we have 
available and how much fluids we can administer. In books we often find the so-called 
shock doses for crystalloid solutions which are 60-80ml / kg in dogs and 40-60ml / kg 
in cats. Nowadays we no longer think of resuscitation fluid therapy as the 
administration of a large amount of fluids, but more of a low volume resuscitation, with 
the use of a "bolus" (1/4 or 1/3 of the shock dose) of fluids to be adapted to the needs 
of the individual patient and the severity of hypoperfusion. The patient should always 
be monitored after each administration of a bolus to evaluate the response to the fluid 
therapy and, if we are not satisfied with the result, the fluid bolus should be repeated, 
until the cardiovascular parameters are abnormal. 

Rewarming the hypothermic patient too quickly 

Hypothermia in the patient in shock is linked to decreased peripheral perfusion and 
peripheral vasoconstriction. Rapidly rewarming these patients, without providing them 
with adequate fluid therapy, can lead to rapid peripheral vasodilation, redistribution of 
blood to the periphery at the expense of the most important organs and worsening of 
hypoperfusion. Rewarming should be performed gradually, whilst fluid is administered. 

Administer drugs and fluids under the skin to the patient in shock 

One of the first compensatory mechanisms for hypovolemia in the patient in shock is 
peripheral vasoconstriction. Venous and arterial vasoconstriction, which at first can 
help support the average arterial pressure, favours the redistribution of blood to the 
heart, brain, kidneys to the detriment of perfusion in the splanchnic district and 
periphery. This is one of the reasons why in the hypoperfused or severely dehydrated 
patient, the administration of fluid therapy subcutaneously has no clinical benefit and 
is absolutely inadequate to re-stabilize the actual circulating volume. The same 
principle applies to drugs (analgesics, antibiotics, diuretics etc) which should never be 
administered subcutaneously in a hypoperfused patient. 
 
Not stabilizing patients adequately prior to surgery 
 
Sometimes, we find ourselves treating patients who present in cardiovascular shock 
secondary to a surgical problem (haemoabdomen, gastric dilatation and torsion, 
uroperitoneum, intestinal foreign body that caused a lot of vomiting and septic 
peritonitis) and our first instinct is to anesthetize the patient as quickly as possible to 
take him to surgery and solve the main issue. However, we must bear in mind that one 
of the common causes of death of the surgical patient is not the time interval between 
the patient's admission and the surgery itself, but the inadequate cardiovascular 
stabilization of the animal before inducing anesthesia. Anesthetic drugs predispose to 
hypotension and bradycardia and limit the body's ability to respond to shock. Only 
adequately resuscitating the patient and maximizing his cardiac output, blood pressure, 
oxygen delivery can guarantee the best possibility of surviving surgery and 
subsequent hospitalization. 
 
Use steroids in the patient in shock 
 
Unfortunately in some of the oldest emergency medicine textbooks,  the use of 
steroids (dexamethasone) is still reported as the initial treatment of the patient in shock 
and still, some veterinarians prefer to administer a dose of steroids, to the 
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administration of adequate fluid therapy in the emergency patient. In recent years, 
human and veterinary emergentists and criticalists have taken a firm stance against 
the unfounded use of steroids in the treatment of cardiovascular shock and of the 
traumatized patient (especially in the patient with head trauma), since it has been fully 
demonstrated that negative effects of a shock dose of steroids (gastrointestinal 
ulceration, hyperglycemia, immunosuppression, delayed wound healing, severe 
polyuria) are far more important than the very few positive effects these drugs can 
have. Of course there are some situations ( Addisonian Crisis and immunomediated 
disease) where corticosteroids have a role in the emergency patients, but those are 
more the exceptions that the rule! 
 
Not assessing and treating pain in the emergency patient 
 
A publication from few years ago showed that 54% of cats and 56% of dogs presented 
as an emergency suffered from acute, moderate to severe pain. Unfortunately many 
of these patients, due to the pathology they suffer from (hypoperfusion, mental 
depression), do not show the classic and recognizable signs of pain (vocalizations, 
protection of the painful area). Often the pain in these patients, due to inability of the 
clinician to recognise them and the underestimation of the effects of pain on the overall 
clinical situation of the animal, it is not quickly and adequately treated. Another reason 
why pain is often treated incorrectly is the fear that the administration of analgesics 
(especially opioids) might worsen the clinical condition or mask the signs of shock. 
The pain worsens tachycardia and peripheral vascoconstriction, promotes the release 
of catecholamines, cortisol and establishes a noxious stress response to the patient. 
Pain should be recognized quickly and treated appropriately in the initial stages of 
patient stabilization. 
 
Use non-steroidal anti-inflammatory drugs in the hypoperfused patient 
 
Non-steroidal anti-inflammatory drugs (NSAIDS) should never be used in the 
emergency patient, especially the hypoperfused, hypotensive and/or severely 
dehydrated one. By inhibiting the endogenous production of prostaglandins, NSAIDs 
predispose the patient to the development of acute kidney injury and ulceration of the 
gastrointestinal tract. With shock, both the splanchnic area and the kidneys are not 
well perfused as an attempt to preserve all blood flow to the vital organs (e.g., heart, 
lungs). Therefore, the use of NSAIDS as a "first line" analgesic drug in the trauma or 
critically ill patient is not warranted until the patient is stable, normovolemic, hydrated, 
and normotensive. 
 
Keep on administering the same antiemetic drug with the hope it will work this time 

Unfortunately I see this a lot of time. A classic example is the dog or cat presented 
because of vomiting and anorexia of few days duration that receive as medication 
maropitant or metoclopramide (often associated to NSAIDs or antibiotics) for few days 
before further diagnostic steps are undertaken. Maropitant or metoclopramide are 
good antiemetics and antinausea that can be used in the stable animal that vomited 
few times with no other physical examination abnormalities. That patient should 
improve in 12-24 hours and if that is not the case, repeat the administration of the drug 
without ruling out the presence of foreign body, renal failure, gastric ulceration as the 
cause for the vomiting etc just delay unnecessarily the correct treatment.   
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Do not monitor the patient closely 

As emergency doctors we must realize that the clinical situation of our patients is a 
dynamic clinical situation that can change or worsen rapidly. One of the most serious 
mistakes made in an emergency is that of not properly and regularly monitoring our 
patients and the effect that our therapies (fluid therapy, analgesia, etc.) have on their 
clinical condition. The evaluation of vital parameters (heart rate, pulse, respiratory rate, 
body temperature) urinary production, blood pressure and the level of analgesia and 
comfort of the animal are some of the parameters that should be measured every 2/4 
hours. This will allow us to pick up those changes that reflect a worsening of their 
clinical condition. 
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Antoine Adam (CH) 
DVM 
(Endosurgery) 
 
2017 - Opening a second clinic in Etoy. (Switzerland). Referal clinic with a team of 7 veterinarians 
and 10 nurses. Working as the manager of the clinic, surgeon in laparoscopy, orthopedy, and 
Interventionnal radiology and Endoscopy.  
1994 - 1996 Vet researcher in the Centre International de Recherche et de Développement En 
zone Subhumide (CIRDES) at Bobodioulasso, Burkina Faso.  
Research on PCR on Sleeping Disease  
1992 - 1994 Vet asssitant in different practices around Paris  
 
Studies and Certifications 
Since 2016 Member of VIRIES society and followed several courses in the American Medical 
Center in New York. 
Since 2015 Member of VES society and followed many courses in endoscopy and laparoscopy 
(IRCAD, School of surgery of Nancy, ESAVS, …) 
2011 — Master course AOVET in Davos (orthopedic courses) www.aovet.org Univ Zurich Pr. 
Montavon TTA Course. 
2009 — AOVET in Davos (orthopedic courses) www.aovet.org 
2008 — ESAVS Advance cardiology IV, Luxembourg 
2007 — ESAVS Ultrasond II, Université Bern. ESAVS Cardiology III — Advanced, Luxembourg 
2006 — ESAVS Endoscopy et laparoscopy, Université Brno. ESAVS Ultrasond I, Université Bern 
2005 — Advanced Studies certification in hematology and biochemistry for animals, Ecole 
Nationale Vétérinaire de Toulouse (France). Join pathology course at Bandol (France) 
2001 — Basic course cardiology Ultrasond (AFVAC Paris) 
2000 — Master cardiology course (AFVAC) 
1998 — Ultrasond for abdominal and cardiology at Ecole Vétérinaire de Maison Alfort (AFVAC) 
1996 — Thesis of Doctorat Vétérinaire (Prix de Thèse, Lauréat de la Faculté de Paris XII) : « 
Snythesis of integrated fight against trypanosomosis in Burkina Fasso», Ecole Nationale 
Vétérinaire d’Alfort 
1994-96 — Vet researcher in the Centre International Recherche Développement En zone 
Subhumide (CIRDES) at Bobodioulasso, Burkina Faso. Research on PCR on Sleeping Disease. 
Working on a vaccination for trypanosomosis 
1992 — Certification of medical statistic methods. Diplôme d’Etudes Supérieures Vétérinaires, 
Ecole Nationale Vétérinaire de Maisons-Alfort, Franc 
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TOP 5
LAPAROSCOPIC SURGERIES
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Here
Today
Course
Training

Lap Spay
Dogs

10-25 kg

Lap 
Spay big

dogs

Cat & 
Small dog
Lap Spay

Liver
biopsy
Dogs

Cryptorc
hide Dog

Gastropexy
Assited

Gastropexy
fully lapCat 

abdominal
biopsies

Thoracoscopy
Adrenalect

cholecystect
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Reputation for your
clininc

Advertise this service

Build a team around
you

Start with Lap Spay
Good case selection

Don’t put you too
much pressure

Learning curve is
quicker than thought

Carefull choice of
the equipment
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ENDO UROLOGY
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PCCL Technic, Percutaneus Cystolythotripsy

From Chick Weiss presentation
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PCCL Technic, Percutaneus Cystolythotripsy
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• Put towels or plastic on the surgical theater floor
• Put towel under the dog going in the basket bin
• Prepare enough fluid
• Good valves for scope, not to much leakage
• Enough space in the theater to put all the stuff needed
• take the apex of the bladder or the flushing and visualisation of scope is not easy -

possible
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Here
Today

Motivation, 
motivation

Courses, 
OKEAN, 

EVENDOC, 
VESK, …

Visit other
hospital, 
friends

Takes time 
but after

the first 😁
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Endoscopy, 
endosurgery is not the 

futur

You will enjoy SO 
much

Start with urinary
system

Take courses and 
then visit hospitals

Case selection

Carefull choice of 
the equipment
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Gastroenterology 
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Silke Salavati (UK) 
Dr.med.vet., PhD, DipECVIM-CA, MRCVS  
EBVS® European Veterinary Specialist in Small Animal Internal Medicine; Senior lecturer 
in Small Animal Internal Medicine  
(Gastroenterology) 
 
Dr. Salavati graduated from the Justus-Liebig University (JLU) in Giessen (Germany) in 2003. 
She has completed her German doctoral thesis (Dr.med.vet) in Giessen, working on establishing 
a breath test to assess canine gastric emptying and validating it against scintigraphy. 
 
She has completed a rotating internship in the Small Animal Hospital of the JLU, which was 
followed by a residency in Small Animal Internal Medicine at the same university, where she 
continued to work on gastrointestinal topics in small animals (for example assessing sensitivity 
and specificity of different bedside tests for Parvovirosis in comparison to PCR and electron 
microscopy). Dr. Salavati holds a Diplomate title of the European College of Veterinary Internal 
Medicine – Companion animals (DipECVIM-CA). From 2009 to 2013 she completed a PhD at the 
Royal Veterinary College, London (UK), investigating the clinical and immunological effects of a 
single-strain probiotic in canine Inflammatory Bowel Disease (IBD). From 2013 to 2016 she was 
a Junior lecturer in Small Animal Internal Medicine at the JLU, before she took her current position 
as a Senior lecturer for Small Animal Internal Medicine at the Royal (Dick) School of Veterinary 
Sciences in Edinburgh (Scotland). She continues to have a great interest in canine and feline 
gastroenterology, investigating novel aspects to evaluate visceral pain and inflammation and 
establishing novel treatment approaches in canine chronic enteropathies. So far, she has around 
25 publications in various journals around these topics, and has written several book chapters in 
small animal internal medicine textbooks. 
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Ileus in critically ill patients – a clinical approach to gastric 
motility 
 
Silke Salavati, Dr.med.vet., PhD, Dipl.ECVIM-CA, FHEA, MRCVS 
University of Edinburgh 
 
Background: 

Delayed gastric emptying is probably underdiagnosed in both dogs and cats, 
especially in cases where no obvious obstruction of gastric outflow is present. 
Mechanical obstructions (gastric neoplasia, hyperplasia, polyps, foreign material) are 
usually easy to diagnose based on history, physical examination and diagnostic 
imaging procedures and are not further discussed in this chapter. However, diagnosis 
of functional problems (either due to local or systemic disorders) is not as 
straightforward.  

A number of primary causes of functional gastric stasis have been described in the 
dog; e.g. infectious and/or inflammatory diseases, peptic ulcers and following surgical 
procedures. Systemic disorders suspected to affect gastric motility include electrolyte 
disturbances (especially hypercalcemia, hyper- or hypokalemia), disorders of acid-
base balance, septicemia, pancreatitis, peritonitis, systemic inflammatory response 
syndrome (SIRS), dysautonomia and metabolic diseases such as diabetes mellitus 
(see figure 1). The clinical importance of gastric emptying disorders in the cat is 
unknown. There are a few case reports of delayed gastric emptying in cats with rare 
conditions such as pylorospasm (Siamese cats might be overrepresented), 
hyperplastic gastropathy, and dysautonomia. 

Figure 1. Causes of gastric emptying disorders 
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Diagnostic tests for gastric motility: 

Several methods have been used to assess gastric motility – especially gastric 
emptying times – in small animals. Their diagnostic usefulness and availability for the 
practitioner are summarized in figure 2. 

Plain abdominal radiographs showing liquid or solid gastric contents after a fasting 
period of > 6-8 hours in the dog and > 4 hours in the cat should raise the suspicion of 
delayed gastric emptying. If no obvious cause can be identified, serial radiographic 
imaging after oral administration of contrast media. However, this method only 
evaluates emptying of liquid contents, which is less relevant, and can appear normal 
even though emptying of solids is impaired.  

Barium-impregnated polyethylene spheres (BIPS) were originally designed to 
mimic solid-phase gastric emptying and to detect GI obstructions. Attempts to assess 
gastric emptying times using BIPS were not successful, as times do not correlate with 
more established methods. Therefore, interpretation of solid-phase gastric emptying 
with BIPS cannot be recommended in small animals. 

Abdominal ultrasonography might be a promising tool to determine gastric 
emptying, but no standardized protocol is available for dogs. A few publications are 
available in cats, where this seems to be a more reliable method and a protocol has 
been established. However, a skilled operator and a standardized meal is necessary, 
making application for clinical routine difficult.  

Radioscintigraphy is considered the gold standard method to assess gastric 
emptying and has been used in a number of studies to determine physiological gastric 
emptying times and validate new tests. Due to the need for special facilities and 
equipment, this technique is not often applied in small animal patients. Typical gastric 
half-emptying times when using canned food are around 70 minutes in dogs and 2-4 
h in cats, but individual variations can be substantial. 

 

Figure 2. Techniques to assess gastric emptying in small animals  
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Methods that might have potential to be used in a routine clinical setting involve 
plasma or breath tracers. The paracetamol (acetaminophen) absorption test has 
been described for assessment of liquid and solid phase gastric emptying. Plasma 
drug concentrations are measured in serial blood samples after ingestion of 
paracetamol in solution, and the rate of gastric emptying is related to the appearance 
of paracetamol in the blood, as it is poorly absorbed from the stomach, but rapidly from 
the duodenum. However, this test has so far only been used in a research setting and 
not been validated against scintigraphy.  

Breath tests have been studied comparatively well to assess gastric emptying in dogs 
and to a lesser degree in cats. These tests involve the ingestion of a stable 13C-labeled 
substrate which is rapidly absorbed in the small intestine (e.g. octanoic acid or sodium 
acetate) and metabolized to 13CO2, which is then detectable in exhaled breath. Normal 
gastric half-emptying times determined by breath test are around 2.7 to 3.4 h in dogs 
and 4 h in cats. 13C-breath tests show acceptable to good correlation to scintigraphy 
and ultrasonography, respectively, in dogs and good correlation compared to 
scintigraphy in cats. However, it seems likely that subtle changes in gastric emptying 
cannot be detected with these tests. 

 

Treatment of gastric empting disorders: 

 

Treatment should initially be directed at the underlying cause, if known. In addition, 
the following rough guides can be followed, especially in critically ill/ very unwell 
animals: 
 
1. Relieving gastric distension (placing a nasogastric tube): 

This reduces the risk of regurgitation and reflux oesophagitis and hence the risk of 
aspiration pneumonia. It also reduces abdominal discomfort and counteracts any 
fluid sequestration that could lead to electrolyte changes and hypovolaemia. A 
permanently dilated stomach will also delay appropriate nutrition, and could lead 
to malabsorption and increased GI permeability. Food left in the stomach for too 
long could start to be fermented by bacteria, leading to bacterial overgrowth and 
potentially translocation with “gut-derived” sepsis. 

2. Discontinuing potentially GI-static drugs (e.g. opioids) 
3. Early nutritional intervention 
4. Judicious use of intravenous fluid therapy 
5. Early ambulation 
6. Multimodal pain management 
7. Specific prokinetic therapy 

No guidelines for the appropriate indication, combination and duration of motility-
modifying therapies for gastric emptying disorders in small animals are available. 
The most commonly advocated drugs are found in table 1.  
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Table 1. List of commonly advocated prokinetic drugs for small animals. 
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IBD, CE, FRE, ARD – an update on acronyms and 
aetiologies in canine chronic gut conditions 
 
Silke Salavati, Dr.med.vet., PhD, Dipl.ECVIM-CA, FHEA, MRCVS 
University of Edinburgh 
 
 
Background and justification for terminology: 

The term " (idiopathic) inflammatory bowel disease" (IBD) as extrapolated from human 
medicine has been used for decades in dogs and cats to describe chronic (> 3 weeks) 
gastrointestinal (GI) inflammatory conditions of unknown cause. Due to the differences 
between dogs and human in regards to treatment and the need for surgery to control 
clinical signs, as well as the different "subtypes" of disease, it can be misleading to 
use the term IBD in small animals. In effect, most small animals will not need 
immunosuppressive treatment (especially dogs). For this reason, the term chronic 
(inflammatory) enteropaty (CE) is preferred. 

Cause of canine chronic enteropathy: 

CE believed to be multifactorial (see figure 1).  

 

 

 

Figure 1: proposed multifactorial mechanisms leading to the development of IBD in 
people, and CE in dogs. 
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There is evidence for genetic components in CE in dogs, and aberrant local 
mucosal immune responses have been documented frequently, even though the 
exact mechanism of immune dysregulation (innate or adaptive immunity) is not yet 
clear. 

There is also mounting evidence for the importance of the intestinal microbiota (the 
community of microorganisms living in the gut), and dysbiosis (altered composition of 
the microbiota) in dogs with CE compared to dogs with acute diarrhoea or healthy 
dogs has been demonstrated many times. 

Clinical classification of chronic enteropathy based on response to treatment: 

Clinical classification of CE is traditionally done by response to treatment. This should 
be step-wise, consisting of starting with exclusion diet, followed by often antibiotics, 
followed by immunosuppression. The disease can then be classified as food-
responsive enteropathy (FRE), antibiotic-responsive enteropathy (ARE) or 
steroid-responsive enteropathy (ARE). Due to the fact that some animals need 
more than steroids to achieve clinical remission (ie. a second-line 
immunosuppressant), and the fact that in some dogs clinical signs are very difficult to 
control even with all these treatments, this nomenclature has recently been adapted 
to immunosuppressive-responsive enteropathy (IRE) and non-responsive 
enteropathy (NRE) (see figure 2).  

 

 

 

 

 

 

 

 

FRE is the most common form of CE in Europe, and – if done correctly – have success 
rates as high as 80%. The dietary change should consist of either feeding a novel-
protein diet or a hydrolysed elimination diet and maintained for at least 6 months. 
Some dogs can be transitioned back to a non-exclusion diet (dietary "challenge"), but 
there is currently no method to determine if a dog is going to relapse or not.  

Treatment with antibiotics has come under increasing scrutiny, as after cessation of 
treatment, relapses are frequent, and long-term treatment is undesirable due to 
concerns towards creation and transmission of antimicrobial resistance. In addition, 
there is now evidence that administration of metronidazole or tylosin can cause long-
lasting changes of the intestinal microbiota that are undesirable and potentially even 
further predisposing to inflammation. Increasingly, antibiotics are therefore substituted 
with probiotics, potentially creating the new category of probiotic-responsive 
enteropathy (PRE). 
 
For immunosuppression, prednisolone has been used extensively in dogs with CE.  If 
the disease is severe, the animal is often treated with more than one 

 
FRE 

 
ARE 

IRE 

 NRE Figure 2:  Updated classification of canine 

chronic enteropathies based on treatment 

response. (image modified from 

Dandrieux 2016) 
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immunosuppressant. Budesonide seems to be neither inferior nor superior to 
prednisolone. Some studies report the use of cyclosporine in dogs not responding to 
steroids alone, with variable success (25 versus 79% response rate). There are no 
larger scale studies is available using other drugs, but chlorambucil, mycophenolate 
mofetil or leflunomide have been used.  
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The curious case of canine protein-losing enteropathy – do 
we need to step it up (or down)? 
 
Silke Salavati, Dr.med.vet., PhD, Dipl.ECVIM-CA, MRCVS 
University of Edinburgh 
 

Background: 

Protein-losing enteropathy (PLE) is not an actual diagnosis, but a descriptive term 
used to encompass small intestinal disease (dogs > cats) severe enough for protein 
leakage into the gut lumen to exceed production from the liver. Associated 
consequences (hypovolaemia, third-spacing, peripheral oedema, hypercoagulable 
state through concurrent loss of antithrombin) and clinical signs (chronic weight loss, 
muscle wastage, small intestinal diarrhoea, vomiting, extended abdomen [ascites], 
pleural effusions, signs associated with thrombus formation) ensue. Causes of chronic 
PLE shown in figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Typical causes for chronic PLE in dogs. 

 

Often extensive investigations (laboratory assessment, diagnostic imaging) are 
necessary to rule out other causes of hypoalbuminaemia (protein-losing nephropathy, 
hepatic failure, infectious disease) or extra-gastrointestinal (GI) causes (e.g. exocrine 
pancreatic insufficiency, renal/ endocrine disease [ie. hypoadrenocorticism], see figure 
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2). Specialist diagnostics that have clinical relevance include assessment for ionised 
hypocalcaemia (although hypocalcaemic seizures are rare) and hypercoagulability 
(e.g. with a thrombelastogram). Serum cobalamin should be assessed to ascertain 
the presence of malabsorption, as hypocobalaminaemia has a prognostic and 
therapeutic consequence.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Workup for canine PLE. 

 

Intestinal biopsies are necessary to characterise the underlying pathology further 
and to rule out or diagnose intestinal neoplasia, and endoscopic mucosal biopsies are 
usually preferred due to the high risk of dehiscence of surgical biopsies (see table 
below).  

  

Chronic GI signs and 
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Check for infectious 
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Rule out extra-
intestinal disease 
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further 
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iCa if seizuring 
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Urinalysis, UPC (if 
sediment inactive) 
TLI (EPI) 
cPL? 
Basal cortisol (or ACTH 
stim) 

Diagnostic imaging 
abdomen (ultrasound 
preferred over 
radiographs) ± FNAs as 
indicated 
Serum cobalamin 
(folate?), MMA if 
available 
α1- PI? 
Endoscopic mucosal 
samples (surgical not 
ideal!) 
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 Endoscopic biopsies Full-thickness biopsies 

Advantages • Minimally invasive 
• Few complications 
• Large no. of samples 
• Under visual control 
• Immediate treatment 

possible 
 

• Removal of focal 
transmural changes 

• Larger samples 
• Full-thickness assessment 
• Other intraabdominal 

organs can be assessed 
• Can it be therapeutic? 

 

Disadvantages • Only proximal and distal 
small intestine (and 
large) 

• Only mucosal biopsies 
• Crush artifacts 
• Availability of expertise & 

equipment  
 

• High risk of dehiscence  
septic peritonitis  death 

• Smaller number of samples 
& no visual of mucosa 

• Availability of expertise & 
equipment 

• Delay of treatment or 
wound healing 

 

 

Poor prognostic indicators in inflammatory PLE are a high Canine Inflammatory 
Bowel Disease (CIBDAI) or Chronic Enteropathy Clinical Activity Index (CCECAI), 
severity of hypoalbuminaemia (< 20 g/l), hypocobalaminaemia and hypovitaminosis D 
(although not routinely assessed).  

Treatment: 
 
Treatment of PLE is generally aimed at the underlying cause (eg. chemotherapy for 
lymphoma). For PLE due to IBD, traditionally an aggressive "step-down" approach 
is used, combining hypoallergenic or low fat diet, steroids and early administration of 
second-line immunosuppressants (SLI) like cyclosporine or chlorambucil 
(azathioprine has been shown to be inferior to chlorambucil when combined with 
prednisolone; and is hence not used that often). However, it is now generally accepted 
that appropriate dietary measures aimed at both providing nutritional support to avoid 
catabolism and at aggressive fat reduction are much more important in controlling PLE 
than previously thought (and can be successful as the only treatment in some cases). 
The consultation of a veterinary nutritionist is strongly encouraged when wanting to 
home-cook. Alternatively, commercial low-fat diets should be provided (even though 
they are often not ULTRA low fat).  
We have recently challenged the notion of an early SLI administration by a 
retrospective analysis of dogs with inflammatory PLE, showing that when using a 
"step-up" approach to immunosuppression, only approximately half of dogs needed 
a SLI, while treatment requirements or outcome could not be predicted by routine 
clinicopathological data. Median survival times were also no significantly different.  

In summary, PLE is not a final diagnosis, but needs a thorough workup to identify any 
cause, especially as intestinal lymphoma in dogs is likely underdiagnosed. Prognostic 
indicators and thromboembolic risk should be assessed if at all possible. Early enteral 
nutrition (ultra-low) fat and supplementation of vitamins is essential. 
Immunosuppression is often used, but drug combinations are not always needed. 

________________________________________________________________________________________________ 
 Eastern European Regional Veterinary Conference 2022 Scientific Proceedings

 
185



Alternative treatments for canine chronic enteropathy 
 
Silke Salavati, Dr.med.vet., PhD, Dipl.ECVIM-CA, FHEA, MRCVS 
University of Edinburgh 
 
 
Traditional treatments of canine chronic enteropathy (CE) as outlined in figure 1 have 
significant disadvantages, namely the shortness of clinical response, the potential to 
cause significant disruption to the intestinal microbiota composition and balance (esp. 
antibiotic treatment) as well as unwanted side effects (e.g. steroids).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Traditional sequential treatment for chronic enteropathy. 

Mainly based on emerging understanding of the importance of the microbiota for 
health and it’s complicated interaction with the local mucosal immune system, novel 
and alternative treatments of CE are sought. Novel treatment concepts currently 
evolve around the idea of altering the composition of the intestinal microbiota. It is 
suspected that changes in the composition, diversity and richness of the microbiota 
directly relate to changes in the interaction with the local mucosal immune system, 
either directly by different signalling pathways or indirectly by changing the 
microbiome’s metabolic function. These treatments could consist of probiotics, 
prebiotics or bacteriotherapy (also called faecal microbiota transplantation or 
transfaunation).  

  

Immunosuppressive 
treatment 

Exclusion of other 
causes of GI signs 

Antibiotic treatment 
trial 

Dietary treatment trial 

„Novel protein“ or 
hydrolysed  

 Food-responsive 
chronic enteropathy (FRE) 

Metronidazole (10 
mg/kg BID) or Tylosin 

(5-25 mg/kg SID)  
 antibiotic-responsive 

chronic enteropathy 

Prednisolone (1 mg/kg 
SID) ± Cyclosporine (5 

mg/kg BID) 
 „true“ IBD 

(Steroid-responsive 
chronic enteropathy) 

Sufficient duration!!!  
2-3 weeks   
improvement   
6-8 weeks or long-term! 
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DEFINITIONS: 

• Probiotics = live microorganisms that confer a health benefit to the host 

• Prebiotics = non-digestible food ingredients that stimulate growth and/ or 
activity of probiotics 

• Synbiotics = combination of pre- and probiotics 

• Dietary fibre = undigestible carbohydrate polymers 

• Postbiotics = non-viable bacterial products or metabolic byproducts from 
probiotics microorganisms that have biologic activity in the host 

• Microbiota = the community of microorganisms in the intestinal lumen 

• Faecal microbiota transplantation (FMT) = procedure with the goal to transplant 
an entire microbiota community from one host to the other 

 
 

Currently, evidence for the use of probiotics from randomised controlled trials in dogs 
and cats is sparse, but there is some indication that certain organisms or mixtures 
might be useful in CE; particularly Saccharomyces boulardii and the “de Simone” lactic 
acid bacteria mixture (originally marketed as VSL#3, since 2016 available as Vivomixx 
in Europe and Visbiome in USA/ Canada). A similar mixture called SLAB51 is available 
in Europe, but has not been as such tested in CE. Information of the usefulness of 
prebiotics and dietary fibres alone in the treatment of CE is currently non-existant, 
apart from preliminary studies into lactulose and the effect of specific dietary fibre 
blends on postbiotic output. 

 

Pro-/ synbiotic used Dose No. 
of 
dogs 

Condition Effect observed 

E. faecium DSM 10663 
NCIMB 10415 4b/E1707  
+ FOS and gum Arabic 

1 x 109 

cfu/ day 
12  FRE No effect of synbiotic 

treatment on clinical 
severity, endoscopic or 
histopathologic findings or 
intestinal gene expression 

E. faecium DSM 10663 
NCIMB 10415 4b/E1707  
+ FOS and gum Arabic 

1 x 109 
cfu/ day 

12  FRE No significant differences 
in microbial community 
composition  

L. acidophilus 
DSM13241 

6 x 106 
cfu/g 
food 

6  Nonspecifi
c dietary 
sensitivity 

Unacceptable faecal 
consistency reduced with 
treatment 

L. rhamnosus GG 5 x 109 
cfu BID 

14 Tylosin-
responsive 
diarrhoea  

Probiotic had no protective 
effect/ no reduction of 
relapses  

L. acidophilus 
NCC2628,  
L. acidophilus 
NCC2766,  
L. johnsonii NCC2767 

1 x 1010 
cfu/ day 

21  FRE No additional benefit to 
diet alone (clinical severity, 
cytokine expression in 
tissues, faecal bacteria)  
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Saccharomyces 
boulardii 

1 x 1010

cfu/ day 
13 IBD with or 

without 
PLE 

Clinical severity, stool 
frequency improved 
significantly more in dogs 
receiving S. boulardii. In 
PLE dogs, serum albumin 
was > 2 g/dl in 3/3 dogs. 

 “de Simone” 
formulation: 
L. casei, L. plantarum, 
L. acidophilus, L. 
delbrueckii spp. 
bulgaricus, B. longum, 
B. breve, B. infantis, 
Scc. salivarus spp. 
thermophilus 

112-225 
x 109 
cfu/ 10 
BW/ day 

10 “IBD” Similar clinical 
improvement than 
combination drug 
treatment group, induction 
of a more “tolerogenic” 
microenvironment, 
increased abundance of 
Faecalibacterium spp.  

Table 1. Pro- and synbiotics used in clinical trials to treat different forms of CE in dogs. 

In an era where antibiotic use is increasingly scrutinised, the understanding of the 
negative and potentially permanent effects of antibiotics on the intestinal microbiota in 
dogs provides an argument to severely restrict their use. Alternative treatments (like 
pro- or synbiotics, modern diets modifying postiobiotics, or FMT) should not be strictly 
considered “salvage” treatments, but should be trialled early in the course of disease 
(maybe as a substitute for antibiotics?). Based on this it is even possible that “probiotic-
responsive enteropathy” becomes a separate subclassification of disease (see figure 
2). 

Figure 2. Novel nomenclature of subtypes of CE in the dog. FRE = food-
responsive enteropathy, PRE = probiotic-responsive enteropathy, ARE = antibiotic-
responsive enteropathy, IRE = immunosuppressive-responsive enteropathy, NRE = 
non-responsive enteropathy. 
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Gastrointestinal endoscopy and histopathology in small 
animals 
 
 
Silke Salavati, Dr.med.vet., PhD, Dipl.ECVIM-CA, FHEA, MRCVS 
University of Edinburgh 
 
 
Based on the consensus that canine chronic enteropathy (CE) is a diagnosis of 
exclusion, biopsies from the gastrointestinal tract are often needed as a last diagnostic 
step (before immunosuppression can be started) to rule out cryptic neoplasia or 
unusual histopathology not consistent with CE. Usually, endoscopic mucosal pinch 
biopsies are preferred over surgical full-thickness biopsies, but pros and cons of both 
techniques are listed in table 1. 

 Endoscopy Surgery 

Advantages •  minimally invasive 
•  few side effects 
•  many sites 
•  visual control 
• immediate therapy 

possible (if steroids 
necessary) 

•  targeted biopsy of focal 
lesions 

•  larger biopsies, all 
layers of intestinal wall 
included 

•  all areas of GIT in reach 
•  biopsies of other organs 

can be therapeutic? 

Disadvantages •  only proximal and distal 
small intestine 

•  only superficial mucosa 
•  squeeze artifacts 

(forceps) 
•  needs experience 
• needs expensive 

equipment 

•  small number of 
samples 

•  possible healing 
problems (esp. in 
hypalbuminaemia) 

• immediate therapy 
(steroids) not possible 

Table 1: Advantages and disadvantages of endoscopic vs. surgical intestinal biopsies 

For endoscopic biopsies, the equipment should be considered prior to the procedure, 
including the correct size and shape of forceps (large volume, serrated edge cup 
forceps without a spike seem are recommended). Several techniques for obtaining 
biopsies are available, but have not been directly compared for their diagnostic yield.  

Handling of the biopsy and preparation for embedding into paraffin blocks is also 
important, but should first and foremost be discussed with your diagnostic laboratory 
of choice. Some labs prefer biopsies to be “free floating” in formalin, some prefer the 
use of filter papers, a histopathology sponge or a cassette. Orienting the biopsies 
correctly on whatever medium chosen is important to allow best histopathological 
assessment. A cheap and valuable alternative to filter papers or sponges could be to 
use ethanol-fixed cucumber slices as published by Jergens et al. in 2016. Overall, 
fewer artifacts are likely when using the “cucumber” technique or free-floating biopsies, 
while in 1 study the confidence in the diagnosis was superior when using a specified 
sponge before formalin fixing. 
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The clinician taking the biopsies and the pathologist “reading” them should work 
closely together to achieve best histopathology results. Expectations on both sides 
need to be realistic, and while the clinicians should make every effort to send 
representative samples (size, number, orientation, location, containing both mucosa 
and submucosa), but the pathologist will also need to be prepared to work with small 
samples that are often not ideally oriented and acknowledge that huge variations in 
interpretations have been documented. Ideally, the WSAVA guidelines for reporting 
GI endoscopic biopsies should be used, but a descriptive and somewhat “subjective” 
interpretation by a pathologist, and a dialogue with the clinician if this diagnosis fits 
with the patient and the response to treatment, can be invaluable! There is also 
increasing concern that small cell lymphomas or epitheliotrophic lymphomas can be 
missed in dogs as this entity has not been recognised much in this species, and might 
be mistaken to moderate to severe inflammation. The use of ancillary and advanced 
techniques like immunohistochemistry and/ or PARR should become more 
commonplace to ensure correct diagnoses (in the author’s opinion especially in cases 
with PLE). There is an ongoing effort to also better identify difficult to visualise lesions 
during endoscopy to ensure more representative sampling (like narrow-band imaging 
or chromoendoscopy), and the author would welcome further attempts in veterinary 
medicine to develop non-invasive ways for larger sampling (e.g. endoscopic mucosal 
resection), which has to the author’s knowledge not been attempted in small animals. 
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Case discussions in small animal gastroenterology 
 
Silke Salavati, Dr.med.vet., PhD, Dipl.ECVIM-CA, FHEA, MRCVS 
University of Edinburgh 
 
In this presentation, we will discuss complex canine and feline cases with a focus on 
gastroenterological problems and/ or clinical signs.  

 

PLEASE BRING AN INTERNET-READY DEVICE TO THE LECTURE TO 
PARTICIPATE IN THE ELECTRONIC VOTING! (e.g. laptop, smart phone…) 

 

Once the lecture starts, please go to www.tophat.com 

 

Then click on the “students” tab and on the “join your course” button. 

 

 

Use the following join code to enter (when asked): 943801 
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Please be aware that all electronic answers will be anonymous and only be used 
in the context of this course! 
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Alenka Hrovat (UK) 
DVM PhD DipECVIM-CA MRCVS  
EBVS® European Veterinary Specialist in Small Animal Internal Medicine; RCVS 
Recognised Specialist in Small Animal Internal Medicine  
(Internal Medicine) 
 
Alenka graduated from the University of Ljubljana in 2002. She then went on to complete a PhD 
in Biomedicine at the same University in 2009. Upon completion of her PhD she undertook internal 
medicine residency at Ghent university and was awarded her European Specialist Diploma in 
2017 and RCVS Specialist status in 2018. 
 
Alenka has worked at a number of referral hospitals (Langford Vets, Southfields Veterinary 
Specialists and North Downs Specialist Referrals) before joining Pride Veterinary Centre in 
August 2018. She held several CPDs on various topics in small animal internal medicine in UK 
and Europe. She authored and co-authored several original papers in peer reviewed veterinary 
and biomedicine journals and textbooks, and presented her work on European and US 
congresses. She is interested in all areas of small animal internal medicine. 
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Diagnosis and better understanding of diabetes in dogs 
and cats 
 
 
Alenka Hrovat (UK) 
DVM PhD DipECVIM-CA MRCVS 
EBVS® European Veterinary Specialist in Small Animal Internal Medicine; 
RCVS Recognised Specialist in Small Animal Internal Medicine 
 
 
Diabetes mellitus should be a very easy disease to diagnose in a general practice, 
but there are still cases that present with diabetic ketoacidosis due to delayed 
diagnosis and treatment. This part of lectures will cover recent advances in 
understanding of diabetes mellitus. Pathophysiology of diabetes and associated 
systemic conditions and complications will be explained in a simple way with 
examples from clinical practice. Attendees will learn how to easily diagnose diabetes 
mellitus and better understand how to tackle systemic complications and 
abnormalities associated with this disease.  
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Management of simple and complicated cases of diabetes 
 
 
Alenka Hrovat (UK) 
DVM PhD DipECVIM-CA MRCVS 
EBVS® European Veterinary Specialist in Small Animal Internal Medicine; 
RCVS Recognised Specialist in Small Animal Internal Medicine 
 
 
During this part of lectures, currently available treatment for DM will be reviewed. 
Oral medications, different insulin types and diets will be discussed. Attendees will 
also learn how to manage diabetes mellitus in patients with concurrent systemic 
diseases (Cushing’s disease, pancreatitis, hypothyroidism, critically ill patients), 
embracing and overcoming the limitations of managing a complicated diabetic 
patient in a general practice. 
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Monitoring of diabetes 
 
 
Alenka Hrovat (UK) 
DVM PhD DipECVIM-CA MRCVS 
EBVS® European Veterinary Specialist in Small Animal Internal Medicine; 
RCVS Recognised Specialist in Small Animal Internal Medicine 
 
 
Continuous glucose monitoring, glucose curves, fructosamine measurement etc., will 
be discussed with current knowledge implemented. Attendees will learn that less is 
more when it comes to monitoring of diabetic patients. 
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Case solving 
 
 
Alenka Hrovat (UK) 
DVM PhD DipECVIM-CA MRCVS 
EBVS® European Veterinary Specialist in Small Animal Internal Medicine; 
RCVS Recognised Specialist in Small Animal Internal Medicine 
 
 
The last part of diabetes lectures will involve a small group learning and problem-
solving using a range of clinical cases, problems and scenarios helping the learner 
make sense of and apply the knowledge in a clinical context.  
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Nephrology 
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Marc Dhumeaux (UK) 
DEDV, MVSc, DipACVIM & ECVIM-CA, MRCVS  
Specialist in Small Animal Internal Medicine, Honorary Assistant Professor, University of 
Nottingham 
(Nephrology) 
 
Marc graduated from the National Veterinary School of Toulouse in 2007. He then completed a 
small animal rotating internship at Ontario Veterinary College, University of Guelph (Canada), 
followed by a Small Animal Internal Medicine Residency at the Western College of Veterinary 
Medicine, University of Saskatchewan (Canada). 
 
He has worked extensively in small animal referral practices within France and Canada, 
completing a Master of Veterinary Science in 2012 at the University of Saskatchewan. He is a 
Diplomate of the American and European Colleges of Veterinary Internal Medicine since 2012. 
Marc joined the Internal Medicine referral team at Pride Veterinary Centre in July 2013 and has 
particular interests in haematology, infectious and immune–mediated disease, gastroenterology 
and nephrology. He also enjoys teaching others, a job he considers part of his role as a specialist, 
stating “I think you can often learn a lot from those that you teach.” In the near future, he is 
interested in evaluating the potential difference between blood pressure taken at home by the 
owners and that taken in a hospital setting. This would allow us properly evaluate and treat those 
patients at risk for hypertension. Marc enjoys photography, hiking and travelling in his spare time 
and has 2 dogs: a male mixed hound named Bentley and an exuberant female labrador named 
Loulotte. Both are from North America. 
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Management Chronic kidney disease in dogs and cats; 
What is the evidence? 

MARC DHUMEAUX DVM, MVSc, DACVIM, DECVIM-CA, MRCVS 

The practice of veterinary medicine should be based on robust scientific evidence 
whenever it is available. In the past three decades a large amount of work has been 
done focusing on management of chronic kidney disease (CKD) in small animals. 
We have now reached a stage where the recommendations made to improve the 
outcome of canine and feline patients with CKD are evidence-based. In this lecture, 
we will review the evidence that led the current standards for management of chronic 
kidney disease in dogs and cats. 

Chronic kidney disease (CKD) is a frequent cause of morbidity and mortality in dogs 
and cats. With the exception of renal transplantation, which is not readily available 
for small animals, there is no cure for CKD. CKD is a self-perpetuating progressive 
disease process, which at a late-stage results in clinical signs of uraemia. Our goals 
when managing CKD in small animals include delaying the progression of the 
disease, decreasing the risk of uremic crisis, maintaining quality of life and 
increasing survival.  

1. IRIS classification of chronic kidney disease

The international renal interest society (IRIS) designed a 4-stage classification for 
dogs or cats with CKD based on serum creatinine concentration (Table 1).  This 
classification is helpful to establish a prognosis for animals with CKD (it is accepted 
that a higher IRIS stage is associated with a worse prognosis). It also allows 
clinicians to make specific recommendations for patient management based on the 
stage of the disease. Lastly it is useful in clinical research where patients can be 
placed in different study groups based on their IRIS stage. Depending on the 
outcomes in the various groups, it may be possible to reveal specific features of a 
given stage, ultimately leading to stage-specific management recommendations.   
Because proteinuria and hypertension can worsen the outcome of CKD, the IRIS 
classification takes proteinuria and blood pressure into consideration. The presence 
and magnitude of proteinuria and hypertension are both presented as substages in 
the IRIS classification (Table 2 and 3).  
Recently the serum symmetric dimethylarginine (SDMA) was introduced as a useful 
indicator of early renal insufficiency in dogs and cats. Since the SDMA becomes 
elevated before the creatinine, it can play a role in identifying patients with CKD 
before the onset of overt azotemia (IRIS stage 1). Since 2015, the SDMA was added 
to the IRIS CKD guidelines.  
Based on the IRIS staging (and substaging) of a patient with CKD, evidence-based 
guidelines for treatment and monitoring can easily be followed by the practitioner.   
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Serum creatinine 
µmol/L 
mg/dL 

IRIS stage Dogs Cats 

1 <125 
<1.4 

<140 
<1.6 

2 125 – 180 
1.4 – 2 

140 – 250 
1.6 – 2.8 

3 181-440 
2.1 – 5.0 

251 – 440 
2.9 – 5.0 

4 >440 
>5.0 

>440 
>5.0 

Table 1. IRIS stages of CKD based on serum creatinine concentration in dogs 
and cats 

Urine protein:creatinine ratio 

Dogs Cats Substage 

<0.2 <0.2 Non-proteinuric 

0.2 to 0.5 0.2 to 0.4 Borderline proteinuric 

>0.5 >0.4 Proteinuric 

Table 2. IRIS substages based on proteinuria in dogs and cats 

Systolic blood pressure 
mmHg 

Blood pressure 
substage 

Risk of target organ 
damage 

<150 Normotensive Minimal 

150 – 159 Borderline hypertensive Low 

160 – 179 Hypertensive Moderate 

≥180 Severely hypertensive High 

Table 3. IRIS substages based on systolic blood pressure in dogs and cats 

2. Evidence-based recommendations for management of CKD

a. Feeding a renal diet

Compared to maintenance diets, the diets designed for management of CKD in dogs 
and cats are typically markedly reduced in phosphorus, mildly to moderately reduced 
in protein, mildly reduced in sodium and supplemented with omega 3 fatty acids and 
antioxidants.  
There is now strong evidence that this type of diet can prolong survival and decrease 
the risk of uremic crisis when compared to maintenance diets in both dogs and cats 
with CKD (Elliott et al. 2000, Jacob et al. 2002, Plantinga et al. 2005, Ross, Osborne 
et al. 2006). It has been shown that while adequate quality of life is maintained, the 
survival time of canine and feline patients fed a renal diet is on average 2 to 3 times 
longer than the one of patients fed a maintenance diet.  
At this point, we cannot be certain of the role of each component of the diet on the 
overall benefit. For example, even if it seems widely accepted that phosphorus 
restriction is beneficial in patients with CKD, there is a controversy about the role of 
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protein restriction. There are concerns particularly in cats about the ability to 
maintain adequate nutritional status with a diet significantly reduced in protein. 
However based on the available studies comparing renal diets to maintenance diets 
in client owned cats, no obvious signs of malnutrition secondary to protein restriction 
were observed. 
When it is not possible to maintain the serum phosphorus within the normal range, 
despite feeding a diet reduced in phosphorus or when the patient refuses to eat a 
low phosphorus diet, using a phosphate binder should be considered. Even if this 
approach seems very sensible, there is no strong evidence of efficacy of phosphate 
binders to improve the hyperphosphatemia, decrease the risk of uremic crisis or 
prolong survival in dogs and cats with CKD.  

b. Monitoring and treating proteinuria

In both dogs and cats, proteinuria is known as a negative factor for progression of 
CKD (Jacob et al. 2005, Chakrabarti et al. 2012). This is due to the structural 
damage to the kidney caused by an excessive amount of protein reaching the renal 
tubule, resulting in further renal dysfunction (Chakrabarti et al. 2013, McLeland et al. 
2015). 
The current recommendation is to treat the proteinuria when the urine 
protein:creatinine ratio is persistently above 0.5 in dogs and 0.4 in cats. ACE 
inhibitors are mostly used for management of proteinuria in dogs and cats. More 
recently the angiotensin receptor blocker telmisartan (Semintra®) was licensed as 
an alternative (or adjuvant medication) for management of proteinuria in cats.  
There is good evidence that treatment with an ACE inhibitor can reduce the 
proteinuria and delay the progression of CKD in dogs with glomerular disease 
(Grodecki et al. 1997, Grauer et al. 2000). In cats, randomized blinded controlled 
clinical trials using benazepril and telmisartan also showed that treatment could 
reduce the proteinuria (King et al. 2006, Sent et al. 2015). 

c. Monitoring and treating hypertension

In people with CKD, hypertension is recognized as a negative factor for disease 
progression and treating the hypertension is of upmost importance as part of the 
management of a patient with CKD. The rational for treatment of systemic 
hypertension is to protect the sick kidneys from glomerular hypertension, which can 
lead to glomerular damage and proteinuria. 
Systemic hypertension is common in association with CKD in dogs and cats with 20 
to 60% of patients affected in both species depending on the studies. 
One study in dogs with CKD showed that hypertension was associated with negative 
outcomes including uremic crisis and death (Jacob et al. 2003). In that study, the 
dogs with hypertension and CKD were also significantly more proteinuric than the 
normotensive ones, which could be a confounding factor. 
At this point, an association between hypertension and negative outcome of CKD 
has not been clearly demonstrated in cats. However, one study in hypertensive cats 
with or without azotemia showed that treatment of hypertension with amlodipine 
resulted in a significant decline of proteinuria and increased survival (Jepson et al. 
2007). These results suggest a strong link between hypertension and proteinuria and 
that both of them should be managed concurrently. 
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It is recommended for systemic blood pressure to be monitored in all canine and 
feline patients with CKD and for patients with persistent hypertension to be treated. 
Typical medications for treatment of hypertension in dogs and cats include ACE 
inhibitors, the angiotensin receptor blocker telmisartan and the calcium channel 
blocker amlodipine. It is accepted that the effect of ACE inhibitors on blood pressure 
is minimal but it is the drug of choice for proteinuria, which is frequently associated 
with sustained hypertension. Amlodipine is much more effective at reducing blood 
pressure than ACE inhibitors. The dose often needs to be titrated up to a maximum 
dose  of 1 mg/kg/day to achieve a satisfactory control of blood pressure (ideally 
systolic blood pressure < 150 mmHg).  

d. Treating severe anemia

As CKD progresses to end-stage, there is a risk for the patients to become 
significantly anemic. The anemia of CKD is at least partially due to decreased 
functional renal mass resulting in decreased production of erythropoietin (EPO) as a 
stimulus for red blood cell production. Beside the clinical signs associated with 
profound chronic anemia (lethargy, exercise intolerance, inappetence), the reduced 
oxygen carrying capacity from anemia may play a significant role in the progression 
of kidney disease through renal tissue hypoxia.  
Treatment with exogenous EPO can be considered in canine and feline patients with 
CKD when the anemia by itself is severe enough to be responsible for clinical signs. 
Those typically occur when the hematocrit drops below 20 to 22%. The goal with 
EPO therapy is to reach a hematocrit of at least 25%, which should be associated 
with a resolution of clinical signs of anemia.  
One older study showed that recombinant human EPO (Epogen®) was effective at 
increasing the hematocrit in dogs and cats with severe anemia secondary to CKD 
(Cowgill et al. 1998). Unfortunately, using this drug in these species appears to be 
associated with an unacceptably high incidence of anti-EPO antibodies production 
resulting in pure red cell aplasia. These antibodies would not only react with the 
exogenous EPO prescribed but would also cross-react with the patient’s 
endogenous EPO, resulting in severe refractory anemia that could only be managed 
with repeated blood transfusions. 
More recently the recombinant human EPO analogue darbepoetin (Aranesp®) has 
been used with seemingly more success in canine and feline CKD patients with 
severe anemia. One retrospective study in cats showed significant increase of the 
hematocrit in more than half of the patients treated (Chalhoub et al. 2012). There are 
anecdotal reports of the use of darbepoetin in dogs and results are also 
encouraging.  
A typical darbepoetin protocol in dogs and cats consists of weekly injections at a 
dose of 1 µg/kg SC until the target hematocrit (at least 25%) is reached. This usually 
takes 2 to 4 weeks. Thereafter the dosing interval can be reduced (typically to every 
2 to 4 weeks) while ensuring that the hematocrit remains above 25%. 
It is commonly reported that darbepoetin is less immunogenic and less likely to 
cause irreversible pure red cell aplasia than standard EPO. However, to our 
knowledge, the incidence of antibody production and refractory anemia as a potential 
side effect of darbepoetin has yet to be evaluated in small animals. 
Another potential side effect of EPO therapy is hypertension. Due to the deleterious 
effects of hypertension in patients with CKD, close monitoring of systemic blood 
pressure in patients supplemented with EPO is strongly recommended.  
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It has been shown that without iron supplementation, human patients treated with 
EPO could exhaust their iron stores resulting in ineffective erythropoiesis.  This is 
due to the high demand in iron associated with stimulated erythropoiesis. For this 
reason, and even if iron deficiency is uncommon in dogs and cats with CKD, iron 
supplementation is recommended when EPO is prescribed. At least an injection of 
iron dextran should be administered when initiating EPO therapy and further 
injections should be considered throughout the treatment (usually no more than one 
monthly) while monitoring the patient’s serum iron concentration.  

e. Management of appetite and nausea associated with uremia

Common complications of uremia include anorexia and vomiting. Two recent studies 
in cats with CKD showed encouraging results to improve to appetite and decrease 
the incidence of vomiting when using the drugs mirtazapine and maropitant 
(Cerenia®), as an appetite stimulant and an anti-emetic medication, respectively. 
The study evaluating the effect of mirtazapine on the appetite of cats with CKD 
showed that this medication given at a dose of 1.88 mg every other day orally 
resulted in a statistically significant increase in appetite compared to a placebo. Cats 
treated with mirtazapine also gained significant weight compared to cats receiving 
the placebo. Interestingly a statistically significant decrease in vomiting was also 
observed in the group treated with mirtazapine in comparison to placebo (Quimby 
and Lunn 2013). 
The study evaluating the effects of maropitant on prevention of vomiting was 
performed in a population of feline CKD patients with a complaint of chronic 
vomiting. In that study, the group of cats receiving maropitant at a dose of 4 mg 
orally once daily had significantly less vomiting episodes than the cats receiving a 
placebo. This study did not show any beneficial effect of maropitant on the appetite 
(Quimby et al. 2015). 
Studies of the benefits of the above two drugs in canine patients with CKD are so far 
not available to our knowledge.  

References 

1. Chakrabarti, S., H. M. Syme, C. A. Brown and J. Elliott (2013).
"Histomorphometry of feline chronic kidney disease and correlation with 
markers of renal dysfunction." Vet Pathol 50(1): 147-155. 

2. Chakrabarti, S., H. M. Syme and J. Elliott (2012). "Clinicopathological
variables predicting progression of azotemia in cats with chronic kidney disease." J 
Vet Intern Med 26(2): 275-281. 

3. Chalhoub, S., C. E. Langston and J. Farrelly (2012). "The use of
darbepoetin to stimulate erythropoiesis in anemia of chronic kidney disease in cats: 
25 cases." J Vet Intern Med 26(2): 363-369. 

4. Cowgill, L. D., K. M. James, J. K. Levy, J. K. Browne, A. Miller, R. T.
Lobingier and J. C. Egrie (1998). "Use of recombinant human erythropoietin for 
management of anemia in dogs and cats with renal failure." J Am Vet Med Assoc 
212(4): 521-528. 

________________________________________________________________________________________________ 
 Eastern European Regional Veterinary Conference 2022 Scientific Proceedings

 
205



5. Elliott, J., J. M. Rawling, P. J. Markwell and P. J. Barber (2000). "Survival
of cats with naturally occurring chronic renal failure: effect of dietarv management." J 
Small Anim Pract 41: 235-242. 

6. Grauer, G. F., D. S. Greco, D. M. Getzy, L. D. Cowgill, S. L. Vaden, D. J.
Chew, D. J. Polzin and J. A. Barsanti (2000). "Effects of enalapril versus placebo as 
a treatment for canine idiopathic glomerulonephritis." J Vet Intern Med 14(5): 526-
533. 

7. Grodecki, K. M., M. J. Gains, R. Baumal, D. H. Osmond, B. Cotter, V. E.
Valli and R. M. Jacobs (1997). "Treatment of X-linked hereditary nephritis in 
Samoyed dogs with angiotensin converting enzyme (ACE) inhibitor." J Comp Pathol 
117(3): 209-225. 

8. Jacob, F., D. J. Polzin, C. A. Osborne, T. A. Allen, C. A. Kirk, J. D. Neaton,
C. Lekcharoensuk and L. L. Swanson (2002). "Clinical evaluation of dietary 
modification for treatment of spontaneous chronic renal failure in dogs." J Am Vet 
Med Assoc 220(8): 1163-1170. 

9. Jacob, F., D. J. Polzin, C. A. Osborne, J. D. Neaton, C. A. Kirk, T. A. Allen
and L. L. Swanson (2005). "Evaluation of the association between initial proteinuria 
and morbidity rate or death in dogs with naturally occurring chronic renal failure." J 
Am Vet Med Assoc 226(3): 393-400. 

10. Jacob, F., D. J. Polzin, C. A. Osborne, J. D. Neaton, C. Lekcharoensuk,
T. A. Allen, C. A. Kirk and L. L. Swanson (2003). "Association between initial systolic 
blood pressure and risk of developing a uremic crisis or of dying in dogs with chronic 
renal failure." J Am Vet Med Assoc 222(3): 322-329. 

11. Jepson, R. E., J. Elliott, D. Brodbelt and H. M. Syme (2007). "Effect of
control of systolic blood pressure on survival in cats with systemic hypertension." J 
Vet Intern Med 21(3): 402-409. 

12. King, J. N., D. A. Gunn-Moore, S. Tasker, A. Gleadhill, G. Strehlau and
G. Benazepril in Renal Insufficiency in Cats Study (2006). "Tolerability and efficacy 
of benazepril in cats with chronic kidney disease." J Vet Intern Med 20(5): 1054-
1064. 

13. McLeland, S. M., R. E. Cianciolo, C. G. Duncan and J. M. Quimby (2015).
"A comparison of biochemical and histopathologic staging in cats with chronic kidney 
disease." Vet Pathol 52(3): 524-534. 

14. Plantinga, E. A., H. Everts, A. M. Kastelein and A. C. Beynen (2005).
"Retrospective study of the survival of cats with acquired chronic renal insufficiency 
offered different commercial diets." Vet Rec 157(7): 185-187. 

15. Quimby, J. M., W. T. Brock, K. Moses, D. Bolotin and K. Patricelli (2015).
"Chronic use of maropitant for the management of vomiting and inappetence in cats 
with chronic kidney disease: a blinded, placebo-controlled clinical trial." J Feline Med 
Surg 17(8): 692-697. 

________________________________________________________________________________________________ 
 Eastern European Regional Veterinary Conference 2022 Scientific Proceedings

 
206



16. Quimby, J. M. and K. F. Lunn (2013). "Mirtazapine as an appetite
stimulant and anti-emetic in cats with chronic kidney disease: a masked placebo-
controlled crossover clinical trial." Vet J 197(3): 651-655. 

17. Ross, S. J., C. A. Osborne, C. A. Kirk, S. R. Lowry, L. A. Koehler and D.
J. Polzin (2006). "Clinical evaluation of dietary modification for treatment of 
spontaneous chronic kidney disease in cats." J Am Vet Med Assoc 229(6): 949-957. 

18. Sent, U., R. Gossl, J. Elliott, H. M. Syme and T. Zimmering (2015).
"Comparison of Efficacy of Long-term Oral Treatment with Telmisartan and 
Benazepril in Cats with Chronic Kidney Disease." J Vet Intern Med 29(6): 1479-
1487. 

________________________________________________________________________________________________ 
 Eastern European Regional Veterinary Conference 2022 Scientific Proceedings

 
207



How to recognize and treat Acute kidney injury? 

MARC DHUMEAUX DVM, MVSc, DACVIM, DECVIM-CA, MRCVS 

Acute kidney injury (AKI) is a condition characterised by an abrupt insult the 
nephrons generally leading the renal dysfunction including retention of uremic 
wastes, abnormal fluid status, electrolytes and acid-base disorders. AKI used to be 
called acute renal failure; the current terminology is more appropriate as it includes 
the concept of injury to the kidneys without loss of glomerular filtration rate and 
azotemia. 

The kidneys are at high risk of developing ischemic and toxic injuries, partly due this 
organ’s high proportion of cardiac output (20%) in comparison to their weight (0.5% 
of total body weight), high metabolic demand and direct exposure of tubular epithelial 
cells to nephrotoxins.    

1. Phases of AKI

There are four phases of AKI. 

- The first phase is the initiation ph ase where insult to the kidneys has 
occurred (most often toxic or ischemic) but no clinical repercussion and no 
changes in renal function (azotemia, change in urine output) are present yet. 
Early intervention during this phase may prevent progression.  

- The second phase is called the extension phases and is characterised by 
continuation of hypoxic and/or inflammatory changes propagating kidney 
damages. Clinical signs associated with progressive loss of renal function 
appears at this stage such as changes in urine output. Azotemia may be 
present at this stage and worsens as the lesions extend.  

- The third phase, called maintenance phase generallyt lasts one to 3 weeks. 
In this phase a critical amount of potentially irreversible damage has occurred. 
Clinical signs associated with renal dysfunction are present, as well typical 
laboratory change such as isosthenuric urine and azotemia. 

- The fourth phase is the recovery phase is characterised by progressive 
resolution of renal damage and  recovery of renal function. Regeneration and 
repair of renal tissues can takes weeks to months.  

2. IRIS grading of AKI

The International renal interest society (IRIS) recently published a 5-tier grading 
system for acute kidney injury to classify the severity of AKI in dogs and cats This 
system is primarly based on creatinine concentration but also takes into account 
whether oligo/anuria is present or not and the rate of worsening or creatinine over 
time.  The “grade” represents a moment in the course of the disease and is likely to 
change as the condition worsens or improves.  
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3. Aetiologies of AKI

Typically, aetiologies of intrinsic AKI are classified in four categories; 
- Ischemic injury characterized by impaired oxygen delivery to renal cells (e.g. 

all forms of shock, decreased cardiac output, anesthaesia-associted 
hypotension, renal vessel thrombosis) 

- Toxic injury (e.g. aminoglycosides, amphotericin B, doxorubicin in dogs and 
cats, lilies in cats). 

- Primary acute renal disease (e.g. pyelonephritis, leptospirosis, renal 
lymphoma, acute glomerulonephritis).  

- Primary extrarenal disease with renal manifestation (e.g. pancreatitis, 
systemic inflammatory response syndrome, sepsis). 

4. Treatment of AKI

Treatment of AKI involves first addressing the cause assuming that one is identified 
and second supportive care while tissue damage resolves and renal function returns. 
Examples of treatment of underlyng case for AKI includes prompt withrowaing of any 
known nephrotoxin, antibiotics for bacterial infection (including leptospirosis), 
corticosteroids for acute auto-immune glomerulonephritis, chemotherapy for renal 
lymphoma. 
If an cause of AKI is not identified or if that cause is not treatable at that time of 
presentation, there is no specific treatment for AKI that will promote faster repair or 
renal tissue and faster recovery of renal function.  
Our efforts should focus on ensuring an appropriate fluid balance, correcting 
electrolytes and acid-base disturbances, maintainimng appropriate blood pressure 
and providing assisted nutrition to anorexic and hyporexic animals.  
It is very important to pay a close attention to the urinary output of patients AKI and 
measuring their ins and outs with an indwelling urinary catheter is a very effective 
way to accurately prescribe the volume of intravenous fluid necessary to maintain 
adequate fluid balance. In case of anuria, any additional intravenous fluid given to an 
appropriately hydrated animal will result in fluid overload and will negatively impact 
the outcome. In rare cases oliguria or anuria may be reversed with diuretics (e.g. 
mannitol, furosemide), making the patient more manageable. Ideally, patients with 
oligo-anuria or with severe or rapidly worsening azotemia should be referred to for 
peritoneal dialysis or extracorporal renal replacement therapy (e.g. haemodialysis).  

5. Prognosis

The prognosis for any type of AKI in dogs and cats has to be considered as guarded 
with reported mortality rate of 56% in dogs and 47 to 64% in cats. Decreased urine 
production is a poor prognostic indicator in dog and cats; however the seveity of the 
azotemia is not prodictive of outcome based on several studies. 
Disease aetiology is a prognostic indicator in AKI with a much better prognostic in 
patients with obstructive or infectious cause of AKI than in patient with toxic cause of 
AKI.  
A high proportion of dogs and cats recovering from AKI will have developed sufficient 
irreversible kidney damage to remain azotemic within months following the episode. 
Those patients should be managed following the guidelines for chronic kidney 
disease.  
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Proteinuria in dogs and cats; does it really matter? 

Marc Dhumeaux DVM, MVSc, DipACVIM, DipECVIM-CA, MRCVS 

Proteinuria is defined as an excessive amount of protein in the urine. Proteinuria is 
an important biomarker of kidney disease and has been shown to be associated with 
increased morbidity or mortality in humans, dogs and cats. The risk of adverse 
outcomes appears to increase with the magnitude of proteinuria. 
Significant proteinuria is often regarded as an indication of impaired glomerular 
permeability to large plasma proteins. However, impaired tubular reabsorption of 
small molecular weight proteins or tubular cell damage leading to shedding of protein 
into the tubular lumen can also results of significant proteinuria. 

Assessment of proteinuria involves detection, determination of magnitude, 
localisation of the origin, and determination of persistence. 
Assessing proteinuria is recommended in animals with serious illness and in animals 
with chronic illnesses that are known to often become complicated by proteinuric 
kidney disease (e.g. Leishmaniasis, Lyme disease). 
There are various methods looking for the presence of proteinuria and its magnitude. 
Some methods are only semi-quantitative (e.g. urine dipstick, sulfosalicylic acid test) 
and lack sensitivity or specificity. Others are quantitative (e.g. urine protein:creatinine 
ratio [UPCR], microalbuminuria ELISA) and give an objective assessment of the 
magnitude of proteinuria with good sensitivity and specificity. 
The International Renal Interest Society (IRIS) have used the UPCR as the gold 
standard method to design their guidelines for diagnostic, follow-up and treatment of 
chronic kidney disease in dogs and cats.   
Canine and feline patients are considered non-proteinuric if their UPCR is below 0.2. 
They are considered borderline proteinuric with a UPCR between 0.2 and 0.5 in 
dogs and between 0.2 and 0.4 in cats and overtly proteinuric with a UPCR above 0.5 
in dogs and 0.4 in cats.   
Diagnostic and therapeutic intervention are typically recommended only in patients 
where persistent proteinuria is confirmed. Persistent proteinuria is defined by the 
documentation of overt proteinuria (UPCR > 0.5 in dogs or 0.4 in cats) in at least 
three urine samples collected at least two weeks apart.  
Proteinuria can be classified into one of the three categories: 
- Prerenal: defined by an excessive amount of protein in the blood that traverse the 
glomerular barrier despite normal permselectivity properties (e.g. increased amount 
of acute phase protein in case of inflammation, excessive light chains 
immunoglobulins in case of multiple myeloma).  
- Renal: defined by an abnormal handling of proteins by the glomerulus of the tubule 
(e.g. glomerulonephritis, tubulointerstitial nephritis).  
- Postrenal: defined by an entry of proteins in the urine after it enters the renal pelvis 
(e.g. bacterial cystitis) 
An important initial step when approaching a patient with proteinuria is to rule out 
prerenal and postrenal causes. Excluding postrenal causes of proteinuria involves 
microscopic examination of the urine sediment looking for inflammatory cells, red 
blood cells or micro-organisms). Excluding prerenal causes involves evaluation of 
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plasma proteins. 
Pre and postrenal causes of proteinuria are managed by treating the underlying 
disease process. Once pre and postrenal causes have been ruled out, the 
proteinuria is defined as renal in origin and once its magnitude and persistence have 
been documented, actions should be taken which may include proactive monitoring, 
further diagnostic investigations (e.g. investigation of inflammatory, infectious or 
neoplastic causes, renal biopsies) and therapeutic intervention. 
Depending on the magnitude of proteinuria therapeutic intervention can be specific 
for the underlying cause (e.g. antimicrobial therapy for infectious causes, 
immunosuppressive therapy for selected cases of immune-complexes 
glomerulonephritis) or non-specific.   
Non-specific antiproteinuric therapy in dogs and cats includes inhibition of the renin 
angiotensin aldosterone system (RAAS) with drugs such as ACE inhibitors or 
aldosterone receptor blockers, nutrition with a diet moderately restricted in protein 
and supplemented with omega 3 fatty acids. In addition, a link has been established 
between proteinuric kidney disease and thromboembolic events, particularly in 
animals with hypoproteinaemic proteinuric kidney disease (i.e. protein losing 
nephropathy), which justifies the use of prophylactic antithrombotic therapy (e.g. Low 
dose aspirin, clopidogrel).   
Therapeutic success is defined by a normalisation or at least a significant reduction 
(50% or more) of the UPCR, as well as an improvement of the clinical signs if the 
patient was symptomatic. 
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Ldo Vet, DipECVN, PGCertVetEd FHEA, MRCVS  
(Neurology) 
 
Dr. Elsa Beltran received her veterinary degree from the University Cardenal Herrera Ceu, 
Valencia, Spain, in 2002, following which she spent two years in general practice before 
undertaking an internship in Small Animal Medicine and Surgery at University of Barcelona, 
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Anisocoria when the problem is in the neurology system 
 
Elsa Beltran, Ldo Vet, DipECVN, PGDipVetEd FHEA, MRCVS, European and 
RCVS Specialist in Veterinary Neurology, Fellow of the Higher Education 
Academy, Associate Professor in Veterinary Neurology & Neurosurgery, Royal 
Veterinary College, University of London 
 
 
Anisocoria is a condition characterised by 
unequal pupil size (Figure 1). The resting pupil 
size and possible asymmetry should be 
assessed (by distant direct ophthalmoscopy) 
in normal light and then in darkened room. 
The neurological causes of anisocoria with 
normal vision involve dysfunction on the 
parasympathetic tone to the iris constrictor 
muscles (mydriatic pupil) [Figure 1, mydrisasis 
on the left eye (OS)] or dysfunction on the 
sympathetic tone to the iris dilator muscles 
(miotic pupil, Horner’s syndrome, Figure 2, on 
the left eye). This lecture will focus on the 
dysfunction of the autonomic system that 
innervates the iris. 
 
 
 
 
 
 
 
 
The parasympathetic innervation to the eye regulates the pupil response to the 
amount of environmental light, while the sympathetic innervation to the eye 
regulates the pupil response to emotional factors. 
 
The afferent pathways that contribute 
to the parasympathetic innervation to 
the eye arise from the retina where the 
impulses originate after light 
stimulation to the photoreceptors 
[rods, cones and intrinsically 
photosensitive retinal ganglion cells 
(ipRGC)]. These impulses travel within 
the RGC axons (optic nerve) and 
reach the optic chiasm. The majority of 
the RGC axons decussate at the level 
of the optic chiasm (around 65% in 
cats and 75% in dogs of the optic 
nerve axons) and continue as part of 
the optic tract. Around 10-20% of the optic tract RGC axons bypass the 

Figure 1 

Figure 2 

Figure 3 
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lateral geniculate nucleus and course ventrally to synapse in the pretectal nucleus, 
particularly the pretectal olivary nucleus (PON). The PON is located rostral to the 
midbrain tectum and contributes to the pupillary light reflex (PLR) pathway. From the 
PON, the majority of the axons (around 65% in cats and 75% in dogs) cross over to 
the contralateral side through the caudal commissure and reaches the 
parasympathetic nucleus of the oculomotor nerve (Edinger Westphal nucleus in 
human anatomy), which is located in the rostral part of the midbrain and very closed 
to the midline. The remaining axons from the PON (around 35% in cats and 25% in 
dogs) reach the ipsilateral parasympathetic nucleus of the oculomotor nerve (Figure 
3). 
 
The efferent parasympathetic fibres (preganglionic fibres) from the oculomotor 
nucleus travel with the motor fibres of the oculomotor nerve coursing ventrally and 
emerging on the medial side of the crus cerebri. The parasympathetic fibres are 
located medially to the motor fibres of the oculomotor nerve at the level of the middle 
cranial fossa and therefore they are the first to be affected when a structural lesion 
(such as a pituitary mass) arises and extends laterally from the midline. The 
parasympathetic fibres leave the skull through the orbital fissure and synapse in the 
ciliary ganglion caudal to the eye. Postganglionic parasympathetic fibres (short ciliary 
nerves) innervate the iridal sphincter muscle and gives reciprocal cholinergic inhibition 
to the iridal dilator muscle, causing iridal sphincter contraction and dilator muscle 
relaxation (pupillary constriction). There are only two short ciliary nerves (nasal short 
ciliary nerve and malar short ciliary nerve) in the cat and they are solely 
parasympathetic while in the dog there are five to eight short ciliary nerves that have 
both sympathetic and parasympathetic fibres. The cat can also present with abnormal 
pupil shape (dyscoria) if only one short ciliary nerve is affected. For instance, if the 
lesion occurs in the nasal short ciliary nerve (medial nerve) of the left eye, this causes 
a reverse D-shaped pupil, whereas if the lesion occurs in the malar short ciliary nerve 
(lateral nerve) of the left eye a D-shaped pupil is present. 
 
The sympathetic innervation to the eye is also described as a three-order neuron 
pathway (Figure 4). The afferent pathways (first order neurons) arise from the caudal 
nuclei of the hypothalamus, which is activated by emotional factors or noxious stimuli. 
This first order neurons project caudally and ipsilaterally via the lateral tectotegmental 
spinal tract (located in the lateral funiculus) to the preganglionic cell bodies (second 
order neurons), which are located in the lateral grey column at the level of T1-T3 spinal 
cord segments. The axons from the preganglionic neurons join the ventral roots of the 
segmental spinal nerves at this level and through the ramus communicans join the 
thoracic sympathetic trunk. The preganglionic fibres continue cranially as part of the 
cervical vagosympathetic trunk. At the level of the ventromedial part of the tympanic 
bulla, the preganglionic fibres terminate in the cranial cervical ganglion (CCG), where 
they synapse with the postganglionic neurons (third order neurons). From here it is 
not well understood how these fibers travels. One of the theory is that the 
postganglionic fibres leave the CCG and direct cranially through the tympano-occipital 
fissure. They enter the middle ear cavity together with the internal carotid artery and 
continue rostrally between the petrosal and basisphenoid bones, coursing ventrally to 
the trigeminal ganglion and joining the ophthalmic branch of the CN V through the 
orbital fissure. The postganglionic sympathetic fibres innervate the smooth muscles of 
the periorbita, Müller's muscle of the upper and lower eyelid and the dilator muscles 
of the iris. The adrenergic (sympathetic) excitatory input to the dilator muscle causes 
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contraction of this muscle and therefore mydriasis. As previously described in the 
parasympathetic innervation, the sympathetic innervation also causes a reciprocal 
adrenergic inhibition of the other antagonist muscle and therefore further relaxation of 

the iris sphincter muscle. 
 
Underlying causes of Anisocoria  
 
When the problem is in the mydriatic pupil 
 
Internal ophthalmoparesis/ophthalmoplegia is characterized by decreased 
(ophthalmoparesis) or absent (ophthalmoplegia) motor function of the iris sphincter 
and ciliary body muscle. This is due to loss of parasympathetic innervation from the 
oculomotor nerve [cranial nerve (CN) III] or short ciliary nerves, observed clinically as 
areflexive mydriasis. 
 
Documented cases of feline and canine internal ophthalmoparesis/ophthalmoplegia 
are limited in the veterinary literature. Most of the literature in dogs and cats with 
internal ophthalmoparesis/ophthalmoplegia are case reports with middle cranial fossa 
syndrome (also known as cavernous sinus syndrome). 
 
Middle cranial fossa syndrome is a clinical disorder characterized by ipsilateral 
internal ophthalmoparesis/ophthalmoplegia, paresis, or plegia of the extra-ocular 
muscles (also known as external ophthalmo- paresis/ophthalmoplegia) and decreased 
to absent facial and corneal sensation. These clinical signs are due to a dysfunction 
of several cranial nerves that course at the level of the middle cranial fossa. These 
cranial nerves include CN III (motor and parasympathetic component), CN IV 
(trochlear nerve), CN VI (abducens nerve), the ophthalmic branch of the CN V 
(trigeminal nerve), and postganglionic sympathetic nerve fibers. The maxillary branch 
of the CN V, which passes through the round foramen, can also be affected. This is 

Figure 4 
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usually due to an intracranial mass or retrobulbar mass invading the orbital fissure or 
the middle cranial fossa. Case reports in dogs have included chondrosarcoma, 
lymphoma, meningioma, primitive neuroectodermal tumors, metastatic invasion of 
thyroid carcinomas, neuroendocrine carcinoma, and an aneurysm as the underlying 
cause. Reports in cats have included osteochondroma, lymphoma, squamous cell 
carcinoma, chondrosarcoma, trauma, orbital abscessation, and infectious diseases 
(feline infectious peritonitis/Cryptococcus) as the underlying cause. 
 
Lesions affecting the CN III alone and causing internal 
ophthalmoparesis/ophthalmoplegia as the sole clinical signs are more rarely reported. 
Dysautonomia and pharmacological blockage with mydriatic agents, such as atropine, 
in both dogs and cats, have to be considered. In dogs, it has been reported in the 
literature secondary to intracranial meningiomas, intracranial suprasellar germ cell 
tumors, toxic contact (e.g., to Datura stramonium), or as an idiopathic cause. 
 
Feline internal ophthalmoparesis/ophthalmoplegia often presents with other clinical 
signs in a referral hospital population. A thorough history, physical examination, and 
neurologic and ophthalmic examinations are essential for clinical reasoning and to 
effectively select the most indicated diagnostic tests. Cats with intracranial lesions can 
present with panophthalmoparesis/ophthalmoplegia or internal 
ophthalmoparesis/ophthalmoplegia as the sole clinical sign. Magnetic resonance 
imaging might be necessary to reach a definitive diagnosis, but abdominal ultrasound 
can be helpful in some cases with systemic disease. Cats with systemic and 
neurologic deficits related to internal ophthalmoparesis/ ophthalmoplegia have a 
guarded prognosis due to the high prevalence of neoplasia in this population.  
 
When the problem is in the miotic pupil 
 
The Horner’s syndrome is a clinical disorder caused by a lack of sympathetic 
innervation to the head. The clinical signs include miotic pupil, ptosis of the upper 
eyelid, decreased tone of the lower eyelid, protrusion of the nictitating membrane, 
enophthalmos, conjunctival hyperaemia and there might be some crusts inside the 
nares. The miotic pupil in patients with Horner’s syndrome is most noticeable in the 
dark because the normal pupil dilates and the affected pupil remains miotic. Horner’s 
syndrome results from lesions affecting the first, second (preganglionic) or third order 
(postganglionic) neurons. The presence of other clinical signs in association with 
Horner’s syndrome can help to localise the lesion and formulate the differential 
diagnosis list. The table below summarized the most common differential in dogs and 
cats presented with Horner’s syndrome.  
 

Order 
Horner’
s 
Syndro
me 

Localisati
on 

Possible signs of dysfunction 
that could be present ipsilateral 
to the Horner’s 

Diseases 

1st order 
neuron 

Brainstem 

Altered level of consciousness 
 
CN deficits  
 

Meningioma 
Glial tumour 
Medulloblastoma 
Lymphoma 

________________________________________________________________________________________________ 
 Eastern European Regional Veterinary Conference 2022 Scientific Proceedings

 
218



General proprioceptive ataxia 
 
Central vestibular dysfunction 
 
Paresis or plegia ipsilateral  

Cerebrovascular 
accident  

GME, NE, MUA  

Infectious 

Head trauma 

1st order 
neuron 

Lateral 
tectotegme
ntal spinal 
tract (C1-
C5 spinal 
cord 
segments) 

General proprioceptive ataxia 
Paresis or plegia on all four 
limbs/ipsilateral 
Cervical hyperalgesia 
Cervical muscle spasm/rigidity 

Glial tumours 
Lymphoma 

Ischaemic 
myelopathy 

Acute nucleus 
pulposus extrusion  

Spinal cord trauma 

1st /2nd 
order 
neuron 

C6-T2 
spinal cord 
segments 

General proprioceptive ataxia 
Paresis or plegia on all four limbs or 
ipsilateral 
Decreased spinal reflexes in 
thoracic limb/s 
Increased/normal spinal reflexes in 
pelvic limb/s 
Lameness (nerve root signature) 
Cervico-thoracic hyperalgesia 
Cutaneous trunci muscle reflex 
decreased or absent ipsilateral 

Same as C1-C5 
spinal cord segments 

2nd 
order 
neuron 

T3-L3 
spinal cord 
segments 

General proprioceptive ataxia 
Paresis or plegia on pelvic limb/s 
Increased spinal reflexes in the 
pelvic limb/s 
Cranial thoracic spinal hyperalgesia 
Cutaneous trunci muscle 
decreased or absent  
Dysfunction of micturition (upper 
motor neuron bladder) and 
defecation  

Same as C1-C5 
spinal cord segments 

2nd 
order 
neuron 

T1-T3 
ventral 
nerve roots 

Lameness (nerve root signature) 
Cutaneous trunci muscle reflex 
decreased or absent 

Nerve sheath tumour 
Sarcoma 
Lymphoma 

Trauma 

2nd 
order 
neuron 

Vago-
sympatheti
c trunk 

Laryngeal paralysis 
Dysphagia 
Cough 
Regurgitation 

Thymoma 
Lymphoma 
Thyroid tumor 
Trauma 

3rd 
order 
neuron 

Middle ear 
Peripheral vestibular dysfunction 
Facial paresis/paralysis 

Squamous cell 
carcinoma 
Adenocarcinoma 
Fibrosarcoma 
Osteosarcoma 

Otitis media/interna 
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3rd 
order 
neuron 

Middle 
cranial 
fossa 

Internal/external 
ophthalmoparesis/plegia  

Pituitary Tumours 
Meningioma 
Lymphoma 

Inflammatory/ 
Infectious 

3rd 
order 
neuron 

Retrobulba
r area 

Exophthalmos 
Hyperaesthesia on palpation 
CN deficits II, III, IV, V, VI 

Orbital tumours 

Inflammatory/infectio
us  

Trauma 

2nd / 3rd 
order 
neuron 

 No other clinical signs Idiopathic  
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Blindness from a Neurologist point of view 
 

 
Elsa Beltran, Ldo Vet, DipECVN, PGDipVetEd FHEA, MRCVS, European and 
RCVS Specialist in Veterinary Neurology, Fellow of the Higher Education 
Academy, Associate Professor in Veterinary Neurology & Neurosurgery, Royal 
Veterinary College, University of London 
 
 
The visual system is the part of 
the central nervous system that is 
needed for visual perception. The 
animal receives, processes and 
interprets visual information of the 
environment. The central visual 
pathways include: the optic nerve, 
the optic chiasm, the optic tract, 
the lateral geniculate nucleus, the 
optic radiation and the occipital 
cortex (Figure 1). Any structural or 
functional lesion at any point of 
the central visual pathways will 
cause some degree of visual 
deficits.  
 
Advanced imaging has allowed us to further investigate the possible relationship 
between visual deficits and structural lesions along the visual pathway. However, 
prior to interpret the findings, it is important that the advanced imaging appearance 
of the normal anatomy of the visual pathways and the surrounding structures are 
well known.  
 
 
The optic nerve is a white matter tract what embryologically arised from the 
diencephalon. The optic nerve is formed by the axons from the retinal ganglion cells 
and glial cells (mainly astrocytes and oligodendrocytes). Optic nerve is actually a 
misnomer, as nerve involves a bundle of axons in the peripheral nervous system 
(PNS) and myelinated by Schwann cells, however the optic nerve is a tract of the 
CNS and is myelinated by oligodendrocytes. The optic nerve after the lamina cribosa 
is surrounded by meninges with a subarachnoid space and cerebrospinal fluid. The 
optic nerve is divided into four regions: intraocular (ganglion layer, NFL, optic disc 
and intralaminar region within the sclera), intraorbital (retrobulbar, posterior to the 
lamina cribosa), intracanalicular (within the optic canal in the presphenoid bone) and 
intracranial (just before merging into optic chiasm). 
 
The intraobital optic nerve is best visualized on MRI in dorsal images with fat 
suppression. However, due to the small size of the optic nerve in our domestic 
animals, slice thickness appears to be more important than the use of a fat 
suppression sequence.  
 

Figure 1 
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The optic nerve courses caudally and enter the skull through the optic canals, 
located in the presphenoid bone, to merge into the optic chiasm. It is important 
evaluate the normal appearance of the presphenoid bone as any lesion in this bone 
could compromise the visual system. There is an anatomical variation of the 
presphenoid bone between horses, cats and dogs. In the cat and the horse, the 
rostral part of the presphenoid bone continues into an air-filled sinus however a solid 
presphenoid bone exists in dogs. Therefore, it is important to assess this area while 
evaluating advanced imaging from a patient with post retinal visual deficits.  
 
 
 
 
 
 
 
 
 
 
 
About 75% of the axons decussate at the optic chiasm in the dog and 66% in the cat.  
The rests of the axons remain ipsilateral.  The optic chiasm is located on the floor of 
the rostral cranial fossa (presphenoid bone) and rostral to the pituitary gland. After 
the optic chiasm, the axons continue as the optic tract and course 
caudodorsolaterally over the side of the thalamus. The majority of the optic tract 
axons synapse in the lateral geniculate nucleus (LGN), located caudodorsolaterally 
in the thalamus. The axons from the neuronal cell bodies in the LGN project into the 
internal capsule and course caudally as the optic radiation to terminate in the visual 
cortex (lateral, caudal and medial aspect of the occipital lobe) and produce the visual 
perception.  
 
Optic neuropathy 
 
Lesions affecting the optic nerve are divided in congenital and acquired lesions. 
Optic nerve hypoplasia is the most common congenital optic neuropathy. Other 
congenital abnormalities include optic disc coloboma usually as part of an ocular 
syndrome such as the collie eye anomaly, which is beyond the scope of this chapter. 
Acquired optic neuropathies mainly involve inflammatory/infectious, neoplastic, 
vascular, compressive, degenerative, traumatic and toxic disorders. An acute onset 
of visual deficits is usually seen in inflammatory, vascular (mainly ischemic), and 
traumatic causes. A chronic course of visual impairment is usually caused by 
compressive, neoplastic, and degenerative disorders. 
 
The main neurologic signs of optic neuropathy include visual deficits and decreased 
to absent direct and its consensual PLR. Fundus examination may identify a normal, 
swollen or pale optic disc, peripapillary vascular attenuation, prominence of the 
lamina cribrosa, and/or proliferation of neural tissue within/from the optic nerve head. 
Achieving a definitive diagnosis of an optic neuropathy is challenging given the 
limited access to the optic nerve and the morbidity associated with biopsy. With a 
normal fundus examination, advanced imaging provides a vital tool to study 
structural changes in the optic nerve and hence guide clinical decision making.  For 
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instance, the  MRI features of optic neuritis are mainly characterised by a swelling of 
the optic nerve that is isointense on T1-Weighted images (T1W), iso/hyperintense on 
T2-Weighted images (T2W) with moderate contrast enhancement (Fig. 2). The MRI 
features of neoplasia of the optic nerve and orbit are variable and depend on the 
type of tumours. Cerebrospinal fluid analysis may contribute to the diagnosis in 
cases of optic neuritis or CNS lymphoma. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Neurological causes of postretinal visual deficits: Optic chiasm lesions 
 
An optic chiasm lesion can result in bilateral vision loss and bilateral decreased to 
absent PLRs. The visual loss may present with acute onset despite the slow 
development of the underlying disease process. The optic chiasm is located in the 
rostral cranial fossa, therefore intracranial extension of orbital lesions (neoplasia or 
inflammation), disease of sphenoid bones, traumatic brain injury, CNS diseases 
(neoplasia, inflammatory or congenital) and tumours of the pituitary area that extend 
rostrally causes damage to the optic chiasm. Lymphoma is a common cause in cats 
but consideration should be given to other tumours in both dogs and cats, including 
pituitary macroadenomas, meningiomas and tumours of the nasal cavity extending 
into the region of the optic chiasm. An unusual brain tumour called a suprasellar 
germ cell tumour has been reported in young adult dogs. This tumour expands in the 
region of the pituitary fossa and can become extremely large, causing compression 
of the optic chiasm, and also the cranial nerves at the level of the orbital fissure 
causing signs of middle cranial fossa syndrome (later discussed). 
 
 
Neurological causes of postretinal visual deficits: optic tract, LGN lesions, 
optic radiation and visual cortex 
 
Infectious diseases, in particular canine distemper virus, can cause demyelination of 
both optic tracts and therefore vision loss. Lesions (inflammatory, infectious, 
neoplastic and vascular) in the thalamic area can also affect the optic tract and LGN. 
Unilateral lesions will cause contralateral vision deficits. It is important to remember 
that if the lesion affects the rostral part of the optic tract, PLR could also be affected. 
The neuronal cell bodies in the LGN and the visual cortex are particularly vulnerable 

 
Fig 2. A five-year-old female Cavalier King Charles Spaniel with acute onset of blindness and absent PLR 
(bilaterally). (A) Dorsal, (B) left parasagittal, (C) transverse (C) T1-weighted fat saturation images after 
paramagnetic contrast administration. There is enlargement and contrast medium enhancement of the left optic 
nerve and optic chiasm. The lesion and clinical progression was consistent with immune mediated optic 
neuritis. 

©Elsa Beltran 
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to storage diseases (degenerative), developmental abnormalities, vitamin B1 
deficiency and cerebrovascular accidents. Dogs and cats with thalamic lesions are 
likely to show other clinical signs in addition to vision loss, including altered 
mentation/level of consciousness, vestibular dysfunction, abnormal behaviour, 
circling, postural reactions deficits and less likely seizures. Dogs and cats with 
cerebral cortex involvement could also present with seizures, decreased 
consciousness, postural reaction deficits, head turn and hemi-neglect/hemi-
inattention syndrome. The hemi-neglect/hemi-inattention syndrome reflects the 
inability to process and perceive stimuli on the contralateral side of the affected 
cerebral hemisphere. CT and MRI are the optimal imaging modalities to diagnose 
disorders involving that thalamic area and visual cortex and also to delineate the 
extent of the lesion. Cerebrospinal fluid analysis may contribute to the diagnosis. 
Treatment and prognosis depend on the underlying cause.  
 
Transient vision loss (cortical blindness) of variable duration after an epileptic event 
can be present in dogs and cats, the exact pathophysiology has not been reported.  
There is no correlation between the severity and the length of the seizures and the 
transient cortical blindness. 
 
The following table summarized the most common causes of postretinal visual 
deficits in dogs and cats 

Disease 
mechanism 

Specific disease 
Concurrent 
clinical signs to 
the visual deficits 

Treatment Prognosis 

Vascular 

Cerebrovascular 
accidents 
(ischaemic infarct; 
haemorrhagic 
infarct) 

Head Turn 
Seizures 
Circling 
Altered 
consciousness 
Ataxia/paresis 
Postural reaction 
deficits 
Other CN deficits 

Supportive 
care 

Fair to good 
Feline ischaemic 
encephalopathy 
(Cuterebra 
infection) 

Inflammatory/ 
Infectious 

GME, NE, MUA 

Head Turn 
Seizures 
Circling 
Altered 
consciousness 
Ataxia/paresis 
Postural reaction 
deficits 
Other CN deficits 

Immunosuppre
ssive 
medication 

Poor to fair, 
depending 
on the initial 
response to 
the treatment 

Bacterial, 
protozoal, fungal, 
viral encephalitis 

Head Turn 
Seizures 
Circling 
Altered 
consciousness 
Ataxia/paresis 
Postural reaction 
deficits 
Other CN deficits 

Depends on 
the aetiology 

Poor to fair, 
depending 
on the initial 
response to 
the treatment 
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Trauma Head trauma 

Head Turn 
Seizures 
Circling 
Altered 
consciousness 
Ataxia/paresis 
Postural reaction 
deficits 
Other CN deficits 

Supportive 
care (in some 
occasions 
surgical 
management 
is also 
needed) 

Poor to good 
depending 
on the 
severity of 
the trauma 

Disease 
mechanism 

Specific 
disease 

Concurrent clinical 
signs to the visual 
deficits 

Treatment Prognosis 

Anomaly 

Lissencephaly Abnormal behaviour 
Supportive 
care 

Poor 

Hydrocephalus 

Behavioural 
changes 
Ataxia 
Postural reaction 
deficits 
Seizures 

Supportive 
care 
Surgical 
intervention 
(VPS) 

Poor to fair 

Porencephaly 

Behavioural 
changes 
Ataxia 
Postural reaction 
deficits 
Seizures 

Supportive 
care 

Poor to fair 

Polymicrogyria 

Behavioural 
changes 
Hypermetric gait  
Complex partial 
motor seizures 
Postural reaction 
deficits 
Resting nystagmus  

Supportive 
care 

Poor 

Neoplasia 

Meningioma 
Pituitary tumour 
Glial tumour 
Lymphoma 
Histiocytic 
sarcoma 
MLO 
Metastasis 

Altered level of 
consciousness 
Seizures 
Postural reaction 
deficits 
Other cn deficits 

Surgical 
resection 
Radiotherapy 
Chemotherapy 

Poor to fair 

Iatrogenic 

Post-
anaesthetic 
cortical 
blindness in 
cats  

Altered level of 
consciousness 
Seizures 
Deafness 
Ataxia 
Postural reaction 
deficits 

Supportive 
care  

Poor to good 
depending 
on the 
severity of 
the hypoxia 

Nutritional  
Thiamine 
deficiency 

Inappetence 
Altered 
consciousness 

Thiamine 
supplementati
on 

Prognosis is 
poor to good 
depending 
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Vestibular 
dysfunction 
Seizures 

on the time 
of the start 
and 
response to 
the 
supplementa
tion 

Degenerative 

Neuronal ceroid 
lipofuscinosis 

Seizures 
Behavioural 
changes 
Tremors  
Ataxia 
Decreased postural 
reactions 
 

Supportive 
care 

Poor 

Globoid cell 
leukodystrophy 

Tremors 
Ataxia 
Decreased postural 
reactions 
Seizures 

Supportive 
care 

Poor 
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Strabismus, pathological nystagmus and eyelid 
dysfunction 
 
 
Elsa Beltran, Ldo Vet, DipECVN, PGDipVetEd FHEA, MRCVS, European and 
RCVS Specialist in Veterinary Neurology, Fellow of the Higher Education 
Academy, Associate Professor in Veterinary Neurology & Neurosurgery, The 
Royal Veterinary College, University of London, United Kingdom,  
ebeltran@rvc.ac.uk 
 
 
Eye globe position and eye movements 
 
The centred eye position in each orbit and their movements depend on the 
coordination of the three cranial nerves (CNs) (oculomotor nerve (CN III); trochlear 
nerve (CN IV); and abducens (CN VI)), their associated skeletal muscles and the 
vestibular system (VS). The VS is the primary component of the nervous system 
responsible for maintaining equilibrium. The components of the VS can be 
functionally divided into peripheral and central systems. The peripheral system 
mainly includes the sensory receptor and the vestibular division of the 
vestibulocochlear nerve (CN VIII). The sensory receptor is located in the inner ear 
and consists of three semi-circular canals, the utricle and the saccule. Movement of 
the head induces movement of the endolymph within the semi-circular canals, which 
stimulates the sensory receptors. The vestibular division of the CN VIII has dendritic 
connections with these receptors and its axons course (after passing through the 
vestibular ganglion, located in the petrous temporal bone) through the internal 
acoustic meatus at the level of the cerebellomedullary angle (rostral medulla 
oblongata), to reach the components of the central vestibular system. 
 
In the central vestibular system, the vestibular axons project to the vestibular nuclei 
in the brainstem and from these nuclei, axons project to the spinal cord, other parts 
of the brainstem, thalamus and cerebellum. The axons projecting from the vestibular 
nuclei to the motor nuclei of the CNs III, IV and VI via the medial longitudinal fascicle 
within the brainstem provide coordinated conjugate ocular movements as the head 
changes position. This pathway is responsible for the physiologic nystagmus, which 
preserves image stability on the retina while the head moves to optimize 
performance of the visual system. This pathway can be assessed clinically by 
evaluating the vestibulo-ocular reflex (physiologic nystagmus) (Fig.1). 
 

 
 
 
 

 
 
 
 
 

Fig 1. Cartoon illustrating the 
anatomic pathways for vestibulo-
ocular reflex. Dorsal (A) and lateral 
(B) views. (1) Vestibular receptors; 
(2) Vestibular portion of the cranial 
nerve VIII; (3) vestibular nuclei; (4) 
Interneurons; (VI) abducens nerve; 
(IV) trochlear nerve; (III) oculomotor 
nerve. (C) The innervation of 
various extraocular muscles (ms) 
(arrows indicate the direction of 
movement of the eye with 
contraction of the innervated 
muscle. 

Elsa Beltran 
 

Elsa Beltran 
 

EB 
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Neurological causes of strabismus  
 
Strabismus is an abnormal position of the eyeball relative to the orbit. There are 
mainly two types of strabismus: positional or vestibular strabismus and fixed or 
neuromuscular strabismus. Vestibular strabismus is a clinical sign of vestibular 
disease and it is seen when the head and the neck are in extension due to loss of 
antigravity tone (ventrolateral strabismus) (Fig. 2A). With neuromuscular strabismus 
the eyeball is fixed in a deviated position regardless of head position (Fig. 2B). 
Neuromuscular strabismus can be due to loss of innervation of the extraocular 
muscles or myopathy of the extraocular muscles. The direction of the neuromuscular 
strabismus depends on the affected cranial nerve or extraocular muscle/s. 
Dysfunction of the CN III results in ventrolateral strabismus; dysfunction of the CN VI 
results in medial strabismus (Fig.2C) and dysfunction of the CN IV results in rotation 
of the globe (the ventral aspect of the pupil in cats move dorsomedially while in dogs 
the pupil will be unchanged however the position of the superior retina vein is 
deviated laterally). Neuromuscular strabismus can be caused by orbital or 
intracranial disorders including congenital, inflammatory, infectious, neoplasia and 
trauma. With intracranial disorders, neuromuscular strabismus is usually seen as a 
part of the middle cranial fossa syndrome. 
 
 
 
 
 
 
 
 
 
 
 
Congenital divergent strabismus (exotropia), which may be unilateral or bilateral, 
occurs in brachycephalic breeds, including the Boston Terrier, English Bulldog and 
Pekingese. Vision and eye movements are normal and the condition appears non-
progressive. Although no cause has been identified, paresis and abnormal caudal 
insertion of the medial rectus muscle have been suggested as possible explanations. 
 
Congenital convergent strabismus (esotropia) has been reported in Albino and 
imperfect albino cats (including Siamese, Birman, Bengal and Himalayan cats). This 
type of convergent strabismus is not present at birth, but develops during the first 6 
months of life (Blake et al. 1974).  
 
 
Nystagmus 
 
Physiological jerk nystagmus is a rhythmical and reflexive eyeball movement, which 
can be assessed clinically performing the vestibulo-ocular reflex. Pathological jerk 
nystagmus occurs with unilateral dysfunction of the vestibular system. Physiological 
jerk nystagmus and pathological jerk nystagmus are absent with bilateral vestibular 
dysfunction. The abnormal nystagmus may be continuous (resting or spontaneous 
nystagmus) or may be observed when the head changes position (positional 
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nystagmus). The direction of nystagmus is defined as the direction of the fast phase 
of the nystagmus (right or left), and also as the plane of rotation (horizontal, vertical, 
or rotatory). The fast phase direction is usually away from the side of the lesion, 
except in cases of central vestibular disease with a paradoxical vestibular 
dysfunction. Pathological vertical nystagmus has been associated with dysfunction of 
the central vestibular system, however this clinical sign should not be the only sign 
used to differentiate between a central and peripheral vestibular dysfunction.  
 
Another type of pathological nystagmus has been recently described: 
Convergence‐retraction nystagmus. Ideally it should be referred as convergence-
retraction oscillations as it represents a disorder of the saccades rather than 
dysfunction of the vestibulo-ocular system. Convergence-retraction oscillations are 
irregular eye movements in which both eyeballs rhythmically converge and retract 
into the orbit, particularly on attempting an upward gaze. Convergence-retraction 
oscillations appear to be a highly specific neurological sign localizing to the dorsal 
midbrain (tectum and dorsal aspect of the tegmentum), which in combination with 
patient signalment and history, may be more suggestive of certain aetiologies 
including vascular, inflammatory or neoplastic. In humans this type of abnormal eye 
movement is seen as part of Parinaud’s syndrome, also known as dorsal midbrain 
syndrome. 
 
Opsoclonus and macrosaccadic oscillations are different forms of involuntary 
saccadic eye movement that have been reported in dogs and cats. These are 
usually associated with cerebellovestibular dysfunction. 
 
Amaurotic, wandering or searching nystagmus may be recognized in association 
with ocular abnormalities and congenital visual deficits, particularly if complete 
blindness is present from birth. The nystagmus associated with congenital visual 
deficits is characterized as either a continuous fine oscillation of both globes (often 
rotary) or random eye movements (amaurotic nystagmus or ‘searching nystagmus’). 
 
Eyelid innervation, function and dysfunction 
 
The eyelid muscles are mainly formed by the muscles that open the eyelids and by 
the muscles that close the eyelids. 
 
Opening muscles and innervation 
 

• Levator palpebrae superioris muscle – innervated by cranial nerve III 

• Levator anguli ocui medialis muscle – innevated by cranial nerve VII 

• Frontalis muscle – innevated by cranial nerve VII 

• Retractor anguli muscle – innevated by cranial nerve VII 
 
Closing muscles and innervation 
 

• Orbicularis Oculi muscle- innervated by cranial nerve VII (constricting the 
palpebral fissure and therefore closing the eyelids) 

 
The movement of the eyelid is mediated mainly by the facial nerve and its branches. 
Moreover, the facial nerve carries parasympathetic innervation to the lacrimal gland 
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as well as sensory information of the inner ear. There are several tests to assess the 
integrity of the motor fibres of the facial nerve. As discussed in the previous lectures, 
menace response testes the motor function of the facial nerve and the orbicularis 
oculi muscle. Other tests that similarly assess the facial nerve are the dazzle reflex 
and the palpebral reflex. 
 
When assessing the palpebral reflex both canthi of the eye are gently touched to 
stimulate the sensory innervation of the eyelid skin (branches of the trigeminal nerve) 
and elicit a blink It is important to stimulate both canthi since the sensory innervation 
differs medial canthus (ophthalmic branch of the trigeminal nerve) and the lateral 
canthus (maxillary branch of the trigeminal nerve). Threating movements need to be 
avoided to not stimulate a menace response instead of facial sensation. 
 
Branches of the facial nerve are often located superficially under the skin and some 
can be blocked at several points to reduce regional muscular movement; such is the 
auriculopalpebral nerve block commonly performed to facilitate ophthalmic 
examination in horses. On the other hand, traumatisms of the facial nerve are not 
uncommon. Traumatisms to the base of the ear of around the zygomatic arch are 
often associated to reduce or absent eyelid movement. Trauma will rarely affect the 
non-motor branches of the facial nerve, but neurogenic dry eye can occur secondary 
to parasympathetic denervation of the lachrymary gland. At this point it is worth 
considering that the integrity of the eyelids and tear film are paramount for a good 
ocular surface health. Patients affected with chronic facial paralysis will develop 
corneal exposure (lagophthalmus), with subsequent corneal dryness and ulcerative 
keratitis. Ulcers secondary to facial paralysis (neuroparalytic ulcers) are associated 
to a poor prognosis. In these cases, placement of permanent or temporary 
tarsorrhaphies may be indicated to prolong vision and globe retention.  
A dysfunction of the cranial nerve III will cause a ptosis of the upper eyelid, however 
the animal will still be able to close the eyelids. 
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The vestibular system when Should I be worried 
 
 
Elsa Beltran, Ldo Vet, DipECVN, PGDipVetEd FHEA, MRCVS, European and 
RCVS Specialist in Veterinary Neurology, Fellow of the Higher Education 
Academy, Associate Professor in Veterinary Neurology & Neurosurgery, The 
Royal Veterinary College, University of London, United Kingdom,  
ebeltran@rvc.ac.uk 
 
A thorough neurological evaluation considering the clinical reasoning is critical to 
successful management; by determining the location of the disturbance within the 
vestibular system, a list of differential diagnoses and a diagnostic plan can be 
formulated, in conjunction with recommendations for appropriate treatment and an 
accurate prognosis. 
 
The clinical signs associated to a vestibular system dysfunction include: 
 
Head tilt - Head tilt is described as a rotation of the head about the atlas (C1) 
vertebra, such that one of the ears is held lower than the other. Head tilt could be 
indicative of vestibular disease and is the most consistent sign of a unilateral 
vestibular dysfunction.  
 
Pathological jerk nystagmus occurs with unilateral dysfunction of the vestibular 
system. This abnormal nystagmus may be continuous (resting or spontaneous 
pathological nystagmus when the head is in a normal static position or may be 
observed when the head changes position (positional pathological nystagmus. The 
direction of this pathological nystagmus is defined as the direction of the fast phase 
of the nystagmus (right or left), and also as the plane of rotation (horizontal, vertical, 
or rotatory).  
 
Vestibular ataxia – With unilateral vestibular system dysfunction, animals may circle 
(tight), lean, veer, fall or roll to the affected side with the exception of the paradoxical 
vestibular syndrome where the vestibular ataxia is contralateral to the lesion. 
 
Wide-based stance is mainly seen with vestibulocerebellar dysfunction 
 
Vestibular (positional) strabismus - In order to evaluate if this strabismus is 
present in animals with vestibular syndrome, the head is raised and the neck is 
extended, so the position of the eye is challenged with the movement of the head. If 
the patient also presents head tilt, it is important to reposition the head in a normal 
position and then raise the head, otherwise the positional strabismus might not be 
visible.   ( 
 
Contralateral limb extension- The vestibulospinal tract facilitates the ipsilateral 
extensor limb muscles and inhibits the contralateral limb extensor muscles. 
Therefore, with vestibular dysfunction, animals might show contralateral limb 
extension tone  

 
An animal with bilateral symmetrical vestibular dysfunction has neither a head tilt nor 
a spontaneous or positional nystagmus. Bilateral vestibular ataxia is mainly 
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characterised wide excursions of the head with a crouched posture to avoid falling to 
either side and the animal lacks a physiological nystagmus.  
 
Animals with acute vestibular disease can present with vomiting or nausea 
associated with the disequilibrium. Meclozine (dogs: 25 mg/dog orally q24h; cats: 
12.5 mg/cat orally q24h), maropitant (dogs: 1 mg/kg s.c. q24h or 2 mg/kg orally 
q24h; cats: 1 mg/kg s.c., orally q24h) or ondansetron 0.5mg-1mg/kg every 12h to 
24h can be helpful in treatment of these clinical signs. 
 
The presence of head tilt, pathological jerk nystagmus, positional strabismus and/or 
vestibular ataxia are indicative of a dysfunction of the vestibular system and all can 
be present in either central or peripheral vestibular syndrome . Further evaluation is 
necessary to determine whether the central or peripheral components of the 
vestibular system are affected.  
 
Animals with central vestibular disease typically have additional clinical signs 
reflective of brainstem and/or cerebellar involvement, including: 
 

• Deficits of CNs V to XII 

• Evidence of ipsilateral paresis or postural reaction deficits due to involvement 
of the upper motor neuron (UMN) pathways and proprioceptive pathways to 
and from the limbs. 

• Obtunded mental status due to disturbance of the ascending reticular 
activating system 

• Cerebellar ataxia with paradoxical vestibular syndrome 
 
Pathological jerk nystagmus seen with central and peripheral vestibular dysfunction 
can be horizontal and rotatory. Pathological vertical jerk nystagmus and pathological 
nystagmus that change direction according to the position of the head have only 
been associated with dysfunction of the central vestibular system, however these 
clinical signs should not be the only ones used to differentiate between central and 
peripheral vestibular dysfunction.  

 
Animals with peripheral vestibular syndrome (VS) have a normal level of 
consciousness (although they can exhibit profound disorientation) and no evidence 
of postural reaction deficits. Facial neuropathy and/or Horner’s syndrome can be 
seen with peripheral VS, due to the proximity of CN VII (facial nerve) and the 
sympathetic nerve to CN VIII in the area of the petrous temporal bone. The head tilt, 
positional strabismus, vestibular ataxia and/or postural reactions deficits occur 
ipsilateral to the lesion with the exception of the paradoxical vestibular syndrome.  
 
Paradoxical vestibular syndrome is a unique clinical presentation characterized by a 
central vestibular syndrome opposite to the side of the lesion. This clinical 
presentation occurs with lesions affecting the caudal cerebellar peduncle or 
floculonodular lobe of the cerebellum. Signs of vestibular dysfunction in general 
always occur on the side where there the least activity in the vestibular nuclei. If 
there is an injury to the vestibular structures in the inner ear or the vestibular nuclei 
in the brainstem, then clinical signs occur on the ipsilateral side (vestibular nuclei will 
then have less vestibular activity).  
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Clinical signs of vestibular dysfunction have also been described in dogs with 
ischaemic infarcts in the thalamus. Paramedian thalamic lesions result in signs 
typical of vestibular dysfunction (contralateral head tilt, vestibular ataxia and 
pathological nystagmus). Extensive thalamic dorsal lesions might also cause 
vestibular ataxia, with falling and leaning to the side opposite the lesion, but 
nystagmus and head tilt do not seem to be a clinical feature.  
 
The differential diagnoses for an animal with vestibular syndrome vary considerably 
depending on whether the clinical signs of vestibular dysfunction are determined to 
be central or peripheral in origin. The most common disease processes causing 
central vestibular syndrome are neoplasia, infection/inflammation and ischaemic 
infarct, whilst the most common diagnoses in animals with peripheral vestibular signs 
are otitis media/interna (OM/OI) and idiopathic (geriatric) vestibular disease. 
However, it is important to apply the clinical reasoning when thinking about the 
differential diagnoses (Grapes et al. 2020). Developing a list of differential diagnoses 
in animals with vestibular syndrome relays on these important parameters: history, 
signalment, clinical course, lateralisation, the presence of pain and neuroanatomic 
localisation (central or peripheral vestibular system). A complete list of differential 
diagnoses for central, paradoxical and peripheral vestibular syndrome localizations is 
given in the following table:. 
 
Aetiological 
diagnosis 

Central vestibular 
syndrome 

Paradoxical 
vestibular syndrome 

Peripheral 
vestibular 
syndrome 

Vascular Cerebrovascular 
disease  

Cerebrovascular 
disease  

 

Inflammatory/Infectious Meningoencephalitis  Inflammatory/infectious 
granuloma (such as 
toxoplasmosis in cats) 

Otitis 
media/interna 
Nasopharyngeal 
polyps  

Toxic Metronidazole   Aminoglycosides, 
topical iodophors, 
chlorhexidine, 
others  

Trauma Head trauma Head trauma Trauma to the 
middle or inner 
ear 

Anomalous Intra-arachnoid 
diverticula  
Chiari-like 
malformation 

Intra-arachnoid 
diverticula 
Chiari-like 
malformation  

Congenital 
vestibular disease 

Metabolic Hypothyroidism  Hypothyroidism  

Idiopathic   Idiopathic 
(Geriatric) 
vestibular disease  

Nutritional Thiamine deficiency    

Neoplasia Intracranial tumours Intracranial tumours  Tumours of the 
middle/inner ear 

Degenerative  Lysosomal storage 
disorders 
Neurodegenerative 
diseases  
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Acute spinal cord lesions - From clinical signs to treatment 
 
Elsa Beltran, Ldo Vet, DipECVN, PGDipVetEd FHEA, MRCVS, European and 
RCVS Specialist in Veterinary Neurology, Fellow of the Higher Education 
Academy, Associate Professor in Veterinary Neurology & Neurosurgery, Royal 
Veterinary College, University of London 
 
 
Spinal cord disease (myelopathy) resulting in peracute (< 6 hours) or acute (7-24 
hours) onset of clinical signs in dogs and cats are commonly encountered in clinical 
practice.  This lecture reviews the clinical and diagnostic approach to peracute and 
acute myelopathies in dogs and cats and describes pathophysiology, clinical 
presentation, diagnosis, treatment, outcome and prognosis of specific disorders. The 
main focus is on diseases that typically result in peracute or acute myelopathy 
including vertebral fractures and luxations (VFL), intervertebral disc extrusions 
(IVDE) (degenerated IVDE and hydrated nucleus pulposus extrusions) and 
fibrocartilaginous embolic myelopathy (FCEM). Spinal cord disorders that occur 
infrequently, or that occasionally, but not typically, result in an acute clinical 
presentation are mentioned briefly. 
 
Neurologic examination and neuroanatomic localisation  
 
Unless an animal has been involved in a physical traumatic event and priority needs 
to be given to stabilisation of vital functions, the clinical approach to a dog or a cat 
with acute myelopathy involves taking a detailed history (including details on the 
rapidity of onset, the progression of the clinical signs, and the presence of 
hyperalgesia), preforming a general physical examination and a complete neurologic 
examination. The goals of the neurologic examination are: 
 

• to determine if the nervous system is affected  

• to establish an accurate anatomic diagnosis 

• to assess the severity of the neurologic dysfunction and predict prognosis 
 

In animals with a disorder affecting the spinal cord only, mental status and cranial 
nerve examination are always normal. The sympathetic innervation to the eye might 
be affected. Based on evaluation of posture, gait, postural reactions, resting muscle 
tone, spinal nerve reflexes, spinal palpation and nociception the lesion can be 
localised to one of the four regions in which the spinal cord is functionally divided 
(table 1).  
 
(Table 1) 
Spinal cord 
segments 
(localisation) 

Signs of dysfunction that could be present 
Resting muscle tone and spinal 
nerve reflexes in the limbs 

C1-C5 

General proprioceptive ataxia, paresis or plegia, 
postural reaction deficits, decreased or absent 
nociception in limbs on the same side of the body, 

or in all four limbs 

Spinal hyperalgesia 

Normal or increased in all four 
limbs 
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Cervical muscle spasm/ rigidity 

Horner’s syndrome 

Respiratory dysfunction  

C6-T2 

General proprioceptive ataxia, lameness (nerve 
root signature), paresis or plegia, postural reaction 
deficits, decreased or absent nociception in one 
thoracic limb only, or in limbs on the same side of 
the body, or in all four limbs  

Spinal hyperalgesia 

Cutaneous trunci muscle reflex decreased or 
absent (uni or bi laterally) 

Horner’s syndrome 

Decreased to absent in one or 
both thoracic limbs 

Normal or increased in the pelvic 
limbs 

 

T3-L3 

General proprioceptive ataxia, paresis or plegia, 
postural reaction deficits, decreased or absent 
nociception in one or both pelvic limbs.  

Spinal hyperalgesia 

Cutaneous trunci muscle decreased or absent 

caudal to the lesion  

Horner’s syndrome (only with T1-T3 spinal cord 
segment or associated nerve root lesions) 

Decreased to absent motor function and 
nociception in the tail  

Dysfunction of micturition (upper motor neuron 
bladder) and defecation  

Normal in the thoracic limbs 

Normal or increased in the pelvic 
limbs 

Increased muscle tone in the 
thoracic limbs if Schiff-Sherrington 
posture is present 

Decreased in the pelvic limbs if 
spinal shock is present 

L4-S3 

General proprioceptive ataxia, lameness (nerve 
root signature), paresis or plegia, postural reaction 
deficits, decreased or absent nociception in one 

pelvic or both pelvic limbs 

Spinal hyperalgesia 

Hypotonia, decreased to absent motor function 
and nociception in the tail  

Decreased to absent perineal reflex and anal tone 

Dysfunction of micturition (lower motor neuron 
bladder) and defecation 

Normal in the thoracic limbs 

Decreased to absent one pelvic or 

both pelvic limbs 

 

 
 
The clinical neuroanatomic localization may be challenging in animals presenting 
with Schiff-Sherrington posture and spinal shock.  
 
The Schiff-Sherrington posture can be observed in animals with acute and severe 
thoracolumbar spinal cord injuries and consists of extensor hypertonia in the thoracic 
limbs (as the only neurologic abnormality) and paralysis of the pelvic limbs (which 
often present signs of spinal shock) (Fig. 1).  
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This posture is caused by sudden loss of inhibitory input from the border cells (which 
are located in the L1 to L5 spinal cord segments) to the extensor motor neurons in 
the cervical intumescence. The Schiff-Sherrington posture spontaneously resolves 
within 14 days of onset. 
 
Spinal shock is a transient loss of muscle tone and segmental spinal reflexes in the 
limbs caudal to an acute and severe spinal cord injury (SCI). This phenomenon is 
caused by loss of descending facilitatory inputs, hyperpolarization and decreased 
excitability of the intumescence motor neurons. Generally in dogs, the first reflex to 
reappear is the perineal reflex, followed by the patellar reflex and by the flexor 
withdrawal reflex up to 12 hours later, although this timing can be variable. The 
pelvic limb muscle hypotonia can persist for 10 to 14 days, when it is replaced by 
normal muscle tone and subsequently by hypertonia. The site of spinal hyperalgesia 
(if present), evaluation of the cutaneous trunci muscle reflex, and repeated 
neurological examinations can aid to perform a correct clinical neuroanatomic 
localisation in animals presented with spinal shock. 
Severe cervical or cranial thoracic (C1 to T3 spinal cord segments) spinal cord 
lesions can affect the tectotegmental spinal tract and result in sympathetic 
denervation of the eye (Horner’s syndrome). This is characterised by miosis (which 
may be the only sign of Horner’s syndrome), enophtalmos, palpebral ptosis and third 
eye lid protrusion.  
 
Spinal hyperalgesia can arise from a disorder affecting any of the following 
structures: meninges, vertebral periosteum, spinal nerve roots or nerves, vertebral 
diarthroidal joints, and epaxial muscles Therefore the differential diagnosis list should 
include disorders involving all these structures in animals presenting with spinal 
hyperalgesia as the only clinical abnormality. 

 
Differential diagnoses  
The differential diagnoses for peracute and acute spinal cord diseases in dogs and 
cats, as well as typical anamnestic and clinical findings, and disease progression are 
summarised in table 2.   
 
(Table 2)  
Disease 

Typical anamnestic data 
Typical clinical findings and 
disease progression 

Vertebral fracture/luxation 
peracute onset after a known or 
suspected major trauma  

Severe spinal hyperalgesia, 
neurological deficits, signs of 
injury to other organs 

Degenerated intervertebral disc 
extrusion 

acute onset or acute 
deterioration 

Spinal hyperalgesia is common. 
Neurologic deficits may 
progress over time, 
lateralisation may be present 
but not as marked as in HNPE 
or FCEM.  

Elsa Beltran © 
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Hydrated nucleus pulposus 
extrusion  

peracute onset, frequently 
associated with physical activity 
or trauma 

Neurologic deficits are 
frequently markedly lateralised 
in cases of non-compressive 
and less lateralised in case of 
compressive and non-
progressive following the first 
24-48 hours 

Fibrocartilaginous embolic 
myelopathy  

peracute onset, frequently 
associated with physical activity 
in dogs 

Commonly there is no spinal 
hyperalgesia after the first 24 
hours. Neurologic deficits are 
frequently markedly lateralised 
and non-progressive after the 
first 24 hours. 

Spinal haemorrhage (intra or 
extramedullary) secondary to 
coagulopathy, vascular 
malformation, trauma, 
neoplasia, inflammation) 

peracute to acute onset  
Clinical signs and disease 
progression vary depending on 
underlying aetiology 

Meningomyelitis acute to subacute onset  
Spinal hyperalgesia is common. 
Frequently progressive. 

Discospondylitis, vertebral 
osteomyelitis, spinal epidural 
empyema 

acute to chronic onset 

Spinal hyperalgesia, pyrexia 
(especially with spinal epidural 
empyema), signs of infection in 
other body region/s 
Neurologic signs commonly 
progress over time. 

Primary or secondary spinal 
neoplasia 

subacute to chronic onset. 
Acute onset or acute 
deterioration can occur with 
pathologic fractures (vertebral 
bone tumours), spinal cord 
decompensation, haemorrhage 
or infarction 

Spinal hyperalgesia is generally 
absent with intramedullary 
lesions. Spinal hyperalgesia is 
common with lesions affecting 
the nerve roots, meninges or 
bone. Neurologic deficits 
commonly progress over time. 

 
Diagnostic investigations  
 
Diagnostic investigations in dogs and cats with acute spinal cord disease vary 
depending on the differential diagnosis list and include: 
 

• complete blood cell count, serum biochemistry and urinalysis as minimum 
clinicopathologic database in all animals with acute spinal disease. 

• serology and cerebrospinal fluid (CSF) polymerase chain reaction (PCR) tests 
for regional infectious disorders (e.g. Canine distemper virus (CDV), feline 
infectious peritonitis (FIP), Toxoplasma gondii, Neospora caninum) anytime a 
meningo(encephalo)myelitis is suspected. 

• coagulation testing (e.g. buccal mucosal bleeding time, prothrombin time, 
partial thromboplastin time, fibrinogen degradation product, D-dimers, von 
Willebrand factor) in breeds at risk for bleeding disorders if surgical treatment 
is a consideration or when a coagulopathy is suspected. 

• survey radiographs of the affected spinal region to investigate for VFL, 
discospondylitis, vertebral osteomyelitis, neoplasia or malformations. 

• thoracic radiographs (3 views) and abdominal ultrasound anytime neoplastic 
or multifocal infectious disease is suspected. 
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• cardiac ultrasound (to investigate endocarditis) and urine and blood culture - 
sensitivity in case of suspected discospondylitis, vertebral osteomyelitis or 
epidural empyema. 

• myelography, computed tomography (CT), CT-myelography and magnetic 
resonance imaging (MRI) to detect spinal cord compression or swelling. MRI 
is considered the imaging modality of choice to investigate the spinal cord, 
nerve roots, intervertebral discs and perivertebral soft tissues. CT is better 
suited for imaging bone (da Costa 2010). 

• CSF collection and analysis (including white and red cell counts, cytology, and 
protein concentration) anytime central nervous system (CNS) inflammatory/ 
infectious disorders, lymphoma or histiocytic sarcoma are suspected. 

• histology and/ or culture-sensitivity of material collected surgically or 
percutaneously. 

 

Vertebral fracture/luxation  

 
Diagnosis 
Survey radiographs (at least lateral views) of the entire spine should be performed 
as multiple VLF can occur and lower motor neuron signs can mask neurologic 
dysfunction due to a concurrent upper motor neuron lesion. Multiple VFL have been 
reported in 12% of cats and 15% of dogs following trauma. Ventrodorsal views 
should ideally be acquired with the animal in lateral recumbence (horizontal X-ray 
beam). When evaluating spinal imaging and assessing for the presence of instability 
it is important to consider that the position of the vertebrae in the image does not 
necessarily reflect the range of movement of the affected segments at the time of the 
traumatic event. Thoracic and abdominal radiographs should also be performed to 
investigate for concurrent injuries. 
 
Radiography has been reported to have a sensitivity of 72% for detection of vertebral 
fracture and 77.5% for detection of vertebral subluxation. CT provides excellent bone 
detail, can identify fractures that are not visible on survey radiographs and facilitates 
surgical planning. MRI is superior to CT in assessing spinal cord intramedullary 
pathology, epidural soft tissue changes (e.g. haemorrhage, traumatic disc extrusion) 
and the location and extent of damage to perivertebral soft tissue structures. In 
addition, MRI findings can provide valuable information to predict prognosis. 
Myelography should be avoided whenever possible in animals with VFL as it may 
cause seizures and neurological deterioration. 
 
Treatment 
Animals with traumatic VFL must be treated for any concurrent life-threatening injury 
first while keeping the spine as stable as possible. To date there is no evidence of a 
clinically efficacious pharmacological treatment (including methylprednisolone 
sodium succinate (MPSS), dexamethasone, N-acetylcysteine, dimethyl sulfoxide and 
ε-aminocaproic acid) to limit the spinal cord secondary injury in dogs. Treatment of 
the primary injury involves prevention of further contusive and compressive damage 
by vertebral stabilization and neural tissue decompression. Animals with unstable 
VFL and/ or moderate to severe spinal cord compression should undergo surgical 
treatment as soon as the systemic condition of the patient allows it. Conservative 
management (6 to 8 weeks of cage rest with or without external splinting) can be 
used in animals with mild or no spinal hyperalgesia and neurological deficits, stable 
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VLF and minimal to absent spinal cord or cauda equina compression. External 
bandage or splinting is better suited to cervical VFL than to thoracolumbar VFL. 
Analgesia including non-steroidal anti-inflammatories (in animals that have not 
received any steroids), opioids, and medications for neuropathic pain (e.g. 
gabapentin 10 mg/ kg q8 hours), should be administered to animals managed 
surgically or conservatively. High standard nursing care is essential to minimize 
complications. Recumbent animals should have clean padded bedding and be 
turned very gently every 4 hours to prevent decubital ulcers, decrease lung 
congestion and increase venous return. Physical rehabilitation should be initiated as 
soon as possible to minimize muscle atrophy, prevent muscle contracture, and 
increase blood circulation.  
 
Outcome and Prognosis 
The outcome and prognosis depend on the severity of the spinal cord damage and 
the concurrent life-threatening injuries. Severity of neurological status (e.g. 
involvement of an intumescence, loss of nociception), longitudinal extent of 
intramedullary hyperintensity on sagittal T2 weighted MRI, and prolonged interval 
from trauma to referral have been associated with poor outcome  
 
 

Degenerated intervertebral disc extrusion  

 
Hansen (1951) described two types of IVD degeneration classified as Hansen type I 
or chondroid degeneration and Hansen type II or fibroid degeneration. Hansen type 
I degeneration could lead to intervertebral disc extrusion (IVDE) while Hansen type II 
degeneration could lead intervertebral disc protrusion (IVDP). IVDE is characterised 
by a sudden herniation of degenerated nucleus pulposus through a fully ruptured 
anulus fibrosus into the vertebral canal. Any dog (age, sex, breed) can be affected, 
however they are usually young and chondrodystrophic dogs. The onset of the 
clinical signs is acute onset with variable degrees of spinal hyperesthesia to 
paraplegia with loss of nociception. Affected animals with IVDP are usually older with 
a more insidious clinical onset and less severe clinical signs (ambulatory 
tetra/paraparesis) and proprioceptive ataxia.  
 
Diagnosis 
Although survey radiographs can sometimes support the clinical suspect of 
degenerated IVDE, myelography, CT, CT myelography, or MRI are necessary to 
identify the site, side and extent of spinal cord compression. The diagnostic accuracy 
for determining the site and side of IVDE in dogs has been reported to range from 
54.5% to 97% for myelography, 80.3% to 94.5% for CT and 86.4% to100% for MRI. 
MRI is superior to myelography and CT in recognition of early IVD degeneration, 
characterisation of the extradural compressive material, assessment of spinal cord 
intraparenchymal pathology (including myelomalacia) and prediction of prognosis in 
dogs with IVDE. 
 
Treatment 
Conservative management is generally considered in animals with mild neurological 
dysfunction (spinal hyperalgesia to ambulatory paresis) and mild spinal cord 
compression. It consists of cage confinement for four to eight weeks, non-steroidal 
anti-inflammatory medication (in animals that have not received any steroids), 
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opioids, medications for neuropathic pain and muscle relaxant (such as diazepam or 
methocarbamol) and physical rehabilitation. Progression of clinical signs or lack of 
improvement in one to two weeks indicates treatment failure. Animals that respond 
well to conservative management should be restricted in their exercise for at least 
another six weeks after clinical signs have resolved. Recurrence of clinical signs 
after conservative management has been reported up to 33% in dogs affected by 
cervical IVDE and 30% in dogs with thoracolumbar IVDE. Surgical treatment is 
indicated when there is moderate to severe spinal cord compression, severe 
hyperalgesia, severe or progressive neurological deficits and conservative 
management failure. Surgical procedures vary depending on the location of the 
spinal cord compression and include ventral slot, dorsal laminectomy, 
hemilaminectomy, corpectomy, and pediculectomy to access the vertebral canal and 
remove the extruded disc and, if present, associated haemorrhage.  
Postoperative recurrence of IVDE has been reported in up to 41.7% of dogs because 
of further extrusion of the residual nucleus pulposus at the initial site of IDVE or a 
second IVDE at other IVD site. Prophylactic fenestration has been reported as a safe 
and effective procedure to prevent a recurrence of thoracolumbar IVDE in 
chondrodystrophic dogs. Postoperative care includes exercise restriction for 4-6 
weeks, pharmacologic treatment and nursing care similar to the one described for 
VFL. The prevalence of UTI in dogs has been reported as high as 27% in the first 
week after IVDE and up to 38 % in the first 6 weeks after IVDE.  
 
Outcome and Prognosis 
The prognosis depends on severity of neurological dysfunction, diagnostic imaging 
findings and type of treatment. The presence of nociception is considered as a good 
prognostic factor for functional recovery, however if nociception remains absent > 4 
weeks, then the prognosis is considered poor and functional recovery is very 
unlikely.  
 

Hydrated nucleus pulposus extrusions  

 
Griffins described another type of IVDH in 1970, which occurs when non-
degenerated nucleus pulposus extrudes during strenuous exercise or trauma 
causing spinal cord contusion with little or no residual spinal cord compression. 
Several terms have been used to describe this condition including acute non-
compressive nucleus pulposus extrusion (ANNPE), high velocity, low-volume disc 
extrusion or traumatic disc extrusion. The affected animals usually present with a 
peracute onset of clinical signs associated with myelopathy, non progressive and 
usually non painful or mildly painful. The MRI features compatible with ANNPE 
include evidence of reduced volume of the nucleus pulposus, focal hyperintensity 
within the overlying spinal cord on T2W FSE images, extraneous material or signal 
changes within the vertebral canal, and minimal spinal cord compression. This type if 
IVDH is usually a non surgical unless there is severe hemorrhage associated to this.  
 
Another type of IVDH is the hydrated nucleus pulposus extrusion (HNPE). The 
majority of the compressive HNPE are reported in the cervical spine. All dogs have 
acute (< 24 hours) symmetric non-ambulatory tetraparesis or tetraplegia and usually 
non painful. Respiratory dysfunction was observed in 33% of dogs. The median age 
at diagnosis is 9 years (range 8 to 13 years). Most dogs are non-chondrodystrophic 
and male. The most commonly affected IVD space was C4-C5 followed by C3-C4. 
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The presumptive diagnosis of compressive HNPE is based on the clinical 
presentation and magnetic resonance imaging features (extradural compressive 
material, isointense to HNP, immediately above a narrowed IVD space, with ill-
defined dorsal annulus and reduced NP volume). Histopathology of the extradural 
compressive material is necessary to achieve definitive diagnosis. Depending on 
severity of neurological dysfunction and spinal cord compression, surgical 
decompression or conservative management have been used in dogs with 
compressive HNPE. The majority of dogs (90%) reported with compressive HNPE 
had a favourable outcome and recovered ambulatory status within two weeks after 
onset. 
 
Intervertebral disk extrusions into the spinal cord are rarely reported in veterinary 
medicine. It is hypothesised that part of this type of IVDH results in forceful injection 
of intervertebral disc material (likely nucleus pulposus) into the spinal cord by 
penetrating the meninges. A definitive diagnosis of intramedullary IVDE can be made 
only via histologic examination of the intramedullary exogenous material. Magnetic 
resonance imaging (MRI) is useful for diagnosing intramedullary disorders but only a 
few studies report are reported in Veterinary Medicine. The MRI findings in this type 
of IVDH include the presence of hyperintense vertical and linear tracts involving the 
intervertebral disc space on T2-weighted MRI with concurrent spinal swelling. Linear 
tracts and focal hypointense areas on the T2W and T1W images are reported to 
hallmarks for the diagnosis of intramedullary IVDE. Some enhancement may be 
present in the periphery of the linear tract and the meninges. Some case reports 
have treated intramedullary IVDE with surgery. Prognosis is guarded in dogs with 
severe clinical signs at presentation (absent nociception). 
 
 

Fibrocartilaginous embolic myelopathy (ischemic myelopathy) 

 
Diagnosis 
The antemortem diagnosis of FCEM is based on the typical clinical presentation, 
exclusion of other etiologies of peracute/ acute myelopathy (through myelography, 
CT, or MRI and CSF analysis) and detection of signal intensity changes on MRI 
suggestive of spinal cord ischemic infarction. As ischemic myelopathy can occur also 
following obstruction of the intrinsic spinal vasculature by material other than 
fibrocartilage, including thrombi or bacterial, parasitic, neoplastic, or fat emboli, 
underlying medical conditions that may predispose to thrombosis or embolization, 
including cardiomyopathy, endocarditis, hypothyroidism, hyperthyroidism, 
hyperadrenocorticism, chronic renal failure, and hypertension, should be considered 
and investigated, particularly in cats wih suspected ischemic myelopathy. 
 
Treatment 
To date, there is no evidence of any beneficial pharmacological treatment for FCEM 
including methylprednisolone sodium succinate, other types of corticosteroids or 
NSAIDs. However, no prospective randomized blinded placebo controlled clinical 
trial has been performed to investigate the value of these or other pharmacological 
treatments in patients with FCEM. Advances in the treatment of secondary SCI (see 
section on VLF) would benefit also dogs with FCEM. 
Nursing care and physiotherapy play an important role in the management of dogs 
and cats with FCEM, particularly of those with severe neurological dysfunction.  
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Outcome and Prognosis 
Prognosis for dogs and cats with FCEM is generally favourable. Up to 84% of dogs 
and cats have been reported to recover to an adequate quality of life as a pet. 
Severity of neurologic dysfunction on presentation and longitudinal and transverse 
extent of the lesion seen on MRI can help to predict outcome in dogs with FCEM. 
 

Meningomyelitis  

 
Diagnosis 
Diagnosis of menigomyelitis is based on spinal MRI and CSF analysis. Serology for 
infectious aetiologies and CSF PCR, antibody or antigen titers, immunofluorescence 
and culture can help to reach an aetiologic diagnosis. Obtaining a definitive 
aetiologic diagnosis is often challenging. 
 
Treatment 
Treatment of infectious disorders depends on the identification of the aetiologic 
agent and selection of the appropriate antimicrobial therapy (when appropriate). 
Treatment of viral infections is mostly supportive and symptomatic. Treatment of 
immune-mediated disorders involves immune-suppressive medications. 
 
Outcome and Prognosis 
Outcome and prognosis are variable and dependent on the underlying aetiology, 
extent and severity of the neural tissue and meningeal inflammation, associated 
neurological deficits, and promptness of diagnosis and treatment (when available). 
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Seizures versus movement disorders - How Can I 
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Movement disorders in dogs are increasingly being recognised and reported in 
veterinary literature. Paroxysmal movement disorders involve a group of diseases 
characterised by episodic involuntary movements without changes in consciousness. 
They can be differentiated from epileptic events because during these episodes 
there is a normal state of consciousness, lack of autonomic signs, lack of a post-ictal 
phase and usually last longer than 2 to 3 minutes. Paroxysmal dyskinesia is a 
heterogeneous group of movement disorders characterised by episodic impairment 
of voluntary movement. 
 
Paroxysmal movement disorders have been described in a number of breeds in 
dogs, and is considered hereditary in Cavalier King Charles Spaniels, Scottish 
Terriers, Border Terriers and Chinook. Idiopathic episodic head tremors have also 
been considered movement disorders and are recognised as hereditary or breed-
associated disorders in Doberman Pincher, English Bull dogs and Boxers. 
 
EPISODIC FALLING/EPISODIC HYPERTONICITY IN CAVALIER KING CHARLES 
SPANIELS (CKCS) 
 
This is an autosomal recessive disorder that 
affects the protein brevican highly expressed in the 
CNS. The first clinical signs are seen between 3-
48 months of age. The episodes are characterised 
by exercise/excitement induced muscular 
hypertonicity (Fig. 1), arched spine and collapse 
without loss of consciousness. The duration of the 
episodes range from few seconds to few minutes 
and affected dogs are normal between episodes. 
There is a genetic test available. Treatment with 
clonazepam can result in some improvement, however some tolerance to this 
medication can occur. 
 
SCOTTIE CRAMP IN SCOTTISH TERRIERS 
 
This is also an autosomal-recessive trait, however the causative genetic mutation 
has not yet been identified. The onset ranges from 1month to 3 years of age. The 
episodes are also trigger by excitement, exercise and/or stress with duration 
between 5 to 20 minutes. The clinical signs are similar to the episodic falling 
syndrome of the CKCS. The episodes usually decreased in frequency and severity 
with time and change in the level of activity. Medical management with fluoxetine 
and diazepam have been reported to be beneficial. The prognosis is considered fair 

Fig. 1 
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CANINE EPILEPTOID CRAMPING IN BORDER TERRIERS 
 
There is no sex predilection and the majority of dogs suffer the first episode before 3 
years of age. The episodes are characterized by difficulty in walking, mild tremor and 
dystonia, with air licking, excessive stretching and extensor rigidity of all four limbs 
(Fig.2).  Excitement, waking from sleeps and stress are considered possible triggers. 
The episodes usually last less than 30 minutes but can be longer with even 
clustering over a few days. Therapeutic trials with phenobarbital, potassium bromide, 
and diazepam have failed to show any benefit on controlling the episodes. However, 
hypoallergenic diet have been suggested as possible treatment as some owners 
reported reduction in the frequency of the episodes up to 50% after this dietary 
modification. 
 
 
 
 
 
 
 
 
 
 
 
EPISODIC HEAD TREMOR SYNDROME 
 
This movement disorder is a suspected hereditary disorder in English Bulldogs and 
Doberman pinschers. The onset of clinical signs is usually seen in young dogs (<2 
years of age), however it has also been reported up to 9 years of age. It is 
characterised by sudden onset of vertical and/or horizontal rhythmic head 
movements lasting from a few seconds to several hours. The dogs are considered 
normal between episodes and there is not sex predication. Up to 66% of dogs can 
be distracted out of the episodes and antiepileptic medication has not proven any 
benefits. This disorder has been reported to disappear with time in up to 50% of the 
affected dogs. 
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Fig. 2 
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Canine and Feline Lymphomas – are they all the same?  
 
 
Špela Bavčar, DVM MANZCVS DipECVIM-CA (Oncology) FHEA MRCVS 
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2113 
sbavcar@sashvets.com 
 
 
Lymphoma is the most common haematopoietic malignancy in both feline and canine 
patients. Despite this, there are major differences in anatomical distribution of the 
disease, histopathological grade and immunophenotype, when comparing the two 
species.  
 
Unlike in dogs, retroviral causes of feline lymphoma are well defined and infection with 
FeLV and/or FIV can significantly increase the risk of developing lymphoma in cats, 
especially the mediastinal form. Despite the sharp drop in FeLV associated lymphoma 
cases in recent years due to introduction of FeLV vaccines, the overall incidence rate 
of lymphoma in cats is increasing.  
 
The most common forms of lymphoma in dogs, based on anatomical location, are 
multicentric (84%), gastrointestinal (5-7%), mediastinal (5%) and cutaneous (5%). In 
cats, this disease is most commonly associated with the gastrointestinal tract (36-
54%), and other forms, such as extranodal (6-18%), nodal (4-17%), and mediastinal 
(<15%) are less common and multiple anatomical sites can be involved in some cases 
(14-33%).  
 
Diagnosis of lymphoma in dogs is usually straightforward and fine needle aspirates 
alone are adequate for diagnosing the most common forms. Conversely, in cats, 
biopsies +/- immunohistochemistry tend to be necessary in many cases for 
differentiation between reactive lymphoid tissue, inflammation and lymphoma.  
 
Histopathological grade and prognosis related to the same anatomical site can be 
different in dogs compared to cats as well. For example, gastrointestinal lymphoma, 
most common feline and second most common canine form of lymphoma, tends to be 
histopathologically low grade in cats and high grade in dogs and therefore it carries a 
good prognosis in feline patients and poor prognosis in dogs.  
 
When chemotherapy is considered for management of the disease in either species, 
agent/drug specific doses and organs at risk need to be identified. For example, 
doxorubicin is known to be cardiotoxic in dogs in cumulative doses, which does not 
seem to be a clinically significant problem in cats, although renal toxicity is more 
commonly encountered and kidney function should be closely monitored in this 
species.  
 
There are also differences in patient compliance between the two species, which need 
to be carefully considered and discussed with the owners prior to starting treatment.  
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Tyrosine Kinase Inhibitors and their use in veterinary 
medicine 
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Tyrosine kinases (TKs) are key mediators of signalling pathways in cells. Located at 
the surface of the cell, within the cytoplasm or in the nucleous, TKs have been showed 
to be involved in regulation of normal cellular processes and also play an important 
role in the development, progression and spread of several types of cancer. Seventy 
percent of TK's are Receptor Tyrosine Kinases (RTKs) and these have become key 
targets for cancer therapy in veterinary oncology over the recent years.  

Four principal mechanisms lead to constitutive RTKs activation in cancer: gain-of-
function mutations, overexpression and genomic amplification, chromosomal 
rearrangements, and/or autocrine activation. 

The majority of tyrosine kinase inhibitors (TKIs) are small molecule inhibitors which 
work by binding to the RTK and preventing down-stream phosphorylation of target 
proteins.  

TKIs were developed in veterinary medicine to treat non-resectable mast cell tumours 
in dogs. Two licensed products are Toceranib phosphate (PalladiaTM, Zoetis, 
Michigan) and Masitinib mesylate (MasivetTM, AB Science, Paris, France). There was 
a need for alternative therapies to cytotoxic chemotherapy as responses were often 
dis- appointing and short lived. Approximately 30% of canine mast cell tumours have 
a mutation in the tyrosine kinase inhibitor KIT and two drugs were developed to target 
KIT.  

Following the launch of both drugs for canine mast cell disease there was widespread 
interest in using them to treat other neoplasia, particularly given the relatively wide 
array of potential targets. Numerous studies over the last 15 years have demonstrated 
that a wide array of canine tumours overexpress many of the tyrosine kinases that are 
targets for these drugs, including KIT, PDGFR and VEGFR.  

TKIs have been demonstrated to have efficacy against certain types of neoplasia 
under certain conditions, such as neuroendocrine tumours, gastrointestinal stromal 
tumours and anal sac adenocarcinomas, while they are probably not effective for 
management of metastatic osteosarcoma for example.  
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“Chronic” treatments in veterinary oncology 
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2113 
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Chemotherapy is the most effective systemic drug therapy in veterinary medical 
oncology. Cytotoxic drugs have been used at high doses, following the “maximum-
tolerated dose” concept, that has allowed clinicians to minimize life-threatening side 
effects. The application of this classic form of chemotherapy has helped to treat cancer 
patients, however permanent tumour control has been only occasionally achieved. 
Alongside this, treated patients have suffered various grades of toxicity, which mainly 
result from the untargeted treatments affecting all rapidly dividing cells, necessitating 
a break period between treatment sessions and/or dose alterations. 

Metronomic chemotherapy (MC) or low-dose “chronic” chemotherapy, can be defined 
as the oral administration of chemotherapy at relatively low, minimally toxic doses, on 
a frequent or continuous schedule of treatment, with no extended drug-free breaks.  

Although initially considered to exert its effects exclusively through anti-angiogenic 
mechanisms, MC has proven to be a multitarget therapy. The most relevant 
mechanisms of action can be currently divided into 4 major groups:(1) the effect on 
neovascularisation, (2) the effect on immune system, (3) the effect on cancer cells and 
cancer stem cells (CSCs) and (4) the induction of tumour dormancy.  

Metronomic regimes have 3 types of indications: 

1. First line treatment, recommended for patients diagnosed with advanced and/or 
incurable disease, for whom a traditional chemotherapeutic approach would entail 
potential limiting toxicity 

2. Consolidation therapy, following either adjuvant or neoadjuvant conventional 
chemotherapy, intending to prolong the acquired clinical state of remission in patients 
at high risk of recurrence, or by itself as an adjuvant therapy after surgery and/or 
radiation therapy 

3. Maintenance therapy, as a temporary substitute of previous dose- intense protocols, 
regardless the achieved response, with the intention of offering better quality of life.  

Cyclophosphamide is the most widely studied drug. Other cytotoxic drugs such as 
chlorambucil and lomustine have also been used in metronomic regimes with 
generally good tolerance. MC is almost always applied to cancer patients in 
combination with other agents, most commonly small molecules inhibitors and other 
non-chemotherapeutic agents, such as the non-steroidal anti-inflammatory drugs for 
example. 
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Oncological emergencies in small animals  
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Oncological emergencies can occur at any time during the course of a malignancy and 
need to be recognised promptly to maximise successful outcomes. 
 
An oncological emergency is defined as an acute condition that is caused by cancer, 
paraneoplastic syndrome or its treatment requiring rapid intervention to avoid death or 
severe permanent damage. 
 
Prompt identification with treatment of these emergencies can prolong survival and 
improve quality of life, even in the setting of terminal illness.  
 
Chemotherapy administration is considered a relatively safe procedure with fewer than 
25% of animals having adverse effects (AEs). Some of the AEs that can present as 
emergencies include: 

- Neutropenia 
- Anaphylactic reactions 
- Extravasation 
- Gastrointestinal toxicity and 
- Tumour lysis syndrome 

 
 
Paraneoplastic syndromes with potentially severe or life-threatening consequences or 
complications are: 

- Hypercalcaemia of malignancy 
- Hypoglycaemia 

 
 
Tumour related emergencies include: 

- Haemorrhagic effusions 
o Pericardial effusion 
o Peritoneal effusion 

- Pathological fractures 
 
 
While few neoplasms can be completely cured in veterinary medicine, treatment of 
some of these oncological complications can be rewarding and prolong a good quality 
of life for the affected animals. 
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Chemotherapy in practice 
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Chemotherapy is a common treatment modality in many veterinary cancer patients in 
addition to surgery and radiation therapy. Chemotherapy targets cells in process of 
division and leads to cell death. 
 
Cytotoxic drugs can lead to complete remissions for some disseminated cancers 
(lymphoma, for example), be effective in decreasing tumour size, and may prolong life 
in many other types of metastatic cancers, such as osteosarcoma. Chemotherapy can 
also be administered as a form of palliative treatment well as a radiosensitiser. 
 
The choice of specific therapies depends on tumour type (what it is), aim of treatment, 
clinical status of the patient, treatment related success, financial and time commitment 
of the owners and treatment related side effects. Other considerations that are 
important are related to patient compliance as well.  
 
Most of the chemotherapy protocols designed for veterinary patients have a < 5% 
incidence of severe, life-threatening complications. Side effects can be immediate, 
acute delayed or cumulative/chronic. Most common side effects are 
myelosuppression, anaphylaxis, and gastrointestinal. Certain chemotherapeutics can 
induce specific side effects as well (such as cardiotoxicity in doxorubicin).  
 
Safety when administering chemotherapy is important. There are risks associated with 
handling and exposure to cytotoxic drugs and their metabolites. Personal protective 
equipment (PPE) should be used when preparing and administering chemotherapy.  
 
Complications that can be encountered with chemotherapy administration include 
drug extravasation, overdose or spillage and every precaution should be taken to 
prevent these! 
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Cranial cruciate ligament insufficiency – Options for 
surgical managemen 
 
 
Dr Martin Owen BSc BVSc PhD DSAS(Orth) Dipl ECVS MRCVS 
 
Cranial cruciate ligament (CCL) insufficiency is the single most common cause of hind 
limb lameness in dogs and it is not uncommon in cats. CCL insufficiency includes the 
clinical conditions of CCL rupture and CCL disease. The former is generally identifiable 
by palpable craniocaudal instability in the stifle and the latter is not necessarily 
associated with palpable instability. In most patients, regardless of body mass, a 
quicker return to uninjured physical function and mobility is achieved with surgical 
management of this condition. Small patients can be managed conservatively with a 
reasonable expectation of recovery, but most will achieve a recovery faster with 
surgical management and larger dogs recover much better following surgical than 
conservative management. There are probably more surgical procedures and variants 
of technique for cranial cruciate ligament insufficiency than for any other condition in 
dogs. A thorough review is beyond the scope of these notes, in which I present some 
thoughts on a limited review. 
 
Imbrication techniques 
Originally described over 50 years ago, these techniques use a large suture placed 
around the fabella or fabellae. The original description of this technique recommended 
use of the distal patellar tendon as the tibial anchor point but this has been modified 
to the use of a tunnel in the proximal tibia. Several studies have examined the best 
anchor point for the tibial tunnel and currently, a point caudal to the insertion point of 
the patellar tendon and/or a point at the proximal extent of the groove for the long 
digital extensor tendon are both separately recommended as being ‘quasi isometric.’ 
Heavy duty monofilament nylon (a variety of surgically prepared fishing line) has 
become the suture material of preference and the technique of choice for securing the 
suture loop uses crimping, since the security achieved can be superior to and is less 
bulky and irritating to soft tissues than knotting. Not all crimping techniques are equally 
superior and compound action (double action) crimpers are recommended to achieve 
consistent and satisfactory suture loop security. The imbrication sutures should be 
secured when they are taut and whilst the stifle is restrained in a weight-bearing angle, 
because it is not possible to achieve true suture isometry and the objective is, 
therefore, to control stifle craniocaudal instability as best as possible when and whilst 
the stifle is in its typical weight-bearing angle. 
 
The lateral imbrication suture has become the most frequently performed variant of 
the imbrication techniques. A lateral suture is sufficient for most dogs and cats. 
However, for heavy dogs and for patients with marked craniocaudal instability of their 
stifle joint in association with cranial cruciate ligament rupture, I prefer to use both 
medial and lateral fabellotibial sutures. For giant dogs, if using a suture imbrication 
technique, I use double sutures, each placed medially and laterally. 
 
The sutures are best anchored through the fabellofemoral ligament and not in 
accordance with the original description of ‘around the fabella,’ since the latter can 
readily lead to the suture losing its anchor point, pulling off the fabella. 
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The fabellotibial suture techniques are generally effective at controlling CCL deficiency 
cranial tibial subluxation under the following conditions: 
 

• Tibia is not severely cranially subluxated 

• Chronic joint capsule thickening and/or medial buttress restricts tibial 
subluxation 

• Tibial plateau angle does not exceed 26° (Avoid TPA >26°) 

• The suture is well placed at both ends of the loop, in anatomically appropriate 
locations best chosen to resist cranial tibial shear/subluxation and appropriately 
and securely tightened 

 
There is a higher rate of failure to control cranial tibial subluxation when these 
conditions are not met. 
 
Meniscal Injury 
Meniscal injury is not uncommon secondary to cranial cruciate ligament rupture, with 
the medial meniscus becoming injured (and the lateral meniscus typically being 
spared) and risk factors include body mass, duration of lameness and degree of 
instability of the stifle joint. Historically, recognition has been given to the discomfort 
caused by medial meniscal tears and inspection of menisci for damage and surgical 
excision of damaged meniscal tissue has been advised. In recent years, some workers 
have questioned the value of treating meniscal tears and even recommended not 
performing a surgical check and therefore not treating meniscal lesions when present. 
I consider this approach to be poorly judged and whilst we continue to recognise 
meniscal tears as a source of lameness in association with CCL rupture, it is difficult 
to understand why folk aiming to treat lameness would choose to leave meniscal tears 
untreated.  
 
For me, the preliminary part of any and all CCL surgery includes inspection of and 
removal/transection of the diseased/ruptured CCL. Next, the menisci are inspected 
visually and physically. Torn and excessively mobile, softened medial meniscal tissue 
is probed, or grabbed with fine forceps and crushed/torn meniscal tissue is excised, 
and a perimeter of undamaged meniscus should be left in situ. 
 
‘Over the Top’ technique 
One of the earliest surgical procedures described for the management of CCL rupture 
was an intracapsular technique that used a 1-2 cm strip of fascia lata passed through 
the stifle joint (Paatsama 1952), through bone tunnels, in similar direction to that of the 
CCL. The Paatsama technique was modified by Arnoczky and colleagues, 
incorporating 1/3 of the patellar tendon into the graft, passing the graft through the 
stifle joint and then securing the graft to periosteum and to the lateral collateral 
ligament after passing the graft over the top of the lateral femoral condyle. No bone 
tunnels are used and thus the graft is less at risk of damage from the sharp edges of 
bone tunnels. Various modifications of the over the top procedure have been 
introduced since its first description, including description of different bone tunnels, 
which were deliberately avoided previously! 
 
Clinical studies and clinical experience has shown that the over the top techniques 
have a favourably low infection rate, perhaps due to the absence of use of permanent 
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foreign material. Return of limb function and recovery tends to be slow, perhaps due 
to high surgical morbidity and perhaps because craniocaudal stifle instability is fairly 
poorly controlled, presumably due to stretching of the repair tissues. Whilst infection 
rates appear acceptable, the re-intervention rate for the Over the Top procedure is 
high because of a high rate of postoperative medial meniscal injury. An unpublished 
study at the university of Munich found no difference in clinical outcomes between two 
cohorts of dogs in which the Over the Top graft technique was used. In one group, the 
Over the Top graft was harvested, excised and then deposited into the surgical waste! 
Hence, the clinical value of this and other ‘biological grafts’ and their ability to function 
as a replacement CCL is doubtful. 
 
Tight rope extracapsular repair 
In 2010, an extracapsular stabilising technique was described and marketed called 
the Tightrope procedure. This technique is minimally invasive and it uses a braided 
polyfilament, synthetic, non-absorbable material of great strength and minimal 
distensibility which is placed through bone tunnels that are positioned so as to create 
a ‘quasi-isometric’ extracapsular suture. The femoral tunnel is slightly cranial to the 
lateral fabella and the tibial tunnel is at the groove of the long digital extensor tendon. 
Whilst some workers report an infection rate of only 2.8%, this has not been widely 
reproduced and it is not uncommon or unexpected that use of a braided, non-
absorbable suture is associated with development of fistulous tracts. I do not favour 
this technique as a primary treatment, but I have used it to control persistent internal 
rotation instability associated with CCL rupture. 
 
Tibial Cranial Closing Wedge Osteotomy (CCWO) 
In 1984, Barclay Slocum described the cranially directed force that acts through the 
cranial cruciate ligament deficient stifle, causing cranial tibial subluxation. This force 
is generated by the combined action of the gastrocnemius group and the quadriceps 
group, both of which act at an obtuse angle to the tibial plateau, thrusting the tibial 
proximal tibia cranially during weight-bearing, when the cranial cruciate ligament is 
deficient. 
 
The tibial closing wedge osteotomy is typically performed towards distal end of the 
tibial crest, removing a wedge of bone with the intention of reducing the tibial plateau 
angle (TPA) to approximately 5°. Following this levelling of the tibial plateau, the 
cranial tibial thrust force is eliminated and the tibia no longer subluxates cranially 
during stance. This osteotomy distally migrates the patella, but this does not appear 
to cause clinically significant problems. This method of controlling the cranial 
subluxation of the tibia in the CCL deficient stifle started the revolution in the way we 
approach canine CCL rupture today. Dogs undergoing CCWO had rapid return to good 
limb function in comparison to dogs undergoing traditional surgeries like the LRIT or 
the Over the Top procedure. Furthermore, the CCWO is much more effective at 
controlling CCL deficient cranial tibial subluxation than traditional surgeries when the 
TPA is steeper than the lowest angles of TPA reported of 26°. (With TPA > 26°, 
fabellotibial sutures are less effective and sometimes ineffective at controlling CCL 
induced stifle instability). 
 
Whilst CCWO has revolutionised our understanding and our results in the 
management of CCL insufficiency, especially for dogs with high tibial plateau angles, 
some negative factors associated with the technique include: 
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• Slower healing than other osteotomy techniques, presumably due to distal 
location tending towards cortical, rather than metaphyseal 

• Slippery cortical linear osteotomy is subject to shear and double plating often 
necessary to prevent implant failure. 

 
Tibial Plateau Levelling Operation (TPLO) 
Slocum and Slocum described a new approach to reducing the TPA in 1993, 
introducing the TPLO. The TPLO employs a radial cut, which is made in the proximal 
tibial metaphysis, centred on the intercondylar eminences of the tibia, which 
approximates to the pseudo centre of rotation of the stifle joint. The osteotomy is 
caudal to the insertion of the patellar tendon and it typically cuts through the distal 
medial collateral ligament. Once cut, the proximal tibial fragment is rotated a measured 
amount, according to the pre-operative TPA and to the radius of the osteotomy. Once 
suitably rotated, the tibial plateau fragment is fixed in position using a TPLO plate. 
Custom designed TPLO bone plates that use locking screws and the vast explosion 
in publications in TPLO surgery appear to have assisted in lowering complication rates 
for TPLO and today, experienced surgeons achieve: 

• Low complication rates 

• Rapid healing 

• Rapid recoveries (back to normal activity in 8 weeks) 

• Early postoperative return of limb function 

• Control of cranial tibial subluxation in stifle with high TPAs 
 
These outcomes make this the procedure of choice for dogs of all sizes greater than 
4kg for me, but there is no doubt that this is a technically demanding procedure, with 
a significant learning curve. 
 
Tibial tuberosity advancement (TTA) and variants 
In the late 1990’s, Tepic and Montovan developed a tibial osteotomy technique in 
which the insertion point of the patellar tendon is advanced cranially, by osteotomising 
the tibial tuberosity/crest and inserting a spacer or ‘cage’ to displace cranially the tibial 
tuberosity. The underlying premise of the technique is that the femorotibial shear force, 
which leads to cranial tibial subluxation in the CCL deficient stifle, can be neutralised 
if the direction or angle of pull of the patellar tendon (PTA) is modified such that it acts 
at 90˚ to the direction of the tibial plateau. 
 
All tibial osteotomy surgeries require a greater level of skill than the ‘traditional’ 
surgeries and surgeon error and consequent complication rates are higher for 
begginers performing this surgery than for the ‘traditional’ surgeries for CCL rupture. 
 
The amount of advancement required to neutralise femorotibial shear is measured 
from a well-positioned and centred radiograph of the hind limb that includes the hip 
and the tarsus, with the stifle in a weight-bearing angle. Correct positioning is critical 
for this assessment. Surgically, a spacer or ‘cage’ of appropriate size is inserted into 
a gap created caudal to the osteotomised tibial tuberosity, thus cranially advancing 
the insertion point of the patellar tendon. The osteotomised tibial tuberosity is fixed to 
the tibial shaft and to the proximal tibial metaphysis with TTA specific implants. The 
original TTA technique describes a complete osteotomy of the tibial tuberosity and the 
advancement additionally incorporates a proximal migration of the tuberosity such that 
the proximodistal position of the patella position relative to the femoral trochlear is 
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maintained. In 2011, a modification to the TTA was described, in which the tibial 
tuberosity is incompletely osteotomised, leaving its distal attachment as a hinge point. 
Cranial advancement of the insertion point of the patellar is performed as before. 
Maintenance of the distal attachment of the tibial tuberosity potentially offers greater 
stability of this fragment, requires less implant to secure it after advancement and thus 
there is a theoretical opportunity for a lower complication rate. Because of the distal 
‘hinge point’ for the tibial tuberosity, as the tibial tuberosity is cranially advanced, the 
patella is distally migrated but this distalisation of the patella does not appear to be 
significantly deleterious in clinical practice. The distal migration of the insertion point 
of the patellar tendon does, however, have a counter effect on advancement and 
therefore on the ability to achieve the desired PTA, especially when proportionately 
large advancements are performed. 
 
 
Tibial tuberosity advancement procedures are associated with relatively low surgical 
morbidity and patients undergoing these procedures use the surgical limb well in the 
early postoperative period. However, the advantage of the patient’s early limb use is 
countered by: 

• technical issues of achieving accurate pre-operative planning 

• typical under advancement of tibial tuberosity achieved compared to pre-
operative plan 

• patients with continued cranial tibial subluxation, leading to related lameness 

• high rate of postoperative meniscal tears 
 
I have a number of uncertainties regarding the certainty of the mechanism of action of 
tibial tuberosity advancement surgery, one of which is the certainty with which we 
appear to assume that the quadriceps mechanism exerts sufficient tension on the 
patellar tendon throughout stance phase so as to neutralise the cranially directed 
shear force acting through the stifle. 
 
Triple Tibial Osteotomy (TTO) 
In 2007, a triple tibial osteotomy technique was described (Warrick Bruce and others), 
which combines the levelling of the TPA, using a cranial closing wedge, and 
advancement of the tibial tuberosity. A saw guide is recommended for this technique, 
which increases the accuracy of the osteotomies performed. The osteotomies tend to 
heal faster than those of the TTA or of the CCWO, leading me to favour this technique 
over the CCWO. There is a high rate of postoperative medial meniscal injury when the 
surgery is performed with the intention of making the PTA 90° to the tibial plateau at 
stance angle. Prior to performing TPLO surgery, I used this technique, routinely aiming 
to reduce the TPA to 0° and this approach appeared to give acceptably low rates of 
postoperative medial meniscal injury. The advanced tibial crest requires fixation with 
two pins and tension band wires to heal reliably and without migration. (And problems 
with loss of fixation of the tibial crest still occur with these implants). With these 
modifications, this is a useful technique for surgeons seeking TPLO-like results! 
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Cranial cruciate ligament rupture - When is a lateral suture 
as good as a TPLO? 
 
 
Dr Martin Owen BSc BVSc PhD DSAS(Orth) Dipl ECVS MRCVS 
 
 
I have little doubt that more of the dogs undergoing TPLO surgery have a rapid 
recovery than do the dogs undergoing lateral suture stabilisation, but despite this, 
there are situations in which a lateral suture can be a good surgical option for the CCL 
deficient stifle joint. In our clinic, a lateral suture is not as good as a TPLO, and I don’t 
generally think that it is. Dogs undergoing lateral suture surgery are typically lame for 
longer post-surgery and we recommend restriction of activity for 16 weeks following 
lateral suture surgery, twice as long as the 8 weeks of postoperative restriction 
following TPLO. But when a TPLO is not an option for a patient, using careful patient 
selection and with strict attention to surgical detail, good (but slower), outcomes can 
be achieved. 
 
Tibial plateau angle (TPA) not steeper than 26° 
The crimped leader line extracapsular suture placed from the lateral femorofabellar 
ligament to a quasi-isometric bone tunnel in the proximal tibia can be an effective 
passive restraining device at controlling tibial subluxation in the CCL deficient stifle 
joint. 
 
When the CCL is diseased or ruptured, the cranial tibial shear force generated through 
the stifle pushes the tibia along and parallel to the tibial plateau angle. The ability of a 
fabellotibial suture (or sutures) to passively restrain the tibia from cranial subluxation 
is a function of the angle (and tension) of the fabellotibial suture (FTS). Ideally, the 
direction of the FTS would be parallel to the TPA, since this would most readily resist 
tibial thrust. However, the FTS is never parallel with the TPA and for steeper TPAs, as 
the TPA increases, so the disparity of direction of the FTS increases, making the FTS 
less capable of resisting cranial tibial thrust. A clinical study (Havig and others 2007) 
showed no difference in outcomes in lameness in dogs with TPAs ranging from 18 to 
35° and perhaps this suggests that the FTS can be used well in dogs with a TPA of 
35°, yet despite this the author does not recommend its use when the TPA exceeds 
26° for fear of uncontrolled stifle instability. 
 
In cats, the TPA is typically 21° to 25° (Schnabl and others 2009) and thus in most 
cats, a lateral suture can be positioned and placed to effectively control tibial 
subluxation. However, this study did report a TPA of 37° in a cat with a ruptured CCL, 
hence TPA should be assessed in cats, as in dogs, prior to using the lateral suture for 
CCL rupture in cats. My impression is that the cats I have treated for CCL rupture have 
had a lower rate of meniscal injury than dogs, though Ruthrauff and others (2011) 
report meniscal injuries in 66/98 cats with CCL rupture. If there is a lower tendency for 
meniscal injury in cats, then the lateral suture has less work to do in preventing post-
surgical meniscal tears, to secure a good surgical outcome. On occasions, cats (as 
well as the very occasional dog) with CCL rupture are presented with severe cranial 
tibial subluxation/luxation. My experience is that these severely subluxated stifles are 
not reliably stabilised using a lateral suture alone. For these, a temporary transarticular 
device is placed in addition to the lateral suture to restore and maintain stifle stability. 
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I do not think that cats require TPLO for CCL rupture but I have heard others report 
performing TPLO surgery in cats, with universally good outcomes without any need 
for postoperative restriction of activity. If these reports are true, then there is a role for 
TPLO for cats in offering a restorative surgery with a recovery that does not require 
postoperative restriction. 
 
Place suture in a quasi-isometric position, suitably tensioned and secured well 
at anchor points and as a loop 
 
The anchor points for the lateral suture should be optimally placed to maximise 
success rates at controlling stifle stability. Techniques to achieve this include: 

• When using fabellar tibial suture/s, ensure to pass and to secure the suture 
through the substance of the femorofabellar ligament and not around it 

• When using a bone anchor in place of a femorofabellar ligament anchor point, 
learn how to place the bone anchor in the femoral condyle at the distal margin 
of the lateral fabella – this is difficult to achieve reliably! 

• Place the tibial anchor point in a quasi-isometric point and tighten the suture 
with the stifle in a standing angle. Two quasi-isometric points for the tibia have 
been described: i. Just caudal to the insertion point of the patellar tendon 
(Fisher and others 2010) and ii. Just caudal to the proximal groove of the long 
digital extensor. I prefer the latter position because of the preferred direction of 
the resultant suture, which is closer to that of the CCL direction. 

 
Meniscal tears 
The risk factors for medial meniscal tears include: 

• Body weight 

• Duration of CCL rupture at time of treatment 

• Complete versus partial CCL rupture 
 
Medial meniscal injury appears to occur more as a post-surgical complication following 
lateral suture surgery than it does following TPLO.  
 
Therefore, some factors that favour ‘acceptability’ of the lateral suture technique for 
CCL rupture include: 

• Absence of factors known to predispose to meniscal injury 

• Substantial meniscal injury already evident at time of surgery, since once a 
significant caudal horn tear has formed and been treated, further meniscal 
injuries do not occur 

 
Body weight 
Should lateral suture only be used in small dogs? When the TPLO was introduced, it 
was generally recommended that large dogs would have a better outcome from their 
CCL surgery when treated by TPLO. (And as our experience with TPLO has increased 
and our surgical skill has improved, TPLO has been used for all sizes of dogs and the 
prevailing opinion is that TPLO good surgical outcomes exceed those of other 
techniques for all sizes of dogs). We have therefore moved away from considering a 
lateral suture for large and giant breed dogs. However, large and giant breeds can 
have successful outcomes following lateral suture surgery - Casale and others (2009) 
report satisfactory outcomes in dogs as large as 104kg. They report that 3 lateral 
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sutures were used in some dogs, presumably the largest individuals in their cohort. 
These authors also report that dogs suffering complications were typically heavier than 
dogs without complications. This is generally true for all CCL surgeries and hence not 
a reason to avoid lateral suture surgery in large dogs. 
 
When using the lateral suture technique for CCL rupture in large and giant dogs, 
attention should be paid to use of sufficient sutures of sufficient tensile strength. 
Consideration should also be given to use of medial fabella-tibial suture/s. 
 
Robust guidelines for use of tensile strength and number of sutures to use according 
to body weight are hard to find. For monofilament nylon, the following guidelines are 
available from Veterinary Instrumentation (UK). 
 
Strength of line Weight of Dog 
 

Strength of line  Weight of Dog 

50lb  10-15kg 

80lb 15-20kg 

100lb 20-40kg 

100lb x 2 40kg+ 

 
As many as four lines may be used. Medial sutures can be used if the stifle is very 
unstable. 
 
Nylon leader line sutures should be crimped, using a double action or compound 
crimper, since hand strength is otherwise a major factor in crimped loop security 
(Moores and others 2006) and loops crimped by weak hands will lengthen and loosen. 
 
Braided and coated polyethylene and polyester sutures have been re-introduced to 
veterinary surgery in recent years. I do not think that the increased risk of infection 
with these sutures is negated by any potential advantage these sutures offer in terms 
of their resistance to cycling and elongation. 
 
Traumatic Cruciate Rupture 
I am careful to avoid TPLO in true major trauma-induced CCL rupture eg. Motor car 
collisions. In these injuries, there is danger of injury to other structures eg the caudal 
cruciate ligament, in addition to the CCL rupture. Successful outcome following TPLO 
depends upon a functional caudal cruciate ligament. I have missed a caudal cruciate 
ligament injury in such a case, performed TPLO and the stifle subluxated caudally, 
giving a poor clinical result. 
 
Recovery, Rehabilitation, Realism 
A lateral suture is as good as a TPLO when you and the client are willing to accept a 
16-week period of restricted activity for recovery following lateral suture ‘repair.’ The 
recovery is slower than TPLO, but in the long-term, the functional differences in 
outcome are slight – both surgeries result in improvement for the patient and those 
improvements are more similar than they are different. There are multiple studies 
reporting increased radiological progression of osteoarthritis following lateral suture 
compared to TPLO but I do not know if anyone has shown any clinical relevance to 
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this – old dogs that have had a lateral suture do not seem to be substantially worse 
on their legs than old dogs who have had TPLO surgery! 
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Patellar luxation – Diagnosis and Surgical Management 

Dr Martin Owen BSc BVSc PhD DSAS(Orth) Dipl ECVS MRCVS 

Patellar luxation is a common cause of hind limb lameness in dogs and in cats. 
Typically, small dogs are more commonly presented with the condition, though 
medium and large breeds are also affected in smaller numbers. Patellar luxation is not 
uncommon in cats. In both species, breeds and cross breeds are affected and medial 
patellar luxation is most common, occurring in approximately 85-90% of cases in dogs, 
with lateral luxation occurring in 10-15% of cases. Lateral patellar luxation appears to 
be associated with higher severities of lameness than medial patellar luxation. 

Pathophysiology 

The pathophysiology of patellar luxation is complex and multifactorial and whilst much 
is known, the aetiopathogenesis is still incompletely understood. In affected animals, 
there is an imbalance in the forces that normally keep the patella aligned on the cranial 
aspect of the stifle joint. In the growing animal, once the patella luxates, secondary 
developmental changes occur that further favour the tendency towards luxation. In the 
adult, continual luxation of the patella wears structures that normally maintain the 
patella in the trochlear groove.  

Clinical presentation 

Dogs and cats suffering patellar luxation are generally presented with signs of hind 
limb lameness from the age of 5 months and above. Typical presenting signs include 
lameness or skipping, and clients often report intermittent lameness that resolves, 
sometimes following sitting, straightening the leg and/or massaging the leg. 
Sometimes, cats shake the affected leg. As the age of presentation of the patient 
increases, so does the tendency to present with a persistent, rather than intermittent 
lameness.  

Clinical grades of patellar luxation 
A clinical grading system is useful to describe the severity of the degree of luxation of 
the patella. This grading system is modified from Singleton (1969) 

Grade Clinical features 

0 Normal. The patella cannot be luxated, even with substantial digital 
pressure applied to the medial/lateral edge of the patella. The patella 
can be displaced towards or onto the trochlear ridge, but not over it 

I/IV The patella is reduced. It can be displaced out of the trochlear groove 
and over the trochlear ridge with substantial pressure. The patella 
readily returns to the trochlear groove. Most of the time, this grade of 
patellar luxation is not clinically relevant 

II/IV The patella is reduced. It can be displaced over the trochlear ridge 
readily and with moderate or little digital pressure. The patella readily 
returns to the trochlear groove. 
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III/IV The patella is luxated. It can be displaced over the trochlear ridge 
readily and with moderate or little digital pressure, so that it is reduced 
in the trochlear groove. The patella readily escapes from the trochlear 
groove, reluxating. 

IV/IV The patella is luxated. It cannot be displaced into the trochlear groove 

Patellar 
instability 

The patella can be displaced mediolaterally but there is no discernible 
trochlear ridge hence it cannot be luxated since there is no groove.   

Clinical presentations of patellar luxation 

Young dogs and cats are presented with either intermittent/skipping lameness or 
persistent lameness, depending upon the severity of patellar luxation. 

Grade I. This grade of patellar luxation is rarely associated with the cause of lameness 
and is most often an incidental finding. Occasionally, in dogs with a history of an acute 
episode of short-lived lameness grade I/IV patellar luxation might be relevant. 
Grade II. Affected dogs/cats typically have a history of skipping lameness or 
intermittent lameness. If intermittent, the lameness might improve after the dog sits or 
if the stifle is massaged or manipulated by the owner. The frequency of occurrence of 
lameness progresses from intermittent to recurrent, to persistent. Tiny dogs might be 
uncompromised by grade II patellar luxation and show no signs of lameness or 
impaired activity. 
Grade III. Affected animals are persistently lame 
Grade IV. Affected animals are persistently lame and may have altered posture and 
gait eg ‘crouching gait’ 

Adult dogs with patellar luxation are typically presented with a persistent, chronic 
lameness and they are usually presented with grades II and III patellar luxation. Adult 
dogs have typically had patellar luxation since they were immature and when there is 
increased severity of lameness in the adult, this is usually due to eburnation of the 
patella and ‘bone on bone’ pain or due to concurrent cranial cruciate ligament 
insufficiency. On occasions, adult cats and dogs suffer a traumatic patellar luxation, 
which can occur at exercise in dogs and typically following external trauma in cats. 
Grades I-III of luxation can be present and digital luxation of the patella is typically 
painful for the patient. 

Orthopaedic examination findings 
These are predictable: 

• Lameness

• Patellar luxation

• +/- signs of orthopaedic disease e.g. cranial cruciate ligament insufficiency

Patellar luxation is most readily detected in the conscious patient and not in the 
anaesthetised or sedated patient. Hence the patient should be carefully examined 
when conscious. The patella is most ‘luxatable/reducible’ when the stifle is at standing 
angle but the affected limb is not fully load-bearing. I find it helpful to place the dog’s 
paw on top of my foot for examination of the stifle! This seems to make the dog apply 
less weight through the limb. 
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Keeping the stifle at weight bearing angle, I typically first check for medial luxation 
(and then lateral luxation if there is no medial luxation). For assessing for medial 
luxation, finger/thumb pressure is applied to the lateral aspect of the patella whilst the 
hind paw is internally rotated. If the patella luxates, I assess: 

• How readily

• Presence of crepitation

• How willingly the patella returns to a reduced position

• Pain

For lateral luxation, the hind paw is externally rotated, pressure is applied to the medial 
aspect of the patella, attempting to displace it laterally. Make the assessments as 
above. Both hind limbs should be assessed fully and a full orthopaedic examination 
should be performed. 

Diagnostic Imaging 

Standard orthogonal radiographs are useful for surgical planning, to investigate for 
evidence of signs consistent with patellar luxation and to check for concurrent and/or 
compounding disease. Typically, for grades I-III, the patella reduces when the limb is 
position for radiographs and only for grade IV cases is the patella reliably imaged in 
the luxated position. Features to look for include: 

• Signs of effusion. Patellar luxation is typically associated with only mild effusion.
Significant effusion, especially in adult dogs, suggests additional disease (eg
cranial cruciate ligament disease, neoplasia)

• Signs of osteoarthritis

• Skeletal deformity – medialisation of the tibial tuberosity, hypoplasia of the
medial femoral condyle, bowing of distal femur or proximal tibia.

In medium and large dogs, a true craniocaudal projection of the femur should be 
evaluated for femoral conformation. Femoral lateral/varus bowing has received 
significant attention in the literature in recent years and when present with patellar 
luxation, its presence should be documented and considered. In my experience, in 
small dogs, femoral varus is rarely of any clinical significance and the patellar luxation 
can generally be surgically corrected without addressing the femoral varus. In medium 
and large breeds, femoral varus deformity should be addressed. A true craniocaudal 
projection of the femur can be obtained by: 

• Horizontal beam, with the dog on its back and the hind limb lifted vertically

• Vertical beam, with dog on its back and hind limb pulled cranially, ensuring the
stifle is carefully positioned at the same vertical level as the greater trochanter.

Even with careful positioning, the femur is often not appropriately aligned with the x-
ray cassette and artifactual apparent femoral varus is readily ‘produced’ on 
radiographs. When femoral varus appears to be present, we perform a CT and in most 
cases, there is no femoral varus. The femoral varus angle is measured between the 
perpendicular from the distal femoral transcondylar axis and the proximal femoral 
anatomic axis. Corrective femoral surgery has been recommended when there is a 
distal femoral varus angle of greater than 12 degrees. 

On pre-operative radiographs, I like to measure the mediolateral dimension of the 
patella in preparation for patellar and trochlear groove surgery and I like to plan for a 
tibial tuberosity/crest transposition, making appropriate measurements for the 
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craniocaudal and proximodistal dimensions of the planned tuberosity/crest fragment. 
This fragment should be cut at or just cranial to the long digital extensor groove, 
making the fragment approximately 1/3 the craniocaudal thickness of the tibia at the 
level of the insertion of the patellar tendon. 

Surgical planning for patellar surgery 

Surgical techniques for correction of patellar luxation 

Successful surgical correction of patellar luxation includes an osteotomy or 
osteotomies in all cases other than, perhaps, traumatic patellar luxation. Unsuccessful 
patellar luxation surgery is generally attributable to inadequacies in osteotomy 
corrections. Assessment of pre-operative imaging gives some indication as to whether 
tibial crest transposition might be required, but in practice, the surgical techniques 
used in individual cases are at the surgeon’s discretion, with differing approaches 
having similarly successful outcomes – some surgeons routinely transpose the tibial 
crest and some do not. 

My routine surgical approach is as follows: 

• Standard craniolateral approach

• Reduce patella. Perform medial release of soft tissues, if necessary, until
patella is readily reduced

• Flip patella upside down, excise parapatellar fibrocartilages, narrow patella with
sagittal saw, measure patellar width (mm)

• Make deep block recession sulcoplasty, replace patella, ensuring more than
50% submerged

• Assess patellar stability

• Osteotomise and transpose tibial crest, if necessary, to retain patella. Always
use a tension band, (sometimes two in large dogs)

• Place anti-rotation suture, if necessary

• Place fabellar-patellar suture, if necessary

• Imbricate tissues

I do not think that intraoperative assessment of the adequacy of surgical correction of 
patellar luxation is entirely predictive of postoperative success – some patients have 
a patella that reluxates, despite a stable and reduced patella at the end of corrective 
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surgery. I warn owners of this and, for all cases, I move the tibial crest as far as 
possible and I ensure a deep trochlear groove, with a patella that recesses deeply. 
Postoperative radiographs 
Postoperative images are taken to assess correct positioning of osteotomies and of 
implants. 

Postoperative care 

• An adhesive dry dressing is applied until a serum seal forms.

• An Elizabethan collar for 10 days

• Strict restriction of activity (short lead, no free running, jumping) for four weeks

• Re-examination and check radiographs 4 weeks postoperatively

• Continued restriction of activity until a total of 8 weeks postop recovery have
elapsed
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Patellar luxation – What can we learn from my mistakes? 

Dr Martin Owen BSc BVSc PhD DSAS(Orth) Dipl ECVS MRCVS 

Experience does not prevent mistakes but with attention to detail, you tend to make 
new ones and generally you don t make the old mistakes as often as you used to, 
hence errors decrease and success rates increase when we are aware of and we 
avoid potential dangers. 

Pre-operative mistakes 

Failure to perform orthopaedic examination in conscious patient. 
As previously discussed, patellar luxation is most evident in the conscious patient, 
when there is some muscle tone in the quadriceps mechanism. Assessment of the 
position of and the tendency of the patella to luxate should be performed when the 
patient is conscious since this gives a significantly greater predictive understanding of 
whether palpable patellar instability is actually associated with clinically relevant 
luxation or not. In some patients with clinically relevant grade II patellar luxation, it is 
often difficult to luxate the patella once the patient is anaesthetised and the limb 
muscles are relaxed. In contrast, in most patients, once they are anaesthetised, it is 
possible to displace the patella a little when the stifle is fully extended and this 
phenomenon can lead to the erroneous conclusion that there is patellar luxation when 
is not clinically significant. 

Examine and check for additional orthopaedic and neurological problems that 
contribute to/cause hind limb lameness. Patellar luxation can occur concurrently with 
additional disease and presence of patellar luxation does not exclude the possibility of 
additional disease. Pay particular attention to neurological impairment/deficits in ‘at 
risk’ breeds e.g. Bull dogs and ensure to complete a meticulous orthopaedic 
examination in all patients so as to identify any concurrent orthopaedic abnormality. 
Investigate and characterise any concurrent orthopaedic or neurological problem 
before undertaking corrective patellar luxation surgery. 

Imaging errors 
When using digital imaging, it is very useful to use a scaler (e.g. radio-opaque sphere 
of known size) that is appropriately positioned at the level of the bone imaged. Failure 
to position the scaler at the level of the bone of interest can lead to errors of 
measurement creation of incorrect osteotomies, with fragments being too small/thin 
and the strength of the resultant structures being less than planned. 

Critical attention should be applied to achieving accurate positioning for radiography 
in order to produce accurate craniocaudal and mediolateral radiographs of the areas 
of interest. Inaccurate positioning leads to inaccurate measures for pre-operative 
planning. 

For assessment of the presence of femoral varus, positioning is particularly important 
since rotation and/or failure to achieve a true craniocaudal projection of the femur each 
contribute to creating the artefactual presence of femoral varus deformity. In order to 
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achieve a satisfactory craniocaudal projection of the femur, positioning should be as 
follows: 

• Horizontal beam, leg vertical, cassette vertical, OR

• Dog on back, leg pulled forward and NOT v/d extended.

It is often necessary to multiple views, making positioning adjustments until the true 
craniocaudal projection is achieved. Tips for correct positioning include: 

• Length of femur on image is the same as the for the lateral projection image
(no foreshortening) 

• Fabellae bisect caudal femoral cortices

• Femoral condyles not rotated, looking symmetrical

• Patella in middle of femoral condyles

If CT is available, it is often quicker to assess for femoral varus by CT than by 
radiography. Failure to recognise the presence of femoral varus greater than 12 
degrees and to correct it in medium/large breeds is likely to increase the risk of failure 
of medial patellar luxation corrective surgery. In my experience, in small dogs, it is 
unnecessary to correct femoral varus unless there is marked deformity of both the 
femur and tibia and a femoral varus angle well in excess of 12 degrees. 

If there is marked deformity in the hind limb/s, such as torsional deformity, take multiple 
views in order to achieve true mediolateral and craniocaudal views of the distal femur 
and of the proximal tibia separately and independently of each other. For marked 
deformities, CT is preferable to radiography. This enables accurate assessment and 
planning of the measurements for corrective osteotomies and avoids mistakes! 

Surgical mistakes 

Despite being comprised of fairly uncomplicated procedures, there are plenty of 
opportunities for errors in performing patellar luxation surgery. 

Trochlear groove errors 

• The trochlear groove can be recessed by the V shaped wedge or by the ‘block’
technique. In recent years, I have exclusively performed the block technique. It
gives a groove wide enough to accept the patella that extends more proximal
than that of the wedge technique. The recurrence rate of patellar luxation after
surgery is much lower using the block technique in my hands.

• Trochlear recession too narrow. Flip the patella upside down to measure its
width, using a surgical calliper. The trochlear groove recession must be wider
than the patella. Do not fear making the outer edges of the femur too thin and
thus make the groove too narrow for the patella – measure the patellar width,
transfer this width to the femoral trochlear, make the trochlear recession a little
wider to accommodate the patella. If the groove is only just wider than the
patella, the cut edges of the femoral trochlear are generally strong enough to
resist fracture. However, if the trochlear recession is not wide enough, the
patella will not be stabilised, no matter how deep the narrow, recessed groove
is. If you make this mistake, consider narrowing the patella until it fits in the
modified, recessed groove.

________________________________________________________________________________________________ 
 Eastern European Regional Veterinary Conference 2022 Scientific Proceedings

 
273



• Groove too shallow. The patella should recess 50% its depth in the new groove.
Measure the craniocaudal depth of the patella on pre-op images and measure
the depth of your recessed groove. Deepen the groove to >50% depth of the
patella.

• Patella does not lie in the recessed groove. Turn the patella upside down,
resect the parapatellar fibrocartilages. Carefully trim the medial and lateral
edges of the patella with a sagittal saw, making straight vertical edges. It is very
easy to see the patella lying in the recessed groove after doing this – ensure
50% depth or more!

• Saw blade too thick. Ideally, use a 0.3mm saw blade to make a block recession
sulcoplasty. A thicker blade will make the block loose in the groove created.
Stabilise the block by pushing cancellous bone slices into the gap/s using a thin
osteotome.

• Osteotome too thick. Block will fracture as it is lifted from its bed in the femoral
condyles. Use a thin osteotome, not standard one, with width almost as wide
as the block. I use B Braun. Other manufacturer’s thin osteotomes are also
available. (A fractured block can be stabilised with cancellous bone as above,
or with arthrodesis wires).

• Failure to drill the bed of the block using arthrodesis wire from distal articular
surface to proximal to trochlear groove to precut before using the osteotome to
lift the block. Block will fracture (see above to repair).

• Block does not fit/does not recess. Make adjustment saw cuts, or file bone to
create a fit. Fill defects with cancellous bone slices, pressed in with osteotome
until block is firmly seated and deep.

Tibial tuberosity/crest osteotomy errors 

• Avoid making a thin tibial tuberosity/crest fragment. This fragment should be
0.25-0.3 of the craniocaudal width of the tibia at the insertion point of the patellar
tendon. A tibial tuberosity/crest fragment thinner than this risks fracture through
the A wires. Measure thickness of this fragment, using calliper. Place a mark or
an A wire at the point the osteotomy is required and osteotomise at or caudal
to the mark/A wire. The proximal osteotomy should exit laterally at or just cranial
to the long digital extensor groove.

• Avoid bone cutters in large dogs. Bone cutters tend to produce a thinner
tuberosity/crest fragment than planned, especially in bigger dogs. If using bone
cutters, squeeze progressively and slowly. I fractured the tibial plateau once
with a rapid squeeze, hence squeeze slowly and progressively and the
osteotomy occurs where intended.

• Do not use a chisel for tibial tuberosity/crest osteotomy – a chisel creates an
unpredictable osteotomy, which might become a spiral fracture of the tibia.
Ideally, use a saw, second choice is a bone cutter, third choice osteotome.
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• Do not under transpose the tuberosity/crest fragment. Manipulate the
osteotomised tuberosity/crest and observe the patella. Progressively shift the
tuberosity/crest away from the direction of patellar luxation. When sufficiently
transposed, the patella will not luxate, even when the foot is rotated, twisting
the stifle and favouring luxation. When manually luxated, the patella will pop
back into reduction. Until this happens, the transposition is inadequate. (I have
never created a luxation in the opposite direction to that treated, hence I do a
transposition as far as I can, cutting the fat pad from the proximal
tuberosity/crest to give it mobility). Use an arthrodesis wire placed temporarily
in the osteotomy (craniocaudal) to keep the tibial crest displaced medially or
laterally whilst it is pinned into position. The remove the temporary positioning
pin.

• Do not distally migrate the tuberosity/crest if there is patella alta. This risks
avulsion of the patellar tendon from the tuberosity/crest.

• Do not place A wires side by side. Always place multiple A wires proximodistally
to reduce risk of tuberosity/crest fracture through the zone of A wire placement.

• Do not use the wrong size of A wire in the tuberosity/crest. Too big risks
fracture, too fine risks repair failure

• Do not omit a tension band. I use at least one tension band in most cases and
always in patients 6 months and older and >6kg. Risk of repair failure of a
tuberosity/crest osteotomy is greater without use of the tension band. For dogs
>25kg I use 2 pins, 2 tension bands. For dogs >40kg, I use 3 pins, and
sometimes 3 tension bands.

• Do not mis-direct the A wires. Aim parallel to the proximal tibia, perpendicular
to the long axis. Reference topographical anatomy to radiographs. The
insertion point on the proximal tibia for the A wires must be sufficiently distal to
avoid penetrating the stifle joint. Exit A wires caudomedial where you can feel
the tips of the wires so you can check for correct length and position.

• Do not direct the A wires distally without a tension band wire to protect them –
this direction, when unprotected with a tension band wire risks the avulsion of
the fragment and A wires.

• Do not do a tibial tuberosity/crest transposition without additionally performing
a recession sulcoplasty. In recent years, this has been the cause of failure to
correct patellar luxation in my hands. Regardless of how normal the trochlear
groove looks, if there is patellar luxation, I prefer to deepen the groove (block
recession) and to remove parapatellar fibrocartilage to recess the patella

• Do not forget to bend and to bury your tension band wire end twists and your A
wire tip so that they do not protrude and risk perforating the overlying skin in
early postoperative period. By paying care and attention to this, bending and
squeezing implant tips to the bone, the overlying skin will not become
compromised and implant removal is not necessitated.
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Postoperative mistakes 

• Pay critical attention to postoperative radiographs. If an implant is poorly placed
eg in the joint or a tension band is not anchored in a correctly placed bone
tunnel, return to theatre and revise – do not hope for the best and ‘wait and
see’. Surgical success is most likely when the primary surgery is performed well
and not when revision surgery has to be performed to rescue a complication

• Assess postoperative recovery critically. Patients should be using the surgical
limb within 48 hours, the stifle should be smooth to manipulation and the patella,
when reduced, is generally not palpable – if it is palpable and not cranial on the
femur, it is luxated!

• Do not ignore a postoperative seroma. In my experience, a postoperative
seroma following patellar surgery is generally an indicator of a serious problem
and radiographs should be taken and assessed. Bulldogs appear to suffer
seromas following patellar surgery without an underlying serious problem and
here, there is less of a concern.

Abbreviations 
A wire Arthrodesis wire or pin 
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Hip Dysplasia- Diagnosis and Management 
 
 
Dr Martin Owen BSc BVSc PhD DSAS(Orth) Dipl ECVS MRCVS 
 
 
Hip dysplasia is an inherited developmental disease of the hip joint characterised by 
and initiated by joint laxity and which leads to pain, lameness, joint instability and 
degenerative joint disease. The condition affects dogs and cats, with both large and 
small breeds of dogs affected and several breeds and cross breeds of cats affected. 
Hip laxity is a more important component of hip dysplasia in dogs than in cats, in which 
the condition is associated more with shallow acetabulae and poor coverage of the 
femoral heads. In both dogs and cats, hip dysplasia leads to hip osteoarthritis. Hip 
dysplasia affects all breeds and sizes of dogs, with a higher prevalence in large dogs, 
but it is also prevalent in the small breeds (and their cross breeds) that are currently 
popular, including Cocker Spaniels, Cockapoos and French Bulldogs and others. 
 
Aetiopathogenesis 
 
This condition is genetic and hereditary and genetically predisposed dogs will get the 
disease. There is some influence of the environment and factors such as rapid growth, 
excessive feeding and excessive body weight appear to exacerbate clinical signs. In 
dogs with a predisposition to hip dysplasia, the hips are normal at birth but in the first 
couple of months of growth, the hip becomes lax, the teres ligament becomes 
stretched and there is a loss of joint congruence. 
 
Hip dysplasia is not caused by excessive exercise in puppies. 
 
Hip laxity leads to this loss of congruence and to stretching of the joint capsule, which 
in turn leads to remodelling of the acetabular rim, degeneration of cartilage, 
microfracture of the acetabulum as the unstable joint is loaded and the femoral head 
abnormally contacts the acetabulum. The acetabulum fills with abnormal cartilage, 
bone and soft tissue, becoming shallow. The femoral head and neck remodel, 
becoming mushroomed and the joint capsule fibroses and thickens. With time, these 
changes lead to progressive increase in stability of the joint. 
 
Stretching of the joint capsule, synovitis, erosion of cartilage, bone bruising and 
microfracture are probably all contributors to the pain observed in hip dysplasia in 
immature animals. Hip pain results in reduced limb loading and in exercise intolerance, 
leading to poor hind limb muscular development. The secondary changes that lead to 
increased stability of the joint typically progress as dogs reach skeletal maturity (12-
18 months of age) and by this age, most dogs have quite stable, but osteoarthritic 
hips. When affected dogs reach this age, pain of hip dysplasia is often reduced and 
many dogs develop adequate function, though they have reduced range of motion of 
the hips and they may not tolerate high levels of exercise. 
 
Clinical signs and examination findings 
 
Clinical signs of hip dysplasia in dogs typically has a bimodal distribution. In the first 
group, puppies aged approximately 4-11 months of age present with signs due to hip 
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pain and due to hip laxity and poor hind limb muscular development. These dogs have 
a history of exercise intolerance and of a wobbly or a ‘bunny hopping’ gait, hind limb 
lameness, stiffness on rising and of hind limb pain. Sudden onset lameness is rare but 
can occur and sometimes this is associated with severe laxity, or luxation of the hip – 
perhaps the hip has recently completely luxated, with tearing of the teres ligament. 
 
Young dogs generally have poor hip musculature and hip instability is often palpable 
– hands are gently placed on the greater trochanters whilst the dog slowly walks and 
instability is felt by the fingers/hands. If one hand is used to lift and abduct and then to 
adduct the stifle and the other hand is gently placed over the trochanter, hip instability 
can be detected. There is typically pain upon hip extension. Testing for hip instability 
is painful and should be done with care in fully conscious dogs. 
 
In dogs 12 months of age and older, clinical signs of hip dysplasia are due to 
osteoarthritis. Normally, in this group, the dysplastic hips have stabilised, the joint 
capsule has thickened and fibrosed and secondary remodelling has occurred in the 
acetabulum and femoral heads. Clinical signs include: difficulty rising, exercise 
intolerance, difficulty/reluctance with jumping, hind limb stiffness, signs of pain, bunny 
hopping (sometimes). Clinical examination identifies hip pain upon extension and 
abduction, hip crepitation, (no instability), hind limb muscle atrophy. Some adult dogs 
do have hip instability – this is seen in some collies and in some spaniels and French 
Bulldogs, amongst others. 
 
Diagnostic Investigations – Radiography 
 
Radiography is the standard method of diagnosis of hip dysplasia. A ventrodorsal, hip 
extended view is diagnostic for dogs with clinical signs of the disease. However, an 
orthogonal view should always be taken – this is a primary principle of radiographic 
investigation. 
 
Radiographs show: 

• hip laxity – less than 50% of the femoral head is covered by the dorsal 
acetabular rim 

• medial joint space widening 

• signs of osteoarthritis -remodelling of the acetabulum and of the femoral 
head/neck 

 
The severity of secondary change of osteoarthritis varies according to breed, with 
some dogs producing a lot of bone remodelling and other breeds having markedly lax 
hips with minimal production of osteophyte and remodelling. 
 
Mildly affected dogs, with minimal hip laxity may have minimal changes on radiographs 
because the hip extended view tightens the joint capsule and pulls the femoral heads 
into the acetabulae. For these dogs, radiographic methods that identify and document 
laxity are useful. In the USA, the PennHip distraction method (Smith and others, 1990) 
and elsewhere the dorsolateral hip subluxation score method (Farese and others, 
1998) are techniques for radiographing the hips when the femoral heads are 
subluxated and these are useful screening tools for identifying early/mild hip dysplasia. 
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Examination under sedation 
 
For dogs mildly affected by hip dysplasia, detection of laxity by physical examination 
is an important component of the diagnostic process and, in some cases, findings of 
physical testing may influence management decision-making. 
 
Ortolani testing. This can be performed with the dog in lateral or in dorsal 
recumbency. The stifle is grasped in one hand and the other hand is placed on the 
dorsum of the dog (if in lateral recumbency. If the dog is in dorsal, the second hand 
can be gently placed on the greater trochanter or kept in your pocket!). Moderate 
dorsal pressure is applied to the stifle (this is easiest if the stifle is flexed and the stifle 
is in your hand). The stifle is abducted from the midline until a clunk occurs, which is 
the femoral head sliding back into the acetabulum. Take note of the angle the thigh 
makes with horizontal (if dog in lateral recumbency) or the vertical (dog in dorsal 
recumbency). This is the angle of reduction. Next, the thigh is adducted, still 
maintaining moderate dorsally directed pressure until there is another jolt – this is the 
hip subluxating – the femoral head is coming out of the acetabulum. Note the angle 
the thigh is making with the horizontal (dog in lateral) or vertical (if dog in dorsal 
recumbency). This is the angle of subluxation. Also note the quality of the ‘jolt’ or 
‘pop’ when the movement of the femoral head in/out of the acetabulum occurs. If there 
is any scraping sensation, there is substantial damage to the dorsal acetabular rim 
(and almost certainly evidence of bony change on your radiograph). 
 
These findings are useful if you would consider performing double pelvic osteotomy 
(see later) for the management of hip dysplasia in a young dog. Our experience of 
dogs with clinical signs of hip dysplasia that have been identified by their owners (i.e. 
a lame dog, a wobbly dog, a dog reluctant to jump, a dog with poor hip muscle 
development etc) always have a greater severity of hip dysplasia that can be improved 
by pelvic osteotomy surgery.  
 
In contrast, if dogs are screened for hip dysplasia by clinical and radiological 
screening, it will be possible to identify hip dysplasia in dogs who do not necessarily 
have clinical signs of the disease as identified by owners. These dogs may have signs 
of hip pain on physical examination. On close questioning of their owners, you may 
identify signs of reduced exercise intolerance. The bottom line is that dogs who are 
screened for a problem are likely to be less severely affected than dogs who are 
brought because they have a problem. 
 
When there is mild hip dysplasia, like when it is identified in mildly 
symptomatic/asymptomatic dogs, pelvic osteotomy surgery can be performed to 
eliminate hip laxity and this probably, in well selected cases, reduces/prevents later 
development of hip osteoarthritis. 
 
When young dogs are presented by their owners because of clinical signs hind limb 
disease that is due hip dysplasia, it is exceptionally unlikely that the disease will be 
sufficiently mild such that pelvic osteotomy, acetabular modifying surgery will assist. 
For this reason, Ortolani testing is of limited value unless it is used as part of a hip 
dysplasia screening programme 
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Management of Hip dysplasia. 
 
Screening for Hip Dysplasia 
Screening for hip dysplasia is not routinely performed in the UK. In some countries, 
screening for hip dysplasia is culturally more popular. It makes sense to screen dogs 
at between 12 and 15/16 weeks, since modification of the disease needs to be 
performed in young dogs before the disease progresses and leads to osteoarthritis. 
Screening requires a stress radiographic technique that identifies hip laxity and 
subluxation and Ortolani testing. 
 
Management of Hip Dysplasia 
 
The aims of treatment are to alleviate pain and to improve/maintain function. If 
possible, we should be aiming to reduce/prevent osteoarthritis and to reduce risk of 
future disease. 
Hip dysplasia can be managed conservatively, and published studies indicate that 
76% of dogs conservatively managed show little or no clinical signs (Barr and others 
1987) or that 50-66% percent of dogs remain clinically affected (Farrell and others, 
2007), according to each study respectively. 
 
The decision as to whether to pursue conservative or surgical management is not 
straight forward and varies on a case by case and according to owner by owner basis, 
taking into account severity of clinical signs, age, progression of disease, patient 
behaviour, potential future expectation, costs of treatment, availability of surgical 
treatment options etc. 
 
Conservative Management 
 
Conservative management can be pursued in all dogs and may be more 
relevant/suited for dogs with mild clinical signs. In young dogs, there is no guarantee 
that all dogs treated conservatively will improve to the point of satisfaction and there 
is a certainty that all dogs managed conservatively will develop osteoarthritis, which 
may or may not be clinically significant in later life. Conservative management can 
produce good results in the long-term regardless of the severity of clinical signs at 
presentation in the young dog but the time taken for clinical signs to improve, the 
duration for which the signs remain improved and the degree of improvement and 
function achieved are all uncertain, unpredictable and determined on a ‘wait and see’ 
case by case basis. 
 
In young dogs, with painful hips, the objective of conservative management is to 
control pain. Nature and the progression of the disease lead to increasing stability of 
the hips (due to joint capsule fibrosis and thickening and due to osteoarthritic 
remodelling) and this, in turn, leads to clinical improvement. 
 
In adult dogs (>11 months) with evidence of osteoarthritis and with stable hips, the 
objective of conservative management is to control signs of osteoarthritis-related 
clinical signs to create sufficient comfort and to achieve exercise tolerance to a level 
that is acceptable to the owner. 
 
Conservative management is considered to comprise three components: 
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1. Exercise management (restriction) 
2. Analgesia 
3. Body mass/condition management – weight reduction or achievement of lean 

body condition 
 
Exercise Management 
 
Exercise should be kept to a minimum in the acutely painful period. Exercise and 
activity lead to more painful movements of the unstable hip joint. Severe restriction of 
exercise should be balanced against the predicted behaviour of a young dog when 
severe exercise restriction is imposed – most energetic young dogs will always seek 
to play. Hence, in practical terms, exercise is restricted to reduce activity-induced pain, 
but exercise is not prohibited completely. Typically, activity is restricted to ‘only on a 
short lead’ and no off-lead activity is permitted – even going outside for toileting is on 
the lead. A typical protocol is: 
Week  Number of minutes lead activity 3 x per day 

1 5 
2 10 
3 15 
4 20 
5 25 
6 30 

 
If there is increased lameness at any stage during this period, duration of exercise is 
not increased the following week, but kept at the level of the previous week, or back 
to week 1. 
There is no guarantee of ‘success’ at end of week 6. Dogs may need to stay restricted 
to minimal levels of activity for months and until trial increase in duration of activity is 
not met with increased lameness. This may not occur until skeletal maturity, but for 
most dogs, skeletal maturity brings and increase in exercise tolerance and a reduction 
in signs of pain. This is generally achieved at or before 12 to 18 months of age. 
 
Comment on screening for HD, prevalent disease, lots of dogs don’t get clinical signs. 
Challenge of determining for juvenile symphysiodesis or pelvic osteotomy. 
Hydrotherapy not shown to help [yet] 
 
Analgesia 
 
The aim is to control pain. Typically, we use a four-week course of NSAID in the first 
instance. If this is not proving sufficiently efficacious after a couple of weeks or so, I 
often additionally use paracetamol [20mg/kg TID]. Recently, we have additionally used 
Librela™, which is bedinvetmab, the monoclonal antibody that binds nerve growth 
factor, in dogs not responding sufficiently to NSAID + paracetamol. This use of 
bedinvetmab is off licence, but it does seem to be a very efficacious analgesic agent 
in some dogs. Some dogs may only need analgesia for four weeks, some will need 
analgesia for several weeks or months, or long-term continuous. 
 
 
 
 

________________________________________________________________________________________________ 
 Eastern European Regional Veterinary Conference 2022 Scientific Proceedings

 
281



Body condition/weight management 
 
The aim here is to achieve and to maintain lean body mass, by body condition 
score/mass reduction, when necessary. Over nutrition has been shown to increase 
the phenotypic expression of hip dysplasia. However, food restriction has not been 
shown to reduce phenotypic expression once it has been enhanced by over-feeding. 
That said, dogs predisposed to developing hip dysplasia will benefit from being 
restricted fed and dogs with signs of hip dysplasia that are in excessive body condition 
will benefit from becoming slimmer. This has been additionally shown for dogs with 
osteoarthritis (Impellizeri and others, 2000). 
 
Surgical Management 
 
Surgical procedures for management of hip dysplasia are either preventative, 
palliative or salvage procedures. 
 
Juvenile pubic symphysiodesis (JPS) 
 
This procedure prevents natural development of the ventral component of the pelvis, 
preventing canine hip dysplasia (Mathews and others 1996; Swainson and others 
2000, Dueland and others 2001). Electrocautery is applied to the pubic symphysis in 
dogs 12-16 weeks of age. This insult prevents normal growth of the floor of the pelvis, 
resulting in acetabular ventroversion and increased femoral head coverage. This 
surgery must be performed before 16 weeks of age and therefore a screening 
programme is required. Many treated dogs will need to be treated on the basis of 
subclinical findings hence the technique iscontroversial. Yet it is minimally invasive 
and provided that it is performed in young (12-16 weeks) dogs and before there is 
severe disease, it is effective (Patricelli and others 2002) with low complications. 
 
Triple/Double Pelvic Osteotomy (TPO/DPO) 
 
TPO and DPO osteotomise the ilium, pubis and ischium (in TPO but not in DPO). 
These osteotomies enable the acetabulum to be axially rotated with ventroversion, 
stabilised using a custom bone plate with resultant increased coverage of the femoral 
heads. This procedure must be performed in young dogs to prevent secondary 
changes of osteoarthritis and to achieve a satisfactory gait – if performed in dogs with 
limited remaining growth potential, an abnormal resultant pelvic limb gait has been my 
experience. Careful evaluation of the state of the acetabulum should be performed by 
Ortolani testing prior to performing this surgery and only dogs with undamaged 
acetabula, with no bony remodelling on radiographs are good surgical candidates. 
Dogs with clinical signs of hip dysplasia are generally not good surgical candidates. 
Bilateral single session pelvic osteotomies can be performed with good outcomes and 
acceptably low complications (Tavola and others 2022). 
 
Denervation 
 
Denervation of the hip joint (Kinzel and others 2002), by removal of the periosteum of 
the craniolateral edge of the acetabulum and by elevating the joint capsule ventrally 
(Montavon 1998) have been described as methods of alleviating hip pain. Subjective 
improvement in lameness has been reported in approximately 92% of cases (Kinzel 
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and others 2002). Re-innervation following denervation techniques is well documented 
for other veterinary surgical procedures and personally, I do not see a role for this 
surgery here for this reason. 
 
Femoral head and neck excision 
 
This is a salvage procedure and success rates, as determined by mild or only 
intermittent lameness range from 60-83% (Berzon and others, 1980). Joint pain is 
improved by removal of the femoral head which no longer abrades against the 
acetabulum and a fibrous pseudo joint forms. The femoral head and neck are removed 
from the medial aspect of the greater trochanter to the lesser trochanter and a smooth 
ostectomy must be performed. The joint capsule should be sutured to the femur to try 
to maximise stability. There is loss of range of motion (extension) and muscle wastage 
characterises the outcome. This procedure can be performed in young dogs with hip 
laxity and in older dogs with established osteoarthritis but it is recommended only for 
dogs less than 20kg and heavier dogs generally have poorer outcomes. I prefer not to 
perform this surgery in young dogs with lax hips and I am not convinced that many 
dogs with marked hip laxity are much improved by this surgery compared to treatment 
with conservative management. 
 
Total hip replacement 
 
Hip replacement is a salvage procedure that delivers pain-relief and optimal 
postoperative function. It is indicated for dogs who do not respond to conservative 
management and for dogs for whom a better outcome is sought than that achieved by 
femoral head and neck excision. Hip replacement is feasible in dogs as young as 6 
months of age (7-8 months of age in giant breeds) and in dogs as old as ‘end of life’, 
provided there are no contradictory comorbidities. In our clinic, young dogs with severe 
hip dysplasia that is not responding to conservative management are nursed along 
until they are sufficiently grown so that hip replacement is possible. Hip replacement 
systems use both cemented implants and cementless implants and hybrid surgeries 
which use a cementless acetabular component and a cemented femoral component 
are common. Canine hip replacement is technically challenging and though success 
rates are high (95%), complication rates vary according to surgeon and surgeon 
experience and complications can be major (including infection, luxation, femur 
fracture, implant loosening, sciatic neuropraxia) and challenging to remedy. Typically, 
for most patients, the financial cost of hip replacement is the major factor that 
determines whether or not it is a performed. 
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Elbow Dysplasia- Diagnosis and Management 
 
 
Dr Martin Owen BSc BVSc PhD DSAS(Orth) Dipl ECVS MRCVS 
 
 
Elbow dysplasia and the associated osteoarthritis that occurs resultant from the lesions 
of elbow dysplasia are the most common causes of forelimb lameness in dogs. Elbow 
dysplasia is common in many breeds and in cross breeds. Typically affected large breed 
dogs show clinical signs of lameness as puppies, whilst affected dogs in smaller breeds 
may not show lameness until they are mature adults. Several diseases have been 
included within the umbrella term (which means abnormal development of the cubital 
joint), the most common of which are: 
 

• Fragmentation/disease of the medial coronoid process (FCP) 

• Osteochondrosis of the medial portion of the humeral condyle (OCD) 

• Ununited anconeal process (UAP) 

• (Ununited medial humeral epicondyle) (UME) 
 
Clinical Signs 
Medium and large dogs are typically first affected with clinical signs of lameness at 4-5 
months of age. Lameness is often subtle initially and dogs may adopt an external rotation 
of the paw in the affected limb/s. Lameness progresses and is often worse after exercise, 
as the condition persists. Severe cases develop elbow joint effusion, palpable as a pouch 
of fluid on the caudolateral elbow, and firm, thickened medial joint swelling. Elbow joint 
pain is evident in most, but not all cases. Manoeuvres to identify elbow pain include: 

• Full flexion with internal rotation of the paw 

• Hyperextension of the elbow 

• Full flexion with external rotation of the paw 
 
Adult dogs also present with lameness due to elbow dysplasia and smaller dogs (eg 
Staffordshire terrier, Border terrier) tend to present as adults and not as puppies. In these 
affected older dogs, physical tests to localise pain tend to be less reliable than they are 
in affected puppies. 
 
Diagnosis 
The diagnostic approach for each of the lesions of elbow dysplasia is the same. 
 
Diagnostic Investigations 
Plain radiographs enable a screening for elbow disease and an identification of some 
manifestations of elbow dysplasia (UAP and OCD). Plain radiographs identify secondary 
degenerative changes associated with elbow dysplasia but many dogs with lesions of the 
coronoid process are not identified through plain radiographic investigations. 
 
Radiographic positioning is important for assessment of the elbow. Mediolateral 
projections should be taken at full flexion. This enables the anconeal process to be 
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visualised. (If the elbow is not fully flexed, the anconeal process is hidden under the 
medial epicondyle of the humerus). Features to look out for on this projection include: 

• Osteophyte formation on the anconeal process (due to osteoarthritis) 

• Increased radiopacity of the proximal ulna in the region of and ‘below’ the coronoid 
process. When present, this is the so called “subtrochlear sclerosis,” which is 
associated with disease of the medial coronoid process. 

• Radiolucent line separating anconeal process from ulnar diaphysis in dogs >18 
weeks indicates ununited anconeal process. 

 
A ‘neutral’ positioned mediolateral projection is required for elbow scoring. This 
positioning enables better assessment of the radial head than the fully flexed view, hence 
osteophyte formation here is better detected with a neutral position of the elbow. For 
practical purposes though, this projection rarely gives a diagnosis that was not already 
evident on the fully flexed positioned radiograph and therefore, for diagnostic purposes, I 
think there is little value in the ‘neutral’ positioned radiograph. 
 
A true craniocaudal projection radiograph is useful, in contrast. Care should be taken to 
achieve correct positioning, since oblique radiographs that are not true craniocaudal 
projections are easily taken in error. It is worthwhile being critical and repositioning the 
patient until a true craniocaudal projection is obtained. This projection enables detection 
of the following features: 

• Concave contour of medial humeral condyle articular surface = osteochondrosis 
lesion or ‘kissing lesion’ associated with fragmented coronoid process 

• Mineralised flap of cartilage of medial humeral condyle = osteochondritis 
dissecans lesion 

• Osteophyte remodelling of osteoarthritis on medial (typically) and lateral humeral 
condyle and remodelling of medial coronoid process. 

 
Many dogs affected with elbow dysplasia have no abnormal findings on plain radiographs. 
Hence, whilst radiographs can be diagnostic of elbow disease in some dogs and they can 
be a useful screening tool in some dogs, radiographs can also be unrewarding in many 
cases and a normal radiographic study does not exclude the possibility of a diagnosis of 
elbow dysplasia. 
 
Of course, radiographs might additionally or alternatively identify another elbow disease, 
but this is beyond the scope of this discussion. 
 
Computed Tomography 
CT is useful for the investigation of elbow disease and is the preferred imaging technique 
to the point that when it is available, radiography is no longer employed. CT enables 3D 
assessment and analysis, overcoming the limitations imposed by superimposition of 
structures that is inevitable with plane radiography. CT enables accurate imaging of all of 
the anatomy of the skeletal structures of the elbow joint. 
 
CT may not be necessary for the diagnosis of humeral condylar OCD or for United 
Anconeal Process, but when a dog presents with a sore elbow and the diagnosis as yet 
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unknown, CT imaging enables assessment for all the known elbow diseases, whereas 
plane radiography permits a screening test, identifying UAP and most cases of OCD, but 
is often unable to identify coronoid disease and/or fragmentation. 
 
Joint fluid analysis 
This is rarely necessary or helpful in identifying elbow dysplasia. There is a wide variety 
in degree of effusion associated with elbow dysplasia. Typically, effusion is associated 
with a large osteochondral fragment and/or with extensive loss of articular cartilage (and 
this, in turn, is normally associated and correlated with osteophyte formation detected on 
radiographs). Some affected dogs have no effusion at all and some dogs have marked 
effusion. Joint fluid is normal viscosity when low in volume and low viscosity when effusion 
is present. Cell counts are low (2-5 x 109cells per litre), predominantly mononuclear cells. 
 
 
Fragmented Medial Coronoid Process and Medial Coronoid Disease (FCP and 
MCD) 
 
This condition is especially prevalent in Rottweilers, Labradors, Golden Retrievers but 
many other breeds are also affected, including small breeds and cross breeds. The 
aetiology of FCP is still incompletely understood and several theories exist that attempt 
to explain its cause, including osteochondrosis, incongruency, and mechanical overload 
of the ulna. Histological analysis of diseased coronoid processes indicates changes that 
are more consistent with fracture than with osteochondrosis, suggesting abnormal 
loading. Sometimes, coronoid fragmentation and/or disease is associated with relative 
overgrowth of the radius, leading to a short ulna and presumably, here, the coronoid 
process is overloaded during weight-bearing. 
 
Over the years, there has been much investigation and discussion regarding a role for 
incongruency between the radial head and the radial notch of the ulna in the development 
of coronoid disease. Incongruency is best assessed by CT. The number of dogs affected 
by FCP for whom there is little convincing evidence of incongruency questions the role of 
incongruency in the development of this disease. 
 
Pathology 
With FCP, fragments of coronoid process fracture off the coronoid process adjacent to 
the radial head. Sometimes, a fissure of the coronoid process is evident on CT, but at 
arthroscopic inspection, there is a complete coverage with articular cartilage. Removal of 
this cartilage exposes yellow, avascular and fragmented bone. In Coronoid Disease, upon 
CT assessment, the coronoid process may appear hypo-attenuated, with or without 
fissuring from the coronoid bed. At arthroscopic inspection, a range of appearances is 
possible – the coronoid process can appear normal, its articular cartilage may be 
fibrillated, or there may be chondromalacia, or erosion and the latter may be associated 
with erosion lesions on the medial humeral condyle. 
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Treatment 
The treatment of FCP and MCD remains controversial and despite our increasing 
understanding of the mechanisms of disease, we have not substantially improved the 
results in our treatments for this condition in the past 20 years or more. 
 
This condition leads to progressive development of osteoarthritis and early claims that 
surgical intervention prevents or slows progression of OA have been discredited. The 
progression of OA regardless of treatment used means that medical treatment is 
inevitably necessary at some stage, even after surgical treatment. 
 
The uncertainty of outcome following surgical management (25-35% of surgically treated 
dogs have some degree of lameness following treatment) leads us to take a cautious 
approach to surgical management and in our hands, all dogs are given an initial period of 
medical treatment prior to undertaking surgical management if medical treatment is 
ineffective. 
 
Medical treatment for FCP/MCD 

• Following diagnosis, affected dogs are given a 2-4-week course of non-steroidal 
anti-inflammatory medication. 

• Exercise is restricted to short, lead-only activity. No off-lead activity is permitted, 
which means dogs must be on a lead even when going outside for toileting. The 
amount of lead activity permitted is controlled in minutes and this depends on the 
severity of lameness and the nature of the patient: 

 
Week 1 5-15 (depending on patient) minute lead walks 3 x per day 
Week 2 10-20 (depending on patient) minute lead walks 3 x per day 
 
Review – if no improvement, consider surgical treatment or 
 
Week 3 15-25 (depending on patient) minute lead walks 3 x per day 
Week 4 20-30 (depending on patient) minute lead walks 3 x per day 
 
If lameness is markedly improving, exercise is progressively increased, continuing NSAID 
if necessary. It may be necessary to continue restriction to lead-only activity for several 
weeks or months. 
 
Some dogs will relapse back into lameness as soon as NSAID is stopped, and/or if activity 
is increased too much. Some dogs will not improve at all. Some dogs will show initial 
marginal improvement and then relapse. 
 
For dogs in these groups, we additionally use paracetamol (20mg/kg TID) and/or we use 
‘Librela’, the novel monoclonal antibody, bedinvetmab, which binds to Nerve Growth 
Factor (NGF) and prevents NGF from attaching to its receptors on nerve cells and 
interrupts the transmission of pain signals. Some dogs will not improve much, or at all 
until they become young adults, but the uncertain prediction of improvement with surgical 
treatment and the lack of data supporting a long-term benefit of surgical management 
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results in some owners pursing a medical treatment approach until affected dogs ‘grow 
through’ this condition – by the time most dogs are 12-15 months of age, their lameness 
has improved considerably. 
 
Surgical Treatment for FCP and MCD 
 
Surgical treatment for these conditions typically has a 65-75% chance of improving 
lameness and pain. This modest success rate leads us to try medical treatment in most 
affected patients before we undertake surgical management. It seems that we still get a 
65-75% success rate in cases that have not responded to medical treatment. 
 
Coronoid Fragment removal 
Using standard medial arthroscopic portals, the loose fragments of the coronoid process 
are removed. The fragments are normally attached to the annular ligament and soft tissue 
attachments are cut before fragments are removed with grasping forceps. When the 
coronoid fragment is evident on CT but at arthroscopy, the coronoid process is covered 
with intact cartilage, articular cartilage is removed to reveal a fissure line in subchondral 
bone. The fissure is propagated with a small osteotome or other instrument, the FCP is 
dislodged and removed. Sometimes, the fissure line is not identified. This scenario also 
occurs with Coronoid Disease (without fragmentation, where a hypoattenuating coronoid 
process is evident on CT with minimal evidence of fissure formation). In this instance, the 
medial coronoid process tip is removed by progressive ‘shaving’ of the tip using an 
osteotome, grasping each fragment that is produced. Alternatively, the tip of the medial 
coronoid process is removed using a motor shaver until the coronoid bed resembles the 
appearance following removal of FCP. 
 
The clinical outcome following fragment removal is variable in terms of speed of recovery 
(improvement or resolution of lameness) and in terms of the degree of recovery achieved. 
My impression is that young dogs (less than 12 months) have a greater chance of 
improving following surgery than older (over 12 months of age) but there is no certainty 
in the degree or in the rate of improvement expected in either group. All dogs surgically 
treated for FCP and for MCD develop osteoarthritis but many surgically treated dogs get 
a relief from pain and lameness in the short and medium term. 
 
We generally advise that 70% of dogs treated arthroscopically will show an improvement 
and my aspiration is to achieve at least 70% of ‘normality’ i.e. >70% absence of or 
improvement in severity and/or frequency of lameness. These figures are not based in 
robust science. 
 
Subtotal Coronoidectomy 
I have performed this surgery when there is hypoattenuation of the coronoid process but 
no overt fragmentation. I have used an arthroscopic technique and removed the medial 
coronoid process by progressive osteotome, taking off small chunks of bone with carefully 
directed blows to the osteotome. Alternatively, a motor shaver is used. There appears 
little difference in surgical challenge between techniques. The results of this intervention 
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are highly variable and unpredictable. Some dogs appear markedly improved. Some dogs 
have been made worse.  
 
Bi-Oblique Dynamic Ulnar Osteotomy (BODPUO) for treatment for FCP and/or MCD 
This technique was first reported in 2013 (Fitzpatrick and others, 2013) results in change 
in the position of the proximal ulna and displacement of the coronoid process away from 
its normal contact position against the medial aspect of the humeral condyle. Clinical 
results of this technique were reported in 2016 (Caron and Fitzpatrick 2016) and a study 
of 86 dogs showed improved lameness at six months post treatment. The bi-oblique 
osteotomy was performed on its on in 34 elbows and it was combined with other surgical 
techniques in 86 elbows. 
 
I have performed this technique in small numbers. I have used the technique after failure 
to achieve a good outcome following arthroscopic fragment removal or subtotal 
coronoidectomy. 
 
I have concerns over the potential for morbidity of this osteotomy. There is the potential 
for a non-healing or a slowly healing ulna, which causes pain of its own. I am not 
convinced that the outcome for this procedure is any superior to fragment removal alone. 
My personal experience is that a small number of cases I have treated by BODPUO have 
not improved with this, especially when the surgery is performed following a poor outcome 
following FCP fragment removal or subtotal coronoidectomy. 
 
Proximal Abducting ULnar Osteotomy (PAUL). 
This transverse proximal ulnar osteotomy is secured with a specific locking plate such 
that mild abduction of the ulna is claimed to result. Ex vivo study suggests that PAUL 
decreases intra-articular contact in the medial and lateral compartments of the elbow and 
in incongruent elbows, there is possibly alleviation of pressure in the medial compartment 
(McConkey and others, 2016). A recent study (Danielski and others, 2021) reports major 
complications in one quarter of cases treated. 
 
I find it hard to understand how the ulna will abduct when the humeroradial joint is intact 
and restraining the elbow and antebrachium in its normal arrangement. I can see how the 
stepped implant used will alter pressures in the humero-ulnar joint. 
 
I find it hard to determine for which cases this procedure is likely to be helpful. In our 
clinic, we have used this technique for dogs with FCP and for dogs with hypoattenuation 
of the coronoid process as assessed by CT. Our numbers are too low to make objective 
comparisons to outcomes from other surgeries and at this stage, I find the outcomes 
variable and indistinguishable from the other surgical procedures employed for the 
management of FCP / medial compartment disease. 
 
Osteochondrosis/Osteochondritis dissecans of the Medial Humeral Condyle 
 
This condition is particularly prevalent in Labradors and Golden Retrievers and it is 
relatively rare in Rottweilers. The condition is often present bilaterally. The 
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osteochondrosis lesion is normally located on the medial articular edge/aspect of the 
humeral condyle and it is often present in patients also suffering from Fragmentation of 
the Coronoid Process, or Coronoid Disease. 
 
The aetiology of this condition is still poorly understood, but it is likely that the cartilage 
flap or area of cartilage malacia develops as a result of areas of necrosis around vascular 
channels deep within the articular-epiphyseal cartilage complex. These areas of necrosis 
are thought to progressively extend to the articular surface, leading to formation of a flap 
of detached cartilage. In the elbow, this lesion is normally located on the medial, ‘inner’ 
edge of the central weight-bearing part of the medial humeral condyle. 
 
Medical Treatment 
 
Most dogs are initially treated with a two-week course of NSAID and with restriction of 
activity. 
 
Surgical / Arthroscopic Treatment 
If lameness is not markedly improving, we recommend surgical (arthroscopic or open 
surgery) removal of the OCD flap and curettage of the subchondral bed, removal of 
surrounding diseased cartilage. Surgical intervention is recommended early (after only 
two weeks of unsuccessful medical treatment) because the expectation is of a rapid 
recovery following OCD flap removal. In practice, this is not achieved in all cases and in 
some cases, the disease is severe, with a large OCD flap and these cases do not 
necessarily have the rapid resolution of pain hoped for following arthroscopic or open 
surgery to remove diseased OCD cartilage. 
 
Open surgery uses a medial approach and the OCD flap is lifted and retrieved. 
Arthroscopic surgery uses standard medial portals. The location of the flap and of the 
diseased medial humeral condylar lesion makes access challenging. Some arthroscopic 
surgeries are converted to open surgeries because visualisation of the diseased condylar 
lesion is not satisfactorily achieved arthroscopically. 
 
I have not used stem cells or osteochondral grafting techniques for these lesions and I 
have my doubts about the clinical value of the use of either technique in their current 
innovations for this disease. 
 
Ununited Anconeal Process 
 
This condition is seen infrequently in comparison with FCP and OCD and represents 
approximately 4% of elbow dysplasia lesions. Normally, the anconeal process forms as 
part of the ulnar diaphysis. In some breeds (e.g. GSD and others), it develops as a 
separate centre of ossification. Radiographically, this centre of ossification fuses to the 
ulna at 18-20 weeks of age. In some other breeds affected with UAP (eg Basset Hound), 
separation of the UAP appears to occur as a result of premature closure of the distal ulnar 
growth plate, resulting in asynchronous growth between the radius and the ulna, with 
foreshortening of the ulna. Continued growth of the radius next to a static ulna results in 
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the radius pressing the humeral condyle proximally. This in turn leads to pressure on and 
separation of the anconeal process. In GSD’s and other giant breeds, the aetiology of 
UAP is less certain. Perhaps it occurs due to microcirculation disruption, perhaps due to 
radio-ulnar growth asynchronicity. 
 
The process of formation of the UAP and the instability of the UAP lead to effusion, 
inflammation and to osteoarthritis. UAP can also be coincident with other elbow lesions 
such as FCP. 
 
Clinical signs and Diagnosis 
Affected dogs are lame (sometimes bilaterally), there is typically elbow effusion. Affected 
dogs are normally 4 months of age or older. Most dogs present with this condition before 
they are 1 year of age. 
 
Plain radiographs (flexed mediolateral projection) are generally diagnostic, using a fully 
flexed mediolateral view (as well as craniocaudal projection). A clear line of separation 
beneath the mineralised anconeal process indicates UAP. CT may have been used to 
investigate a painful elbow. CT more accurately indicates the degree of separation of the 
UAP than plain radiographs can. 
 
If the dog is severely lame and painful, a joint fluid sample should be analysed – 
haematogenous spread of bacteria, leading to septic arthritis is reported. 
 
Treatment 
Surgical treatment is generally preferred for the certainty of outcome, but some dogs with 
UAP might be only mildly affected with lameness and pain. Such dogs typically have a 
stable UAP and minimal displacement, perhaps even an incompletely detached UAP. 
Such dogs can respond well to a short course of NSAID and exercise restriction. 
 
Surgical management generally leads to a rapid improvement in clinical signs of 
lameness. When the UAP is loose and markedly displaced, I think the chances of healing 
after internal fixation reattachment are slim and therefore I do remove such loose 
fragments, without attempted re-attachment. Early outcomes are good, with marked 
improvement in lameness. Osteoarthritis progresses, and I am not convinced the 
progression of osteoarthritis differs between cases with the UAP removed versus dogs 
with the UAP in situ versus dogs for whom the UAP is re-attached. 
 
When the UAP is not markedly displaced, loose or chronic in presentation and when there 
is not already marked osteoarthritic change to the elbow, we re-attach these by lag screw 
fixation. An aiming guide is helpful for directing the lag screw and antirotation wire. An 
ulnar osteotomy is performed, since the theory of the disease and a study of a small 
number of cases treated by screw fixation of the UAP led to the UAP repair failing. If the 
ulnar is osteotomised, any incongruity present may be improved and weight-bearing on 
the surgical limb is reduced and these changes lead to a high success rate of fusion of 
the anconeal process. The ulna is not stabilised and bi-oblique osteotomy is advised. 
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Dogs are strictly rested for 6-8 weeks and radiographs are taken at 6 weeks to monitor 
healing. 
 
Ununited medial epicondyle (UME)  
 
Clinical signs and Diagnosis 
This condition is seen predominantly in Labradors and retrievers, but other breeds are 
represented. Affected dogs typically first present aged approximately 5-7 months of age, 
though some dogs are not presented when and until lameness develops at an older age 
of over 1 year. The elbow is generally swollen medially and there is elbow pain, of varying 
degrees. Pain does not typically localise to manipulation and pressure to the medial 
aspect of the elbow. 
 
Diagnosis is achieved by plain radiographs and by CT, with mineralisation/s being evident 
in the origins of the carpal and digital flexor muscle groups, adjacent to the medial humeral 
epicondyle. A defect is generally evident in the medial epicondyle. Continued growth of 
the osteochondral fragment after detachment results in the fragment typically being larger 
than the corresponding defect. UME occurs in combination with other elbow dysplasia 
lesions and it is often the concurrent lesions which contribute the most towards any 
lameness present. UME can be an incidental finding and it can be a significant cause of 
lameness. 
 
Treatment 
UME can be a frustrating condition to treat and it is not always possible to resolve 
lameness associated with this condition, but it can generally be improved. Note that UME 
is often present in combination with FCP and/or with OCD and lameness is most likely to 
be due to the comorbidities and not predominantly due to pain from UME. When UME is 
thought to be the cause of or a contributor to forelimb lameness, we generally treat this 
condition with the standard combination of restricted activity and NSAID (and/or other 
analgesic approaches) for four weeks. For dogs who do not respond to this, we inject the 
affected soft tissues with methylprednisolone, continuing strict restriction of exercise. 
Some dogs appear to improve and return to unrestricted exercise after 6-8 weeks of 
restriction. Surgical excision of mineralised tissue has been described as treatment for 
this condition. It seems unlikely that the presence of the mineralised tissue is the source 
of the discomfort and I do not recommend this intervention. Consideration could be given 
to attempting to re-attach the muscle groups to the medial epicondyle, if the discomfort of 
this lesion is caused by the avulsion of flexor muscle groups to the medial epicondyle. I 
have done this in a couple of cases but I cannot claim that this resolved lameness in the 
dogs treated this way. 
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Common Calcaneal Tendon Injury - Diagnosis and 
Management 
 
 
Dr Martin Owen BSc BVSc PhD DSAS(Orth) Dipl ECVS MRCVS 
 
 
In the dog and cat, the common calcaneal tendon (CCT) is composed of the tendons 
of the superficial digital flexor, gastrocnemius, and the common tendons of the biceps 
femoris, semitendinosus, and gracilis. The function of the tendon is to maintain 
extension of the tarsus, supporting body weight and providing transmission of 
contractile force from the hamstrings and calf muscles. Injury and disease of the CCT 
leads to lameness and partial or complete plantigrade stance. 
 
CCT injuries have been classified into three main types (Meustege, 1993): complete 
ruptures, partial ruptures (gastrocnemius tendon in isolation) and tendinosis and 
thickening of the CCT without alteration of posture. But for practical purposes, there 
are two types of injury – traumatic acute and atraumatic, degenerative. Both conditions 
can occur in both dogs and cats, but acute injuries are more commonly seen in 
medium and large breed active dogs and infrequently in cats. 
 
Diagnosis 
A detailed history and careful physical/orthopaedic examination are usually sufficient 
for a diagnosis of CCT injury. In acute injuries, there is normally a sudden onset 
lameness and there may be a penetrating wound over the caudal crus, but not always. 
Sometimes, the CCT can be injured by blunt trauma. The classic blunt trauma injury 
is achieved when (usually) a dog gets up with its hind limb getting caught under a wall 
mounted heating radiator. The bottom edge of the radiator is sufficient to transect the 
CCT when the tendon is tensioned with the load of getting up from rest, when the leg 
is caught under the radiator. 
 
The chronic condition is seen in middle aged dogs and cats. Typically, there is a 
lengthy history of lameness, which progresses from the limb being rested when 
standing to a permanent lameness when moving and a partial plantigrade stance 
during ambulation and at stance. The CCT is thickened and irregular from the point of 
the calcaneus, spreading proximally. There may be an associated firm, fibrotic 
swelling of the point of the calcaneus. There is rarely any demonstrable pain on 
orthopaedic examination, though there is doubtless some pain with this condition 
when there is lameness and holding up of the leg at stance. Occasionally there is also 
(or instead) a swelling at the musculotendinous unit in the gastrocnemius group. 
Frequently, the gastrocnemius tendons are diseased whilst the superficial digital flexor 
[SDF] tendon is preserved. Lengthening of the gastrocnemius tendons leads to partial 
plantigrade stance. The load of weight-bearing is taken by the SDF and this leads to 
a clenched paw. 
 
Diagnostic Imaging 
Radiography of the acute injury shows only disturbance of the soft tissues. 
Radiographs of the chronic condition show soft tissue swelling. In long-standing 
tendinopathy cases affecting the gastrocnemius tendons, small islands of 
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mineralisation are evident within the distal tendon, just proximal to the insertion on the 
calcaneus and new bone formation is seen on the calcaneus in the region of insertion 
of the gastrocnemius. Ultrasonography may be of use for chronic cases to try to 
determine the chronicity of the injury and the extent of the diseased tendon as the 
muscle bellies of the gastrocnemius are approached. However, in practical terms, I 
am not entirely convinced that ultrasonographic findings influence management 
decisions or outcomes in most cases. 
 
Management 
Mild lesions atraumatic, degenerative lesions with a recent history may respond to a 
couple of months of strict restriction of activity followed by progressive return to gentle 
exercise, without necessarily returning to vigorous exercise. There are recent reports 
of the use of orthotic devices assisting with conservative management and of 
achieving functional and comfortable outcomes in cases previously considered only 
likely to respond to surgical management. Management using orthoses is not without 
significant time spent managing the orthotic, dealing with rubs and maintenance of the 
orthotic. 
 
Surgical management 
Surgical options for the management of CCT injury are either repair or salvage. 
 
Decision-making for management of acute lacerations is generally straight-forward. 
These injuries should be repaired ideally and a good outcome can be reasonably 
expected. If there is an open wound, the wound should be cleaned and 
decontaminated, debrided, if necessary and managed until the wound is clean and 
suitable for surgical repair. Antimicrobials should be used, if necessary. Once the 
wound is clean and ready for surgery, the lacerated tendon ends should be trimmed 
with a scalpel. Individual tendons should be anastomosed back together to the correct 
distal end of each tendon, using a ‘tendon’ suture if possible. It is helpful to bring the 
incised tendon ends together using an arthrodesis wire in each tendon, skewering the 
tendon ends and bringing them together manually so that the suture is not used to pull 
tissues, risking pulling suture out of the tissue before the knot is secured. The 3 Loop 
Pulley is the suture that withstands tensile load best and better than the Locking Loop 
and long-lasting absorbable suture (polydiaxanone or polyglyconate) should be used 
for repair. The paratenon (soft tissue surrounding the tendon) is considered important 
for the provision of vascular supply to the tendon and therefore, attention should be 
paid to closing the soft tissues well over the tendon repair. It is important to note that 
no suture can withstand the physiological load put on the CCT and therefore all repairs 
need to be protected by off-loading the tendon. This is best achieved by fixing the 
tarsus in hyperextension by the placement of a calcaneotibial screw. The screw is 
placed from plantar to dorsal whilst the tarsus is temporarily held in hyperextension by 
a pointed reduction forceps placed from the plantar calcaneus to the cranial tibia/crus. 
A washer should be used under the head of the screw. It is not necessary to protect 
the calcaneotibial screw provided a sufficiently large screw is used, which should be 
2.7mm for cats and for dogs less than 10kg, 3.5mm for dogs up to 20-25kg and 4.5mm 
for dogs up to 50kg. 
 
Wound management may be required for the inciting wound (but tendon repair should 
not be performed until primary wound closure is possible). Postoperatively, strict 
restriction of activity is necessary for eight weeks. 
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In most chronic CCT disease, it is the gastrocnemius components of the tendon that 
are diseased and lengthened. The superficial digital flexor tendon is typically 
unaffected by disease. For chronic CCT injury, a decision needs to be made as to 
whether to pursue functional tendon repair or to seek a salvage surgery. This is not 
an easy decision. There appears no pre-operative test that is predictive for successful 
surgery if repair is attempted – some dogs and cats for whom repair is attempted will 
continue to be lame and/or they will develop recurrence of plantigrade stance. My 
impression is that surgical repair of chronic CCT injury is effective to good outcome in 
approximately 80% of cases. 
 
Surgical repair for chronic CCT injury is similar to repair of acute injuries. The first 
decision to make is whether to resect diseased tendon. If there is marked plantigrade 
stance, I resect distal diseased tendon. If there is only mild partial plantigrade stance, 
I tend not to resect diseased tendon. There is no reported outcome difference between 
cases managed by tendon resection and those managed by placement of a 
calcaneotibial [CT] screw without resection. Furthermore, we have no grading system 
for the severity of presentation and no way of prognosticating which cases will heal 
and which will not. 
 
Often, palpably diseased tendon extends proximally further than it is possible to resect 
and anastomose, so the limit of resection is the maximum length of tendon that can 
be excised from the point of the calcaneus whilst still achieving apposition, assessed 
by skewering the tendon proximally and pulling it distally to the calcaneus before 
deciding the level for resection proximally. Often diseased tendon remains proximally 
and this is anastomosed back to the calcaneus. A 3 Loop Pulley suture is 
recommended for anastomosis and a tunnel or tunnels are created in the point of the 
calcaneus to accommodate suture passes. I like to burr the calcaneus to get a 
bleeding, roughened surface for tendon to attach. The stifle and the tarsus should be 
in extension (tarsus in hyperextension using pointed fragment holders) during planning 
of resection and during anastomosis. This position of the limb avoids excessive 
shortening of the tendon. I generally place the CT screw before suturing the tendon. 
 
There are some reports of use of stem cells and of platelet injections into the tendon 
injury, with and without surgical repair. I have not seen convincing evidence of a 
marked difference in outcome between patients receiving stem cells/platelets and 
those not. 
 
Typically, the tarsus is maintained in hyperextension for 8 weeks, regularly checking 
that the tendon anastomosis (if performed) is holding. The CT screw is removed and 
a splinted and then padded bandage is used for a further 4-8 weeks, progressively 
loading the tendon. After removal of external support, a further 4-8 week period of 
progressive return to exercise is followed. 
 
A recently introduced alternative repair technique (https://www.vetlig.com/ligaments/) 
uses a synthetic, replacement ligament that is sutured to the gastrocnemius muscle 
bellies and the distal end of the prosthetic ‘tendon’ is fixed to the point of the calcaneus 
using an interference screw. The implant is comprised of polyethylene terephthalate, 
a non-absorbable fibre. Clinical reports are limited but a small study indicated a good 
outcome in 8 of 10 treated dogs (Morton and others, 2015). 
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Another alternative to surgical management 

I prefer to treat all cases except severe plantigrade, chronic tendon injury by surgical 
‘repair.’ But severe plantigrade stance and markedly thickened tendons may not 
recover after being off-loaded for 8+ weeks. For these cases and for cases for whom 
‘repair’ has not resolved lameness, salvage surgery is appropriate. 

Hind limb function can be salvaged by pantarsal arthrodesis when the CCT has failed. 
Arthrodesis is achieved by removal of articular cartilage at all levels of the tarsus, 
cancellous bone grafting and by application of internal fixation, using either a medially 
applied, or a dorsally applied plate with screws. In dogs, a CT screw should be placed, 
with the tarsus in the weight-bearing angle determined by the plate applied. The CT 
screw shares the load taken by the plate and reduces risk of failure of the plate by 
cyclic loading. Pantarsal arthrodesis gives good functional outcomes in dog and in 
cats and whilst flexion/extension of the tarsus is lost, mobility and function during 
motion is good and mechanical lameness is minimal. However, a 30% major 
complication rate is generally accepted, hence this is not a surgery to undertake lightly 
and without an understanding of possible postoperative problems. 

Orthotic, or not? 

Stem cells/platelets? 
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Management of Pelvic Fractures 
 
 
Dr Martin Owen BSc BVSc PhD DSAS(Orth) Dipl ECVS MRCVS 
 
 
Pelvic fractures usually result from high energy trauma, mainly motor car collisions 
and concurrent injuries are common-place. A thorough clinical and orthopaedic 
examination is mandatory to identify and evaluate the significance of and appropriately 
subsequently manage concurrent injuries. Patients with pelvic fractures should 
undergo neurological evaluation – loss of deep pain sensation is a risk factor for failure 
to recover normal neurological function. Do not make this assessment in shocked 
patients – wait until effective cardiovascular stabilisation is achieved. 
 
Radiological imaging for pelvic fractures requires standard, well positioned orthogonal 
views. Oblique views are sometimes helpful. CT is helpful for identifying sacral injuries 
amongst others and should be used where available. 
 
Determining surgical or non-surgical management 
The pelvis is often described as ‘box-like’ with its 4 sides and when injuries occur to 
this robust structure, typically there is more than one injury – displacement occurs at 
more than one site. Pelvic fractures occur in many different combinations and clinical 
decision-making assessment criteria for treatment approach include: 
 

• Patient size 

• Ambulatory or non-ambulatory status 

• Integrity of the weight-bearing axis 

• Pain/comfort status 

• Neurological function/compromise 

• Degree of pelvic canal compromise 

• Expected/sought outcome 
 
Small, ambulatory patients lend themselves better to non-surgical management than 
larger and/or non-ambulatory patients. Lighter patients tend to be able to stand and 
walk more readily than heavier counterparts, despite radiologically similar fracture 
configurations. Heavy, non-ambulatory patients present and readily develop 
management problems and conservative management in such cases is to be avoided. 
 
In assessing the radiological appearance of the pelvic fracture/s the integrity of the 
weight-bearing axis is first determined. This includes the acetabulum, ilia and sacro-
iliac joints. If any of these structures are injured, locomotor function is likely to be 
compromised and surgical stabilisation should be considered. Pelvic fractures that are 
not part of the weight-bearing axis generally lend themselves towards non-surgical 
management. 
 
The second assessment made considers the pelvic canal. This is assessed from well-
positioned ventrodorsal projection radiographs. Where radiographs indicate fracture 
to structures defining the pelvic canal, a careful rectal examination can be useful to 
confirm canal compromise. CT is an excellent non-invasive and accurate and 
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preferable alternative. The distance between the axial walls of the acetabulae is 
measured. Normally, this is equal to the width of the sacrum (cranial border in cats, 
caudal border in dogs). Pelvic canal reduction >45% risks obstipation in cats (Hamilton 
and others 2009), hence surgical management is advisable. If the borders of the pelvic 
canal are injured, narrowing typically occurs following conservative management. 
 
Pain/comfort status 
Some pelvic fractures are especially painful, typically those causing compromise of 
the lumbosacral trunk or sciatic nerve. These should be treated surgically. Restoration 
of bone functional integrity can have a significant pain-relieving effect. 
 
Neurological compromise 
Deep pain negative. But NB not presence or absence of voluntary micturition. 
Confusion exists regarding potential for neurological injury leading to loss of conscious 
control of urination. Most pelvic fractures to do not disturb neurological control of 
micturition. Neurological injury affecting bladder control only tends to occur with spinal 
injury, sacral injury and tail pull injury – it does not normally occur with sacroiliac 
luxation or with fractures to the ilia, acatebulae, ischia or pubis. 
 
Duration of fracture 
Pelvic fractures are ideally treated surgically within 5 days of injury. Callus formation 
occurs rapidly, making surgical reduction of fragments challenging after 5 days 
following injury, increasing the risk of iatrogenic neurovascular injury during surgical 
fracture repair. Despite these risks, surgical intervention is necessary when there is 
obstipation. 
 
Non-Surgical management of pelvic fractures 
Pelvic fractures involve flat bones, surrounded by muscle. As such, they have an 
excellent blood supply and injury leads to rapid soft tissue bracing and support, then 
callus and healing without surgical fixation. Non-surgical management uses cage 
restriction for 3-6 weeks (according to each case), attentive nursing, effective 
analgesia, stool softeners to prevent obstipation. 
 
 
Surgical management of pelvic fractures 
Sacroiliac (SI) luxation 
This injury occurs a lot, either unilaterally or bilaterally. Crepitation is often palpable in 
the conscious patient when the ilial crest is palpated, or grasped and manipulated 
dorsoventrally. Radiological assessment for SI luxation is performed using a 
ventrodorsal radiograph. Absence of a smooth transition or presence of a step 
between the medial ilium and the caudal sacrum is indicative of SI luxation. 
Sometimes, the ilial wing is displaced cranially in unilateral SI luxations. 
 
The SI joint comprises a fibrous/ligamentous component and a hyaline cartilage/ 
synovial component adjoining the pelvis to the spine, in the weight-bearing axis. In 
some patients, typically small, ambulatory, non-painful cases, SI luxation can be 
managed non-surgically. Patients not fulfilling these criteria can be expected to be 
returned to comfort and ambulatory status rapidly with surgical stabilisation. 
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Of the many methods described for surgical management, lag screw fixation is our 
treatment of choice for SI luxation. Accurate and safe drilling of the sacrum and screw 
placement requires good anatomical knowledge, accurate patient positioning, care 
and skill. Intra-operative imaging is helpful to avoid incorrect drilling dorsally into the 
neural canal, ventrally into the sacral artery or cranially into the disc space. Anatomical 
differences in the sacrum between the dog and the cat necessitate species specific 
screw positioning. The lag screw must be at least 60% the sacral width to prevent 
back-out and loosening. Bilateral SI luxations can be treated with 2 screws, one placed 
from each side, or a perfectly directed single screw. 
 
Ilial body fractures 
These are common and they disrupt the weight-bearing axis, hence are generally best 
treated surgically. Simple transverse, oblique and comminuted configurations occur 
and all are preferably managed by bone screws and plates. 
 
Lateral bone plating is most commonly employed. Loss of fracture fixation is common 
with traditional bone plates and non-locking screws, resulting in pelvic canal 
narrowing, malunion etc. In cats, dorsal plate fixation is feasible, and this is associated 
with decreased implant loosening and pelvic canal narrowing (Langley-Hobbs 2009). 
In dogs, the thin and curved ilium does not lend itself to dorsal plating. Dorsoventrally 
placed lag screws can be used oblique fractures in cats and in some fractures in dogs, 
in addition to a lateral plate, increasing construct rigidity. Ventral plating and/or 
ventrodorsally placed lag screws reduce construct failure but cannot be used in all but 
poorly muscled individuals, due to surgical access. 
 
Acetabular fractures 
Fractures of the acetabulum occur in approximately 20% of pelvic fractures. Since 
these are articular fractures, there are significant long-term consequences with 
lameness and pain. Long-term outcome can be significantly improved with accurate 
surgical reduction and rigid fixation, facilitating healing without callus and all 
acetabular fractures should be surgically repaired, if possible. However, acetabular 
fracture inevitably leads to post-traumatic osteoarthritis and even excellent fracture 
reduction can, in some cases, still be pursued by recurrent pain and lameness. Some 
acetabular fractures involve non-repairable medial defects. For these, femoral head 
and neck resection salvage surgery may be appropriate. Sometimes, partial 
acetabular repair is performed, followed by hip replacement later. 
 
Acetabular fracture repair is challenging. A femoral trochanteric osteotomy is 
necessary for surgical approach. Fixation options include: 

• Bone plate. Non-locking plates require accurate contouring. Inaccurate 
contouring results in mal alignment when screws are tightened 

• Bone plate luting with bone cement. Bone cement is poured under plate, filling 
imperfections in plate contouring, improving contact, stability and rigidity and 
accuracy of reduction 

• Locking plates and screws. Perfect plate contouring is not necessary. Construct 
rigidity should be better than with cortical screws 

• Tension band techniques. In young animals, simple acetabular fractures can 
be managed by screws with a tension band. In mature animals, a pin must be 
additionally used to cross the fracture and PMMA bone cement is used to 
augment rididity. 
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Ischial and pubic fractures 
These fractures do not involve the weight-bearing axis. There is splinting from 
surrounding soft tissues and these fractures heal rapidly with conservative 
management. 
 
 
Postoperative management 
Surgical patients should be severely restricted for four weeks, at which point most 
pelvic fractures are healing well, and following documented signs of healing on 
radiographs taken at four weeks post injury, most patients are allowed begin to 
increase activity. Physiotherapy is useful for patients that are not comfortably using 
their limbs well voluntarily during recovery and abdominal sling assistance is 
necessary in some animals who require support during their initial recovery. 
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Laura Owen (UK) 
BVSc CertSAS DipECVS MRCVS  
European and RCVS Specialist in Small Animal Surgery, Senior Lecturer in Small Animal 
Surgery 
(Soft Tissue Surgery) 
 
Having wanted to be a veterinary surgeon for as long as I can remember and with a passion for 
horses, I was delighted to gain my veterinary degree in 2001 from the University of Bristol and 
joined an exclusively large animal practice as a locum for six months, with a plan to follow that 
with an equine practice job. 
 
Although for the most part I enjoyed my time there, there were three significant factors that 
changed my career path – one was the rare, but still very intimidating nightmare farmer, the 
second was the long periods of time spent driving, and the third was the realisation that I wanted 
to do surgery and though not impossible, in reality the journey to become a female equine surgeon 
was going to be challenging. I therefore took a subsequent job in small animal practice to compare 
the two experiences and felt that small animal work held many more opportunities for me in the 
longer term and found that I actually enjoyed it more than the equine work after all! After 2 years 
in small animal practice I was hungry to specialise further and improve my depth of knowledge, 
hence I moved to the Royal Veterinary College to undertake a rotating internship and from there 
achieved a surgical residency position at the University of Bristol. Following my residency, I 
moved to Cambridge as a Staff Surgeon in 2009 and obtained my European Diploma in Small 
Animal Surgery in 2010, completing my path to specialisation. 
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Canine Mast Cell Tumours 
 
Laura Owen (UK) 
BVSc CertSAS DipECVS MRCVS  
European and RCVS Specialist in Small Animal Surgery 
Senior Lecturer in Small Animal Surgery 
 
Mast cell tumours (MCTs) represent around 20% of all skin tumours in dogs and are 
the second most common of all canine malignancies. Mast cell tumours are typically 
solitary lesions, but their clinical appearance and progression can be extremely 
variable. They are often known as the ‘great imposter’ and should be on the 
differential list for any cutaneous or subcutaneous mass 
 
Typically they occur in older dogs (mean age 9 years) but are reported in dogs of all 
ages. There does not appear to be any gender predilection but breed predispositions 
are well recognised. Boxers, Labradors, golden retrievers, Staffordshire bull terriers, 
Boston terriers and pugs all appear to be at increased risk of developing MCT. There 
appear to be breed differences in the biological behaviour of mast cell tumours, with 
boxers and pugs developing low grade tumours, whilst French bulldogs and Shar 
peis have an increased risk of high grade tumours1.   
 
Skin MCT’s are divided into cutaneous and subcutaneous subtypes: the behaviour of 
these subtypes is often different and this may affect the treatment plan. 
 
What’s new in diagnostics? 
Cytology – remains a highly sensitive method for diagnosis of a mast cell tumour, 
although it does not provide any information on tumour grade. Abundant purple 
granules are observed characterising the mast cells and these are commonly 
accompanied by eosinophils. 
 
Staging 

• Fine needle aspirates from lymph nodes may be equivocal or non-diagnostic; 
lymph node excision is preferred to clarify whether metastasis is present2. 

• Sentinel lymph node excision is considered superior to locoregional lymph node 
excision for assessing stage of disease2. This can be achieved via CT 
lymphangiography, radiographic lymphangiography, scintigraphy, ICG-based 
near infra-red lymphography or via injection of methylene blue . 

• Cytology of liver and spleen are only useful in cases where the draining node is 
positive for metastasis or the MCT is reported as high grade. 

• Thoracic radiographs are not usually indicated for mast cell disease. 
 
Histopathology 
Histopathology is required to provide a tumour grade, which is a classification of the 
tumour according to its microscopic appearance. Tumour grading has only been 
validated for use in cutaneous tumours; frequently pathologists will grade 
subcutaneous tumours, but this technically incorrect.  
 
Patnaik et al grading system3: 
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• MCT’s are divided into 3 grades – low grade (1), intermediate (2) and high grade 
(3) 

• The behaviour of intermediate grade (2) MCT’s is hardest to predict,  with most 
behaving in a benign manner, but a significant minority behaving aggressively (5-
25% metastasize). In recent years much attention has focussed on predicting the 
behaviour of these intermediate grade tumours, mostly using proliferation indices.  

Kiupel et al grading system4 

• Aimed to eliminate the intermediate tier by classifying all tumours as either high 
or low grade and improve inter-pathologist consistency.  

• Tumours are classified as high grade on the basis of any one of these criteria: 

mitotic index ≥7, ≥3 multinucleated cells per 10hpfs, ≥3 bizarre nuclei per 10hpfs, 
or karyomegaly.  

• MST <4 months for high grade tumours and >2 years for low grade tumours  
 
Subcutaneous MCT cannot be graded using the currently published methods; 
however, many pathologists will report a grade for subcutaneous tumours submitted. 
Current evidence suggests that most subcutaneous MCTs behave similarly to 
Patnaik grade II cutaneous tumours, with most having a favourable prognosis.  
 
Proliferation Indices 
Aim to provide better prediction of MCT behaviour, particularly of the challenging, 
Patnaik grade 2 tumours. They include mitotic index, ki67, argyrophilic nucleolar 
organiser regions (AgNORs), c-kit mutation status, and proliferating cell nuclear 
antigen (PCNA). Of these, the mitotic index and ki67 have been shown to be 
predictors of survival, independent of the tumour grading, thus promising the 
potential to predict the behaviour of intermediate grade tumours.  
 
Mitotic Index 
Cutaneous MCT: The best cut off to use for predicting survival is still uncertain, with 
reported cut-offs of 5 and 7 published. In cutaneous tumours, Romansik et al. (2007) 
considered a MI of >5 to indicate a poor prognosis, and found significant differences 
in survival between these tumours – high MI dogs had a MST of just 2 months, 
compared to 70 months if the MI was ≤56. Kiupel considered a MI of ≥7 to be 
indicative of a high grade tumour4. Most pathologists will quote the mitotic index 
alongside the tumour grade; it is particularly useful for decision making in 
intermediate grade tumours.  
 
Subcutaneous MCT: MI is a key prognostic factor, with an MI >4 associated with 
poorer prognosis5.  

 
Ki67 
Ki67 is a protein expressed during the cell cycle, and is therefore used as an indirect 
marker of cellular proliferation. It can be detected using immunohistochemistry. 
Scase et al. (2006) reported a cut off of 1.8% ki67 predicted survival, independently 
of tumour grade7. 1, 2 and 3 year survival rates were 92%, 86% & 77% for low ki67 
and 43%, 21% & 21% for high ki677. As with MI, Ki67 is particularly useful for 
decision making in the setting of an intermediate grade tumour.  
 
When MI and Ki67 were compared as predictors of survival in one study, high MI 
(>5) accurately predicted death, but dogs with low MI also died. Low Ki67 accurately 
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predicted survival, but high Ki67 was not necessarily indicative of a poor prognosis; 
hence MI was highly specific, but not sensitive and Ki67 was sensitive, but not 
specific8.  
 
What if the results of additional tests are discordant? This creates decision making 
challenges and future studies are needed to establish the best ways to use these 
tests together.  
 
What’s new in treatment? 
Despite the advent of new, licenced medications for the treatment of mast cell 
tumours, surgery remains the treatment of choice for MCT wherever possible. 
 
Surgery 
Neoadjuvant treatment with prednisolone 

o Neoadjuvant therapy with prednisolone (1mg/kg given orally once daily) has 
been reported to be effective in achieving a median reduction in tumour 
volume of 63% when administered for 7-14 days prior to surgery and may 
reduce the complexity of the surgical plan9.  

o Treatment with prednisolone has been shown to have no effect on the tumour 
grade, mitotic index or cellular atypia seen on histopathology after final 
excision9. 

 
Primary tumour 
• Surgical margins:  

o Proportionate margins – this is currently the favoured approach for grade I 
and II canine MCT’s. The diameter of the mass is measured and then margins 
of the same dimension are taken laterally (to a maximum of 2cm) with one 
fascial plane depth. The main advantage of this approach is a reduction in the 
morbidity of surgery for patients, particularly those with small tumours. A 
recurrence rate of only 3% has been reported with this technique10 and a 
second study also showed non-inferiority of this technique when compared 
with wide (3cm) lateral margins for these tumours11.  

o The optimal surgical margin for grade III tumours is not yet known, but 
tumours likely to be high grade may benefit from 3cm margins if this is 
achievable without compromising wound healing. 

o A sterile marker pen and ruler should be used to ensure appropriate margins 
are adhered to. 

• Pre-operatively consideration is given to whether primary closure is possible, or 
whether a reconstructive plan may be required. 

o In areas with limited skin for reconstruction, marginal excision followed by 
radiotherapy or chemotherapy may be a preferred option.  

o Poor planning pre-operatively may result in challenging to manage wound 
dehiscence or only partial closure of the surgical site, which is often more 
problematic for the dog and owner than the original mass. 

• Previous biopsy tracts (where present) are resected with the mass 
o When a pre-operative incisional biopsy is performed, attention should be 

paid to the likely plan for final excision. 
o Incisional biopsies are usually only indicated where knowledge of tumour 

grade would alter the surgical plan. 
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• Two recent studies have shown that excision of mast cell tumours is not 
associated with a higher risk of wound complications than resection of soft tissue 
sarcomas, contrary to previous opinion12, 13. 

 
 
Lymph node excision 

• Lymphadenectomy as part of disease staging has long been advocated for 
the management of mast cell tumour disease, due to the challenges of 
interpreting cytological lymph node samples. A histological classification 
system now exists for assigning a lymph node to a metastatic grade of 
HN0-HN3 and this has been shown to correlate with clinical outcome14. 

• Prophylactic lymphadenectomy has also been shown to reduce disease 
progression for all MCT’s; from those with clear metastasis to local lymph 
nodes to completely excised low grade tumours with no evidence of 
metastatic disease15,16. This should ideally be the sentinel lymph node, but 
if this is not known, the most likely draining lymph node is excised. 
 

Incomplete histological margins 
• Incomplete margins on histopathology does not correlate well with local 

recurrence or disease progression17. Histological grade and stage of disease are 
more important factors, hence a ‘watch and wait’ approach for incompletely 
resected low grade MCT’s is often appropriate. 

• FNA of the surgical site was predictive of local recurrence of incompletely excised 
mast cell tumours in one recent study and may be an alternative management 
strategy18. 

 
Radiotherapy  

• Usually not recommended as a sole treatment due to the risk of degranulation of 
the MCT and systemic side effects.  

• Used most commonly as adjunctive therapy for cutaneous or subcutaneous 
MCT’s that have been removed via marginal excision e.g. those in tricky locations 
for appropriate surgical margins – the limbs.  

• In a study of 300 dogs treated with adjunctive radiotherapy19: 
o 6.6% recurrence rate at a median of 526 days for cutaneous MCT 
o No recurrence of SQ MCT 
o Severe late toxicity occurred in 1.9% of dogs 

• Many different protocols have been described, and evidence is lacking as to 
whether one protocol is superior to another.  

• In cases where lymph node excision has not been performed, radiotherapy of the 
draining/sentinel lymph node has been shown to improve outcome. 

 
Chemotherapy 

• Chemotherapy is indicated for the management of metastatic MCT and those tumours 
which are truly non-resectable, either as sole treatment or as neoadjuvant therapy to 
reduce tumour size and facilitate removal. 

• The most common protocol used for treatment of MCT’s is vinblastine + prednisolone; 
use of lomustine has also been reported. 
o See oncological texts for specific protocols. 
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o Common side effects of chemotherapy are neutropaenia, GI signs and fever and 
patients should be monitored for these during treatment. 
 

Tyrosine kinase inhibitors 
15-50% of mast cell tumours are reported to have a mutation in the tyrosine kinase KIT 
receptor, leading to the development of two tyrosine kinase inhibitors are treatment 
options for this condition; masitinib (Masivet) and toceranib phosphate (Palladia). The 
most useful setting for TKIs is grade 2 or 3 tumours that are non-resectable, and those 
with confirmed metastatic disease. Both drugs have demonstrated efficacy in terms of 
tumour shrinkage and extended survival (tumour response rates approx. 50%), but are not 
effective in all patients and adverse reactions are commonly reported (approx. 60% 
patients)20. It is not known how long therapy should be continued in dogs whose disease 
apparently resolves.  
 
TKIs can be combined with prednisolone (1mg/kg q24h) and anecdotally this appears to 
improve clinical response rates. TKI’s may also be combined with traditional 
chemotherapy and in one recent study of 40 dogs, clinical response rates were improved 
with this approach without any increase in side effects over and above the TKI alone21. 
 
Some mast cell tumours will develop resistance to TKI therapy, and grow after an initially 
positive response of variable duration. Evidence is lacking on the best approach in this 
scenario, but either switching to the other licenced TKI or using cytotoxic chemotherapy 
are reasonable interventions.  
 
Tigilanol tiglate (Stelfonta) 
This is a new intratumoural medication licenced for treatment of all non-metastatic 
cutaneous mast cell tumours and subcutaneous mast cell tumours located at or distal to 
the elbow or hock. The maximum treatable tumour volume is 10cm3.Treatment of the 
tumour leads to haemorrhagic necrosis and sloughing of the mass, leaving an open 
wound that is left to heal via second intention (4-6 weeks). Owners should be warned that 
death due to mast cell degranulation is possible and vets should be careful administering 
the drug as accidental self-injection results in severe wound formation. Approx. 75% 
efficacy and 11% recurrence of tumours after treatment is reported22. 
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Splenic masses are a relatively commonly seen condition in dogs. A range of clinical 
presentations are encountered, from the incidental abdominal mass picked up during 
physical examination, to an emergency presentation of haemoabdomen and 
collapse. Diagnosis is usually straightforward, but decision-making and 
prognostication can be challenging. Treatment via splenectomy is usually associated 
with low perioperative morbidity and few long-term consequences, hence it is often 
still a good treatment option despite a potentially guarded prognosis.  
 
Diagnosis 
Differential diagnoses for a splenic mass range from benign conditions such as 
haematoma and extramedullary haematopoesis to highly malignant disease such as 
haemangiosarcoma, with many others in-between. Given the very variable prognosis 
of these diseases, additional pre-operative information or clues as to the histological 
diagnosis can be useful for owner discussions; several recent studies have focussed 
on attempting to prognosticate these lesions along the diagnostic pathway. 
 
Signalment 
Consideration of the signalment of the patient can be helpful in determining the 
likelihood of malignant disease based on some recent studies:  

• Small breed dogs are 2.3 times more likely than large breed dogs to have 
benign disease1 

• Small breed dogs with malignant disease are 1/3 as likely as large breed dogs 
to have haemangiosarcoma1. 

• Dogs <27.8kg bodyweight were significantly less likely to have HSA in one 
study2. 

• German Shepherd dogs are most likely to have HSA3. Bernese mountain 
dogs and flat coated retrievers predominantly have other malignant splenic 
disease e.g. histiocytic disease3. 

 
Clinical examination 

• Cardiovascular assessment for any pre-operative arrhythmia or evidence of 
haemorrhage 

• Abdominal palpation – mid abdominal mass.  
o Fluid thrill/abdominal distension 

 In dogs with incidentally detected non-ruptured splenic masses, 
70.5% were benign lesions4 

 In dogs with ruptured splenic masses presenting with 
haemoabdomen, HSA is the underlying diagnosis in >65% of 
cases5. 
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Laboratory Findings 
Haematology 

• Obtain a baseline PCV in case of significant blood loss 

• The presence of acanthocytes and/or schistocytes on a blood smear is 
suggestive of HSA.  

• Check for thrombocytopaenia +/- perform coagulation profile +/- blood typing 
 
Biochemistry 

• General pre-op screen 
 
Cytology of mass via FNA 

• Safe procedure. Risk of seeding low. 

• Level of accuracy variable (good accuracy in 60% + of cases) 
 
PCV of abdominal fluid compared to blood– can confirm intra-abdominal 
haemorrhage 
 
Imaging Findings 
Ultrasound 

• Splenic mass 
o Cavitated splenic lesion on ultrasound is not associated with 

malignancy6  

• Free abdominal fluid 
o Ultrasound guided abdominocentesis 

 
Computed Tomography 

• Contrast enhanced computed tomography may help distinguish between 
benign and malignant lesions7. 

o Difference in attenuation characteristics 
 Lowest Hounsfield unit values seen in malignant masses 

• Triple phase computed tomography may provide useful clues to the 
histological lesion type8. 

o Differences in contrast uptake between lesion types 
 
Staging 
Staging of splenic masses should include: 

• Full abdominal ultrasound or CT abdomen 
o To assess for rupture of the mass (free fluid in the abdomen), and 

evidence of metastasis to liver, omentum, lymph nodes etc. 

• Three-view thoracic radiographs or CT thorax 
 To assess for pulmonary metastases 

• Echocardiography 
 To check for a right atrial mass (8.7% cases9) 

 
Evidence of metastatic disease is consistent with a malignant splenic mass, likely 
HSA; however liver nodules may represent nodular hyperplasia and thus the 
presence of these alone should not be an indicator for euthanasia. 
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Treatment 
Dogs presenting as an emergency with splenic rupture should be stabilised prior to 
surgery. This is likely to include intravenous fluid therapy – shock bolus, an 
abdominal wrap, oxygen supplementation, prophylactic antibiotics and analgesia. 
Consider a blood transfusion if PCV <20%, although best given after surgery if 
needed whenever possible. 
 
Total splenectomy is performed routinely in dogs, to reduce the risk of haemorrhage 
and following best oncological principles for potential malignant neoplasia. Partial 
splenectomy may be appropriate for small, likely benign lesions10

. 

 
Splenectomy 

• Surgical field prepared from just cranial to the xiphoid process to the pubis to 
allow extension of the incision if required 

o Splenic masses are often friable and attempting to extract them through a 
small incision can lead to rupture of the mass or the spleen. 

• Ventral midline coeliotomy.  

• Abdominal self-retaining retractors e.g. Balfours or Gossets are useful 

• Utilize a surgical assistant if possible 

• Moistened laparotomy swabs (with radiographic markers) are useful to isolate 
organs 

• Suction should be available for lavage and in case of splenic or mass rupture 

• Prepare for intra-operative euthanasia with client if metastases present 

• Splenic anatomy: 

 
The spleen’s blood supply is derived from the splenic artery, which is a branch of the 
celiac artery. The splenic artery also gives rise to arteries supplying the pancreas 
and stomach. The splenic vein drains into the portal vein. 
 
Two alternative surgical techniques are reported for total splenectomy: 
 
1. Ligation of hilar blood vessels 
The individual small hilar blood vessels adjacent to the spleen are isolated in 
sections from the surrounding mesentery by blunt dissection using a pair of mosquito 
forceps. Two ligatures are placed on each group of vessels and the pedicle is cut 
between these ligatures. A suitable suture material would be polyglactin 910.  
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This method avoids potential ligation of the gastroepiploic, short gastric and 
pancreatic arteries/veins and is therefore very safe, but relatively time consuming. 
The time taken to perform splenectomy using this technique can be significantly 
shortened with use of more advanced surgical equipment: 

• LDS (ligate and divide) stapler  

• Vessel sealing device (vessels up to 7mm)11, 12 

• Harmonic device (vessels up to 5mm) 

• Ligaclips (variable depending on the size of clip) 
 

2. Ligation of the major splenic blood vessels 
The major splenic blood vessels commonly include 3 pairs of blood vessels within 
the omentum, the splenic artery and vein, the left gastroepiploic artery and vein and 
3 short gastric arteries and veins. These vessels can be isolated, ligated and 
transected as above, except that the splenic artery and vein should be isolated from 
each other and triple ligated, leaving two ligatures on the vessels remaining within 
the abdomen. 
This splenectomy technique is more rapid and more oncologically appropriate, 
however a potentially serious complication is pancreatic ischaemia, resulting from 
inadvertent ligation of the pancreatic artery and vein. Ligation of the left 
gastroepiploic and short gastric arteries has been shown to have no negative 
consequences on the perfusion of the stomach, due to its plentiful collateral supply13.  
Use of a vessel sealing device is also appropriate for this method of splenectomy11. 
Staples and clips are not suited to secure ligation of these large vessels. 
 
Laparoscopic variations on the above techniques are also described, aiming to 
reduce the morbidity of the procedure.  

• Laparoscopic assisted technique 
o Laparoscopy is used as a staging tool to explore the abdomen prior to 

a mini-laparotomy to exteriorize the spleen and perform the 
splenectomy via one of the two surgical techniques above 

o No major complications were encountered in one study of 18 dogs, but 
patient benefit was limited14. 

• Single port laparoscopic splenectomy 
o Splenectomy performed intra-abdominally using a vessel sealing 

device.  
o Best suited to small masses or diffuse splenic disease15 
o Conversion to open procedure required in 6 of 22 dogs in one study15 
o Limited benefit due to requirement to extend incision to remove spleen 

in most cases 
 
In cases with splenic rupture multiple omental adhesions are likely to be present and 
these are bunch ligated and divided as necessary prior to splenectomy. 
 
Liver biopsies 
Should be performed if evidence of nodules/abnormal parenchyma. Grossly, nodular 
hyperplasia cannot be distinguished from metastasis. Utility of liver biopsies if the 
liver is grossly normal is poor16. 
 
Histopathology 
Spleen +/- other biopsies should be submitted for histopathology 
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• Ideally the whole spleen. If not possible then a representative section + store 
the remainder in case of an equivocal result. 

• Interpret the result with care if haematoma diagnosis 
o 11% final malignant diagnosis in one study17 

 
Postoperative care 

• Monitor for postoperative haemorrhage (pulse rate/quality, mm colour, BP) 

• Monitor for arrhythmias 
o Release of TNF and other inflammatory modulators 

• Analgesia 
o Opioids 
o NSAIDs in some cases – no further risk of haemorrhage and normal 

BP/perfusion 

• Intravenous fluids until eating and drinking 
 
Potential Complications 

• Haemorrhage  
o Abdominal wrap 
o Blood transfusion – ethics? 
o Revision surgery? 

• Cardiac arrhythmias – ventricular premature complexes are diagnosed in 35-44% 
dogs undergoing splenectomy - often do not require treatment above and beyond 
monitoring and intravenous fluid therapy. +/- supplemental oxygen. Rarely may 
be problematic and require treatment with lidocaine. 

• Vascular compromise to pancreas – rare  

• Disseminated intravascular coagulation (DIC) – rare 
 

Long-term consequences of splenectomy in dogs 

• Loss of cardiovascular reserve 

• Loss of immune response and increased risk of infection, but not clinically 
relevant in this species (or in cat) 

• NO increased risk of GDV 
 
Prognosis 
Clinical stage of disease is the single most important factor in determining whether 
surgical treatment is recommended (esp for HSA) and allows discussion of the likely 
prognosis with the owner. Co-morbidities should be taken into consideration.  
 
1) Solitary splenic mass, no metastasis, no evidence of rupture, no significant 

co-morbidities 

• Good surgical candidate 

• Particularly if identified as an incidental finding 
 
In a study of 105 dogs with splenic mass/nodules identified as an incidental finding4: 

• 74 dogs (70.5%) were diagnosed with benign disease 
o Median survival for those dogs with benign disease was 436d (149-784d), 

with 64% of dogs surviving to 1 year postoperatively. 

• 31 dogs (29.5%) were diagnosed with malignant disease 
o Median survival for those dogs with malignant disease was 110d (4-985d) 
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In a second study18 

• Dogs with stage I disease [HSA] survived a mean of 5.5 mths, with 35% surviving 
to 1 yr 

 
2) Ruptured splenic mass – haemoabdomen, no metastases, no sig co-

morbidities 

• Reasonable surgical candidate 

• Survival time short if HSA, but good quality of life  
 
Lux CN et al (2013)19  

• Source of bleeding localised to the spleen in 90% dogs 

• A splenic source of haemorrhage was determined to be a positive predictor of 
survival to discharge from the hospital.  

• Surgical intervention for treatment of hemoperitoneum, regardless of etiology, 
resulted in discharge from the hospital for 70 of the 83 (84%) dogs in this series. 
 

Hammond & Pasillo-Crosby (2008) study20 

• Benign splenic lesion 23.9% dogs 

• Malignant splenic neoplasia 76.1% dogs 
o 92.6% of the malignant masses were HSA 
o Hemoperitoneum was strongly associated with a diagnosis of splenic HAS 

 
Wendelburg KM et al (2015)18  

• Dogs with stage II disease survived a mean of 2 months, with occasional dogs 
surviving to 1 year. 

 
3) Splenic mass with confirmed metastatic disease or significant co-

morbidities 

• A poor surgical candidate 
 

• Wendelburg et al (2015)18: Dogs with stage III disease did not survive longer that 
1m postoperatively 

• Euthanasia recommended 
 
Adjunctive therapy 

• Splenectomy remains the mainstay of treatment 

• Chemotherapy may be of benefit for microscopic disease (doxorubricin or 
epirubricin), but this benefit may be limited to the early postoperative period.  

o Limited proof of efficacy at the current time. 
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Canine oral tumours 
The most common oral tumour observed in dogs is malignant melanoma, followed 
by squamous cell carcinoma, fibrosarcoma and acanthomatous ameloblastoma. The 
most common site of origin of these tumours is the gingiva, however tumours can 
also arise from the lips, cheeks, tongue and tonsils within the oral cavity.  
 
Rostral tumours are usually noticed by the owners at an early stage of disease, 
whereas more caudally located tumours are often only noticed due to halitosis or 
bleeding from the oral cavity which is then investigated.  
 
Examination of the patient may give some clues as to the nature of the mass: darkly 
pigmented masses are likely to be malignant melanoma (although amelanotic 
melanoma also occurs), flat, ulcerated lesions are most likely to represent squamous 
cell carcinoma, ulcerated large mass lesions are often fibrosarcoma and smooth, 
slowly progressive lesions are more likely ameloblastomas or epulis.  
 
Diagnostic work-up: 
Investigation of an oral mass should incorporate identifying tumour type (and thus 
surgical margins required), assessment of bony invasion and staging of the disease. 
For the majority of oral masses, computed tomography of the head/neck/thorax is 
the ideal imaging modality, giving information about bony invasion, extent of 
infiltration of tissues by the primary mass, contrast uptake in and size of draining 
lymph nodes and evaluation of the lung fields for metastasis. CT is combined with an 
incisional biopsy of the mass + fine needle aspiration (FNA) of the draining lymph 
nodes to complete the pre-operative investigations. FNA’s of the nodes are important 
as size of the node has been shown to have poor sensitivity and specificity for 
presence of metastasis compared to cytological evaluation1. Nodal FNA’s have also 
been shown to be well correlated to histological node evaluation2. 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOTE: Take care to ensure your biopsy site will be included in the subsequent 
definitive surgical resection. Do NOT biopsy an oral lesion through the skin! This is 
particularly pertinent for maxillary lesions. 

NOTE: For a rostral lesion, in particular those suspected to be SCC or 
ameloblastomas, skull/dental and thoracic radiographs +/- aspiration of draining 
lymph nodes may be an appropriate alternative. 

NOTE: A histological diagnosis of a low grade/benign appearing fibrosarcoma is 
likely to be a histologically low grade, biologically high grade FSA in this location and 
should be treated as such until proven otherwise. 
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Treatment Options: 
Surgery is considered the treatment of choice for most oral tumours and for 
gingival/bony tumours this will involve either partial mandibulectomy or maxillectomy. 
Both techniques give excellent functional outcomes, with variable cosmetic 
alterations to appearance depending on the location of the tumour and the amount of 
jaw to be removed. Good pre-operative owner counselling is essential to achieving 
satisfied clients.  
 
Pre-operative planning 

• Pre-operative bloodwork is performed in most patients prior to general 
anaesthesia and for maxillectomies should include PCV, coagulation profile and 
blood typing in case a transfusion is required.  

• A blood donor or packed red blood cells should be available for large 
maxillectomies and the neck can be pre-clipped and prepared in case carotid 
artery ligation is required. 

• Nerve blocks should be incorporated into an analgesia protocol. 

• Essential/desirable equipment available should include an oscillating saw + 
various blade sizes, an osteotome + mallet, dental extractors, ice cold saline, 
bone wax. 

• Mouth gag and throat pack should be applied. 

• Surgical margins required: 
o 1cm margins for malignant melanoma, SCC, ameloblastoma 
o 2-3cm margins where possible for FSA or osteosarcoma 
o Margins are based on bony invasion or visible mass depending on which 

is more appropriate 
 
 
 
Surgery 
 
 
Partial mandibulectomy: 
Superficial lesions, with minimal or no bony involvement e.g. SCC or plasmacytoma 
may be treated with a crescenteric resection, preserving the mandibular ramus and 
reducing postoperative complications and discomfort3. Whilst this option is an 
attractive one, oncological margins should not be compromised by choosing this 
resection type. 
 
Deeper, more invasive lesions involve removal of a segment of mandible, resulting in 
destabilisation of the ‘box-like’ structure of the lower jaw. This is very well tolerated in 
dogs, but usually results in some degree of mandibular drift and impingement of the 
canine teeth on the upper lip or palate can be a minor complication as a 
consequence. The owners may notice a jaw click intermittently.  
 
Rostral mandibulectomies are straightforward surgical procedures with minimal risk 
of significant complications. More caudal mandibulectomies, particularly total 
hemimandibulectomy however are more technically challenging and significant 
haemorrhage is a recognised risk. 

NOTE: In some locations, increased lateral margins may be wise based on the 
location of nearby tooth roots, especially the canine teeth. This should be taken into 
consideration during surgical planning. 
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Partial maxillectomy: 
These surgeries, similar to caudal mandibulectomies, are technically challenging and 
have the potential to result in significant haemorrhage, but are also very well 
tolerated in dogs and often result in only a minor change to cosmetic appearance, 
particularly in dogs with full lips. Medial deviation of the lip/face is expected 
postoperatively and impingement of other teeth on the lip can be a minor 
postoperative issue.  
 
 
 
 
 
 
 
Postoperative Care: 

• Intravenous fluids until eating/drinking – often the same day for many patients 

• Analgesia – opioids + NSAIDs (providing no significant blood loss) 

• Postoperative antibiotics are usually NOT required – clean-contaminated surgery 

• Buster collar to prevent scratching/rubbing 

• Soft food offered when awake. Hand feed initially if necessary or to limit 
contamination of incision site. 

• No toys/sticks etc for 4 weeks postoperatively. No hard toys/dental chews for 6 
weeks. 

• Owner may need to manage increased saliva/drooling until the dog adjusts. 
 

Potential Complications: 

• Haemorrhage – minor haemorrhage from the nose or gingival margin is 
expected for up to one week after surgery. Significant haemorrhage is highly 
unlikely postoperatively 

• Dehiscence – minor wound dehiscence is common in the mouth, but is 
usually left to heal via second intention. Occasionally revision surgery is 
required. Following maxillectomy, wound dehiscence could potentially lead to 
development of an oronasal fistula 

• Inappetance – is unlikely in dogs following these surgeries, but can be 
managed with an oesophageal feeding tube if needed.  

• Infection – is uncommon in the oral cavity due to its rich blood supply, other 
than secondary infection following wound dehiscence. 

• Ranula – may occur after partial mandibulectomy due to iatrogenic injury to 
the salivary duct. 

• Injury to adjacent tooth roots – may require tooth extraction if a persistent 
problem. 
 

Outcome/Prognosis: 
Outcome and prognosis for oral tumours can be considered in terms of local 
recurrence and/or distant metastasis. The tumour type with the highest rate of local 
recurrence is oral fibrosarcoma, whilst that with greatest risk of metastasis is oral 
melanoma (81%). 
 

NOTE: Polyglactin 910 is often used for closure of partial 
mandibulectomies/maxillectomies due to excellent knot security and greater patient 
comfort with this material compared to monofilament suture. 
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General features: 

• Tumours of the rostral oral cavity generally have a better prognosis compared 
to those of the caudal oral cavity: 

o Generally noticed at an earlier stage of disease 
o Surgical access and therefore margins better 
o Recurrence noted more quickly 

• Incomplete histological margins are associated with a greater risk of local 
recurrence.  

• Acanthomatous ameloblastoma and SCC associated with best prognosis. 

• Aggressive surgical management improves survival for all tumours.  
 

Cosmetic outcome: 
In a retrospective study of 27 owners of dogs that had undergone mandibulectomy or 
maxillectomy, 85% of owners were happy with their decision to proceed with 
surgery4. 
 
Adjunctive Treatment: 
Radiotherapy: 
Considered for tumours with a high risk of local recurrence, based on tumour type, 
histological margins etc.  
 
Can be used as sole therapy for some tumour types e.g. malignant melanoma5 or 
acanthomatous ameloblastoma. In one study of oral melanoma treated with 
hypofractionated radiotherapy, complete remission was achieved in 25 of 36 dogs 
and partial remission in the remainder5. Local recurrence was the cause of death in 
only 4 dogs, with the remainder euthanased due to metastatic disease5. 
 
Chemotherapy: 
Appropriate for tumours with high metastatic potential e.g. malignant melanoma. 
Platinum-based chemotherapy drugs (carboplatin or cisplatin) are most commonly 
used. 
 
Immunotherapy: 
Use of the melanoma vaccine is common for adjunctive treatment of this tumour, 
however its efficacy remains currently unproven6. 
 
Feline oral tumours 
The most frequently observed oral tumour in the cat is squamous cell carcinoma. 
This can often be mistaken for severe gingivitis or eosinophilic gingivitis and dental 
work has often been performed prior to diagnosis in this species. SCC is locally 
invasive and has the potential for metastasis. 
 
The diagnostic work-up is the same as for canine oral tumours and includes biopsy 
of the primary lesion, head, neck and thoracic imaging and aspiration of local lymph 
nodes. 
 
Maxillectomy is associated with high morbidity and poor prognosis in the cat, thus 
this is rarely performed. Mandibulectomy may be tolerated in some cats, but owners 
should be warned that prolonged hypo/anorexia is a possibility postoperatively. An 
oesophageal feeding tube is placed in all cats undergoing surgical excision of an oral 
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mass. Feeding tubes were maintained for a median of 74 days in cats in one study of 
mandibulectomy in this spp. 

Approximately half of all cats undergoing mandibulectomy will experience local 
recurrence and progression free survival rates at 1 and 2 years were 56% and 49% 
respectively in one study7. Minimal data is available regarding the benefit of adjuvant 
therapy for feline oral tumours.  
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Surgical Planning for Oncological cases & Simple
Reconstruction Techniques

Laura Owen (UK)
BVSc CertSAS DipECVS MRCVS
European and RCVS Specialist in Small Animal Surgery
Senior Lecturer in Small Animal Surgery

Oncological surgery can be challenging, particularly where there is the potential to
create a large tissue deficit and this will have a tendency to compromise our surgical
margins (consciously or subconsciously) or leave us with a large defect and no clear
closure plan. With good pre-operative planning and a range of techniques at your
disposal, the process should be significantly improved and fewer complications are
likely to be encountered.

Pre-operative Planning:

1) Consider the tumour type

• Pre-operative cytological or incisional biopsy
i. When are these useful?
ii. What technique should we choose?

• What margins are recommended for this tumour and can they be
achieved?

i. Should adjuvant or neoadjuvant treatment be considered as part of
the overall treatment plan?

• Is the skin part of the disease process?
2) Consider the location

• Can the recommended lateral AND deep margins be achieved in this
location?

• Should other treatment options be considered (rather than surgery alone)
e.g. neoadjuvant or adjuvant radiotherapy for soft tissue sarcomas and
mast cell tumours? Pre-operative prednisolone or masitinib for mast cell
tumours?

3) Is advanced imaging required?

• Can I assess the margins required from palpation alone?

• Is the tumour infiltrative?

• What is the tumour type and how does this tumour behave?
4) Has the patient been adequately staged?

• Thoracic radiographs

• Abdominal (or other) ultrasound

• CT/MRI
5) What are the options for reconstruction?

• Can I think of 2-3 potential options?

• Am I familiar with these techniques?

• What are the likely pitfalls?
6) Ideally ask for advice from colleagues/specialists BEFORE surgery
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Peri-operative Tips and Surgical Preparation: 

• Clip VERY widely! This will give you a lot more options.

• Bring your surgical/anatomy textbooks into theatre for back-up.

• Consider optimal positioning on the theatre table e.g. would oblique positioning
be preferable? Can you access sufficient skin to allow closure?.

• Drape widely to allow for a change of plan

• Ensure skin is not trapped by bodyweight or towel clips

• Invest in skin marker pens and rulers!

• Accurately measure out your lateral margins

• Only make an elliptical incision if you are certain that primary closure is the best
option. Oncological incisions should generally mirror the shape of the mass.

• Decide if a wound drain is likely to be required and know what you have in stock,
or order in supplies

• Have a Plan A, B and ideally C for closure

• Choose the simplest plan that is appropriate.

Once the tumour has been excised, reconsider your original closure plan and your 
plan B +/- C. Assess the skin for tension, move limbs, head etc, to mimic an awake 
patient. Decide on the best option and then action.  

Options for Skin Reconstruction 
1. Primary closure:

Often possible, but MUST assess for excessive tension whilst under GA. A 
surgical wound under tension is highly likely to undergo dehiscence in the 
postoperative period and require further intervention. Another plan at this stage 
may improve the outcome and reduce morbidity for the patient. 

• Methods to relieve minor tension:
o Undermining skin

▪ Separation of the skin from the underlying tissues in order to
maximise the elastic potential of the skin for wound closure.

▪ Undermining should be performed deep to the cutaneous trunci
muscle (or equivalent) to preserve the subdermal plexus and
perfusion of the skin.

o Walking sutures
▪ Secure the dermis to the underlying fascia in steps moving

towards the wound to better distribute tension.
▪ Also compromise blood supply and may be uncomfortable for

the patient. Not recommended in contaminated wounds as a
greater amount of foreign material is left within the wound.

o Tension relieving sutures
▪ Distribute tension over a larger area, thus relieving tension at

the incision and improving the chances of primary healing.
▪ Examples are: Mattress sutures (horizontal and vertical), Far-

near-near-far and far-far-near-near sutures.
o Relaxing incisions – single vs multiple

▪ Multiple (mesh) incisions may be useful below the elbow or stifle
to relieve tension on a wound. Rows of 1cm stab incisions are
created at 1cm intervals from the wound as needed. A dressing
is placed over the wound to absorb discharge from the wounds.
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2. Second intention healing:

• Not commonly employed, but can be a suitable option for small tumours on
the limbs.

• Consider length of time to healing as accurately as possible and communicate
that to the owner.

• Client required to be compliant with bandage monitoring and revisits. An open
wound can be more problematic for the patient than a lump!

3. Subdermal plexus flaps:
These skin flaps rely on the blood supply from the subdermal plexus to survive.
They are an excellent, simple option in many cases, can be performed in almost
any location on the body (exception distal limbs) and are generally robust when
performed correctly1.

a) Advancement flap – single or bipedicle (H).

• This flap is a useful option for the trunk, neck, tail base and forehead. In these
locations there is ample skin that can be elevated and advanced to cover the
defect.

o The width of the flap should be approximately equal to the width of the
defect

o The length of the flap MUST NOT exceed 2 x width
o The flap should diverge slightly towards the base to avoid restricting

the blood supply
o Elastic retraction of the flap may result in alteration of function e.g.

eyelids, or tension at the wound edge.

b) Rotational flap

• Useful predominantly on the trunk and over the gluteal region. Occasionally
on the head.

• Can be uni or bilateral
o The length of the rotation arc should NOT BE >4x the width of the

wound
o Usually robust due to wide base of flap.

c) Transposition flap

• Brings skin into a deficit from a different plane of tension

• Usually developed at 90 degrees to defect
o The width of the flap should be approximately equal to the width of the

defect
o The length of the flap is measured as the distance between the pivot

point of the flap and the most distant point of the defect.
o The length of the flap MUST NOT exceed 2 x width

d) Axillary and Inguinal skin fold flaps (elbow and flank folds)

• Excellent choice for skin deficits around the brachium and crus2

Note: The recommendations for the dimensions of the flaps MUST be 
followed to achieve successful survival and healing. 
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• Also reported for closure of large thoracic/lumbosacral wounds3,4, for
sternal/inguinal wounds5 and for addressing skin deficits as a result of
extensive mammary mass resections6.

• Four attachments – required to preserve ONE

• Generally robust – they may contain a direct cutaneous artery and in some
cases be an axial pattern flap.

Surgical Drain Placement 
Not usually required for subdermal plexus flaps or primary closure. Exception may 
be a transposition flap due to the 90 degree rotation producing a small area of dead 
space. A closed suction drain is preferred over a Penrose drain. 

Postoperative Care 

• Analgesia as required

• Antibiotics not indicated – clean or clean-contaminated surgery

• Avoid bandaging in case this compromises blood supply to the flap

• Exercise restriction until healed

• Buster collar or medical pet t-shirt to protect the incisions/flap during healing

Potential Complications 

• Wound dehiscence due to inappropriate use of primary closure

• Subdermal plexus flaps – minor complications are common, but are usually
self-limiting. Major complications are rare provided the rules for elevation of a
subdermal plexus flap are followed correctly.

o In a recent large study of subdermal plexus flaps (92 cases)1,
complications were seen in 51% of procedures; 37% minor and 14%
major (requiring a second surgery). Examples of complications
encountered included, dehiscence of the distal wound edge, seroma
formation, partial flap necrosis, infection and self-trauma. There was no
difference in complication rates observed for dogs vs cats. With
appropriate management, outcome was rated as good-excellent for
84% of procedures overall.

• When surgical drains are used, ascending infection is possible, but
uncommon with correct handling e.g. wearing gloves, avoiding excessive
emptying.
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Advanced Reconstruction Techniques 

Laura Owen (UK) 
BVSc CertSAS DipECVS MRCVS  
European and RCVS Specialist in Small Animal Surgery 
Senior Lecturer in Small Animal Surgery 

Whilst for many oncological cases, simple reconstruction techniques will enable a 
good outcome, for those wanting to progress to more complex cases, good 
knowledge and understanding of more advanced reconstruction techniques is a pre-
requisite. These cases may require more technical skin reconstruction alone, or may 
also require muscular flaps to reconstruct deeper tissue deficits e.g. abdominal or 
thoracic wall. For these larger flaps, with greater movement of skin, surgical drain 
placement is essential for appropriate postoperative management. 

Axial Pattern Flaps: 
An axial pattern flap is an area of skin supplied by a specific direct cutaneous artery 
and vein. The blood supply to these flaps is superior to the subdermal plexus flap 
and an approximately 50% greater area of skin survival is possible with an axial 
pattern flap compared with the subdermal plexus flaps. Their use is however limited 
by the location of an appropriate direct cutaneous vessel e.g. these cannot be used 
in the distal limbs.  

These flaps are a good reconstruction option and many are reasonably robust when 
performed correctly1. They often involve a large area of skin, thus increase surgical 
time and patient morbidity compared to a simpler option. In addition, if a failure 
occurs, other reconstruction options may subsequently be limited.  

A selection of axial pattern flaps in the dog is depicted below: 

1=caudal auricular; 2=omocervical; 3=thoracodorsal; 4=caudal superficial epigastric; 5= 
genicular; 6=ventral deep circumflex iliac; 7=lateral caudal (inset); 8=superficial brachial 
(inset); 9=superficial temporal. Dashed lines outline anticipated flaps corresponding with 
these direct cutaneous vessels (adapted from Fossum TW: Small Animal Surgery, ed 2, St 
Louis, 2002, Mosby/Elsevier.) 

________________________________________________________________________________________________ 
 Eastern European Regional Veterinary Conference 2022 Scientific Proceedings

 
330



 
All of these flaps have been studied experimentally and their area of perfusion 
mapped to enable appropriate measurements/flap landmarks to be defined. Details 
of these can be found in any good surgical textbook. 
 
Examples of commonly used axial pattern flaps are: 
 
a) Caudal superficial epigastric flap (CSEF) 

This flap is based on the caudal superficial epigastric artery and vein, which arise 
from the inguinal ring. It extends cranially to encompass the caudal 4 mammary 
glands in dogs and the caudal 3 mammary glands in cats. It can be used to close 
defects in the flank, gluteal, thigh and crus regions, but does not extend below 
the tarsus.  
 
This flap is generally considered to be the most robust of the axial pattern flaps 
and is an ideal one to start with if new to reconstruction. A 2005 study of 10 
cases of CSEF use reported a 90% complete flap survival rate, with 10% of 
cases developing minor self-limiting complications2; however a more recent, 
larger, multicentre study of 70 cases did not report the same success, with 67% 
(59% minor, 8% major) of dogs and 53% (47% minor, 5% major) of cats 
developing complications. These included dehiscence, necrosis, infection, 
seroma and flap oedema. With appropriate treatment, a good-excellent outcome 
was still achieved in 77% of dogs and 79% of cats, but owners should be warned 
that some additional postoperative care may be needed to achieve this following 
flap reconstruction3. 
 

b) Thoracodorsal flap 
This flap is based on the thoracodorsal artery, which arises from the caudal 
shoulder depression. This flap can extend to (or over) the dorsal midline and can 
be rotated to cover defects over the thorax, shoulder and elbow. It does not 
usually extend below the mid antebrachium.  
 
Partial flap necrosis is reported in up to 70% of TD flaps in dogs, ranging from 2% 
to 53%, thus additional postoperative management is likely to be required in 
these cases4. Owners should be aware that dehiscence of the tip of the flap may 
result in failure to improve the original wound or in some cases can result in a 
larger defect. Results appear to be better in cats, with only 1 of 10 cats 
experiencing partial flap necrosis in a study of the use of TD flaps + 
omentalisation for the treatment of chronic axillary wounds5. 
 

c) Dorsal deep circumflex iliac flap (DDCI) 
Based on the above artery and useful for defects on the pelvis, lumbar area and 
flank. Generally robust in the author’s experience however very limited 
information is available in the literature regarding the use of this flap and 
associated complications/outcome. 

 
d) Caudal auricular flap 

Based on the caudal auricular artery, this flap is useful for reconstruction of 
defects on the neck, face and around the ears. The main benefit of this flap is its 
large size and generous rotation arc, which gives it versatility for use in this 
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potentially tricky location, however complications are relatively common for this 
flap. 
 
A recent multi-centre study reported results in 28 cases – 6 dogs and 12 cats. In 
this cohort of patients, partial flap necrosis was the most common complication, 
occurring in 62.5% of dogs and 41.7% of cats and requiring revision surgery in 
50% of dogs and 25% of cats6.  

 
e) Angularis oris flap 

This flap is based on the angularis oris artery in combination with a broad 
subcutaneous arterial network from the facial artery. It is a very versatile flap for 
reconstruction of the lateral/nasomaxillary areas of the face and can in addition 
be used in the orbital or intermandibular regions or intra-orally to close defects of 
the palate. 
 
In a recent study of nine angularis oris flaps used in 8 dogs, 3/9 experienced 
partial distal flap necrosis, with 6/9 healing uneventfully7. Very similar results 
were noted in a study of 9 cats8. 

 
f) Superficial temporal flap 

Based on the superficial temporal artery and useful for reconstruction of facial 
defects. 
 
In a recent multi-centre study of the use of the superficial temporal flap in nine 
dogs and 10 cats, 100% flap survival was reported in 89% of cases and only one 
case was reported to have a major complication requiring revision surgery (cat). 
This flap appears to be robust provided the maximum length of the flap is not 
extended beyond the mid-orbital rim of the contralateral eye9. 
 

g) Omocervical flap 
Based on the above artery arising from the region adjacent to the prescapular 
lymph node and potentially useful for shoulder, axilla and cervical defects. Failure 
of this flap is common due to the variable location of the supplying arterial 
branch. 

 
h) Superficial brachial flap 

Based on the above artery and useful for defects on the antebrachium.  
 
In a study of 16 dogs where a superficial brachial flap was used to reconstruct 
local skin defects, at least one complication was seen in all dogs and 50% of 
patients required additional open wound management (extended period in some 
cases) or revision surgery to resolve the postoperative issues10. Use of this flap is 
therefore challenging and requires significant experience in reconstructive 
surgery. 

 
i) Genicular 

Based on the above artery and useful for closure of defects over the lateral and 
cranial crus regions. 
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In a study of 22 dogs, the genicular flap was observed to have an average of 
99.1% flap survival with only 3 dogs requiring revision surgery due to a major 
complication, thus this flap appears to be a robust option for use in this region. 
 

Surgical tips: 

• Take textbook into theatre to remind you of the landmarks 

• Draw your flap on the dog prior to tumour excision in case skin 
retraction/movement changes the location of your landmarks 

• Always restrict the length of the flap to only that required, as it is always the tip of 
the flap that will fail due to poor vascular supply. If an elevated flap appears too 
long it can be trimmed prior to closure. Saying that however, tension at the 
surgical site should also be avoided. 

• A closed suction drain should be placed with all axial pattern flaps to manage 
dead space postoperatively and reduce seroma formation. 

 
Postoperative care: 

• Analgesia as required 

• No antibiotics – clean or clean/contaminated surgery 

• Management of suction drain – empty when >50% full. Remove when drain 
production is <2-4mls/kg/day 

• No bandages – may reduce blood supply to flap 

• Buster collar or medical pet t-shirt 

• Exercise restriction until healing is complete 
 
Potential complications 

• Flap necrosis 

• Infection 

• Seroma formation 

• Dehiscence of suture line – flap or donor site 
 
Minor complications are usually managed conservatively – small amounts of wound 
dehiscence or flap necrosis can be resolved with open wound management, 
seromas are best left untreated, infection treated with antibiotics based on 
culture/sensitivity. 
 
Major complications e.g. larger area of necrosis or dehiscence require revision 
surgery to resolve. This can be challenging as local skin has already been utilised. 

 
Muscle flaps: 
Muscle flaps are uncommonly used in small animal surgery, but are required to close 
defects of the thoracic wall or abdominal wall when oncological surgery is performed 
in this area, or there is loss of muscular tissue due to trauma. 

 
a) Latissimus dorsi flap 

This flap extends from the dorsal lumbar fascia to its insertion on the caudal 
humerus. Its origin on the lumbar fascia is sectioned and the muscle can be 
rotated caudoventrally to close thoracic wall defects. 

 
b) External abdominal oblique flap 
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This flap can be used for repair of cranioventral abdominal wall defects. The 
base of the muscle flap is maintained at the border of the ribs and the muscle 
is elevated in a caudoventral direction. This flap can also be elevated as an 
island flap. 

 
c) Cranial sartorius muscle flap 

This muscle can be sectioned at the level of the distal femur and rotated 
around to repair small defects of the caudal abdomen or to augment prepubic 
tendon repair. 

 
 
Free skin graft: 
A free skin graft is a full thickness section of haired skin which is completely excised 
and then moved to a different area of the body to cover a defect. This can be 
performed either directly onto a tumour bed, or after granulation has been achieved. 
Immobilisation of the graft is critical after transplantation, thus this technique is most 
applicable to the distal limb12. 
 
Surgical Technique: 

• A dry swab is pressed onto the wound to create an imprint of its size and this 
is then cut out with scissors. The orientation of the template should be clearly 
labelled. 

• The template is placed over the skin of the trunk, usually in the ventral third 
where the skin is relatively thinner and the outline of the defect is drawn 
around the template using a sterile skin marker pen. 

• The shape drawn on the trunk is modified to an ellipse for easy closure of the 
donor site after harvest of the graft. 

• The skin graft is harvested using a scalpel blade to make the skin incision and 
Metzenbaum scissors to cut the subcutaneous fat. Once partially elevated, a 
stay suture of 3-0 prolene is placed in one pole to mark correct orientation. 

• After removal of the graft it is kept moist with saline until ready to suture to the 
recipient site.  

• The donor skin site is closed routinely. 
• The free skin graft is placed onto a sterile piece of cardboard or over a roll of 

sterile vetwrap or similar and the subcutaneous fat is removed using 
Metzenbaum scissors or a scalpel blade.  

 
 
 
 

 

• The graft is then meshed lightly with stab incisions to allow drainage 
postoperatively. This is performed with a number 11 scalpel. 

• Once prepared adequately the graft is sutured into the defect using simple 
interrupted sutures of monofilament suture (3/0) or staples to secure the 
edges. The graft should be gently stretched across the defect and any excess 
graft trimmed. This is to reduce mobility of the graft on the recipient bed. 

• Once suturing of the edges is complete, the graft is secured in the centre in 
several positions using monofilament suture (3/0). 

Note: This is the most important step in ensuring survival of the graft! 
The graft is ready when the hair follicles are readily visible on the 
underside of the graft 
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Postoperative Care: 

• The graft is covered with a non-adherent dressing – Jelonet or Mepitel and 
either a secondary foam dressing and secure bandage or negative pressure 
wound therapy. 

• The dressing is first changed at 48-72 hours postoperatively. It should NOT 
be changed before this time as movement of the graft will induce failure 
during this critical period. 

• Dressing changes are then performed approx. every 3 days or as indicated 
clinically until healed. 

• The graft should be disturbed as little as possible during dressing changes: 
the patient should be heavily sedated or anaesthetised and sterile gloves 
should be worn. Cotton buds can be gently rolled over the mesh areas to 
remove dried discharge but this should be performed minimally. 

 
Distant direct flap: 
A distant direct flap is occasionally useful to close a distal limb wound unsuitable for 
a free skin graft or where grafting has previously failed. A skin flap is raised on the 
body wall and the limb is sutured to the flap. The leg must then be securely 
bandaged to the body wall to avoid tension. After two weeks, half of the flap is 
sectioned, with the remainder cut one week later. Success is primarily dependent 
upon the compliance of the patient and owner. Significant pre-operative preparation 
is vital. 
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Urethral Obstruction - Urolithiasis  
Uroliths are a common cause of cystitis, stranguria, dysuria and urethral obstruction 
in dogs and occasionally in cats. Treatment is ideally via retrograde hydropulsion 
followed by stone removal from the bladder. Although these can be readily removed 
via an open cystotomy, there are now several other options available for clients 
looking for a more minimally invasive technique. 
 
Cystoscopic basket retrieval 
This technique is the most minimally invasive, but is only appropriate for uroliths 
smaller than the urethral diameter. 

• Male dog 2-3mm 

• Female dog 4-5mm 
 

Percutaneous cystolithotomy (PCCL) 
This technique requires a small (1-2cm) ventral abdominal incision, through which 
the cystoscope is placed directly into the bladder and the stones are retrieved. This 
technique is applicable to both dogs and cats, with larger stones 
Urinary tract infection should be treated for 3-5 days prior to performing PCCL as the 
abdomen cannot be fully lavaged during this procedure in the event of urine 
spillage/leakage. 
 
Laparoscopic assisted cystotomy 
This has now largely been superseded by PCCL. This is a similar procedure, but the 
bladder is identified and positioned to accept a trocar using laparoscopy rather than 
by digital palpation. It is still a minimally invasive technique, but requires at least one 
additional abdominal incision (5-10mm).  
 
Urethral Obstruction – Neoplasia/Other 
Neoplastic urethral obstructions usually occur due to transitional cell carcinoma 
(TCC), although prostatic carcinoma can also invade the urethra. These tumours 
occur predominantly in dogs and are very rare in cats. Treatment options are 
currently poor for both of these tumours, often restricted to NSAIDs (meloxicam or 
piroxicam) +/- chemotherapy. Cystostomy tubes can bypass the obstruction but do 
not always alleviate the clinical signs of stranguria and can be difficult to manage – 
often associated with recurrent infections. 
 
Two novel palliative treatments are now available for patients with this type of 
urethral obstruction. Both are minimally invasive and therefore often tolerable to 
owners, as well as preserving patient welfare. 
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Endoscopic diode laser ablation  
Palliative procedure only; although most dogs with transitional cell carcinoma (TCC) 
are euthanased due to urethral/ureteral obstruction before death occurs due to 
metastatic disease. Patients are usually treated by this method in combination with 
chemotherapy (either metronomic chlorambucil or more cytotoxic regimes involving 
mitoxantrone or carboplatin) + meloxicam/piroxicam. 
 
Indication 

• Urethral, vesicourethral junction or trigonal neoplasia causing lower urinary tract 
obstruction (partial or complete) 

o Female dogs – TCC 
o Male dogs – TCC or prostatic carcinoma 

 Less commonly performed due to requirement for perineal access 
to perform rigid cystoscopy and due to risk of tumour seeding to this 
location 

Equipment 

• 2.7mm or 1.9mm 14cm 30 degree rigid cystoscope 

• Diode laser 

• Ultrasound available 
 

Post procedural management 

• Patients can usually be discharged the same day, although the procedure may 
be repeated in 2 weeks if visibility becomes poor during laser ablation. 

• Antibiotic therapy based on urinalysis and culture 

• Follow-up appointments with oncology to discuss chemotherapy and monitoring 

• Repeat laser treatment considered if obstruction recurs. 
 

Potential complications 

• Perforation of the urethra/bladder – either acute or delayed 
o Placement of a urinary catheter for 24-48 hours usually resolves the 

problem 

• Urinary tract infections 
o Common in association with these tumours anyway  
o Chemotherapy can reduce immune response 
o Catheterisation (if required) may allow infection with multi-resistant 

nosocomial organisms 

• Scar tissue and stricture formation 
o Highest risk if tumour ablation is circumferential, but overall low risk (6%) 
o Can usually be treated with additional laser ablation or urethral stent 

placement 
 
Outcome 
Median survival time reported for this technique is 350 days, with some dogs 
surviving much shorter times and some excellent results1. 
 
Urethral stenting 
Both benign and malignant urethral obstructions can be treated via urethral stenting. 
A self-expanding metallic stent is positioned and deployed across the obstruction 
using fluoroscopic guidance. The procedure is rapid to perform and patients are 
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often able to be discharged the same day. Owners must be prepared to deal with 
urinary incontinence, which is a relatively common complication. 
 
Indications: 

• Urethral TCC or prostatic carcinoma 

• Urethral stricture 

• External mass/lesion compressing the urethra 
Device: 

• Laser cut, self-expanding nitinol stent (Infiniti Medical) 

• Non-reconstrainable 

• Uncovered stents used for tumours (most common type) 

• Covered stents used for strictures due to problems of tissue ingrowth through the 
stent in these cases 

o More expensive 
o Increased risk stent migration  
o Increased risk of infection  
o Can cover the prostatic ducts in males  

 
Procedure 

• A positive contrast radiographic study is performed with a measuring catheter 
positioned within the rectum 

• The stent size required is calculated (and ordered) 

• Under fluoroscopic guidance a guide wire is placed across the obstruction, 
followed by the stent. The stent is deployed from at least 1cm cranial to the 
obstruction to at least 1cm caudal to the obstruction. 
 

 
 
 
 
Post procedure management 

• Patients can usually be discharged the same day 

• Antibiotic therapy based on urinalysis and culture 

• Follow-up appointments with oncology to discuss chemotherapy and monitoring 

• Repeat stenting considered if obstruction recurs 
 

Potential complications 

• Repeat urethral obstruction 
o <2% patients with tumours experience regrowth through the stent; 

however tumour can obstruct the urethra either cranial or caudal to the 
stent. In patients with strictures, where an uncovered stent is used tissue 
ingrowth is far more common. 

o Repeat stenting can be performed if required 

• Urinary incontinence 
o 25% dogs severely incontinent 
o 50% males and 25% females mildly incontinent 
o 25% males and 50 % females continent 

 No risk factors currently recognised for the development of 
incontinence 

NOTE: Urethral stenting is 
generally not performed until 
obstruction is observed clinically 

Uncovered stent 

NOTE: If dealing with a case of urethral obstruction and placing an indwelling 
urethral catheter consider cutting the end of the catheter to enable guide wire 
placement through the catheter. 
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• Persistent tenesmus 
o More common in males (47%) vs females (10%) 

 
Outcome 
Median survival time for patients with obstructive carcinoma pretreated with NSAIDs 
and receiving post-stent chemotherapy is reported to be 251 days2. Median survival 
time for patients receiving no adjunctive treatment is reported to be 78 days2. Thus, 
adjunctive chemotherapy recommended in all cases, although there are health and 
safety considerations with this if stenting results in incontinence. Outcomes for 
patients with benign obstructions treated with urethral stents is expected to be 
excellent, with long-term urethral patency3. 
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Further Reading 
Veterinary Image-Guided Interventions. Ed. Weisse C & Berent A. Wiley Blackwell. 
 

NOTE: The survival times for stenting are time from urethral obstruction rather 
than time from diagnosis of TCC, as is the case for laser ablation. 
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Ureteral obstruction is an important cause of acute, or acute on chronic renal failure 
in dogs and cats and hence both recognition of this condition and knowledge of the 
available treatment options is required for all small animal practitioners. Successful 
management, in a timely manner, in many cases will result in significant resolution of 
renal injury and a good-excellent long-term outcome. 
 
Aetiology 
Ureteral obstruction can be caused by 

• Ureteroliths (more common in cats compared to dogs) 

• Blood stones (only reported in cats) 

• Ureteral stricture (associated with circumcaval ureter in cats, usually prior sx 
dogs) 

• Ureteral/bladder (UVJ) neoplasia (usually dogs) 

• Extraluminal compression (rare both dogs and cats) 
…and is characterised by a renal pelvis diameter >2mm (more commonly 6-8mm) 
and/or ureteral dilation (hydroureter) from the renal pelvis to the level of the 
obstructive lesion. 
 

 
 
Clinical Presentation 
In dogs, the clinical signs are usually vague and non-specific; lethargy, vomiting & 
anorexia. Clinical examination may identify abdominal pain or pyrexia. Occasionally 
haematuria is reported. 
In cats, obstruction of a single kidney often goes undetected, with the cat reported to 
be temporarily ‘off colour’. Obstruction of both kidneys, or the second kidney (after 
the first has become non-functional) results in clinical signs of vomiting, PU/PD, 
anorexia and collapse. Clinical examination may identify dehydration, bradycardia 
and abdominal discomfort. 
 
Medical Management 
Medical management should only be considered when ureteral stones have been 
identified and with careful monitoring (renal blood parameters and renal pelvis 
diameter) to ensure that the patient is not deteriorating during treatment.  
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In dogs, approximately 50% of ureteral stones are struvite in composition, thus 
attempted dissolution is appropriate for stable patients, with partial ureteral 
obstruction (although ureteral stenting may still be beneficial for these dogs). A urine 
sample should be obtained for urinalysis/gram stain/cytology via cystocentesis and 
broad spectrum antibiotics administered pending these results. Active monitoring 
should be in place to assess if stone dissolution is occurring. If no positive change is 
seen, the stone may be calcium oxalate in composition, or there may be insufficient 
urine flow past the stone to promote dissolution. 
 
In cats, the majority of ureteral stones are calcium oxalate in composition and 
therefore dissolution is unlikely. Inference of stone type can be made from urinalysis, 
but this is not always accurate. Diuresis is promoted alongside smooth muscle 
relaxation, for 24-48 hours, to encourage the stone or stones to pass into the 
bladder. If no movement of the stones is noted after this period medical management 
should be curtailed and an alternative treatment chosen. 
 
Medications (cat): 

Intravenous fluid therapy 5 ml/kg/hr  
Monitor carefully for fluid overload 

Mannitol 0.25g/kg bolus over 30-60 minutes, 
followed by CRI at 1mg/kg/min for 24 
hours 
Care in cats with cardiac disease 

Prazosin 0.25mg per cat BID 
Monitor blood pressure 

Analgesia Buprenorphine 0.01-0.02mg/kg 

Antibiotics If evidence of urinary tract infection on 
urinalysis 
(33% cats have +ve urine culture) 

 
Given the low chance of success in cats with medical management (7.7% 
documented stone passage and 13% response1) the author does not routinely 
recommend this course of action and following stabilisation of the patient with 
intravenous fluids and analgesia, proceeds directly to a surgical or image-guided 
solution.  
 
 
 
 
 
 
 
 
 
 
Image Guided Interventions 

Note: The best cases for consideration of medical management are small, distal 
ureteroliths, or for patients where there are significant financial limitations 

Note:  Medical management is not useful for treating patients with ureteral strictures 
or neoplasia (presumed when no stones are identified) and should not be attempted 
in patients that are hyperkalaemic, oliguric/anuric or excessively painful. 
 

Note: All image-guided procedures ideally require a C-arm fluoroscopic unit +/- 
intra-operative ultrasound  
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Traditional open surgical techniques e.g. ureterotomy to remove a ureterolith, 
resection & anastamosis and ureteronephrectomy are invasive and are associated 
with high morbidity; hence the development of less invasive image-guided solutions. 
Using interventional endoscopy/radiology techniques, two new treatment methods 
are now available – ureteral stents and subcutaneous ureteral bypass systems. As a 
general rule, ureteral stents are used in dogs and subcutaneous ureteral bypass is 
used in cats, but as always there are exceptions to these generalisations. 
Ureteral stents 
The goals of stenting are to: 

• Provide a pathway for urinary diversion bypassing the obstruction 

• Encourage passive ureteral dilation to prevent re-obstruction 

• Encourage dissolution of ureteroliths (dogs) 

• Prevent migration of nephroliths 
 

Device:  

• Double pigtail, multi-fenestrated design – locks both in the renal pelvis and within 
the bladder to reduce stent migration. 

 
 
 
Placement: 

• Dogs 
o Stent placement can be achieved in the majority of cases in a retrograde 

manner (i.e. from bladder to kidney) under endoscopic and fluoroscopic (or 
surgical) guidance2. 

o Placement is antegrade using a percutaneous or surgical approach in 
cases of trigonal neoplasia where the UVJ’s are obscured by tumour 
tissue 

• Cats 
o Stents are usually placed surgically due to the low chance of success via 

cystoscopy3 
o Antegrade placement is preferred (ie from kidney to bladder) 

 
Postoperative care 

• Monitoring for postoperative diuresis and maintaining fluid balance as appropriate 
o Enteral hydration often preferred via an oesophagostomy tube in cats to 

reduce the risk of fluid overload 

• 2 week course fluoroquinolones to reduce the risk of biofilm development on 
implants 

• Monitor for urine leakage/stent migration 

• Urine culture q 3-6 months 
No revisits to the referral centre required unless a complication occurs.  

Potential mid-long term (>1m) complications: 

Complication Incidence Dogs2 Incidence Cats3 

Dysuria 0% 37% 

Ureteral stent (Infiniti Medical) 

Note: Perioperative mortality MUCH reduced compared to traditional surgical 
techniques – 98% survival to discharge in dogs2 and 92% survival to discharge in cats3 
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UTI 59% 30% 

Re-obstruction (usually 
stricture cases) 

9% 19% 

Chronic haematuria 5-10% 18% 

Stent migration 6% 5.9% 

Dysuria in cats appears to be related to the more distal exit point of the ureters into 
the proximal urethra in cats, compared with exit into the bladder trigone in dogs. The 
clinical signs may be manageable in the short-term with the use of NSAIDs (in non-
azotaemic patients) or prednisolone; however in the longer-term resolution of this 
problem usually requires stent removal.  

In dogs re-obstruction or stent migration can be managed endoscopically via stent 
exchange, which is a simple outpatient procedure and thus not a major concern. In 
cats, replacement of a stent (27% cases3) is more likely to require an additional 
surgical procedure thus increasing morbidity.  

 
 
 
 
 

The requirement for open surgery to place/change the device and the development 
of chronic dysuria, affecting approximately 40% of cats3 are the main reasons that 
this technique is no longer recommended in cats. At the author’s clinic all appropriate 
cases of ureteral obstruction in cats are instead treated with subcutaneous ureteral 
bypass devices. 

Subcutaneous Ureteral Bypass (SUB) 
This system (as the name suggests) provides an alternative route via which urine 
can travel, from the kidney, out through the body wall (remaining subcutaneous) and 
back to the bladder again, thus bypassing an obstructed ureter 

Device: 
• Locking loop pigtail polyurethane nephrostomy catheter

• Fenestrated and cuffed polyurethane bladder catheter

• Titanium shunting access port
Mainly used in cats, but can also be used in dogs 

Note: The stent lumen generally becomes obstructed with urinary debris and 
crystalline material after approximately 3 months; however provided that passive 
ureteral dilation occurs the ureter does not typically re-obstruct. For this reason 
ureteral stenting may be contra-indicated in patients with a ureteral stricture, where 
ureteral dilation will be compromised at that location. 
 

Dog – Ureters open 
into bladder trigone 

Cat – Ureters enter 
into proximal urethra 
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Placement 

• Placement of the SUB is performed via a standard midline coeliotomy under 
fluoroscopic guidance 

• Renal catheter is placed using a modified Seldinger-technique 
o Locking loop tightened once in position to prevent tube migration 
o Dacron cuff advanced to renal capsule and glued in position. 

• Bladder catheter placed through stab incision  
o Dacron cuff sutured and glued to bladder serosa 

• Catheters connected to Y connector and exit tubing passed through the 
abdominal wall and connected to subcutaneous access port 

• Access port sutured to rectus abdominus muscle within a pocket of subcutaneous 
fat 

• All elements leak tested and assessed 

• Routine coeliotomy closure 

• Lateral and ventrodorsal radiographic/fluoroscopic images should be taken at the 
end of surgery to assess for potential problems, especially kinking of the 
catheters, which should be corrected prior to recovery from anaesthesia. 
 

Postoperative care 

• Monitoring for postoperative diuresis and maintaining fluid balance as appropriate 
o Enteral hydration often preferred via an oesophagostomy tube in cats to 

reduce the risk of fluid overload 

• 2 week course fluoroquinolones to reduce the risk of biofilm development on 
implants 

• Monitor for urine leakage/SUB obstruction (blood clot)/kinking of catheters 

• Standard wound care and suture removal 10-14 days 

• Urine culture q 3-6 months 
 

Potential complications 

• Leakage of urine (3.5%5) 
o Usually due to technical error- reduced risk with appropriate training 

• Re-obstruction with blood, debris or stones (17-24%)4,5 
o Due to excessive haemorrhage or reoccurrence of stones/crystals 

• Kinking (4.6-10%)4,5 
o Usually due to technical error – reduced risk with appropriate training 

• Infection (26% postoperative)4 
 

Occlusion of the SUB is the most common long-term complication with this device, 
and for the most part can be avoided with regular flushing. Flushing of the SUB is 
recommended at 1d post-op, at discharge from the hospital, every 3 months for 1-2 

Image taken from Norfolk 
Vet Products Website 

Note: Perioperative mortality MUCH reduced compared to traditional surgical 
techniques – 94% survival to discharge4,5. 
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years, then every 6 months thereafter to reduce the risk of obstruction due to 
encrustation and debris within the device (risk low following this protocol [approx 
10% of stone cases, 0% stricture cases]). Flushing of the SUB is an outpatient 
procedure performed under ultrasound guidance; however the veterinarian 
performing the flush must be knowledgeable about the procedure to avoid 
complications. Urine samples are collected for culture during the procedure. 

    
 
Tetra-EDTA (anti-bacterial and chelates calcium), is instilled into the SUB after each 
flush to reduce the risk of infection/obstruction long-term. 
 
If SUB obstruction does occur and flushing does not resolve the problem, the patient 
should be monitored for recurrent renal obstruction. In many cases the ureter will 
have become patent again following SUB placement and therefore no further 
treatment will be required. If obstruction does recur, catheter exchange is required 
(surgical procedure, but rapid recovery and minimal morbidity). In one study, revision 
surgery was reported to be required long-term in 17% of cats4. 
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NOTE: The titanium access port must ONLY be 
accessed using a Huber needle under aseptic 
technique. A standard hypodermic needle will ‘core-out’ 
the silicone, resulting in potential leakage from the port.  
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Urinary incontinence is a relatively common condition, affecting predominantly 
neutered bitches, but also intact animals and male dogs. The nature of the condition 
often results in a significant negative effect on the pet-owner interaction, and the 
inability of some owners to deal with the urine leakage can lead to euthanasia of 
otherwise healthy dogs, making this a significant welfare issue.  
 
Aetiology 
There are five main categories of urinary incontinence: 
1) Urethral sphincter mechanism incompetence 
This condition can be congenital, but is more usually acquired in middle aged-older 
neutered female dogs. It bears many similarities to stress incontinence in women 
and there are multiple theories behind the failure of the ‘sphincter’ in this condition.  
2) Anatomical abnormalities 
The most common condition in this category is ectopic ureters, usually diagnosed in 
younger animals and has known breed predilections e.g. Golden retriever, Labrador 
retriever. Other possible abnormalities would include hypoplastic bladder, patent 
urachus, bladder/urethral diverticulum etc. 
3) Urge incontinence 
This is a group of miscellaneous causes e.g. UTI, detrusor hyperexcitability, masses 
in bladder/prostate all of which can result in abnormal activity within the detrusor 
muscle and subsequently an inability to control urination. 
4) PU/PD 
In this group an underlying disease is present which accounts for the PU/PD. Bed 
wetting/urine puddles are most commonly seen overnight due to nocturia and 
increased urine production, rather than a failure of the urinary system. Cases with 
combined PU/PD and another cause of urinary incontinence are often the most 
difficult to treat. 
5) Overflow incontinence 
This group includes neurological abnormalities such as lumbosacral disease, 
masses in bladder/urethra/prostate resulting in a partial obstruction etc. A large 
bladder is a key feature of patients in this group. 
 
Investigating Urinary Incontinence 
Bloods and Urinalysis 
• Assess for renal disease 

• Azotaemia - check not pre- or post renal 
• Low specific gravity – must be low on multiple occasions to be meaningful 

in the dog. If the urine is concentrated (> 1.030) renal disease can 
generally be ruled out. 

• Urine culture to rule out infection 
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• Infection alone is rarely a primary cause of incontinence; however the 
presence of infection in a dog with a weak urethral sphincter or mildly 
abnormal detrusor could tip the balance. Treatment of the UTI may resolve 
the incontinence without further intervention. 

• Cystocentesis or catheter sample 
• Cystocentesis can be difficult as the bladder is often empty and 

intra-pelvic in incontinent animals. Many of the other investigations 
require catheterisation so a mid-stream catheter sample is an 
alternative. 

• Very important to rule out infection prior to surgical intervention to avoid 
unnecessary complications and surgical failure 

• Collect sample before any radiographic contrast is injected – alters SG 
and culture 

• Screen for diseases causing PU/PD 
• Assess suitability for anaesthesia in dogs >8years 

 
Ultrasound 
Ultrasound is an excellent imaging modality for the upper urinary tract in the hands of 
an experienced operator and has the advantage that sedation/anaesthesia is often 
not required.  It should be performed prior to other tests to avoid the problems of air 
artefacts. 
• Standard ultrasound can examine/reveal 

• Renal architecture 
• Dilation of ureters  
• Bladder abnormalities 

• Empty bladder (particularly a problem with incontinence) can cause 
artefactual thickening of the bladder wall. 

• Fill bladder with saline! 
• Prostatic architecture in male dogs 

• Doppler ultrasound needed to assess ureteric openings (allows ureteric jets to be 
identified) 

• Usually need to give iv fluids or furosemide @ 1mg/kg IV (to increase 
frequency and intensity of jets) 

• Cystocentesis? (see above) 
• Ultrasound cannot accurately determine position of bladder neck OR examine 

caudal urethra, vagina or vestibule. 
 

IVU 
• Bolus versus infusion IVU 
• Moderately distend bladder with air to increase contrast and allow visualisation of 

ureters 
• Enema also required to empty the colon for this investigation 
• Crude picture of relative renal function 
• Often still difficult to see vesicoureteric junctions 

• Fluoroscopy improves this 
• Multiple films required 
• Risks contrast injection (acute renal failure) 
• Bolus technique uses less contrast agent and provides arterial and better 

nephrogenic phase 
• Infusion technique highlights ureters better and gives longer to get films. 
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• Often difficult to see ureter terminations without fluoroscopy due to peristalsis.  
• Secondary changes seen 

 
CT IVU  
• Preferred imaging technique where possible as no superimposition of structures, 

but peristalsis may still result in vesicoureteric junction being missed 
• Quick 
• More expensive 
• Risks of contrast injection as for standard IVU + radiation dose can be high 
Positive contrast retrograde vaginourethrogram (female) or urethrogram 
(male) 
This is an easy, inexpensive test to perform, which allows assessment of the lower 
urogenital system (vagina, vestibule, urethra, bladder). The quality of the images is 
improved with the use of fluoroscopy. 
• Determines bladder neck position and urethral length + filling defects if space 

occupying lesions e.g. neoplasia, uroliths 
• Can infer ureteral ectopia  

• Ureteric reflux due to lack of one way valve system 
• Assesses for other anatomical abnormalities e.g. hypoplastic bladder, patent 

urachus or bladder diverticulum 
• Tips 

• Remember enema e.g. Fletchers Phosphate, otherwise ureters not easily 
seen and distorts bladder position 

• ALWAYS use an ionic contrast agent – either urografin (150mg I/ml) or 
dilute omnipaque (300mg I/ml) 50:50 with saline 

• Some air in the bladder can be helpful to give some resistance to injection 
and improve distension of the urethra 

• MUST be deeply anaesthetised (females) 
• Image MUST be obtained during contrast injection 
• MUST not be under influence of oestrogens 

• One month off Incurin prior to investigation 
• Fluoroscopy allows easy identification of any errors and avoids risk of 

urine being flushed into the kidneys + amount of contrast agent required 
more specific 

 
Cystoscopy 
• Excellent visualisation of urethra 

• Including ectopic openings of ureters  
• Laser ablation of ectopic ureters possible 
• Biopsies possible 

• Excellent visualisation of bladder/normal ureteric openings 
• Biopsies possible 

• Excellent visualisation of vestibule/vagina 
 

Urodynamics 
• ONLY positive test for USMI 
• Common tool used in human urology 

• Poor correlation between history and urodynamic findings 
• Simple, safe, inexpensive test 
• Useful for  
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• Stress incontinence 
• Urge incontinence 
• Bladder compliance 

• Allows diagnosis of USMI and in future will hopefully allow us to tailor and predict 
treatment outcomes e.g. ectopic ureters and USMI 
 

Which tests for which patients? 
• Paediatric patient 

• Always investigate due to increased likelihood of anatomical abnormalities 
+ lifelong care/treatment required.  

• Anatomical abnormalities can have serious sequalae e.g. Hydronephrosis. 
• Geriatric patient 

• Basic tests 
• Measure water intake to rule out PU/PD 
• Palpate bladder to rule out obstruction and overflow incontinence 
• Rectal examination to check prostate and urethra 
• Urine sample for urinalysis and culture.  

• Treat medically as long as responds and owners happy.  
• Alternatively consider low morbidity surgical options or urethral bulking 

agents 
• Young-middle aged, medium-large breed dogs 

• Full investigation where possible 
• Ectopic ureters may have been missed 
• Lifelong medical treatment expensive and may reduce in efficacy 
• Surgery low morbidity and may significantly improve outcomes.  

• Otherwise, water intake, culture, control weight. 
 

Multiple modalities available to work up incontinence. Not all required. Choose 
depending on case, funds, availability etc.  
 
Treatment Options USMI 
Medical Management 
• Works well in many cases 

o Phenylpropanolamine – once (1.5mg/kg), twice (1.2mg/kg) or three 
(0.8mg/kg) times daily dosing1 

o Estriol 
 

Surgical Management 
• Cases where  

• Medical management fails 
• Adverse reaction seen to medication 
• Other medical problems preclude medication 
• OR owner preference for surgery  

 
Colposuspension 
• Permanent sutures placed between vaginal wall and prepubic tendon.  

• Moves bladder into more cranial abdominal position 
• Increases functional urethral length 
• Increases urethral resistance using sling effect 

• Postoperative care 
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• Monitor for 12-36 hours until urination observed 
• Diazepam given if dysuria observed 
• Analgesia and antibiotics 
• 4 weeks strict rest & short lead walks only  

• Outcome 
• 50% cure, 40% improved, 10% no improvement2 
• 40% usually cured with additional low dose medical treatment2 
• Effect may reduce over time  
• Good client satisfaction 
• May be combined with urethropexy to improve outcomes3 

Artificial urethral sphincter (AUS) 
• Inflatable silicone urethral occluder with a titanium subcutaneous access port 

• Increases urethral resistance  
• Main advantage is adjustability postoperatively 
• Main disadvantage is possibility of developing a urethral stricture or 

infection of the cuff/port requiring removal 
• Postoperative care 

• Monitor urination postoperatively 
• 4-6 weeks recovery time before cuff 

inflated 
• Delay allows revascularisation of 

urethra and reduces urethral 
atrophy 

• Cuff inflated incrementally if incontinence 
persists (not all require inflation!) 

• Multiple revisits may be needed 
• Outcome 

• 30-50% dogs may be continent without cuff inflation 
• 80% incontinence scores improved to 8-10/104 
• 36% complete continence, median incontinence score significantly 

improved, high rate minor complications5 
• May require removal if infection/fibrosis 
• Some dogs fail to find balance between continence and obstruction 
• Best option in male dogs 

 
Urethral bulking agents 
• Submucosal injections of bulking agents performed via cystoscopy  

• E.g. ReGain injectable collagen (Avalon Medical) 
• Less invasive, but... 

• Lack of durability? 
• Remodelling/re-absorption 

• Human medicine - Used for older patients or those with high anaesthetic risk 
• Veterinary study (Contigen) - 65% continent for 1-64 months, 25% improved6 
• No information in the literature yet regarding newer compounds 
 
Treatment Options Ectopic Ureters 
 
Traditional open surgery 
• Neoureterocystostomy (intramural ectopia) or ureteral transection and re-

implantation (extramural ectopia) 
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• Can be challenging in young animals due to intraoperative oedema and 
haemorrhage 

• Surgical loupes improve visualisation 
• Potential complications include leakage of urine leading to uroabdomen, 

recanalisation of distal ureter, stricture of new opening, infection 
• Congenital USMI present concurrently in some dogs (>females) 
• Outcome 

o 50% cure, 25% improved, 25% no change7 
o May be improved if surgery combined with colposuspension 

 
Laser ablation of ectopic ureters 
• Relatively new technique – Treatment of choice! 
• Only applicable to intramural ectopia 
• Minimally invasive and very low morbidity (patients discharged the day of the 

procedure) 
• Under cystoscopic guidance the wall of the ectopic ureter is laser ablated until the 

opening of the ureter lies within the bladder trigone 
• Potential complication is urine leakage from a hole in the urethra or bladder, but 

very low risk 
• Congenital USMI may still reduce success 
• Outcome very similar to surgical treatment8 

 
Ureteronephrectomy 
• Reserved for cases with: 

o Severe hydronephrosis rendering the affected kidney non-functional 
o When financial constraints exist? 
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Nursing the IBD Patient 
 
 
Nicola Lakeman, MSc BSc(Hons), RVN, CertSAN, CertVNECC, VTS (Nutrition) 
Plymouth, England 
 
 
 The causes of many gastrointestinal disorders in dogs can be difficult to 
initially identify. Treatments initially start based on the clinical symptoms, which do 
tend to resolve over a couple of days. In situations where clinical symptoms persist 
(vomiting, diarrhoea and weight loss) a diagnosis may be required in order to 
accurately treat the patient, (Table 1). Electrolyte imbalances can quickly develop in 
animals with severe diarrhoea, with oral hydration or intravenous supplementation 
being provided when required, intravenous routes being required if the animal is 
vomiting or clinically dehydrated.1  
 The gastrointestinal system requires nutrition, and therefore requires to be 
fed, even when the disease / disorder still persists. With there being numerous 
gastrointestinal disorders and with each individual reacting differently to different 
diets, it is important to obtain a full nutritional / diet history from owners about their 
pets. Talking to the owner and finding out what the pet has traditionally ate, how well 
does the pet eat, does it only eat a home cooked diet or a specific flavour of food is 
not only important to find out whether the gastrointestinal symptoms are related to 
what the pet is being fed (or dietary indiscretion), but also where to go to next in the 
recommendation of a new diet.  
 
Dietary Management 
 Dietary manipulation can aid in a number of nutrient responsive conditions, 
but it can be a process of elimination to find the one that suits the individual the best. 
What may have suited one animal may not suit another. Some animals may require 
a combination of diets; some may have concurrent conditions which mean that the 
normal recommended diet may not be suitable, or even cause more problems. Many 
diets aimed at conditions affecting the gastrointestinal system work on the bases of 
manipulation of fat content, fibre content, digestibility or novel protein source (Table 
2). Monitoring of the animal whilst dietary change is occurring is important, weight, 
body condition, faecal quality and output, and the monitoring of blood parameters 
(Folate, B12) can all indicate the success of nutrition, (Picture 1). Gaining a 
diagnosis from the veterinary surgeon is an important starting point; though there are 
many occasions where nutrition can also be used as a diagnostic tool (for example 
dietary sensitivities). 
 For those cases that are suffering from severe unretractable vomiting for over 
48hours total parenteral nutrition must be provided, alongside very small amounts of 
nutrition being given by mouth (microenteral nutrition), and the necessary 
medications prescribed by the veterinary surgeon2. The use of micro-enteral 
nutrition has shown to improve prognosis of many cases that were traditionally 
starved. Dietary therapy for dog’s suffering from acute pancreatitis was traditionally 
nil-by-mouth, until the clinical symptoms ceased, and in some practices this could be 
up to five to seven days. Evidence has shown that nil-by-mouth in these cases has 
little benefit to the animal. The oral nutritional support is required to prevent 
gastroduodenal ulceration, bacterial translocation from the gut and septicaemia. 
Small amounts of watered-down baby rice or cottage cheese can be used before 
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moving onto a commercial low-fat, highly digestible diet, oral hydration fluids can 
also be utilised.  
 In human medicine there is a continuing bank of evidence indicating that 
“feeding through” diarrhoea with an appropriate diet can be beneficial. Comparisons 
can be difficult, as many cases of diarrhoea in man tend to be secretory, whereas 
osmotic diarrhoea is more common in dogs and cats. The advantages of “feeding 
through” include maintaining mucosal health, reducing the risk of bacterial 
translocation. Feeding through should not be used in animals that are vomiting or 
severely dehydrated unless the hydration and electrolyte status is initially correctly 
prior to feeding. The obvious disadvantage of “feeding through” is the risk of 
“accidents” in the house, consideration should be taken for owners that may not be 
able to care for the pet themselves when the diarrhoea is present. Whether food is 
withheld or not, unlimited access to water must be maintained at all times. The use 
of oral rehydration solutions containing simple sugar, soluble fibres, peptides and 
electrolytes should be advocated in these cases. When using this method feeding a 
diet, which won’t cause an inflammatory reaction in the future is important. Dietary 
antigens can cross the compromised gastrointestinal mucosa and set up a 
hypersensitivity reaction. Use of a novel protein and/or carbohydrate source should 
be recommended in selected cases. Once the animal is then well, and transferred to 
its original diet, it is unlikely to have any reactions to the original protein source. 
 Dietary transitions are as important as the diet itself. When the gastrointestinal 
system is dysfunctioning transitions may need to be over a longer period of time. 
Palatability of the diet can be affected by the animal feeling ill, nausea being the 
biggest cause. Treatment to correct any factors of illness that effect palatability is 
important, alongside correction of any hydration issues. 
 
Pro- and Pre-biotics 
 Pro- and Pre-biotics are widely used in the treatment of gastrointestinal 
disorders. Prebiotics are substances that are able to alter the gastrointestinal flora in 
a manner to benefit the microorganisms, these are normally types of fibres (e.g. 
Manno-oligosaccharides, Fructo-oligosaccharides) or amino acids like glutamine. 
Probiotics however, are a live microbial feed supplement, which benefits the host 
animal by improving the gastrointestinal microbial population. Probiotics generally 
used are comprised of lactic acid bacteria such as Lactobacilli, Streptococci and 
Bifidobacteria. Use of probiotics in cases of chronic diarrhoea has shown to be 
beneficial. Hart et al., (2012) showed that Seventy-two percent of owners perceived 
an improvement in their cat's diarrhoea following a 21-day course of synbiotic 
supplementation. Honneffer et al., (2014) review piece demonstrated the complex 
role of the microbiome and its influence in gastrointestinal disease processes, with 
the positive effects of pro- and prebiotics6. 
 
Pharmaceuticals 
 Many different pharmaceuticals can be utilised in the treatment of different 
gastrointestinal problems that can be seen in veterinary practice. It is important when 
conducting nursing clinics to read the clinical history and to make note of the 
medication regimes that the veterinary surgeon has prescribed for the animal. In 
some chronic cases drug dosages are tapered to effect and therefore support from 
the veterinary nurse may be required in order to help clients achieve this. 
Vitamin B12 (cobalamin) injections are commonly used in animals with low blood 
cobalamin, which is commonly seen in animals with gastrointestinal problems. 
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Weekly injections in some cases may be required for a number of weeks, and this is 
a role for the veterinary nurse to undertake. Oral supplementation is possible in 
some cases, and there are now nutritional supplements which contain Vitamin B12. 
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Picture 1: Facial scoring chart for cats and dogs. 
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Primary causes of chronic diarrhoea Secondary causes of chronic 
diarrhoea 

Infectious 
Endoparasites, enteropathogens, small 
intestinal dysbiosis 

Exocrine Pancreatic Disease 
Exocrine pancreatic insufficiency 
Chronic pancreatitis 

Inflammatory 
Idiopathic inflammatory bowel disease 

Hepatic Disease 
Liver failure 

Neoplastic 
Intestinal lymphoma 
Other 

Kidney Disease 
Chronic kidney disease 

Mechanical 
Sliding intussusception 

Adrenal disease 
Hypoadrenocorticism 

Toxic Thyroid Disease 
Hyperthyroidism in cats 
Hypothyroidism in dogs 

Other rare conditions Cardiovascular disease 
Central nervous system disease 

Table 1: Causes for chronic diarrhea.3 

 

 

Diet Type Dietary Characteristics 

Novel protein source Contains one protein and one 
carbohydrate source that needs to be 
novel to the animal. 

Hydrolyzed protein diet Contains protein that has been broken 
down into smaller peptides or amino-
acids. The diets differ in degree of 
hydrolysation, and protein source. 

Easily digestible diet Low-residue diet will contain a good 
source of prebiotics. 

High Fibre diets Useful with fibre responsive colitis.  

High fat/low carbohydrate or moderate 
fat/ moderate carbohydrate diet 

Mechanism of action unknown, chosen 
diets needs to digestible. 

Table 2: Dietary types that may be effective that may be effective for a dietary trial 
with chronic diarrhoea in cats and dogs.3  
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Emergency Critical Care Nursing – Triage 
 
 
Nicola Lakeman MSc BSc(Hons) RVN CertVNECC CertSAN VTS(Nutrition)  
Plymouth, UK. 
 

Managing of difficult cases relies on close monitoring of these patients. The 
frequency of monitoring of the critically ill patient will vary on a patient to patient 
basis. The basics to be monitored include: 

• Every 2 hours 
o Urine output, normal urine output is 0.5-2ml/kg/hour. In patients 

receiving intravenous fluids the aim is to keep urine output above 
1ml/kg/hour. 

o Pulse strength/blood pressure and heart/pulse rate 
o Mentation 

• Every 4 hours 
o Respiratory rate and effort 
o Body temperature 

• Every 12 hours 
o Platelet count 
o PCV (dog N=35-55% aim for 45%; cat N=25-45% aim for 35%) and 

total proteins 

• Every 24 hours 
o Electrolytes 
o Body weight 

 

Mucous membrane colour (and moistness) and capillary refill time (CRT) can be 
assessed to ascertain peripheral perfusion. CRT should be less than 2 seconds. 
Membrane colour will vary from: 

1. Brick red in cases of systemic inflammatory response syndrome (SIRS), 
sepsis and acute pancreatitis 

2. Bright red with carbon monoxide poisoning 
3. Pale or white with anaemia or hypovolaemic shock 
4. Purple/blue/cyanotic with hypoxaemia 
5. Yellow with jaundice from liver problems or haemolysis 
6. Chocolate brown with paracetomol poisoning 

 
Respiration 

Normal respiration rate is around 15-30 breaths per minute at rest. Auscultation of 
the chest should be performed in addition to visual monitoring or respiration. Listen 
to the patient breathe while observing it. Signs to watch for are:  

1. Abdominal breathing 
2. Asynchronous chest movements which may indicate a flail chest or a 

neurological problem 
3. Out-turned elbows and mouth breathing suggestive of dyspnoea 
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4. Prolonged inspiratory time and short expiration time suggestive of upper 
airway obstruction (e.g. foreign body) 

5. Prolonged expiratory time with short inspiration suggestive of lower airway 
obstruction (e.g. feline asthma) 

6. Crackles and fluid sounds in the chest (e.g. pulmonary oedema, pneumonia 
etc.) 

7. Muffling of the heart or louder sounding heart (see above) 
8. Development of nasal discharges 

 

Normal urine output is 0.5-2ml/kg/hour. In patients receiving intravenous fluids the 
aim is to keep urine output above 1ml/kg/hour. 

 

Dysponea. 
 
An initial assessment for these patients should be performed in two parts: firstly 
noting the clinical signs that the animal is presenting, the animal should have oxygen 
therapy whilst this is being done: 

• Mouth breathing 

• Orthopnoea 

• Colour of mucous membranes e.g. cyanosis 

• Obvious wounds to the thorax 

• Increased or decreased depth of respiration 

• Respiratory rate 

• Movement of the abdominal muscles on inspiration and/or expiration 
 

Secondly the hands-on examination will allow further evaluation of the animal for: 

• Presence of foreign body in the mouth / throat 

• Presence of bruising / injury to the chest 

• Presence of a flail chest 

• Auscultation – can breath sounds be heard on both sides of the chest or only 
one? Can the heart beat be heard? 

• Percussion of the chest may indicate the presence of fluid in the pleural space 

• Assessment of body temperature 
 

It may be necessary for radiography or a pleural tap (thoracocentesis) to be carried 
out and equipment should be prepared for this. 

 

Embolisms 

Clinical signs 

The patient shows signs of shock, severe pain, distress, and if the clot lodges in the 
caudal aorta an inability to use the hind legs. If it is a pulmonary thrombembolism, 
then bloody froth may be present at the mouth with harsh respiration occasionally 
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seen. Sadly, mortality rates are high with 63% of patients being euthanased or dying 
during the initial episode. 

 

Diagnostic testing 

Lack of Doppler/pulse detection in the femoral artery is strongly suggestive with the 
above clinical signs. The hind limbs are often cold to the touch as the condition 
progresses. Advanced cases will have no neurological function in the affected/often 
both hind limbs and these cases carry an extremely poor prognosis. In addition, the 
assessment of blood clotting times, PCV and biochemistry to assess for DIC should 
be performed.  

Radiography for pulmonary thrombo-embolism may be unrewarding, but will aid in 
ruling out other differentials.  

 

Medication 

This comprises the use of heparin anticoagulant therapy to prevent clot growth (it will 
not remove the clot already formed) and analgesia to control the pain (multimodal 
analgesia may be necessary with an NSAID as well as buprenorphine/methadone to 
effect). 

 

In addition, the management of any underlying cardiac disease/thyroid disease may 
be necessary. 

Physiotherapy 

In mild cases, limb manipulation and massage where possible to facilitate blood flow 
can be tried. If pulmonary emboli are suspected then chest coupage may be of help. 
    

Monitoring  

Regular monitoring of the pulse strength and pain sensation should be instigated. 
Treatment may take several days to weeks, and of course a full recovery is unlikely. 
Many cats affected will go on to develop DIC even if that was not the initial cause of 
the embolic episode and success rates can be poor. 

Continual monitoring of clotting times, PCV and lactate levels to determine if shock 
and DIC is starting are vital. Pulmonary embolic cases may also require oxygen 
therapy and all cases need ongoing pain assessment and appropriate analgesia. 
There is an ethical consideration for those animals in extreme pain, euthanasia 
should be seriously considered  
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Diabetes Mellitus. 

The lack of blood glucose control may occur because the condition has not been 
recognised or treated, or because despite insulin treatment, concurrent illness (e.g. 
infection, pancreatitis, metabolic crisis) destabilises the condition. This leads to a rise 
in the glucagon:insulin ratio leading to free fatty acid and then ketone production, 
which leads to a drop in the pH of the blood creating an acidosis. 

 

Clinical Signs 

The following include some of the clinical signs associated with ketoacidosis: 

1) PU/PD 
2) Anorexia 
3) Vomiting +/- diarrhoea 
4) Dullness and collapse 
5) Poor body condition 
6) Tachypnoea (due to metabolic acidosis) 

 

Diagnostic testing 

Biochemistry 

This will reveal an elevated glucose level. Blood ketones may be measured by some 
laboratories and the acid-base balance of the blood will indicate metabolic acidosis. 
Blood gas analysis may indicate hypoxaemia and hypercapnia. Blood urea, 
creatinine and phosphorus should be measured as renal failure is a common sequel. 
Urine dipsticks can be used to test blood for ketones, but only tests for one type of 
ketone produced, which is not predominant one produced. Therefore leading to false 
negatives. 

 

Blood electrolytes should be measured as potassium deficits are also commonly 
seen, however they may not become apparent until insulin is administered as this 
causes cellular uptake of potassium. The amount of potassium required to replace 
deficits is outlined below. Hypokalaemia leads to muscular weakness and cardiac 
arrhythmias.  

 

Fluid therapy 

Correction of any fluid/electrolyte imbalances must be performed slowly over 24-
48hrs unless the patient is in acute hypovolaemic shock when fluid boluses can be 
used until urine output achieved. This slow initial approach is to stop rapid changes 
in osmolality which can damage the central nervous system. If bolus fluid therapy is 
given the total volume (50-90ml/kg dog; 20-50ml/kg cat) should be divided into 3 or 4 
equal parts and administered over a period of one hour and the effect monitored 
after each dose. It is possible that the entire calculated volume may not be required 
in all cases. 
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It is vitally important to monitor heart rate, blood pressure and ECG as well as urine 
output to determine if hyper/hypokalaemia is having an effect on cardiac output. 
Hyperkalaemia can be seen where potassium levels have been supplemented.  

 

Insulin therapy 

This is the mainstay of therapy for a ketoacidotic crisis, driving glucose into cells and 
so stopping further lipid metabolism. Insulin also encourages further breakdown of 
ketones and so directly affects the cause of the acidosis. Insulin therapy should be 
continued beyond the point that blood glucose levels have normalised to ensure all 
ketones are metabolised. This of course means that paradoxically glucose will have 
to be administered in the latter stages of insulin therapy. Soluble (neutral) insulin 
must be used to control ketoacidosis and can be given in two ways. 

 

1. 0.2 IU/kg IM of soluble insulin is given. This is followed up by hourly 
measurements of blood glucose levels and follow up administration of 
soluble insulin at 0.1 IU/kg IM until blood levels of glucose drop to within 
the normal range. If blood glucose drops below the normal range (<8 
mmol/L) then 5% dextrose should be added to the intravenous fluids. 
Soluble insulin therapy is continued until the patient is eating of its own 
accord and glucose levels remain below 15mmol/L. At this point the 
patient may be transferred on to longer acting insulin. 

 

2. Soluble insulin is added to intravenous fluids and administered as a 
constant rate infusion of 2.2 IU/kg/day. Alternatively, in smaller patients the 
insulin may be diluted and placed in a separate syringe driver from the 
rehydration fluids to ensure accurate dosage. Blood glucose levels are 
checked hourly and if the blood glucose level drops below 8 mmol/L, 5% 
dextrose is administered as noted above.  Once the animal starts to eat 
regularly and the blood glucose levels are less than 15 mmol/L, the IV 
insulin may be stopped and longer acting insulin started.  

 

When performing constant rate infusion administration the solution should be run 
through the fluid line for a few seconds before starting administration to the patient 
as insulin binds to plastic drip tubing and the syringe. After a few seconds this 
equilibrates and allows a steady rate of administration to be achieved. 

 

Monitoring blood parameters 

It is essential to monitor the potassium levels every hour during initial insulin therapy 
(see above). 
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Serum potassium Potassium chloride to be added (mmol/litre fluids) 

>5.5 Do not add 

4.1-5.4 20 

3.1-4 30 

2.6-3 40 

2-2.5 60 

<2 80 

 

In addition, phosphate levels should be monitored as this electrolyte will move 
intracellularly with glucose and be ‘washed out’ with intravenous fluids. 
Hypophosphataemia will lead to intravascular haemolysis and phosphorus 
supplementation is required when plasma levels drop below 0.35mmol/L. Doses up 
to 0.12mmol/kg/hour have been quoted (Skelly 2007). Most formulations are 
presented as potassium phosphate and therefore the extra potassium needs to be 
factored into any calculations made for potassium supplementation. When 
administering phosphate it is better to use 0.9% sodium chloride, as fluids such as 
Hartmann’s contain calcium which can precipitate out some of the phosphate. 

Bicarbonate supplementation is controversial for ketoacidotic patients as the acidosis 
will improve in most patients with insulin and fluid therapy alone. However, if the 
plasma bicarbonate level is 11 mEq/L or less and total venous carbon dioxide levels 
are 12 mEq/L or less then bicarbonate supplementation is advised. Calculations for 
bicarbonate dosage are as follows and bicarbonate should only be given by constant 
rate infusion and not by bolus injection. 

Bicarbonate dose (mEq/L) = body weight (kg)  x 0.4 x (12-patient’s bicarbonate 
[mEq/L]) x 0.5 

Acid base levels need to be rechecked after 4-6 hours, electrolytes every 4-8 hours 
and blood gases every 6 hours to monitor progress. 

Urine output should be monitored every 2 hours to ensure adequate hydration and 
perfusion. 

Seizuring (Fitting) 

Pathophysiology 

The condition occurs as a consequence of rapid firing of nerve cells (neurons) within 
parts of the brain known as the cerebral cortex or diencephalon, occurring in an 
uncontrolled manner. Most seizures occur with a symmetrical or bilateral firing of 
neurons on both sides of the brain which presents as similar movements in all limbs 
and throughout the body. However, specific areas of the brain may be involved and 
this can result in a partial seizure with signs such as tonus or clonus of one or more 
limbs, twitching of the face, or sudden behavioural changes. 
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Underlying causes of seizuring 

These can also be many and varied. They can be due to metabolic processes such 
as hypoglycaemia or hypocalcaemia, they can be due to organ failure such as liver 
or kidney failure leading to a build-up of neuro-toxins or they can be due to unknown 
causes such as idiopathic epilepsy which may have an inherited component.  

 

Seizures due to metabolic/toxic disease as outlined above have been termed 
‘extracranial causes of seizuring’ or ‘reactive epilepsy/seizures’.  

 

‘Intracranial’ causes of seizuring includes epilepsy. Epilepsy has now been classified 
into three main types: idiopathic; symptomatic and cryptogenic. The onset of 
idiopathic epilepsy generally occurs in young dogs between 0.5-5 years, is often 
hereditary and is due to a chemical abnormality within the brain rather than any 
extracranial problem or intracranial structural defect. Often the patient has normal 
neurological function in between seizure episodes. Symptomatic epilepsy is 
associated with space occupying lesions within the cranium such as brain tumours, 
or when blood clots form. Clinical signs observed will vary depending on where the 
lesion is located, but neurological deficits are often present in between periods of 
seizures. Cryptogenic epilepsy is a classification for seizures which are recurrent and 
which are suspected of having a specific cause but for which no cause has currently 
been found. Older patients should always have blood analysis performed as 
idiopathic epilepsy is very uncommon. 

 

Clinical presentation 

The presentation may be varied depending on the cause of the seizure. If the animal 
is suffering from an extracranial cause then there may be dehydration, polyuria and 
polydipsia, weight loss, uraemic breath, jaundice and vomiting and diarrhoea 
depending on which organ is affected.  

 

Partial seizures with selective neurological changes may indicate a specific site for a 
lesion and suggest a symptomatic epilepsy. Alternatively, generalised seizures with 
no other signs of ill-health in a young dog are more suggestive of idiopathic epilepsy. 

 

Stages of seizuring 

There are four stages to a seizure: 1) the prodromal stage, 2) the aura or pre-ictal 
stage, 3) the ictal or seizure stage, and 4) the post-ictal stage.  

1. The prodromal stage may precede the actual seizure by hours or days. It is 
characterized by a change in mood or behaviour. Human epileptics 

________________________________________________________________________________________________ 
 Eastern European Regional Veterinary Conference 2022 Scientific Proceedings

 
367



experience mood changes, headaches, breath can change smell, insomnia or 
feelings about the impending seizure. It is not known whether animals 
experience a prodromal stage except for any behavioural changes observed 
by their owners.  

2. The aura stage signals the start of the seizure. Signs include restlessness, 
nervousness, whining, trembling, salivation, affection, wandering, hiding, 
hysterical running, and apprehension.  

3. The ictal stage is the actual seizure, characterized by sudden increase in tone 
of all muscle groups. The ictus (seizure or fit) is either tonic or tonic-clonic, 
generally lasting from 1-3 minutes.  

4. The post-ictal stage may be the only sign of epilepsy the owner sees, 
particularly since many seizures occur at night or early in the morning. For 
minutes to days after the seizure, the dog may be confused, disoriented, 
restless, or unresponsive, or may wander or suffer from transient blindness. 
At this stage the animal is conscious but does not behave in their usual 
manner. 

 
Sample collection and testing 

In general and where possible it is advisable to collect a blood sample prior to 
treatment. Minimum testing involves a blood cell count and blood smear 
examination; urea, creatinine, phosphate, ALT, electrolytes, blood glucose and blood 
gases should be measured. 

 

It is useful to store and freeze spun down and separated serum for analysis of 
anticonvulsant drug levels should the patient be on medication for seizuring. In 
addition serum can be used to test for antibodies to viruses such as distemper as 
well as tests for other metabolic causes of seizuring such as bile acid levels, thyroid 
hormone levels and insulin levels. 

 
Initial medication  

If the seizure is mild and lasts less than a couple of minutes, there may be no need 
to medicate the animal. 

 

If the seizure lasts longer than 5 minutes, or a series of seizures occur without the 
patient regaining consciousness between each one (known as status epilepticus) 
then emergency treatment is required. Treatment (although often not emergency 
treatment) may also be required for patients that have 2 or more seizures within a 24 
hour period (known as cluster seizures). 

Where possible the first act should be to attempt intravenous access, preferably with 
an over the needle catheter. This is because most of the medications used to control 
seizures work fastest via the IV route and are irritant if injected perivascularly (i.e. 
diazepam and phenobarbital). If IV access is not possible, diazepam may be given 
rectally at 0.5-1mg/kg and repeated 2-3 times over a period of 10-15 minutes. 
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If IV access can be achieved, the patient can be given either: 

• Diazepam at 0.2-0.5mg/kg 
Or 

• Phenobarbital at 5mg/kg, which may be repeated up to a loading maximum of 
16mg/kg. Care should be taken to leave at least 30 minutes between doses 
as this drug takes that long to take full effect. 

 

It is also possible to use the above two drugs concurrently. 

 

Medication of persistent seizuring (status epilepticus) 

If seizuring continues despite the above initial medication it will be necessary to 
move on to another course of therapy. This can include:- 

Induction of anaesthesia with Propofol as a series of 1-2mg/kg boluses, IV, to effect 
(up to a maximum of 6mg/kg) followed by a constant rate infusion of propofol at 0.1-
0.2mg/kg/minute. This does needed to be titrated to effect. 

 

If anaesthesia is achieved, the airway should be protected and intubation is advised. 
Periods of anaesthesia should be lightened every 20-30 minutes to see if fitting has 
ceased. If it has not then the anaesthesia should be deepened again. If after 2-3 
attempts to lighten anaesthesia have failed to control seizuring, thought should be 
given to administering potassium bromide at 400mg/kg orally, via a stomach tube 
before an attempt is made to recover the patient again. 

 

Medication once stabilised 

Once seizuring has ceased and the patient recovered from sedation / anaesthesia, 
ongoing medication should be started. This usually involves either potassium 
bromide or phenobarbital oral preparations as follows: 

1) Phenobarbital at 3-5 mg/kg orally twice daily. Blood serum levels 
should be checked weekly to allow stabilisation which can take 2-4 
weeks. 

2) Potassium bromide at 30-40mg/kg orally once daily. Blood serum 
levels should be checked once a month to allow stabilisation which can 
take 2-4 months in total. 
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Initial and ongoing management of the seizuring patient 

If the patient is anaesthetised or sedated, it will need to be regularly turned to 
prevent bed sores and collapse of the lungs. Generally this should be performed 
every 4-6 hours.  

The urinary bladder should be catheterised or manually expressed every 8-12 hours 
if the patient is anaesthetised for this length of time. In addition, the eyes must have 
sterile lubricant applied. 

Ongoing sterile maintenance of the intravenous catheter is also essential to maintain 
intravenous access for drug administration. As patients are not taking in any fluids, 
maintenance intravenous fluids should be administered.  

 
Parameters to record 

Body temperature should be recorded where status epilepticus has occurred as 
hyperthermia is common with this condition. Conversely where deep sedation / 
anaesthesia is induced to control fitting such patients may suffer from hypothermia. 

Blood gases are useful to monitor particularly when a patient has been 
anaesthetised or again been through a period of status epilepticus as hypoxia is a 
potential threat. 

In cases of reactive epilepsy, ongoing monitoring of the underlying metabolic disease 
that is the cause of the problem is required. This can include monitoring of blood 
glucose, urea, creatinine and phosphate levels amongst others. 

In all cases an assessment of the level of mentation of the patient is necessary. 
These include checking the patient for evidence of: 

1) Depression 
2) Disorientation 
3) Increased aggression 
4) Hyperexcitability 
5) Dullness/stupor 
6) Coma (unresponsive to all external stimuli) 

 
The level of unresponsiveness of present is important. The response to a single 
hand clap can be assessed – does the animal sit up / turn around / twitch its ears or 
is there no response? Often with brain damage there is a loss of sensation over the 
face, particularly around the nose, medial canthus of the eye and ears. In addition 
some loss of sensation over the limbs – usually on the opposite side of the body to 
the brain lesion (if it is localised) occurs. 
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Feeding the Inappetant Patient 
 
 
Nicola Lakeman MSc BSc(Hons) RVN CertVNECC CertSAN VTS(Nutrition) 
Plymouth, UK. 
 
 
There are two types of anorexia: true anorexia and ’pseudo-anorexia.’ Both result in 
decreased food intake, but a cat with pseudo-anorexia wants to eat (is hungry) but is 
unable to because of difficulty picking up, chewing, or swallowing food or some other 
cause (see below). Regardless of whether a cat is dealing with true or pseudo-
anorexia, decreased appetite and decreased food intake are outward signs that should 
be taken seriously. These signs may indicate potentially life-threatening underlying 
conditions. Poor appetite or refusal to eat is strongly associated with illness and is a 
common reason for cat owners to seek veterinary care. 
 
Refeeding Syndrome. 
Refeeding syndrome is seen cats after periods of anorexia or starvation. Refeeding 
syndrome is defined as the constellation of metabolic and physiologic derangements 
associated with caloric depletion of the starved feline patient. Classically, refeeding 
syndrome is characterised by the development of severe hypophosphatemia following 
the introduction of enteral or parenteral nutrition. Refeeding syndromes in cats can 
also include hypokalemia, hypomagnesemia, vitamin deficiency, fluid intolerance and 
glucose intolerance. Typically refeeding can occur 2 to 5 days after restarting feeding, 
but signs can be detected within hours of refeeding or delayed for up to 10days.  
Many of these metabolic changes are believed to be due to a sudden release of insulin 
(stimulated by carbohydrate intake) in the presence of total body nutrient intake. 
Recommendations for reducing the risk of refeeding syndrome in cats includes: 

• Supplementing phosphate, potassium and magnesium for the first 24hrs 
of therapy, providing that none of these electrolytes were above normal 
levels initially. 

• Thiamine should be administered prior to therapy and then daily, until 
signs resolve. 

• Nutritional support should start at 20% of RER on day once, increasing 
slowly until 100% of RER is met over several days. 

 
With all sick companion animals the nutritional goal is for the patient to eat the 
designated diet in its own environment, in sufficient quantities. Critically sick animals 
can be in a hospital environment, where the added stress of this different environment 
can affect food consumption and metabolism. Many animals may require, or benefit 
from a veterinary therapeutic diet, but the initial goal is to ensure that the patient is 
receiving its daily calorific requirement from a nutritionally balanced diet. Analgesia 
should not be forgotten, as pain can reduce food intake in some animals. Hydration 
and electrolyte status must be maintained and corrected before any nutritional support 
can be initiated. The aim of critical care nutrition is dependent on the disease process 
and/or the individual’s specific requirements. Each case must be considered on its 
own specific requirements once a full clinical examination and history (including 
nutritional history) has been achieved (Freeman et al., 2011). The sole aim can be 
defined as to prevent and/or treat malnutrition when present. To define any nutritional 
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aims in more depth, it is more beneficial to split the aims in to short-term and long-
term goals. The short-term aims are to: 

- Provide for any ongoing nutritional requirements (both in terms of energy and 
nutrients). 

- Prevent or correct any nutritional deficiencies or imbalances. 
- Minimise metabolic derangements. 
- Prevention of further catabolism of lean body mass. 

Long-term nutritional aims should include: 
- Restoration of optimal body condition. 
- Provide required nutrients to the animal within its own environment. 

 
As disease processes change, and the animal’s physiological and metabolic 
responses alter the nature of the nutritional support, and both the short-term and long-
term nutritional aims may alter. 
 
 When assessing animals for the preferred method of critical care feeding the 
nutritional status of the animal needs to be evaluated. This should include BCS, MCS, 
hydration status, weight, hair coat quality, signs of inadequate wound healing, 
hypoalbuminemia, lymphopenia and coagulopathy, (Chan, 2005). Thought should be 
given to “fluid shifts” in these animals as they can severely affect haematological 
values and the animal’s weight. Factors that should be identified include specific 
electrolyte imbalances, hyperglycaemia, hypertriglyceridemia or hyperammoneia, as 
they will have large consequences on the nutritional critical care plan (Remillard et al., 
2000). Adequate adjustments will be required to the feeding plan. 
 
 Energy requirements during sickness are based on Resting Energy Requirements 
(RER) values (See Box 1). This is due to the assumption that the patient is inactive 
and is often confined to a small area. Illness factors are no longer used, but nutritional 
assessments should be instigated to ensure adequate nutrition. Daily weighing of the 
patient, accessing healing rates and accessing lean body mass is a good indicator 
that the patient is receiving sufficient calories (Freeman et al., 2011). As with all 
hospitalised patients, human and animal, malnutrition has been associated with 
increased in infectious morbidity, prolonged hospitalisation period and an increase in 
mortality.  

 
The volume of liquid diets administered at each bolus feeding in dogs and cats 

should not exceed 10-12mls/kg (including tube flush volumes), (Gajanayake, 2015). 
This is only an estimate and each animal should be judged on an individual basis. 
Tolerance to liquid diets is best when small feeds are delivered frequently.  
 
Starvation and Anorexia. 
Starvation can leave the animal severely emaciated, but also the gastrointestinal tract 
will become atrophied, due to the inadequate nutrient supply. Intestinal villi become 
atrophied and the epithelial layers become thin and fragile, (Mansfield et al., 2011). 
Bacterial translocation has the potential to occur in these cases. The gastrointestinal 
capacity to digest and absorb nutrients will become severely limited. The loss of lean 
body mass occurs from skeletal muscle and internal tissues. Nutritional support of 
these animals is vital and required immediately. Initially hydration, electrolytes and 
acid-base status of the patient needs to be rectified. The diet chosen needs to be of a 
high digestibility, and primarily consisting of proteins and fats. This is due to the patient 
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utilising these nutrients over carbohydrates. The patient has the potential to be 
suffering from protein energy malnutrition (PEM) and the quality of the protein feed is 
important. On initiating nutritional support to the patient small frequent meals are 
required, slowly building up over a period of time to the full daily nutrient and energy 
requirements, in order to prevent Refeeding Syndrome. PEM has a potential to occur 
during times of illness and when increased demands of protein and energy are 
required. 
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Gastric Dilatation (GD) and Gastric Dilatation and Volvulus 
(GDV) 
 
 
Nicola Lakeman Msc BSc(Hons) RVN CertSAN CertVNECC VTS(Nutrition) 
Plymouth, UK. 
 

The cause of GD and GDV is not clearly established. It is known that certain breeds 
are more susceptible than others: specifically large deep-chested dogs. Other 
associations have been made with feeding large meals followed by vigorous 
exercise. It appears to be more commonly seen in older patients and may be 
associated with other gastrointestinal conditions which affect gastric emptying. 
Dilatation is, as its name suggests inflation of the stomach. If this gas is not eructed 
then the pressure within the stomach applies pressure to the cardiac area and so 
makes it more difficult for the dog to eruct. Volvulus is when the bloated stomach 
starts to rotate thus further preventing eructation. 

 

Clinical signs can be rapidly developing and deteriorating and include: 

1) Unsuccessful attempts to vomit 
2) Distress 
3) Abdominal swelling/tympany 
4) Respiratory difficulty 
5) Slow CRT 
6) Pale / dark red mucous membranes 
7) Weakness 
8) Collapse 
9) Weak pulse 
10) Cardiac arrhythmias 
11) Increased heart rate 

 

Physical examination will commonly show pale to injected mucous membranes and 
gastric tympany, which may be prominent on either the left or right side or both. 

Radiography will show a gas filled stomach. A right lateral view is usually performed 
to try and differentiate a simple GD from GDV. The right lateral view in a normal dog 
with a simple dilatation should show the pylorus (outflow of the stomach) closest to 
the x-ray plate and therefore ingesta should pool in this area. In GDV the pylorus 
moves to the left side or dorsally and so on a right lateral view the pylorus is gas 
filled and may lie dorsally. In addition, in many cases of GDV a soft tissue band may 
appear to lie across the stomach and is pathognomic for GDV. Free gas within the 
abdominal cavity suggests that the stomach has ruptured, while evidence of free 
fluid may be indicative of either haemorrhage or gastric rupture. In cases of GDV the 
spleen may be enlarged and malpositioned on radiography. 

In most patients there is a rapid onset of shock associated with the pooling of blood 
and strangulation of blood supply to the stomach and spleen. This results in a rapid 
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drop in blood pressure, pale mucous membranes, an irregular rapid and weak pulse 
and collapse. 

Blood sampling is indicated to determine electrolyte and acid-base abnormalities. An 
ECG trace should be performed before, during and after surgery to monitor for 
cardiac arrhythmias, most commonly ventricular premature contractions. 

Treatment and nursing care 

Initial stabilisation 

This is centred towards maintaining cardiac output and blood pressure. The 
distension of the stomach puts pressure on the portal vein and caudal vena cava 
which reduces the venous return to the heart and so decreases the cardiac output by 
around 50%. This reduction in cardiac output must be corrected prior to surgery. This 
can be performed by administering aggressive intravenous fluid therapy (IVFT) and 
decompressing the stomach. Oxygen therapy should also be considered in such 
cases due to the significant reduction in cardiac output.  

Fluid therapy 
Rapid IVFT is required and to this end large bore catheters should be placed in both 
cephalic veins, or failing that a central venous catheter may be used. Isotonic 
crystalloids, colloids or a combination of both may be used to restore circulating 
vascular volume. Correction of electrolyte and acid-base imbalances should be 
performed. 

Stomach decompression 

Stomach decompression is performed by placing a mouth gag and passing a 
stomach tube down the oesophagus into the stomach. A simple gag is constructed 
by placing a roll of bandaging material lengthways in the mouth and applying a 

Mikki muzzle, or tape muzzle. The pre-measured and lubricated stomach tube can 
then be passed through the cardboard support of the bandage. The stomach tube 
should be premeasured from the mouth to the level of the caudal sternum. This will 
only work in cases of GD without volvulus and in docile animals under sedation or 
analgesia, or if the patient is collapsed. Alternatively, if the stomach tube cannot be 
passed easily (suggestive of the presence of volvulus) an area of skin may be 
clipped over the area of the distended stomach and surgically prepared and a sterile 
2 inch (5cm) 16 gauge needle or catheter inserted through the skin and into the 
lumen of the stomach to act as a trochar. This will reduce the severity of distension 
by relieving the gas build-up although there is a risk of peritoneal contamination that 
needs to be addressed when surgical correction of the dilatation/volvulus occurs. 
Once the pressure has been released the tube may be able to be passed. Rotating 
the tube whilst passing it will also aid. 

During the post decompression period, it is recommended to measure the 
circumference of thorax and abdomen at regular intervals to ensure that the stomach 
is not re-bloating.  
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Anaesthetic Emergencies

Nicola Lakeman MSc BSc(Hons) RVN CertVNECC CertSAN VTS(Nutrition)
Plymouth, UK.

RECOVER

In 2012 the American College of Veterinary Emergency and Critical Care (ACVECC)
and the Veterinary Emergency and Critical Care Society published guidelines and
recommendations regarding resuscitation in small animals.

https://onlinelibrary.wiley.com/toc/14764431/22/s1

These are referred to as the RECOVER guidelines. REassessment Campaign On
VEterinary Resuscitation (RECOVER). These are now widely recognised as a
worldwide leading guidelines in this area. Access to this edition of the journal is open,
I would highly recommend downloading and reading through.

RECOVER Initiative.

In veterinary medicine we are activity encourage to perform evidence-based medicine.
This is the same for veterinary nurses. The RECOVER initiative is exactly this. There
is now a large range of evidence showing that workshop-based training, and practicing
CPR over and over – like drills, does make a difference to your outcomes.
https://recoverinitiative.org/

Preparation is Key.

There is no such thing as a routine operation or routine anaesthetic. The use of
surgical checklists, ASA scoring and monitoring charts does help to reduce
anaesthetic problems and to reduce the number of anaesthetic deaths.

https://knowledge.rcvs.org.uk/document-library/surgical-safety-checklist-manual/
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Considerations for the C-Section Patient 
 
 
Nicola Lakeman MSc BSc(Hons) RVN CertSAN CertVNECC VTS(Nutrition) 
Nutrition Manager – IVC Evidensia, UK 
 

The decision to undertake surgical intervention in the case of a whelping or kittening 
can be a difficult. Obvious foetal oversize or narrowed/damage pelvis on the part of 
the dam may be simple enough indicators. Others are more complicated if no 
obvious obstruction is apparent. Typically where no obvious obstruction is found, the 
patient will be given ecbolic drugs such as oxytocin (0.25-2 IU/kg), which stimulate 
uterine contractions. Some bitches may be hypocalcaemic or hypoglycaemic, both of 
which can result in uterine atony or failure of the uterus to contract. Monitoring and 
reversal of these abnormalities is generally straightforward and may be all that is 
needed to allow normal contractions and parturition to occur. Calcium should always 
be given prior to oxytocin where hypocalcaemia is suspected as calcium ions are 
required for muscle contraction. 

Anaesthesia 

Standard anaesthetic protocols are suitable for healthy individuals, but certain drugs 
should be avoided. These are principally the barbiturates such as thiopental, as they 
readily cross the placenta and will result in anaesthesia and potential hypoxia/toxicity 
to the newborn animal. Induction with propofol or alfaxalone and maintenance on 
isoflurane/sevoflurane is generally acceptable. Epidural techniques may be used and 
may be beneficial prior to anaesthesia where a prolapse or continual straining by the 
dam are observed. 

For dosages, it is important to dose the dam for her recorded or estimated ‘non-
gravid’ weight otherwise over-dosage may occur. 

 
Monitoring of the dam 

Careful positioning of the patient during surgical preparation and surgery is 
important. In particular the dam may experience hypotension prior to surgery due to 
pressure of the gravid uterus on the caudal vena cava leading to a reduced venous 
return to the heart. Ideally, the animal is not placed in true dorsal recumbancy but 
slightly tilted to one side. This prevents the uterus pressing fully on the caudal vena 
cava. In addition the table should be tilted to keep the head and thorax higher than 
the abdomen to take some of the pressure from the gravid uterus away from the 
diaphragm thus improving respiratory function. During surgery standard anaesthetic 
monitoring of the dam should be performed and includes heart and pulse 
rates/quality, respiration rate, capillary refill times, pulse oximetry for blood SpO2 
levels, blood pressure, ECG and blood gases.  

Post-operatively particular care should be taken to monitor the dam for signs of 
wound or uterine haemorrhage, metritis, peritonitis and sepsis particularly if there 
has been a uterine rupture prior to surgery. Wound haemorrhage may be obvious, 
but uterine haemorrhage may pool in the uterus and not be seen externally. Careful 
monitoring of heart rate, mucous membrane colour and pulse quality should be 
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made every 15-30 minutes for the first 2 hours post operatively and then hourly for 
the next 4 hours. 

Sepsis may occur, usually through metritis or less commonly peritonitis. Again 
monitoring heart and pulse rates, respiration, mucous membrane colour and CRT 
along with rectal or auditory canal temperatures can show a tachycardia, weak and 
thready pulse, pallor and pyrexia. Further testing of white cell counts, increased 
lactate levels and peritoneal taps/vulval examination for discharges may also aid the 
detection of sepsis. 
 

Foetal monitoring 

Immediately post-operatively the foetus should be oxygenated and stimulated to 
breathe. If there is concern over hypoxia, blood gases may be performed (pulse 
oximetry often produces erroneous results owing to the slightly different structure of 
foetal haemoglobin). In fading pups, a PCV and body temperature should be 
measured for signs of anaemia and hypothermia. In addition, monitoring of signs of 
sepsis associated with streptococcal/staphylococcal infections should also be looked 
for including discharges from eyes and nose, erratic respiration, weak and thready 
pulse and erratic heart rhythms and occasionally pyrexia, although hypothermia is 
more likely in the latter stages. 

Analgesia for Neonates and Dam. 

Pain should always be treated to inhibit its deleterious effects; analgesia is not 
benign and does carry some risk and potential complications. A full understanding of 
the physiological responses to pain and the positive and negative responses to 
analgesia is required. In neonates these responses can differ greatly to adults and 
the techniques used to nurse these patients should be adapted to encompass these 
requirements. Another important fact to consider is that an unmanaged painful 
experience, especially when the nervous system is developing, may have a 
permanent negative impact on the animal1. Studies suggest that infants retain a 
‘memory’ of a previous painful experience and their response to a subsequent 
painful stimulus is altered2.  

The stress response due to pain is characterised by cardiovascular, endocrine and 
metabolic changes resulting from stimulation of the sympathetic nervous system 
(Table 1). The stress response also involves the release of catabolic hormones, in 
particular cortisol, catecholamines (e.g. ephinephrine), adrenocorticotropic hormone 
(ACTH), growth hormones (GH) and glucagon.  

There are many individual differences in reactions to pain; these can include 
species, temperament, gender and age. Generally younger animals, particularly 
neonates are more reactive to pain than adults, due to this lower threshold for pain4.  

Due to important physiological changes during the first six months of life (pediatric 
period) further demarcation is used: neonatal (0-2weeks), infant (2-6weeks), 
weanling (6-12weeks), and juvenile (3-6 months). Vast metabolic changes (renal and 
liver primarily) occur during these periods of maturation. Animals between 3 and 6 
months of age usually require adult dosing regimens to effect analgesia1.  
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Drug Distribution and Metabolism.  

It is important to remember when administering pharmaceuticals to neonates that 
drug distribution does differ from that of adults. This is due to differences in body 
composition (lower body fat stores and plasma albumin concentrations, higher 
percentage of total body water and a poorly developed blood-brain barrier). Due to 
these differences, drug dosages may be required to be reduced by up to 50%, and 
the frequency of administration may also need to be reduced. It is important to 
remember that renal and hepatic functions are not yet mature, and will therefore 
delay drug clearance. The use of NSAIDs in patients under 12 weeks is discouraged, 
and adherence to the product’s data sheet is recommended. 

Monitoring of body temperature needs to occur regularly, safe supplemental heat 
needs to be provided in the majority of cases. Metabolism of analgesic 
pharmaceuticals can be reduced if the animal is hypothermic. Inhibition of the 
absorption of some drugs can occur where medications are given orally the 
presence of milk in the stomach may inhibit the absorption, potentially resulting in 
lower blood levels1. 

Any patient under 12 weeks of age is considered at a higher risk during anaesthetic 
events. This is due to them possessing little cardiac reserve, being more dependent 
on heart rate for their cardiac output. These patients have an increased oxygen 
requirement and very small airways making for an increased overall risk of hypoxia. 
In cases were anaesthesia is required (for example to place a central line, or blood 
sample), hypoglycaemia during the pre-starvation period can occur and observations 
for signs should monitored. Food should only be withdrawn for three hours, provision 
of glucose intravenously (via fluid therapy) should be considered as these neonates 
have a very limited glucose reserves.  

 

Pharmaceutical Classes of Analgesia. 

There are seven main classes of analgesia, and combination therapy or multimodal 
therapy should be targeted in order to allow reduction in doses of the agents used 
(balanced analgesia). This has the benefits of reduced doses aid in the reduction of 
undesired side effects in both severity and frequency, commonly used dose rates are 
listed in Table 2. The main classes of analgesia are: 

- Opioids (Morphine, Pethidine, Fentanyl, Buprenorphine, Butorphanol). Lower 
doses of morphine or fentanyl are required in the neonate when compared to 
a five week old puppy, highlighting the difference in these age groups5. Care 
should be advocated when using in neonates as they are more sensitive to 
the sedative and respiratory depressant affects of morphine. Fentanyl may be 
more suitable in neonates6.  

- Non-steriodal anti-inflammatory drugs (NSAIDs) (Carprofen, meloxicam, 
deracoxib). Should be avoided in neonates with underdeveloped renal and 
liver functions, and in animals that are haemodynamically instable (shock, 
hypovolaemic). COX 2 is important in nephron maturation7, with complete 
maturation of the embryologic kidney not occurring until approximately three 
weeks after birth, and normal function does not occur until approximately six 
to eight weeks of age8. 

- Alpha-2 agonists (Medetomidine, Dexmedetomidine, xylazine). Should also 
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be avoided due to cardiovascular and respiratory effects of the drugs. 

- NMDA antagonist (Ketamine). As the NMDA system seems to be under 
developed in the neonate, Ketamine may not be effective. 

- Nitrous Oxide (during general anaesthetics). 

- Local Analgesics (EMLA creams, lidocaine – both locally or intravenously). As 
2% lidocaine is commonly used in practice diluting to a 1:1 ratio with 0.9% 
sodium chloride and mixed with sodium bicarbonate to a further 10:1 ratio 
(lidocaine/sodium bicarbonate) can be beneficial prior to administration. The 
sodium bicarbonate buffers the solution and reduces the extreme pain when 
used to infiltrate tissues9. A maximum dose in kittens of 6.6mg/lb (3mg/kg) in 
the neonate to 13.2mg/lb (6mg/kg) in the older paediatric patient, with a dose 
rate of 13.2mg/lb (6mg/kg) in the neonate dog to 22mg/lb (10mg/kg) in the 
older paediatric patient in recommended1. This dose rate in neonates is 
recommended due to the immaturity of peripheral nerves and not due to the 
potential side effects in the neonate patients. 

- Other analgesic drugs (Tramadol, Gabapentin, tricyclic antidepressants such 
as amitriptyline), not commonly used in neonates. 

- Other medications that are not analgesics but can help to alleviate pain 
include metoclopramide, where there are issues with gastrointestinal motility 
problems. The role of these types of medications should not be under 
estimated in their role of analgesia.  

 

Intravenous Fluid Therapy. 

When supporting neonates fluid support is important, but neonates are more 
sensitive to fluid overload than adult animals. Basic fluid rates from 11 to 22ml/lb/hr 
(5 to 10 ml/kg/hr) are usually sufficient, and monitoring of fluid balance should occur. 
Intravenous access can be very difficult in critical patients and if a standard IV 
catheter is not an option, intraosseous fluids are an effective next choice. Over-the-
needle catheters can be placed into the jugular vein in emergency situations. 
Intravenous access for the administration of pharmaceuticals, fluids and for blood 
sampling is vital.  Fluids contain 2.5 % or 5.0 % dextrose may be necessary for these 
patients, as neonates are prone to hypoglycaemia. Use of continuous rate infusions 
alongside the intravenous fluid therapy can be beneficial in critical cases of any age, 
as doses can be tapered to effect more proficiently, with lower doses being given 
rather than bolus’ which will cause peaks and troughs of both the negative and 
positive side effects of the pharmaceutical. 

  

Monitoring of Analgesic Outcomes. 

 

Physiological changes induced by pain should be closely monitored and these 
include: tachycardia, increased blood pressure, changes in respiratory pattern, 
panting, pyrexia, salivation, shaking, shivering, inability to rest or sleep and pupillary 
dilation. These parameters need to be monitored before (baseline) and after any 
analgesia is administered in order to judge efficacy. Pain scoring systems commonly 
used may not be suitable for neonates as they are unable to display the behaviours 
that are traditionally scored therefore physiological changes should be closely 
monitored (Table 3). 
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Pulse character is one of the most important parameters to monitor. In the majority of 
cases the nursing hospitalisation / monitoring sheets need to be adapted for critical 
patients, where these notes can be recorded. The pulse should be carefully palpated 
to allow assessment of both height or amplitude (to estimate blood pressure) and the 
width or duration of the pulse. A normovolaemic animal in pain will have a slightly 
taller and narrower pulse profile than a resting animal10. A mental image of the pulse 
profile can be made.     

 

Knowing what is normal is also vital, the normal rectal temperature for the first week 
after birth should be 89.6-93.2oF (32-34oC). Breathing should always be regular and 
even, with a normal rate for a neonate being between 15-40 breaths per minute. 
There should be no excessive noise, if there is this can indicate fluid in its lungs. 
Daily weighing of the neonate should see a 5-10% increase per day. 

  

 

Nursing Techniques. 

Patient comfort can be greatly improved by reducing the number of painful events 
that the neonate is subjected to. By increasing technical proficiency can aid in 
preventing pain. For example if several blood biochemistry and haematological 
parameters need to be closely monitored, grouping them together to reduce the 
number of venipuncture would be beneficial, or by placing a central line will also be 
positive for the animal, where serial blood sampling can occur through the central 
line along with blood pressure measurement. Use of topical local analgesics such as 
EMLA (eutectic mixture of local anaesthetics) cream may prove to be very useful. 
Having to reduce the number of times that the animal is removed from its warm bed 
or oxygen-rich environment if receiving oxygen is another example of where good 
nursing planning will greatly affect the patient. When moving a neonate patient this 
needs to occur very gently as the sudden change in orientation can lead to a 
redistribution of circulating blood volume and can cause ‘shock’ that they might not 
be able to survive11. 

 

All medications need to be accurately dosed. The use of 1ml syringes or 100 IU 
syringes should be used. Some medications can be diluted down, in order to be very 
specific with dosing, but the drug needs to be water-miscible and thoroughly mixed. 

 

It should be remembered that even though these neonates are potentially critical, 
basic puppy/kitten care still needs to occur. Stimulation of urination and defaecation 
still needs to occur every two hours, especially if the animal is receiving intravenous 
fluids. An environmental temperature of 86-91.4oF (30-33oC) should be maintained 
for critical patients in the first 24hours, and then at 78.8-86oF (26-30oC) for 4-5days, 
being careful to ensure no draughts. In order to minimise heat loss clipping of any 
hair needs to be kept to a minimum, and the use of surgical spirit to swab the skin 
should also be used minimally. Though small points these can both mean the 
difference between life and death in a critical neonate. 
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Conclusions. 
There is little information on the use of analgesia in neonates; understanding of the 
unique physiology of these animals is required when considering the selection of 
analgesia. Most veterinary texts advocate the use of opioids as the safest form of 
analgesia for this population of animals. Starting at lower doses and increasing to 
effect is recommended, so close monitoring is required.   
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Table 1: The detrimental effects of unrelieved pain3. 

 

 

Body System Pain-associated change Consequences 

Cardiovascular Increased heart rate 

Increased blood pressure 

Increased cardiac output 

Increased risk of arrhythmias 

Impaired cardiovascular 
function 

Respiratory Increased respiratory rate 

Reduced ventilation 

Hypoxaemia 

Hypercapnia 

Acidosis 

Increased risk of atelectasis 

Increased risk of pneumonia 

Gastrointestinal Increased gastrointestinal 
secretions 

Paralytic ileus 

Vomiting 

Anorexia 

Increased risk of gastric 
ulceration 

Intestinal Pain 

Urinary Urine retention 

Water and sodium retention 

Electrolyte changes 

Metabolism Increased metabolism and 
oxygen consumption 

Breakdown of muscle, fat 
and glucose stores 

Delayed wound healing 

Increased tissue breakdown 

Weight loss 

Immune System Impaired immune function  Increased risk of infection 
and sepsis 

Enhanced metastatic tumour 
spread 

Increased risk of tumour 
recurrence 

Nervous System Sensitisation of pain pathway Hyperalgesia and allodynia, 
heightened pain perception 
and chronic pain. 
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Drug Species Dose (mg/kg) 
(lower 
dosages in 
patients less 
than 4weeks of 
age) 

Routes of administration 
(SC suggested for 
patients less than 4weeks 
of age). 

Interval (hours). 

Mild to 
Moderate Pain  

Morphine 

Dog                 0.1-0.5                    IM, SC, extremely slowly IV         1-4 

                        0.05+                     IV, SC per hour                                CRI 

                         0.25+                      PO titrate to effect                         4-8 
(8) 

Cat                 0.05-1                       IM, SC                                             1-4 

                       0.025+                     IV, SC per hour                                
CRI 

                        0.25+                    PO titrate to effect                             4-6 
(8) 

Methadone Cat and 
dog 

0.1-0.5 IV, IM, SC 1-4 

Fentanyl Cat and 
Dog 

0.002-0.001              IV loading                                      0.5-1 

0.001-0.005              IV/20-60mins                               CRI 

Butorphanol Dog               0.1-0.2                     IV, IM, SC                                    1-4 

Cat                  0.1-0.2 (to effect)  IV, IM, SC                                     1-4 

Dog and Cat 0.05-0.01+               IV, SC per hour                               CRI 

Buprenorphine Dog and 
Cat 

0.005-0.01 IM, IV ~6 

Abbreviations: IM: Intramuscular, SC Subcutaneous, IV Intravenous, PO per os 

Table 2: Table of commonly used dose rates for analgesia in paediatric patients1. 
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Table 3: Monitoring of patients should include observations of both positive and negative 
effects of the analgesic agent used. 

 

Agent  Adverse Effects  Monitoring  

Opioids  Sedation, dysphoria, 
low blood pressure, 
respiratory 
depression (rare), 
panting, 
hyperthermia  

Mentation, blood pressure, 
respiratory rate, and nature of 
temperature  

Local anaesthetics  None unless given 
by CRI; then, 
nausea, vomiting, 
neurological signs 
and seizures  

Observe regularly for muscle tremors 
and gastrointestinal upset  

NSAIDs (ensure no 
contraindications 
before 
administration)  

Gastrointestinal 
disturbances, 
gastrointestinal 
bleeding, renal 
disturbances  

General observation, hydration 
status, stool quality, and urine 
production  


2 - 

Agonists Bradycardia, cardiac 
arrhythmias, 
hypertension and 
peripheral 
vasoconstriction  

Palpate femoral pulse rate and 
quality, auscult heart and blood 
pressure.  
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Head Traumas and Feeding Tubes 
 
 
Nicola Lakeman MSc BSc(Hons) RVN CertvnECC CertSAN VTS(Nutrition) 
Plymouth, UK. 
 

Nutritional support 
With all sick companion animals the nutritional goal is for the patient to eat the 
designated diet in its own environment. Unfortunately in critically sick animals they 
will be in a hospital environment, where the added stress of this different 
environment can effect food consumption. Most animals will require, or benefit from 
a veterinary therapeutic diet, but the initial goal is to ensure that the patient is 
receiving its daily calorific requirement. Analgesia should not be forgotten, as pain 
can reduce food intake in some animals. Hydration status must be maintained and 
corrected before any nutritional support can be initiated. The aim of critical care 
nutrition is dependent on the disease process and/or the individual’s specific 
requirements. Each case must be considered on its own specific requirements once 
a full clinical examination and history has been achieved. This includes nutritional 
assessment and dietary history. The sole aim can be defined as to prevent and/or 
treat malnutrition when present. In order to define any nutritional aims in more depth, 
it is more beneficial to split the aims in to short-term and long-term goals. The short-
term aims are to: 

- Provide for any ongoing nutritional requirements (both in terms of energy and 
nutrients). 

- Prevent or correct any nutritional deficiencies or imbalances. 
- Minimise metabolic derangements. 
- Prevention of further catabolism of lean body mass. 

Long-term nutritional aims should include: 
- Restoration of optimal body condition. 
- Provide required nutrients to the animal within its own environment. 

 
As disease processes change, and the animal’s physiological and metabolic 
responses alter the nature of the nutritional support, and both the short-term and 
long-term nutritional aims may alter. 
 
 When assessing animals for the preferred method of critical care feeding the 
nutritional status of the animal needs to be evaluated. This should include Body 
Condition Score (BCS), Muscle Condition Score (MCS), hydration status, weight, 
hair coat quality, signs of inadequate wound healing, hypoalbuminemia, lymphopenia 
and coagulopathy. Thought should be given to “fluid shifts” in these animals as they 
can severely affect haematological values and the animal’s weight. Factors that 
should be identified include specific electrolyte imbalances, hyperglycaemia, 
hypertriglyceridemia or hyperammoneia, as they will have large consequences on 
the nutritional critical care plan. Adequate adjustments will be required to the feeding 
plan and possibly the formulation of any parenteral nutrition to be utilised. 
 
 The calorific intake required by the patient depends on several factors: 

- The rate of energy use for basal metabolism (resting). 
- Nutrient assimilation 
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- Body temperature maintenance 
- Activity levels. 

 
 
 
Clinical Nutrition. 
Water (Hydration Levels). 
The initial stage of nutritional support is correcting any dehydration, electrolyte 
replacement and normalisation of the acid-base status before starting assisted 
feeding. Initiating assisted feeding before the patient is haemodynamically stable can 
further compromise the patient. If oedema occurs or dehydration persists 
recalculation of flow rates is required. Monitoring of hydration level indicators is 
required during intravenous fluid therapy. Daily maintenance fluid requirements are 
approximately 50-60mls/kg bwt/day, or 2ml/kg bwt/hr. If persistent vomiting or 
diarrhoea is present these additional losses need to be factored in. Urine output 
should be monitored. 
 
 Where dogs and cats are able to consume fluids without vomiting, the use of 
an oral rehydration fluid should be advocated. Unless contraindicated placement of a 
bowl or bucket of water in the animal’s kennel or stable should occur. If required 
additional fluids can always be administered intravenously, or via feeding tubes. 
 
 
Protein. 
Protein energy malnutrition (PEM) can occur during periods of illness, injury or even 
after routine operations. During these periods the body shuts down systems to 
conserve the limited resources. Physiological changes such as a drop-in blood 
pressure, reduction in cardiac output and a drop-in oxygen consumption occur. This 
is clinical shock and is known as the Ebb phase. Clinical shock is treatable but the 
length of time that shock is suffered from is variable and can ultimately be lethal. 
Following the Ebb phase is the Flow or Hypermetabolic phase. During this second 
phase the patient’s body defence and repair mechanisms are initiated. This process 
is where anorexia and starvation differ, (Michel, 2004). 

 
 Nutritional support with adequate protein levels for the specific lifestage and 
nutritional assessment is vital, patients in a catabolic state will utilise the skeletal 
muscle proteins. Sufficient calories need to be supplied to the patient from fats and 
carbohydrates. This will ensure that proteins are not used as a source of energy. The 
quality of the proteins provided is of importance as is the digestibility. Specific amino 
acids are supplemented to critical care diets. Glutamine is an important substrate for 
the increased levels of gluconeogenesis, used in rapidly dividing cells. Any 
deficiency in this amino acid has shown to lead to gut mucosal atrophy, and an 
increase in bacterial translocation, due to a compromise of the mucosal barrier. This 
can lead to the suggestion that glutamine may behave as a ‘conditionally essential’ 
amino acid during severe illness. The essential amino acid arginine has a positive 
effect on the immune system and can subsequently improve survival times of septic 
patients. Many enteral diets are supplemented with both glutamine and arginine. 
High dose of glutamine has a trophic effect on the gut mucosa. 
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The use of a novel protein source in these cases has been advocated. Philpott et al., 
(1998) postulated that an intestinal inflammatory environment is capable of playing a 
role in the formation of food allergies. This has also been hypothesized by Cave 
(2006) and Bissett (2007) in cases of Inflammatory Bowel Disease (IBD).  
 
 
Vitamins and Minerals. 
The supplementation of vitamins and minerals for hospitalised patients will depend 
on the disease and the severity of that disease that is present. Sodium, chloride, 
potassium, phosphate, calcium and magnesium should be used for short-term 
nutritional support. All animals that receive intravenous fluid therapy with or without 
parenteral support should have daily electrolyte levels monitored. If any polydipsia or 
polyuria is present, supplementation of the water-soluble vitamins is required, (Elliott, 
2015). Zinc does aid in promoting wound healing and plays a role in protein and 
nucleic acid metabolism. Supplementation of nutritional support diets with zinc has 
been recommended. 
 
Carbohydrates. 
Carbohydrates within any critical care diet, needs to be of a very high digestibility. 
The quantities of fibre need to be kept to a minimum, as this will decrease 
digestibility and bind up important nutrients. The crude fibre concentrations are 
generally very low at 3-6.9g/1000kcal and 1.2g/1000kcal in 'recovery diets' and liquid 
diets respectively, (Becvarova, 2015). 
The level of carbohydrate in the diet needs to be adequate enough to supply the 
required calories for recovery. 
 
Fats. 
The quantity of fat in a critical care diet does need to be increased. A higher level of 
calories can be obtained from fat rather than via carbohydrates. The inclusion of 
omega –3 fatty acids can help decrease any inflammatory response. Liquid and 
recovery diets will contain on average 45-47% and 55-68% calories from fat, 
respectively, (Becvarova, 2015). 
 
 
 
Supportive Feeding Methods. 
Supportive feeding methods should be considered when there is a history of greater 
than 10% weight loss, decreased food intake, anorexia, increased nutrient demands 
due to trauma or surgery, increased nutrient losses resulting from vomiting, 
diarrhoea, burns or scolds, and acute exacerbation of chronic disease. Also, if 
specific areas of the alimentary canal need to be by-passed. The ideal diet to use in 
these cases should be highly palatable, digestible and have a high energy density. A 
relatively high percentage of energy should be achieved as protein and fat rather 
than carbohydrates. The percentage of total calories from digestible carbohydrates in 
the liquid enteral diets is typically restricted to 21-25%, (Becvarova, 2015). 
 Critical care diets for cats and dogs are available in three different forms; powdered, 
liquid and moist diets. Moist diets can have thixotrophic consistencies, when mixed 
their viscosity decreases becoming thinner.  
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 The use of assisted feeding methods does have great advantages, but care of 
the feeding tube is vital. The artificial opening through the abdomen into the 
gastrointestinal tract through which the tube is inserted is referred to as a stoma. The 
stoma must be treated as a surgical wound, and cleaned daily with normal saline, or 
cooled boiled water for the first seven to 14 days, or until it is healed. Dressings 
around tubes are not always necessary, unless indicated, e.g. if the stoma site is 
infected, or the animal is interfering with the insertion site. The tube should always to 
checked that it is still situated within the gastrointestinal tract prior to administration 
of any diets. This can be achieved by slow administration of water into the tube, 
assessing for any coughing or sneezing. Radiography can also aid in assessing 
location of the tube but can’t be achieved at every feeding. Use of a capnograph can 
be utilised. If a trace, similar to an anesthetized patient, is seen then it implies the 
tube has moved into the trachea. This is a potential especially with naso-
oesophageal feeding tubes.  
 
Encouraging Animals to Eat. 
The process of encouraging animals to eat should never be forgotten. Voluntary 
intake can be established in a number of cases by taking time out to personally 
encourage the animal to eat. Grooming can actively encourage the animals 
(especially dogs and cats) to eat, removing an nasal discharge that is blocking their 
sense of small, as can TLC, providing competition, hand feeding, providing a 
selection of different diets, taking the animal into a different environment and in some 
cases offering the animal some of the food that you are eating if it is suitable. This 
last method works especially well in dogs. 
 
Microenteral Nutrition. 
Microenteral nutrition is the delivery of very small amounts of water, electrolytes and 
easily absorbable nutrients directly into the GIT. This method is often under used in 
veterinary practices but allows the nutritional requirements of the intestinal mucosal. 
This helps to preserve the intestinal blood flow, the mucosal barrier and its immune 
function, (Buffington et al., 2004). Initial volumes of 0.05 to 0.2 ml/kg bwt/hour are 
recommended and will add exceptionally little to the volume of fluids normally 
produced by the stomach. Gradual increases can occur to 1-2ml/kg bwt/hour, over a 
24 to 48-hour period. Enteral solutions that can be used include oral rehydrating 
solutions, and those containing glutamine. This method of nutrient delivery can be 
administered orally or via tubes.  
 
 
Naso-oesophageal Tubes. 
Naso-oesophageal tubes are generally well tolerated by cats and dogs and are 
suitable for short term nutritional support, usually 3-7days, though longer periods 
have been documented. Contraindications for the use of these tubes include 
unconsciousness, vomiting, disease or dysfunction of the pharynx, larynx, and nares, 
swallowing reflex, oesophagus and stomach. The preferred placement of the naso-
oesophageal tube is in the caudal oesophagus, rather than the stomach as it 
reduces the risk of reflux oesophagitis. 
 
 Once the tube has been placed introduction of a small amount of water 
injected slowly into the tube to see if a cough reflex is induced, indicating aspiration. 
Lateral radiographs can also identify that the tube has been correctly placed. Due to 
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the narrow bore of the tube blockages can occur. Administration of 5-10mls of water 
into the tube post administration of the liquid diet, should aid in prevention of any 
blockages. If blockages do occur small amounts of carbonates drinks, cranberry 
juice or solutions of pancreatic enzymes have shown to aid in their removal. Pre-
feeding administration of water is required to ensure that the tube is still positioned 
correctly.  

 
Oesophagostomy Tubes. 
Oesophagostomy tubes are commonly used in cats, which have suffered facial 
trauma, usually after a road traffic accident. These tubes are of use when bypassing 
of the nose and mouth is required to administer nutritional support. Animals that 
don’t tolerate naso-oesophageal tubes well can have oesophagostomy tubes placed. 
Aseptic placement of the tube under general anaesthetic is required. Frequent 
cleaning and inspection of the tube is necessary under aseptic conditions. 
Complications can include airway obstruction, damage to the cervical nerves and 
blood vessels and infections. 
 
Percutaneous Endoscopic Gastrostomy (PEG) Tubes. 
Placement of these tubes is required under general anaesthetic and needs to be in 
place for at least five days prior to removal. PEG tubes are utilised when long-term 
nutritional support is required, and when oesophageal problems are present (for 
example megaoesophagus). Adhesions between the gastric serosa and the 
peritoneum can form within 48-72 hours. It should be noted that in malnourished 
patients these adhesions might take longer to form. Once the tube is placed, only a 
third of the calculated daily energy requirements should be administered, on day two, 
two thirds and by the third day the full amount. Feeding through the PEG tube can 
commence four hours after its insertion. If patients are unable to take fluids orally, 
mouth care should be encouraged at least every four hours. This involves ensuring 
that the mucous membranes remain moist, and that bacterial infections are 
prevented. This can be managed using oral hygiene gels that contain chlorohexidine 
designed for dental care.  
 
 The procedure of removal of the gastrostomy tube in animals over 10kgs is to 
cut the catheter off flush with the skin after pulling it taught. The catheter tip is then 
passed in the faeces. The resulting gastro-cutaneous fistula will rapidly heal if kept 
clean. 
 
Calculations of enteral feeding amounts. 
1. Calculate the Resting Energy Requirement (RER) of the animal 
RER = 70 x (bwt kg)0.75 for animals <2kg or >45kg, or 30 x (bwt kg) + 70 
2. Choose the specific diet, which is most beneficial for the patient and the method of 
feeding. 
3. Divide the energy content of the diet (kcal/ml or gram) by the energy requirement 
of the animal (kcal/day) to achieve the daily amount of food required. 
4. Divide the total amount to be given in a day by the total amount of feeding wished 
to be given, or by maximum volume of each feed. 

Box 1: Calculations for Resting Energy Requirements (RER). 
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Acute and Chronic Kidney Injury 
 
 
Nicola Lakeman MSc BSc(Hons) RVN CertSAN CertVNECC VTS(Nutrition) 
Plymouth, UK 
 
 
Abstract: The role of a consulting nurse in chronic medical cases is very important in 
order to help with compliance, client education and ultimately welfare and quality of 
life for the patient with chronic renal failure (CRF). Using the International Renal 
Interest Society (IRIS) score enables all veterinary professionals to be able to 
implement any guidelines or protocols (care bundles) in order to benefit the health of 
the animal and to have these incorporated into long-term care plans.  
 

Care Bundle - group of evidence-based best practices related to a disease or set of 
symptoms, that, when executed together, result in better outcomes than when 
implemented individually, (Norman, 2010). 
Nursing Care Plan (NCP) - is the written record of care planned and implemented for 
a particular patient, (Barrett et al., 2012). 

Box 1: Definition of care bundles and plans.  
 
Introduction. 

Clinical symptoms of renal dysfunction (polydipsia, polyuria) are not evident until a 
large portion of renal tissue has been destroyed, until then many cases can be 
undiagnosed.  CRF has many physiological effects these include the decreased ability 
to excrete nitrogenous waste (and thus build-up of azotaemia), sodium and 
phosphorus, and an increased loss of potassium and water-soluble vitamins. Other 
clinical symptoms also include systemic hypertension, secondary hyperparathyroidism 
and non-regenerative anaemia (Lane, 2005), these aspects should therefore be 
monitored as part of the nursing clinic. 

Most veterinary practices do offer owners renal screening; for older patients, as part 
of senior clinics, pre-anaesthetic screening or prior to the start of pharmaceutical 
regimes (normally osteoarthritis treatments).  

Early identification of these cases is required in order to establish management of the 
different stages of CRF. Guidelines set out by IRIS, help to establish what types of 
management are required at the different disease stages. These guidelines can be 
utilised as part of care bundles to formulate a nursing care plan (NCP), (Box 1). 

 

Diagnostics for Staging.  

Initially renal failure was diagnosed with serum concentrations of blood urea nitrogen 
(BUN) and creatinine, however symmetric dimethylarginine (SDMA) have been shown 
to detect Chronic Renal Failure (CRF) in cats on average 17.0 months before serum 
creatinine concentration increased above the reference interval, (Hall et al., 2014). 
SDMA monitoring is available for in-house analysis. 
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The International Renal Interest Society (IRIS) renal scoring index identifies the 
progression of the disease in order to facilitate appropriate treatment and monitoring 
of the patient. The initial staging is based on a fasted plasma creatinine level, SDMA 
and then sub-staged dependent on proteinuria levels, and arterial blood pressure 
(Table 1).  

 
Table 1: IRIS staging of chronic renal disease in cats and dogs, (IRIS, 2019). 
 
Fasted blood samples should be recommended as even a moderately high protein 
meal prior to sampling can elevate blood plasma creatinine levels. SDMA is unaffected 
by fasting times, or body condition score, so can be more reliable marker to utilise. 
Repeat blood sampling should occur, as required, but should be performed more 
regularly if urinalysis shows changes in proteinuria levels.  
 
Some owners can find obtaining urine samples difficult and guidance on methods on 
how to obtain these samples should be offered, as these are the most useful diagnostic 
tools in the progression of renal failure. Urine concentration should be routinely 
measured with the use of a refractometer. The urine protein creatinine (UP/C) ratio, 
should also be measured as required by the veterinary surgeon over-seeing the case. 
Medications such as Angiotensin converting enzyme (ACE) inhibitors should only be 
instigated when proteinuria is present. It should be noted that proteinuria can present 
at any stage of the renal failure and is not directly linked to the level of azotaemia.  
 
Renal function is directly affected by an increase in blood pressure, and as the kidneys 
play a role in blood pressure secondary hypertension can result. Hypertension should 
be treated, as the effects of hypertension are ultimately negative. We should be aiming 
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for the systolic blood pressure to be below 140mmHg, (Table 1). As Target Organ 
Damage (TOD) can occur over this value (Table 2).  
The frequency of testing will be dependent on the practice, the owner and the 
progression of the clinical signs. The care bundles should give guidelines on regularity 
of expected monitoring schedule.  

Target Organ  Possible manifestations due to prolonged hypertension. 

Heart Left ventricular hypertrophy, heart failure,  

Brain Transient ischaemic attack (TIA), stroke 

Kidneys Renal failure 

Retina Exudates or haemorrhage 

Peripheral 
Vasculature 

Absence of major pulses due to thromboembolism  

Table 2: List of possible target organ damage (TOD) due to hypertension.  
 

Management of CRF. 

The management of CRF can be split into nutritional and pharmaceutical regimes, 
alongside regular monitoring schedules, (Table 3).  

 

Table 3: Treatment recommendations from IRIS dependent on the staging, (IRIS, 
2019). 
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Pharmaceuticals. 
In cats with chronic renal insufficiency ACE inhibitors like Benazepril are commonly 
used. ACE inhibitors reduces the protein loss in urine and reduce systemic and 
intraglomerular blood pressure. As ACE inhibitors decrease the intraglomerular blood 
pressure there will be a refractory increase in nitrogenous waste products. Benazepril 
should therefore only be indicated when proteinuria is present, and therefore should 
be tested for. 
 
Telmisartan an angiotensin receptor blocker (ARB) that is also licenced for the 
reduction of proteinuria in cats that have chronic renal insufficiency. ARBs are 
relatively new class of drug in the veterinary market, and have the benefit of blocking 
the last step of the renin-angiotensin pathway, and thereby, inhibit the harmful effects 
of angiotensin II in  
a target specific manor, as opposed to the non-specific action of ACE inhibitors, 
(Burnier and Brunner, 2000). 
 
In cases where the animal is hypertensive but not necessarily demonstrating 
proteinuria the use of amlodipine may be prescribed by the veterinary surgeon. Once 
instigated, blood pressure monitoring is required in order to taper the dose according 
to the patient’s readings; this is an important aspect of the nursing clinic. Medication 
doses can only be altered by the prescribing veterinary surgeon, so acting as an 
advocate for the patient and the client is vital.  
 
If medications are prescribed for patients with chronic renal failure it is important that 
the veterinary nurse discusses with the client in clinics whether they are able to 
medicate their pet or not. Owners may need guidance on the administration of 
medications, and in the importance of compliance. 
 
 

Clinical Nutrition. 

The role of diet is very important in aiding in the longevity and quality of life of the 
animal. Diet has been shown to be the most important aspect in the management of 
animals with CRF, (Elliott et al., 2000). A nutritional assessment of every animal should 
be performed at every consultation with the patient, (Freeman et al., 2011). This 
includes nutritional history, weight, body condition score (BCS) and muscle condition 
score (MCS) (Figure 1). By understanding the ideal nutrient requirements for an animal 
with renal failure, and at each IRIS stage, guidance can be offered when owners wish 
to prepare homemade diets or feed a non-renal lifestage commercial diet with added 
phosphate binders. In a study conducted by Hall et al., (2016) it was suggested that 
non-azotemic cats with elevated serum SDMA (early renal insufficiency) fed a food 
designed to promote healthy aging are more likely to demonstrate stable renal function 
compared with cats fed owner's-choice foods. It was added that cats fed owner's-
choice foods are more likely to demonstrate progressive renal insufficiency. 

________________________________________________________________________________________________ 
 Eastern European Regional Veterinary Conference 2022 Scientific Proceedings

 
394



 
Figure 1: Muscle condition scoring in cat and dog. The red arrows signify where the 
palpation of the muscle mass should occur, (Freeman et al., 2011). 
 

Water. 

Renal disease causes a progressive decline in urine concentrating capacity. 
Dehydration, volume depletion, renal hypoperfusion and dietary salt intake stimulate 
urine concentration. Though avoiding dehydration and renal hypoperfusion reduces 
the work of concentrating the urine and helps to maintain intrarenal protective 
mechanisms. CRF patients must have unlimited access to fresh water and free choice 
consumption. This can be exceptionally important in cats, which do have fastidious 
drinking habits. 

 

 Increasing water consumption can be achieved in a number of different ways. 
Feeding a moist diet rather than a dry diet and by increasing the availability of water. 
Increasing the number of bowls (including types) around the house and allowing water 
to stand for a period of time prior to being offered to some animals can be beneficial. 
This allows the chlorine in the water to evaporate off, which some animals do prefer. 
Ideally phosphate free hydration broths that can aid in increasing calorific intake 
alongside hydration without an increase in phosphate. As part of the nursing clinic, it 
is important to discuss with the client how to monitor hydration levels. Demonstrating 
monitoring of clinical signs can help the client in care of their pet. This can include 
testing for skin tenting, tacky mucus membranes and the colour of membranes. If pet 
owners know what is normal, when the animal becomes unwell or the renal disease 
progresses, they can flag this to the practice quicker. Ultimately increasing the welfare 
for the animal.  
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Feeding a Renal Diet. 

Objectively, the role of these veterinary diets is to help reduce azotaemia, 
hyperphosphataemia and to control secondary hyperparathyroidism – ultimately 
improving both the clinical and biochemical status of the animal. But a reduced dietary 
intake has often been blamed on the palatability of the diet. The effect of uraemia on 
the sense of taste and smell and the development of food aversions can all contribute 
greatly towards inappetence. Changing any animal from a high salt, high protein diet 
to a commercial renal diet can be very difficult. Changing via a transitional intermediate 
diet over a more prolonged period of time (usually 3-4 weeks) can be beneficial in 
these animals. 

Nursing Care Plans 

The NCP needs to be written in conjunction with the pet owner (and all other 
caregivers). Nelson (2015) describes an initial interview assessment with the owner in 
order to design the NCP around the details that are provided. Three NCP models are 
utilised in veterinary nursing, Logan, Roper and Tierney (LRT) model; Orem’s model 
and the Ability Model which is often referred to as the Orpet and Jeffery Ability Model 
(OJAM), (Figure2). In the authors experience the Ability model fits in easier in with the 
nursing consulting experience. Involvement of the owner is vital when completing the 
model, it enables you to ensure that the cultural, financial and owner compliance 
elements are attended to.  

 

Figure 2: The Orpet and Jeffery Ability Model (2007). Reproduced from Orpet and Welsh 
(2011).  
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Activity Problem Short-term goal and 
intervention 

Long term goal and 
intervention 

Eating Can be inappetant 
due to azotaemia. 

Need to ensure 
eating sufficient 
amounts. 

Perform weight 
checks, BCS and 
MCS regularly. 

What is the animal’s 
preferences 
regarding diet? 

Maintain body 
weight, calculate 
RER and diet intake 
requirements.  

Transition over to 
appropriate diet for 
IRIS stage of renal 
disease, (Table 3).   

Advise on 
encouraging to eat. 

Improve BCS and 
MCS. 

Feeding renal diet 
+/- phosphate binder 
depending on IRIS 
stage. 

Drinking Polydipsia due to 
polyuria, but also 
possible 
dehydration. 

Ensure drinking 
enough to maintain 
hydration.  

Show owner how to 
monitor hydration 
levels.  

Show owners 
techniques to 
increase water 
intake. 

Use of phosphate 
free hydration 
broths. 

If unable to maintain 
hydration might 
need to look at 
supportive methods 
of fluids, e.g. 
subcutaneous.  

Urination Polyuria Ensure owners are 
aware of increased 
frequency of 
urination.  

More walks (if 
canine), access to 
outside, more litter 
trays (if feline). 

Supplementation of 
water-soluble 
vitamins, especially 
B12 may become 
required, as lost in 
the urine.   

Defaecation Constipation can 
become an issue if 
dehydrated. 

Ensure animal is 
passing faeces 
normally.  

Might need to 
include stool 
softener if stools 
become hard due to 
hydration levels.  

Mobility might be an 
issue in some 
animals – not able to 
get in/out of cat flaps 
or litter trays; or to 
posture to pass 
stools.  

Breathing If anaemia becomes 
severe, respiration 
can increase. 

Show owners how to 
monitor mucus 
membrane colour. 
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Temperature As cachexia may 
develop maintaining 
body temperature 
becomes more 
difficult. 

Maintaining BCS 
and MCS. 

Ensure bed is out of 
draughts, more 
warm bedding.  

 

Mobility Renal function 
doesn’t affect 
mobility, but many 
older animals will 
suffer from 
osteoarthritis. 

Chronic pain scoring 
to ensure not in 
discomfort. 

Advise owner on 
adaptations to the 
animal’s 
environment to help 
with mobility.  

Continue with pain 
scoring – act as 
advocate for 
patient/owner. 

Grooming When unwell 
animals might not 
groom themselves 
as much.  

Might not be able 
due to mobility, 
uremic ulcers in 
mouth, dehydration. 

If polyuria – check 
for soiling. Hair 
might need clipping 
away for hygiene 
reasons. 

If any hair matting – 
might need clipping 
hair off. 

 

 

Table 2: Considerations for a renal patient when using the Ability model.  

Conclusion. 

Diagnostics will enable the veterinary team to stage the renal failure. Care bundles, 
guidelines or protocols that have been created by the practice, corporate group, 
medical or species interest group can then be implemented, using the 
recommendations from IRIS for each stage. During nurse clinics, the long-term care 
of these animals can be discussed with the owner and a nursing care plan that is 
individualised for that patient can be drawn up. Reference back to the practice 
guidelines, protocol, care bundles can be made in order to give guidance on what 
needs to be included.  

Key Points: 

Care Bundles can really help offer guidance for all staff members and increase 
continuity of care between individuals within the same practice. 

Care Plans, created around the individual, ensure that the best adapted medical 
management is provided for the renal patient.  
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