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choeman) Joubert) N (Quixi : (Marcelle Elliot) A : virus maintenance
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shock, ment of TL | 2 iy | Veterinarians — | animal ethics | digestion — kittens — talking | aporatory diagnostic Workshob to be
8.30-9.10 categories, | interverte- | 5 T | A practical guide and the basic and - toxicities (Dr | test results for disease ann ourﬁ)ced
treatment bral disc radiation | (0 understanding | veterinary practical Wilco Botha) diagnosis
(Amie Koenig) | disease o sleep architecture,| profession review (Joule Kangumba)
(Sara Boyd) Py sleep disorders | (John Austin) | (Andri Garrett) ;
(Georgina | "3 remedial -
Crewe) . :
interventions
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Detection and distribu-
tion of bovine trypanoso-
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Understand- Why the fiasis i ia
Surgical ing the veterinary (Elizabeth Chimera)
manage- basics of Practice profession Treating islEaLlEn
ment of | cancer and |Management 101:| cannot ignore | rhino trauma, VNASA AGM i ;
9.15-10.00 ( A"rﬁztit{)%ﬁ ) lumbar disc | the various Finances ¢ the rights of | orphans and - (Sr Retha epltiiemggggn(zifat;?! ine Wc;rnknsggrﬁ)cteodbe
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' " | Product show Health and Hygiene (20 min) — Dr Niel Homer-Forbes
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and ethical Sonntag) Beer) poultry meat products in
considerations 9 South Africa, 2015-2016
(Hermann (Vashnee Govender)
Liebenberq)
Wellness Al Vet Techs/
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Thursday 27 July 2017
; Small Animal Small Animal Production - Wellness & Practice
Time Medicine Surgery Animals Equine Management Murses SASVEPM
Venue Auditorium Marco Polo Grand Central Lanseria Virginia Barcelona King Shaka
Practical lt,x\(l:?:sen,iime!
gg&@gﬁyﬂ]‘c‘g Uses and abuses %‘ﬂfggg{‘ accounFt)abiinty
: : Dealing with the of antibiotics ; ; Practice Management 101: (Des Rees) . . . .
030010 | 9RO | opoiucled weter | and anttc | 00N, | Meinances ¢ R
; (Ross Elliott ) resistance €q (Henry Annandale) 9 P
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: "Sleep Deprivation" and
Standard equine e . .
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what? ing(;r?trilr?:r?ée (Sﬁg:]]i”:/%n r?%gt%%']ca sleep architecture, sleep Brucella melitensis — combatting an
(Anri Celliers) : : Y disorders and remedial outbreak in the field
(Ross Elliott) L) (Nicolene interventions ¢ Healti (Bennie Grobler)
Hoepner) (Hermann Liebenberg)
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Plenary session: Remuneration for Vets
10.30-12.00 | product show case Virbac Animal Health
(20 min) — Sr Tracey Phillips
12.00-13.00 | Lunch
. Small Animal Small Animal Production . .
Time Vi e Surgery Y Equine Practice Management Nurses SASVEPM
) Comparison of individual and herd
Cryptosporidium: Current #s%%gt?:l?s seroprevalence of bovine brucellosis in North
Surgery of the Update on diag- Deworming : ; s ; West Province
. .10 |Approach to PuPd| hepatobillary |nostics, treatment,|  protocols for Practice Management 101: | Antimicrobial (Cheryl McCrindle)
13:00-13:40 (Chad Berman) system and control in horses Dentistry Personnel ¢ esistalice
Y : : (Henry Annandale) (Dr Neil Forbes) | . , .
(Charlie Boucher) South Africa for Dummies Risk factors for bovine brucellosis in KwaZulu-
(Luke Arnot) (Ingrid Cilliers) Natal
(Thami Nogwebela)
: Serological analysis of Brucella serum and milk
Technologies nggrc;f:(rﬂjarﬂgrgeedmk;eynt samples with in-house iELISA converted on
Acute Phase How to ensure in the farming Current surgical g A luminex xmap technology
Proteins in the best possible | industry and their techniques \é‘z[gmgcﬁtnhs &]f%?#ﬁ:&? Pageéirliegtrrlﬁ:ssvs (Maphuti Betty Ledwaba)
13:45-14:30| diagnosis with outcome in potential to help for removing ; S A :
: ; ; o clients, basic Practice (Sr Tania : ; :
emlp:)ha:j&s on CRP| intestinal surgery |  veterinarians fractured molars management and ethical Serfontein) A comprehensive next-generation sequencing
(Fred Reyers) | (Charlie Boucher) (Ef_rfnlllano (Ingrid Cilliers) s S strategy for whole genome analysis of SAT1
Raffrenato) (Hermann Liebenberg) and SAT%ngg}c%n\(/jarr??jlétrhl\ﬁlesr?/vaesje viruses

4 These talks are earmarked for veterinarians that qualified in the last 5 years
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Isolation and whole genome analysis of a lytic
bacteriophage infected Bacillus anthracis isolate
from Pafuri, South Africa

Rules and Quality
(Estelle Botha &
Jacques Lubbe)

Africa (Musafiri Karama)
e Sero-prevalence of brucellosis in slaughter al

care tests for the : = Current therapies 3 ; preparation” (Ayesha Hassim)
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D CDbV, FIV, and gtierl?t erforrgan?:e joints/ tendons (Henr Anngndale) side effects Comparing immunogenicity of non-living
FelLV (S(Era Boyd) (GFi)uIia Esposito) (Ingrid Cilliers) y (Sr Tania anthrax vaccine candidates in combination with
(Denis York) y P Serfontein) simultaneous antibiotic treatment in goats and
using passive mouse protection model
(Henriette van Heerden)
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Time S%‘ﬂbﬁ?ﬁ:al Sms.allljlrsg;{/nal Perrﬂlr"nC;;gn Equine Practice Management Nurses SASVEPM
Venue Auditorium Marco Polo Grand Central Lanseria Virginia Barcelona King Shaka
"Brainspotting" for Creating fabulous
ONiEa e veterinarians — A new fur kids, setting | Clinical expression of African horse sickness in
canine distemper _ et e @b . and revolutionary Neuro- |young animals up South African horses
in dogs owned Technique for e e Enhancing Wound|  physiological evidence for success (Megan Riddin)
15.45-16.25 | by low-income emergency e growth Healing in Horse | based psychotherapeutic (Dr Quixi - - :
: : el [ tracheostomy (Emiliano —Part1 [breakthrough in dealing Sonntag) A field investigation of the African horse
s e (Charlie Boucher) Raffrenato) (Johan Marais) | with stress, burnout, trauma sickness outbreak in the controlled area of
(Custodio %ila) and various other emotional South Africa in 2016
challenges ¢ (John Grewar)
(Hermann Liebenberg) cince ofHealtie Ainal
Unique tTr?"l% ttljf)krlnnt% Seroprevalence and associated risk factors of
Compounded Review of the Enhancing Wound Tools for time | West Nile virus in eq:flﬂgapopulatlons in South
products Closure of large Downer cow eeife Tl management ¢ (Rebecca Jeal)
16:30-17:10 applicable to skin wounds syndrome _ Partgz (Johan - (Des Rees)
Sm?gg?é?al (o Bl (gﬁﬂgﬁgﬁpl}) Marais) The design and field implementation of a digital
© cpkert Botha) identification system for horses
(Melanie Scholtz)
SASVEPM POSTER PRESENTATIONS:
e Seroprevalence of leptospirosis from abattoirs slaughtered animals in Gauteng province,
South Africa (Banenat Bajehson Dogonyaro)
e Retrospective data analysis on Salmonella serotypes in animals and animal products in
Veterinary South Africa from 2007 to 2014 (Awoke Gelaw)
Compounding e Mycobacterium tuberculosis infection in cattle from the Eastern Cape Province of South
demystified Africa (Tiny Hlokwe)
17:15 -17:55 — Laws, ) : TBA e Prevalence, serotypes and virulence characteristics of Shiga toxin-producing Escherichia
: : Regulations, coli (STEC) from cow-calf operations in the Gauteng and North West Provinces of South

nimals in Gauteng province abattoirs, South

Africa and assessment of risk factors posed to abattoir workers (Francis Kolo)
e Prevalence and characterisation of Shiga toxin-producing Escherichia coli in beef carcasses

and beef products in Gauteng province (Libb

y Onyeka)

e Development of real time PCR assays to improve the accuracy of bovine and porcine
cysticercosis diagnosis (Ana Mbokeleng Tsotetsi-Khambule)

4 These talks are earmarked for veterinarians that qualified in the last 5 years
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MY PATIENT IS ANAEMIC AND IT'S NOT BABESIA...NOW WHAT?
Anri Celliers BSc, BVSc (Hons)
Department of Companion Animal Clinical Studies, Faculty of Veterinary Science,

University of Pretoria, Onderstepoort
E-mail: anri.celliers@up.ac.za

ABSTRACT

Anaemia is a decrease in the erythrocyte mass in the body and one of the most commonly identified
haematological abnormalities seen in veterinary practice. It is not a primary diagnosis and the
underlying cause should be investigated in most cases. Confirmation of anaemia is an essential first
step in the diagnostic process. The decision whether to continue with an investigation into the cause
of anaemia, is determined by the severity of the anaemia and clinical presentation of the patient.
Thereafter a systematic approach, starting with classifying the anaemia as regenerative or non-
regenerative, can be followed to identify the causal pathomechanism. Each category has a specific
list of differentials as well as diagnostic tests to perform, which can be used to narrow down the
search for the underlying cause for anaemia.

INTRODUCTION

Anaemia is a decrease in the erythrocyte mass in the body. It is reflected as a haemoglobin
concentration, red blood cell (RBC) count and haematocrit (Ht) or packed cell volume (PCV) below
the reference interval set to include 95% of the population®. The search for the underlying cause of
anaemia can be daunting due to the numerous potential differentials. The causal pathomechanism,
with the appropriate differentials and diagnostic tests to perform, can be uncovered with an organized
approach. This will aid in the correct management of these often, frustrating cases.

CONFIRMATION OF ANAEMIA

Not all patients with pale mucous membranes are anaemic. Pallor can be caused by any condition
that causes hypoperfusion such as: hypovolaemia, shock, dehydration, pulmonary thromboembolism,
pulmonary hypertension and cardiac tamponadea. The different reasons for pallor can be
distinguished during the hands-on physical examination of the pulse quality and capillary refill time
(CRT)S. Even though a CRT in patients with pale mucous membranes can be difficult to determine, it
is important to note whether the mucous membrane colour is ‘white on yellow’ or ‘white on pink’. To
confirm anaemia a PCV or Ht is ultimately required.

IS A WORK-UP REALLY NEEDED?

After establishing anaemia, the next decision is whether this case requires a complete work-up or if a
wait-and-see approach can be adopted. This will depend on the severity of anaemia and whether the
patient’s vital parameters are stable. For a stable patient with a Ht > 30%, a recheck in 3 — 7 days are
in order. If by that time, the patient decompensates or the Ht remains the same or lower, a complete
work-up is warranted”.

It is also necessary to take the patients’ signalment and reproductive status into account when
diagnosing anaemia’. Puppies, pregnant bitches and patients that are sedated, under general
anaesthesia or overhydrated will have a mildly decreased haematocrit®.  Certain breeds, like
sighthounds, normally have a Ht > 50%°. In these breeds a Ht less than that, even if it's still within the
reference interval, can be classified as anaemic.

Specific questions to ask the owner to aid in finding the cause of anaemia should concentrate on
recent medication, parasite control, recent vaccinations, travel history, blood loss noted (epistaxis,
haematemesis, haemoptysis, bleeding wounds), toxin ingestion (onions, garlic, acetaminophen, zinc),
bee stings and snakebites.
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It is important to remember that anaemia is not a primary diagnosis and an underlying cause needs to
be determined.

CLASSIFICATION OF ANAEMIA

Anaemia can be classified according to the pathophysiological mechanism (RBC loss, RBC
destruction or decreased RBC production), bone marrow response (regenerative or non-
regenerative), RBC indices (mean corpuscular volume (MCV) and mean corpuscular haemoglobin
concentration (MCHC)) and severity together with duration (acute or chronic; mild, moderate or
severe). All 4 categories are used in the description of anaemia’. Determination whether a
regenerative or non-regenerative anaemia is present, is a key first step in the diagnosis. Regenerative
anaemias are only caused by haemorrhagic or haemolytic cond|t|ons and non-regenerative anaemias
mainly involve ineffective erythropoiesis by the bone marrow”. Specific differentials and diagnostic
tests exist for both main categories.

With haemorrhagic anaemia, blood loss can either be internal as seen with haemoperitoneum and
haemothorax, or external via the gastro-intestinal tract, pulmonary system, genitourinary system and
skin. Possible differentials include: trauma, rupture of neoplasic masses, coagulopathy (rodenticide
toxicity, thrombocytopenia or thrombocytopathia) and severe tick, flea or worm burdens® *. Chronic
blood loss anaemia can become non-regenerative due to iron deficiency, but the RBC indices will
most often differ from other non-regenerative causes.

Haemolytic anaemia can be distinguished into intravascular haemolysis (rupture of RBC in circulation)
or extravascular haemolysis (phagocytosis of RBC by macrophages and removal by the liver, spleen
and lymph nodes). These conditions can occur separately or in combination. Signs of haemolysis
are: icterus, yellow discoloured faeces and red dlscoloured urine with haemoglobinuria and
haemoglobinaemia seen mainly with intravascular haemonS|s Acquired non-immune mediated
conditions, haemophagocytic syndromes and immune mediated conditions can all cause haemolytic
anaemia. Differentials for acquired non-immune mediated conditions include: toxins (bee stings,
shake envenomation, onions, garlic, acetaminophen, zinc, vitamin K and methylene blue), infectious
(Babesia), hereditary (erythrocytes enzyme deficiencies such as: pyruvate kinase deficiency and
phosphofructokinase deficiency, increased osmotic fragility) and severe hypophosphataemia. RBC
fragmentation syndromes are caused by conditions that alter the blood flow and movement of RBC
through narrowed blood vessels (disseminated intravascular coagulation (DIC), vasculms
haemangiosarcoma, cardiac and liver diseases, splenic torsion and haemolytic uraemic syndrome)

Differentials for immune mediated haemolysis are: idiopathic immune mediated haemolytic anaemia
(IMHA) or secondary IMHA caused by infections, toxins, medication or neoplastic conditions.

As a general guideline, Ht and total serum protein (TSP) will be decreased with haemorrhagic
anaemia, while with haemolytic anaemia, Ht will be decreased while TSP will be normal or increased”.
Characteristic changes seen on the blood smear and on the RBC morphology in cases with
haemolysis are: spherocytes acanthocytes, eccentrocytes, Heinz bodies, keratocytes, schistocytes,
siderocytes and agglutlnatlon

Non-regenerative anaemia is appreciated in more chronic conditions seeing that the average lifespan
of an erythrocyte is about 100 days in the dog. It can be suspected when the reticulocyte count is still
< 60 000 cells/uL after an adequate time of 3 -7 days has been allowed for regeneration to take place
after a hypoxic event’. This time frame should also be kept in mind with peracute bleeding, which will
initially appear non-regenerative. Ineffective erythropoiesis is either due to inadequate stimulation of
the bone marrow by erythropoietin, the bone marrow bemg unable to respond to the erythropoietin
stimulus or a maturation defect of the RBC precursor cells.

Causes of non-regenerative anaemia can broadly be classified into extramedullary and medullary
categories. Differentials for extramedullary disease include: anaemia of inflammatory disease (AID),
renal disease, hypothyroidism, hypoadrenocorticism and neoplasia. AID is a commonly encountered
cause of non-regenerative anaemia due to increased cytokine product|on abnormal iron regulation
and the increased production of hepcidin during times of inflammation®, and usually characterized by
a mild normocytic, normochromic anaemia. Chronic kidney disease causes a decreased production



9th Veterinary, Paraveterinary & SASVEPM Congress 2017 Proceedings

of erythropoietin that together with uraemic toxins, lead to non-regenerative anaemia. Thyroid
hormones and cortisol stimulate erythropoiesis3'4.

Medullary disease can be caused by increased intramedullary cell death, abnormal cell production
with intramedullary cell death, damage or destruction of the RBC precursors, decreased Hb
production, decreased or abnormal DNA production and infiltrative neoplasia?’.

Causes of intramedullary cell death include: non-regenerative IMHA (diagnosis by exclusion),
hormones (oestrogen), toxins, histiocytic disorders, infections (Ehrlichia) and drugs. The most
common drugs involved are: chemotherapy agents, acetaminophen, trimethoprim sulfadiazine,
phenobarbital, azathioprine, cephalosporins, carprofen, metronidazole, albendazole, fenbendazole
and recombinant human erythropoietin. Myelodysplastic syndromes are implicated in abnormal cell
production with increased cell death®*.

Differentials for damage or destruction of RBC precursors are: pure red cell aplasia (PRCA), Parvo
virus, Ehrlichia, drugs and toxins®. With PRCA a normocytic, normochromic anaemia with erythroid
hypoplasia/aplasia is seen. The leukocytes and thrombocytes are usually still within normal limits.

Decreased Hb production due to iron deficiency is often caused by chronic blood loss, but
portosystemic shunting and inflammatory disease can also lead to hypoferremiaz. RBC indices often
only become microcytic and h}/pochromic later in the disease process, because of the relatively long
lifespan of RBC in circulation’. Iron deficiency anaemia is a well-recognized cause of anaemia in
humans, especially amongst the elderly population, due to iron-deficient diets and gastrointestinal
blood loss®. Similar discoveries have recently been made in studies on healthy geriatric canine
populationse. Obesity in humans may also be linked to iron deficiency due to the presence of chronic
subclinical inflammation®. Humans with Helicobacter pylori infections are prone to iron deficiency due
to decreased absorption of iron, decreased bioavailability of vitamin C and the formation of micro
ulcerations®. The same might hold true for veterinary patients.

Vitamin B12 deficiency impairs DNA production in the erythroblasts by preventing purine and
thymidylate synthesis. Deficiencies may be seen with hereditary selective cobalamin malabsorption
and other malabsorption syndromes3.

Acute and chronic leukaemia, lymphoma, multiple myeloma and malignant histiocytosis are the most
common infiltrative bone marrow neoplasia’s encountered”.

Aplastic anaemia effect 2 — 3 cells lines causing a bi- or pancytopenia, with 95% of the bone marrow
being replaced by adipose tissue. Myelonecrosis can involve focal or multifocal areas of coagulative
necrosis and can be caused by sepsis, lymphoma, IMHA, systemic lupus erythematosus (SLE) and
drugs. Eventually myelonecrosis will lead to myelofibrosis due to replacement of bone marrow with
fibroblasts and collagen’.

Purulent or granulomatous inflammation in the bone marrow can result in bone pain and lameness
with non-lregenerative IMHA and sepsis. It is usually associated with a left shift neutrophilia with toxic
changes™.

DIAGNOSTIC TESTS

A minimum database including a history, physical examination, blood smear, urinalysis and faecal
examination should be done when anaemia is confirmed. If an obvious reason for the anaemia does
not present itself at this stage, a complete blood count with a reticulocyte count and a biochemistry
panel is required. A reticulocyte count more than 60 000 cells/pL is required to confirm regeneration3.

If a regenerative anaemia is diagnosed, an extended data base to include parasite testing for
Ehrlichia, thoracic and abdominal radiographs, abdominal ultrasound, in-saline agglutination (ISA)
and Coombs to test for IMHA and anti-nuclear antibody (ANA) testing for Systemic Lupus
Erythematosus (SLE), can be performed to further determine the underlying cause.

With non-regenerative anaemia, expanding of the data base might be needed to also include an
ACTH stimulation test, thyroid hormone levels combined with TSH, vitamin B12, folate and copper
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levels, an iron panel and lastly bone marrow cytology and core biopsy with histopathology. Bone
marrow biopsies can lead to a clinical diagnosis, in which case treatment can be instituted without
further testing, or a pathological diagnosis, which will necessitate further testing before appropriate

therapy can be started.

CONCLUSION

The underlying cause of anaemia is often multifactorial which can complicate the diagnostic process

to reach a final diagnosis.

Once anaemia has been confirmed, a methodical approach can be

followed to identify the underlying pathomechanism involved, perform the appropriate diagnostic tests
and to ultimately reach a diagnosis to be able to institute corrective measures and treatment.

Table 1. Summary of the main causes of anaemia

Regenerative anaemia Non-regenerative anaemia
Haemorrhagic Haemolytic Defective erythropoeisis
Non-immune Immune Anaemia of inflammatory
Trauma . . .
mediated mediated disease
Rupture of neoplastic masses | Onions :S/:OHTMC Iron deficiency
. Secondary :
Coagulopathy Garlic IMHA Renal disease
Severe parasite burdens Zinc Hepatic disease
GIT ulcerations Acetaminophen Ehrlichia
Wounds Bee stings Drugs
Genitourinary Snake . Estrogen
envenomation
Respiratory Vitamin K Non-regenerative IMHA
Surgery Methylene blue PRCA
Rupture of non-splenic Babesia Aplastic anaemia
neoplasms
Ery_th_rocyte enzyme Infiltrative neoplasia
deficiencies
Erythrocyte
fragmentation Parvo virus
syndromes
Severe . .-
hypophosphataemia Cobalamin deficiency
Heatstroke Endocrine disorders
Radiation
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ABSTRACT

Polyuria (PU) and polydipsia (PD) are common presenting complaints in small animal practice. It is
something which is not worked up methodically and often it is thought that Diabetes mellitus (DM) is
the underlying problem, however there are numerous different differentials. The cause of PU/PD can
usually be determined from the first examination. This includes an adequate history, physical
examination as well as appropriate routine laboratory tests. An understanding of the physiology of
water metabolism is essential to understand why the animal has PU/PD. This together with a
systematic approach to cases will allow the clinician to determine the cause of the problem while
managing patients appropriately.

PHYSIOLOGY OF WATER METABOLISM

Water consumption and urine production are controlled by interactions between plasma osmolality,
fluid volume in the vascular compartment, the thirst centre, the kidneys, the pituitary gland and the
hypothalamus. Imbalance or dysfunction in any of these can result in abnormalities of water
metabolism. This results in PU and usually a compensatory PD. The exception is a psychogenic PD
with a compensatory PU to excrete the excess water. Water balance is controlled by complex a
system that involves regulation of water intake via thirst mechanisms and control of water loss via the
kidneys, influenced by the action of antidiuretic hormone (ADH) and water lost through the respiratory
and gastrointestinal tracts.

ADH is synthesized in the hypothalamus and secreted by the posterior pituitary gland. Both increasing
plasma osmolality and hypovolaemia are stimuli for the hormones release. ADH promotes water
conservation and increases plasma volume. Central diabetes insipidus (CDI) occurs if the body
cannot produce ADH and nephrogenic diabetes insipidus (NDI) occurs if the kidneys can no longer
respond to ADH. The cause of CDI is usually idiopathic but can result from trauma, neoplasia or
inflammatory disease. Primary NDI is very rare but secondary NDI is extremely common. Solute
diuresis results in an increased volume of fluid reaching the distal tubules. Low plasma concentrations
of sodium, chloride and urea reduces the ability to maintain interstitial osmolality.

HISTORY

A detailed history is an important first step in the diagnostic work up. A good history can allow
differentiation between urinary incontinence, nocturia and pollakuria. The signalment, clinical signs
and physical examination can aid in differentiation. For example urinary incontinence is expected in
middle aged spayed bitches who passively leak urine when lying down or sleeping whereas nocturia
is seen more commonly in older dogs due to senile related changes. Further history should involve
enquiring about the patients appetite, on any medication, is the animal spayed as well as general
guestions regarding the overall health of the patient. Important questions to ask include the severity of
the PU/PD. In CDI the PU/PD is usually severe in comparison to other polyuric disorders; the PU/PD
is usually moderate. Furthermore the onset of PU/PD is usually very sudden in CDI but can also be
seen in iatrogenic Cushing’s. Furthermore asking questions about recent changes in the house
environment, lack of exercise or discipline may increase suspicion of psychogenic polydipsia (PP).

CLINICAL EXAMINATION

A thorough physical examination is essential to any animal with PU/PD. Palpating the thyroid area,
peripheral lymph nodes, mammary glands and anal sacs for any evidence of enlargement which will
increase suspicion for malignancy as a possible cause. An enlarged abdomen and hepatomegaly
may give indication for Cushing’s disease. The clinical signs are also essential as a bright and alert
dog is less likely to be suffering with pyometra or Addison’s then an animal who is systemically
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unwell. A proper fundus examination for cataracts and papilledema. Dermatological changes like
symmetrical alopecia, comedones and skin thinning may suggest hyperadrenocorticism. Palpation of
the kidneys may also increase suspicion of certain diseases like chronic kidneys disease (CKD).
Ascertaining if the patient is losing weight may indicate DM or even malignancy.

DIAGNOSTIC APPROACH

Once confirming from the history (as well as from the urine) that the animal is PU/PD, the most
important diagnostic step is to determine the urine specific gravity (SG). It is essential to interpret the
urine SG together with the hydration status of the patient as the urine SG of healthy animals can vary
depending on physiological circumstances. An animal that is dehydrated or hypovolaemic, the
appropriate response would be to produce concentrated urine with a SG of 1.030 in dogs and 1.035 in
cats. In comparison to an azotaemic animal with a urine SG of less than 1.030 indicates that the
patient has some impaired urine concentrating abilities. Concentrated urine (SG>1.030) without
glucose may indicate a lower urinary tract infection, bladder calculi, bladder mass, behavioural,
neurogenic or anatomical abnormalities. Concentrated urine with glucose can often indicate diabetes
mellitus (DM). In cats stress may result in glucosuria and thus a home sample and fructosamine may
be needed. Cushing’s disease can result in glucosuria and hyperglycaemia in both dogs and cats.
Furthermore Acromegaly will lead to DM in most cats. In the rare situation where the blood glucose is
normal a congenital tubular defect should be suspected. Hyposthenuric urine (SG< 1.008) is
suspicious of CDI, NDI and PP, however it also indicates the renal tubules have retained the ability to
dilute the glomerular filtrate and are thus functioning. Isosthenuria (SG 1.008-1.012) implies a urine
SG that is the same as serum or plasma. Isosthenuria can be seen in many PU conditions but a
persistent isosthenuria is often consistent with chronic kidney disease. A urine SG of 1.020 can be
seen in many conditions including pyometra, hypercalcaemia, hepatic disease,
hyper/hypoadrenocorticism, pylonephritis, hypokalaemia, hyperthyroidism, iatrogenic and post
obstructive diuresis. From here appropriate tests which can include a full blood count, biochemical
profile, ACTH stimulation test, abdominal radiographs as well as abdominal ultrasound may be
needed to rule in or out many of the above conditions.

When all of the above conditions are ruled out the following 3 conditions to consider are CDI, NDI and
PP. At this point a modified water deprivation test can be performed. It is a time consuming and
expensive test that does pose a risk to the patient. The purpose of this test is to see if the patient can
produce ADH and if the kidneys can respond to it. This test should always be done on an inpatient
basis and is contraindicated in animals with CKD and close monitoring of hydration status and body
weight is important. If the patient can concentrate urine then PP is suspected. If however the urine is
still not concentrated ADH can be administered. Furthermore if the urine concentrates then CDI is
suspected but if it doesn’'t the patient most likely has NDI. One can also measure the serum
osmolality (normal around 300mosm/l). Dogs with CDI tend to have high serum osmolality since the
primary stimulus for PD is hypovolaemia and increased plasma osmolality due to losses of free water.
Conversely dogs with PP tend to have normal or low serum osmolality since excessive water intake
results in hypervolaemia and reduced plasma osmolality. A trial therapy with synthetic ADH is also a
safe way of making a diagnosis where CDI should respond. If PP is suspected a behaviourialist
should be consulted but if CDI is high up on the differential list then further imaging studies like a MRI
should be considered.

Thus PU/PD can be divided into a few categories which include primary polydipsia, primary polyuria
which involves osmotic diuresis, CDI, primary NDI and secondary NDI. There are numerous different
differentials for each of these.

« Primary PD: behavioural, fever, encephalopathy, pain and a neurological disorder.
« Osmotic diuresis: DM, Fanconi’s syndrome, post-obstructive diuresis and primary renal

glucosuria.
« CDI: Congenital, neoplastic, trauma and a renal insensitivity to ADH.
e Primary NDI

« Secondary NDI: Chronic renal failure, renal medullary washout, pyelonephritis, pyometra,
liver disease, hyper/hypoadrenocorticism, hypercalcaemia, hypokalaemia, hyoerviscosity,
high salt diet as well as certain drugs.
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CONCLUSION

y following a logical and systemic approach to PU/PD patients the underlying cause should be
identified. The history and physical examination is critical to any diagnostic work up. This will aid in
ruling in/out many differentials. Thereafter a urine analysis should be performed and appropriate tests
should be chosen based on what would aid in making the diagnosis, for example using an ACTH
stimulation test when Cushing’s disease is suspected and not as a screening test. Most causes of
PU/PD should be determined by following this methodical approach. When the diagnosis is still
eluding the clinician a modified water deprivation test can then be performed in order to differentiate
between CDI, PP and NDI. CDI is uncommon and PP and NDI are both extremely rare.
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A brief incomplete introduction (revision) to the basics of cell anatomy, mitosis, types of tissues and
their normal mitotic rates. DNA, genes, the tumour suppressor gene (TSG) controlling the rate of
mitosis, damage to tumour suppressor gene resulting in cancer (uncontrolled growth of damaged
cells). The life cycle of the normal cell and apoptosis (cell suicide).The life cycle of the cancer cell and
avoidance of apoptosis. The basics of surgery, chemo and radiation therapy the advantages and
disadvantages of each and why they are used in combination often very successfully. Finally a brief
discussion on metronomic therapy and palliative treatment.
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ABSTRACT

Inflammation caused by a number of disparate mechanisms, cause the release of Interleukins by
leukocytes and some of these (such as IL-6) promote the release of Acute-phase proteins by the liver.
One of these is C-reactive protein (CRP). The use of CRP in the detection and monitoring of
inflammatory disease, in human medicine has been well established for over 30 years and many specific
applications have been published.

For many years validate methods were not available for the assay of CRP in veterinary medicine (such
as for dogs) and in-house developed methods were used in the earlier publications on CRP in dogs.
More recently, some methods designed for use in humans were validated for canine serum CRP and
very recently, a number of immunologically based methods, specific for canine serum CRP were
developed. This has led to the publication of numerous articles demonstrating its clinical usefulness in
certain settings. In order to derive maximum utility of the now widely available test, the author has
suggested four clinical scenarios to be used as templates to guide the clinician in using this test.

e Scenario 1: Vague clinical presentation (such as anorexia) where the test is used to
determine if significant inflammatory pathology is present.

e Scenario 2: Differentiating between inflammatory and non-inflammatory causes of clinically
evident abnormal signs (such as differentiating inflammatory from non-inflammatory causes
of lameness)

e Scenario 3: In the presence of diagnostically established inflammatory disease (such as
burns), determining the degree of inflammation and setting a prognosis.

e Scenario 4: In the presence of diagnostically established inflammatory disease (such as
pneumonia), determining the response to treatment.

INTRODUCTION

Inflammation can be produced by a number of tissue insults, including trauma, heat, infections, immune
reactions and various types of neoplasia. During inflammation, T-lymphocytes and
monocytes/macrophages (principally) produce a number of “communication molecules” called
Interleukins and, in particular, Interleukin-6 (IL-6). In turn, IL-6 induces the production of a range of
compounds by the hepatocytes, which are called “Acute Phase Reactants”, most of which are proteins
and hence the name “Acute Phase Proteins” (APP) is generally used. Different APPs respond to differing
degrees (in terms of their blood serum concentration) in different species. For instance, in humans and
dogs C-reactive protein (CRP) has a profound response (up to a 1000-fold increase over resting levels),
whereas in horses and cats it does not. In those species Serum Amyloid A (SAA) and Alpha-1 Acid
Glycoprotein (AGP), respectively show a greater increase. APPs are produced as part of the innate
immune response and play different roles in this response. CRP, for instance, inter-alia promotes the
binding of Complement to bacteria, enhancing phagocytosis, induces the production of other cytokines,
and inhibits neutrophil chemotaxis.

CRP tends to rise rapidly in serum after the onset of inflammation and can peak in 24-48 hours. It has a
relatively short half life and therefore, when the inflammation abates (or is successfully treated) CRP
levels decline rapidly.

USE OF SERUM CRP IN HUMAN MEDICINE

A test for CRP has been available in human medicine for well over 30 years and it has been shown to be
a useful aid in the diagnosis of various forms of inflammatory joint disease, rheumatic fever, pancreatitis,
sepsis, pneumonia, appendicitis, bacterial endocarditis, post-operative infection, Crohn’s disease,
cystitis, differentiating between inflammatory and non-inflammatory thyrotoxicosis, post-operative
monitorina of metritis. risk of death in chronic dialvsis patients. identifvina neonatal infections. urinarv
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been used to assess response to treatment in a number of conditions and it is a standard practice in the
treatment of pneumonia.

It is important to note that the determination of CRP, in human medicine, is not, in itself diagnostic of any
one particular disease — just the presence of inflammation. However, it has been shown that the
magnitude of the rise in CRP can be used as a rough guide to the cause of inflammation with viral
infections eliciting a smaller response than bacterial infections and certain immune-mediated diseases,
with the highest levels seen in sepsis and burns. In some disease situations CRP has been used to
distinguish between two or more potential causes. For instance, in inflammatory bowel disease CRP is
either not increased or only minimally increased in ulcerative colitis but Crohn’s disease shows a strong
CRP response. Against expectations, CRP is not usually elevated in Systemic Lupus (possibly due to
high IFN-alpha in SLE inhibiting CRP production) but if an SLE patient has a significant increase in CRP,
then it may point to secondary infection.

CRP has also entered the field of prognosis in human cancer. A study showed that CRP was useful in
determining prognosis in non-Hodgkins lymphoma. Elevated CRP levels are identified with poor
prognosis in patients with solid cancers. Raised CRP has been shown to be associated with poor
outcome/prognosis in small-cell lung cancer.

Recently, a new, more sensitive CRP test has been developed for use in human medicine, namely “High-
sensitivity CRP”. This test is rapidly gaining acceptance in the field of cardiovascular disease
investigation in that persistent production of low levels of CRP appear to be responsible for angiopathy.

USE OF SERUM CRP IN VETERINARY MEDICINE

In general, CRP in canine serum (based on immunological tests) does not cross-react with most methods
designed for humans until quite recently when a few validation studies, using a human method, were
published.

Reports of the use of CRP in veterinary medicine have been around since the 1980s but very sporadic
until recently. The earlier literature refers to studies that were conducted with in-house/research-
linked/developed methods. This situation has now changed quite profoundly recently. First of all, it was
established that some methods for human CRP cross-reacted sufficiently well with canine CRP to be
validated as clinically useful and, very recently, several canine-specific CRP methods have been
published and put into practice — one of which will now become available to users of the Idexx Catalyst
biochemistry analyser.

So, more recently (2013-2016 literature), a number of publications have appeared that show the utility of
determining serum CRP in dogs, mostly using canine-validated/specific tests:

e Cystitis in dogs — although full urinalysis will reveal the same information, a single serum
test, in suspected cystitis can be very useful.

« CRP has been shown to be a much more sensitive marker of inflammation than leukocyte
count in canine babesiosis.

* CRP has been shown to be associated with treatment success in canine leishmaniosis.

- Differentiating between suppurative and non-suppurative arthritis has been shown to be
facilitated by serum CRP measurement.

* In suspected pyometra in bitches, serum CRP was found to be a more reliable indicator than
leukocyte count.

« Elevated CRP was found to be a useful test to confirm the diagnosis and monitor response
to treatment in dogs with various forms of cancer.

« In fracture healing of dogs it was found that low CRP levels were associated with cases
stabilized with closed reduction.

« Post-surgical inflammatory complications in dogs, was identified by raised serum CRP.

« Measurement of CRP was found to be a useful parameter to assess the post-treatment
complications in adulticide treatment of heartworm in dogs.

« Also, serum CRP can be used as a marker of endothelial arteritis and hypertension in dogs
with heartworm.

T s L L TPt SN Uy SN TNV O YN FUR A SO SO |
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* In pancreatitis, disease severity was positively correlated with serum CRP levels in dogs.

* In canine spirocercosis, serum CRP levels were associated with the presence of secondary
neoplasia.

« Plasma CRP was found to be a useful marker for the presence of Immune-Mediated
Polyarthropathy in dogs.

« Dogs with bacterial pneumonia were found to have higher CRP levels compared with dogs
with other respiratory diseases.

* In canine babesiosis, serum CRP levels were high before treatment and remained high for
three days after initiation of treatment.

e« Serum CRP was found to be a reliable indicator of the degree of surgical trauma in soft
tissue surgery.

e Serum CRP was found to be high in SRMA in a dog.

* In ovariohysterectomy by experienced and inexperienced surgeons, serum CRP was an
indicator of the level of inexperience.

* In GDV, serum CRP concentrations were frequently increased.

There is, therefore, sufficient recent evidence that serum CRP has a place in the laboratory workup of
canine clinical cases. However, CRP is NOT specific for any one disease and it is important to grasp the
role that CRP should play in diagnostics. To this end, there are four scenarios described, below, which
are not exhaustive but can be used as a model to suit the needs of the veterinary diagnostician.

SCENARIOS FOR OPTIMIZING THE USE OF CRP IN THE CLINICAL SETTING

Scenario 1
a) Problem: The dog “is not him/herself’/ is lethargic / is anorexic / has unexplained weight loss,
without any overt clinical signs.
b) Role of CRP assay: To determine if there is a significant inflammatory process/pathology present
somewhere in the body.
The sensitivity of CRP in this scenario is not very high as there are many diseases that can present with
the above vague findings that do not have inflammatory disease. However, the specificity (for detecting
significant inflammation/pathology) is quite substantial and if CRP is abnormally high, it suggests that
other diagnostic approaches and procedures are warranted.

Scenario 2
a) Problem: There is a clinical finding that can have more than one cause, one (or more) of which
is/are inflammatory. For example: lameness, abdominal effusion, coughing.
b) Role of CRP assay: To determine if the abnormal clinical finding has an inflammatory or non-
inflammatory cause.
Again, sensitivity is not very high but specificity is good. If CRP is raised, in the presence of the clinical
abnormality, then the diagnostic options are a very small focus group.

Scenario 3
a) Problem: There is an established diagnosis of inflammatory disease. For instance: Trauma (fight
or HBC), snakebite, burns.
b) Role of CRP assay: To determine the severity of the pathology and possibly set a prognosis.

Scenario 4
a) Problem: Largely an extension of Scenario 3. There is an established inflammatory disease
present and treatment has been initiated. For instance: canine babesiosis, pneumonia, post-
operative (as in pyometra), trauma.
b) Role of CRP assay: To determine whether the treatment is/has been effective. This may require
several sequential determinations.
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OUTBREAK OF CANINE DISTEMPER IN DOGS OWNED BY LOW-INCOME
FAMILIES IN MOZAMBIQUE

Custodio Bila PhD

Av. De Mogambique Km 1,5, Faculty of Veterinary Medicine,
Eduardo Mondlane University, Mozambique
Email: custodio.bila@uem.mz

Although significant animal suffering caused by preventable diseases is frequently seen in developing
countries, reports of this are scarce. This report describes avoidable animal suffering owing to a
suspected canine distemper (CD) outbreak in unvaccinated dogs owned by low-income families in
Mozambique that killed approximately 200 animals. Affected dogs exhibited clinical signs, and gross
and microscopic lesions compatible with CD. Immunohistochemical staining confirmed the presence
of canine distemper virus (CDV) in the kidney of one dog from the cohort. This brief communication
again illustrates that large outbreaks of CDV in unvaccinated dogs occur and that large-scale
avoidable suffering and threats to the health of dogs and wild canines continue. Mass vaccination
supported by government and non-government organisations is recommended.
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VETERINARY NOSOCOMIAL INFECTIONS
Neil Forbes BVetMed DIipECZM (Avian) FRCVS
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Email: neil.forbes2011@yahoo.co.uk

Veterinary hospital acquired infections are a matter of fact, with an incidence of 4-9% (Mielke, 2010),
compared to a human level of 5-10% (Burke, 2003). Hospitals are occupied by sick patients.
Nosocomial infection outbreaks, with differing aetiologies have been documented, a significant
percentage of which have been zoonotic infections (Milton et al 2015). A nosocomial (hospital
acquired), infections are contracted in a hospital environment, arising between 48 hours following
admission, up until 30 days following discharge. Common nosocomial infections in the veterinary
hospital include urinary tract infections, surgical wound infections and infectious diarrhoea.
Historically efforts focused on the control of infectious diseases such as canine parvovirus, more
recently it is the control of infectious zoonotic diseases such as MRSA, C. difficile and MRSP that
have taken precedent. It is accepted that such infections are endemic within veterinary hospitals. The
longer a patient is hospitalised, the more invasive the procedure (e.g. i/v or urinary catheters), the
greater the risk.

With the now necessary reduction in the use of prophylactic antibiosis for hospitalised surgical and
medical cases, all practices must re-harness the old adage ‘Cleanliness is next to Godliness’,
returning to the days of Florence Nightingale, when cleanliness and infection control was taken very
seriously in all hospitals, knowing that a lack of infection control was a matter of life and death.

This presentation will tackle practical aspects of cleaning, disinfection, fomite identification and most
importantly measuring the efficiency of biosecurity management using Adenine Triphosphate testing
to verify cleanliness.
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PANCREATITIS: DEMYSTIFYING DIAGNOSIS AND TREATMENT
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ABSTRACT

Pancreatitis is the most common disorder of the exocrine pancreas in dogs and cats but ante-mortem
diagnosis of pancreatitis can be challenging. The currently used gold standard for the diagnosis of
pancreatitis is pancreatic histopathology. Limitations of this gold standard include finding clinically
insignificant pancreatic lesions in dogs and cats and the possibility of missing focal lesions in the
pancreas in clinically affected dogs. The accuracy of other tests for pancreatitis is evaluated against
this imperfect gold standard. The Spec cPL® and Spec fPL® (IDEXX Laboratories) is the considered
the most sensitive and specific test for the diagnosis of pancreatitis in dogs and cats, respectively. An
in-clinic SNAP cPL and SNAP fPL test cannot confirm a diagnosis of pancreatitis, but can be used to
rule pancreatitis out. DGGR lipase is a newer pancreatic lipase test with good agreement with Spec
cPL® and Spec fPL® results. A diagnosis of pancreatitis relies on exclusion of conditions with similar
clinical signs and using a combination of physical examination findings, pancreatic lipase tests,
diagnostic imaging and pancreatic cytology. The basic principles in treatment of acute pancreatitis
include replacing intravenous fluid losses, controlling nausea (using maropitant as first-line drug),
providing analgesia and providing enteral nutrition.

DIAGNOSIS OF PANCREATITIS

Pancreatitis is the most common disorder of the exocrine pancreas in dogs and cats but ante-mortem
diagnosis of pancreatitis can be challengmg The term “pancreatitis” not only refers to inflammation
(i.e. cellular infiltration) of the pancreas but also necr03|s (necrotising pancreatitis) and irreversible
structural changes such as fibrosis (chronic pancreatms)

Pancreatic histopathology is the current gold standard for diagnosing pancreatitis and for
differentiating acute and chronic pancreatms Neutrophilic inflammation in the absence of fibrosis or
atrophy is indicative of acute pancreatitis and the presence of fibrosis, atrophy and lymphocytic
inflammation is compatible with chronic pancreatltls

Histopathology is however not an ideal gold standard due to several limitations:

- Histopathological criteria for pancreatitis have not been universally standardised."

- Distinction between acute and chronic pancreatitis |s not always clear and many animals
have evidence of both acute and chronic pancreatltls

- Histopathological lesions of pancreatitis might be clinically insignificant and can lead to a false
diagnosis of pancreatitis.

0 64% of 73 dogs undergoing necropsy for various reasons had microscopic evidence
of pancreatitis.

0 67% of all cats undergoing necropsy had histopathological lesions of pancreatitis,
including 45% of healthy cats.

- Pancreatitis cannot be excluded based on histopathology as the inflammatory lesions in the
pancreas can be highly localised and easily missed. It is not feasible to evaluate multiple
sections of pancreas ante-mortally to increase the likelihood of finding microscopic lesions.

- Pancreatic biopsy requires invasive and expensive procedures that are potentially detrimental
in patients that may be haemodynamically unstable."

The ability of other diagnostic modalities to identify pancreatitis when it is present (sensitivity of a test)
or exclude pancreatitis if it is not present (specificity of a test) is measured against the inadequate
gold standard of histopathology. This further complicates the correct diagnosis of pancreatitis.
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Signalment and risk factors

Dogs of any age, breed or sex can develop pancreatltls In the USA, Miniature Schnauzers and
Terrier Breeds (esp. Yorkshire terriers) are considered to be at an increased risk to develop
pancreatitis and in the UK, Cocker Spaniels, Cavalier King Charles Spaniels, Border collies and
Boxers are reported to have an increased risk for chronic pancreatitis.l

Potential risk factors for pancreatitis in dogs include being overweight, endocrine disease,
hypertriglyceridemia, prior surgery, mfectlons dietary factors, use of azathioprine and use of
potassium bromide with Phenobarbnone The presence of these risk factors should raise the
suspicion for pancreatitis.” In cats the risk factors are less clear but a strong assomatlon between
pancreatitis, inflammatory bowel disease and cholangitis (“triaditis”) has been shown.®

Clinical presentation

Clinical presentat|on of pancreatitis varies greatly and no clinical sign or combination of signs are
pathognomonlc Signs of concurrent diseases may also be m|slead|ng Dogs with severe acute
pancreatitis can show one or more of the following signs; anorexia, weakness, vomiting, diarrhoea
and abdominal pain. Severe acute pancreatitis cases might present with cardiovascular shock, DIC
and multi-organ failure.* The majority of cats W|th pancreatitis present for anorexia and/or lethargy
and gastro-intestinal signs are less common.® Dogs and cats with chronic pancreatitis can have
subclinical disease or may only show mild non-specific clinical signs such as intermittent anorexia and
weakness with no gastro-intestinal S|gns The diagnosis of pancreatitis is then often missed because
of the low suspicion of pancreat|t|s

Routine clinical pathology

Haematological and serum blochemlcal findings in dogs and cats with pancreatitis are non-specific
and therefore non- dlagnost|c These tests should however always be performed as they are useful in
the diagnosis or exclusion of other diseases with similar signs. Also, findings prowde important
information regarding potential systemic complications and help to guide treatment.

Pancreas-specific biochemical diagnhostic tests

As mentioned previously, the evaluation of the diagnostic accuracy of diagnostic tests are predicated
upon having an acceptable gold standard, which currently doesn’t exist for pancreatltls Results of
studies of pancreatic diagnostic tests should thus be interpreted with caution. The reported sensitivity
and specificity of diagnostic tests for pancreatitis varies upon the type of studies performed, the
criteria used to diagnose pancreatitis (i.e. histopathological confirmation, ultrasonographic findings or
overall clinical information), the type of pancreatitis (i.e. acute, chronic, mild or severe) and cut-off
values chosen. Direct comparison of results among different studies is often chaIIengmg

Pancreatic lipase immunoreactivity

Pancreatic lipase immunoreactivity (PLI) is considered the most sensitive and specific serum test for
diagnosis of pancreatms in dogs and cats. It is the only assay that can measure exclusively lipase of
pancreatic origin. ' The originally developed canine PLI (cPLI) and feline PLI (fPLI) has been replaced
with the Spec cPL® (IDEXX Laboratories) for dogs and Spec fPL® (IDEXX Laboratories) for cats.

Interpretation of the Spec cPL® and Spec fPL®:

Reference Interval  Grey zone * Highly suggestive of pancreatitis
DOGS Spec cPL® | 0 — 200 ug/L 201 -399ug/L =400 ug/L
CATS Spec fPL® | 0—-3.5ug/L 3.6 -5.3ug/L = 5.4 ug/L

*Values in the grey zone are non-diagnostic and require further testing or re-testing

The rePorted sensitivity of the Spec cPL varies from 21 to 94% and the specificity varies from 66 to
100%. The reported sensitivity of the Spec fPL varies from 54 to 100% and specificity varies from
67 to 100%." In general the sensitivity of cPLI and fPLI is lower for detecting chronic pancreatitis than
for acute pancreatms Lesions associated with chronic pancreatitis (pancreatic fibrosis and atrophy)
are not expected to be associated with leakage of pancreatic enzymes. In cases with mild or chronic
pancreatitis, a false negative PLI test is thus possible, but the question is also raised whether mild
chronic pancreatitis is clinically S|gn|f|cant
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Canine and feline SNAP pancreatic lipase

A rapid, in-clinic, semi-quantitative, visually read test for the estimation of pancreatic lipase in serum
is available for both dogs and cats.” A reference spot correlates with the upper limit of the reference
interval and a sample spot is compared with the reference spot. Results are either normal (sample
spot less intense than the reference spot) or abnormal (equally or more intense than the reference
spot).1 An “abnormal” result indicates that the actual PLI could be in the grey zone (200-400 ug/L for
dogs and 3.6 — 5.3 ug/L in cats) or consistent with the diagnosis of pancreatitis (> 400 ug/L for dogs
and >5.3 ug/L in cats). A diagnosis of pancreatitis cannot be based on the result of the SNAP cPL
alone.! Further testing with the quantitative Spec cPL or Spec fPL is thus required in cases with a
positive SNAP test.! The main use of the SNAP fPL and SNAP cPL is to rule pancreatitis OUT (i.e. a
normal result makes the diagnosis of pancreatitis very unlikely).l

There is 90-100% agreement between the SNAP cPL and the reference Spec cPL.' The sensitivity of
the SNAP cPL is reported between 91 — 94% and specificity 71-78%." Studies on validation and
clinical performance of SNAP fPL have not been reported in the literature but the manufacturer
indicates that the test has 82-92% agreement with the fPLI. Theoretically the sensitivity will thus be
high and similar to the Spec fPL.!

Trypsin-like immunoreactivity (TLI)

TLI assays are immunoassays that measure trypsinogen and trypsin concentrations in serum and is
of limited usefulness in the diagnosis of canine and feline pancreatitis.l Raised TLI levels decrease to
within the reference interval as early as 3 days in dogs and 48h in cats after the induction of
pancr?atitis.l The sensitivity for diagnosis of pancreatitis is thus low; cTLI (36-47%) and fTLI (28 —
64%).

Serum lipase and amylase measured by traditional methods

The serum activities of these two enzymes are of little value in the diagnosis of pancreatitis due to
their low sensitivity and specificity.l Many other tissues synthesise amylases and lipases (including
gastric mucosa, renal, hepatic parenchyma and many others;).l

New lipase activity assay: DGGR LIPASE

This assay uses 1,2-o-dilauryl-rac-glycero glutaric acid-(6' methyl resofurin)-ester (DGGR) as a
substrate and has been validated for use in dogs.l In both dogs and cats, there is substantial
agreement between the DGGR lipase and the Spec cPL and Spec fPL, respectively.s'7 The lipase
DGGR shows promise as a test to aid in the diagnosis of canine and feline pancreatitis.

Diagnostic imaging

Radiographs

Abdominal radiographs are of no value for the diagnosis of canine and feline pancreatitis but remains
a logical initial approach for diagnosis or exclusion of other diseases that may cause similar clinical
signs.

Ultrasound

Like abdominal radiographs, abdominal ultrasound is helpful in the diagnosis or exclusion of other
diseases that cause similar signs to pancreatitis.1 The ultrasonographic features of pancreatitis
include hypoechoic areas within the pancreas (necrosis or fluid accumulation), increased echogenicity
of the surrounding mesentery (necrosis of peripancreatic fat), enlargement and irregularity of the
pancreas, dilation of the pancreatic or biliar%/ duct and abdominal effusion. Hyperechoic areas of the
pancreas could indicate pancreatic fibrosis.™ In cats, the presence of a thick left limb of the pancreas,
severely irregular pancreatic margins and hyperechoic peri-pancreatic fat is supportive of pancreatitis
(together with appropriate clinical signs and elevated fPL).8

Reported sensitivity of abdominal ultrasound is 68% in dogs and 11 - 67% in cats with pancreatitis but
largely depends on the expertise of the ultrasonographer and the quality of the equipment used."® A
normal pancreas on ultrasound examination is not sufficient to rule out pancreatitis in either dogs or
cats. This is particularly true in mild or chronic cases where the changes are mild." It is also important
to not over-interpret ultrasonographic findings because many other diseases of the pancreas
(hyperplastic nodules, oedema etc.) can display similar ultrasonographic findings.l
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Pancreatic cytology

FNA of the pancreas is minimally invasive and is used increasingly for the diagnosis of pancreatitis in
dogs and cats." There are no studies evaluating the sensitivity and specificity of this dlagnostlc
modahty Pancreatic acinar cells constitute the majority of the cells found in normal pancreas In
acute pancreatitis, cytological samples are hypercellular with the presence of entire and degenerate
neutrophils and degenerate pancreatic acinar cells. Chronic pancreatitis is characterised by small
numbers of lymphocytes and neutrophils and low cellularity due to replacement of normal pancreatic
tissue by fibrotic tissue."

As for histopathology, highly localised lesions may be missed and negative FNA results are not
sufficient to rule out pancreatitis.l

The safety of pancreatic FNA has not been evaluated in dogs and cats with pancreatic diseases. But
it is considered relatively innocuous. In healthy dogs, pancreatic FNA or surgical biopsy did not cause
increases in serum cPLI or clinically detectable pancreatitis;.1

Summary

* No diagnostic modality has 100% reliability for the diagnosis of canine or feline pancreatitis;.l

« Exclude other diseases that have similar clinical signs.

* Maintain a high level of suspicion for pancreatitis, especially in animals that are presented
with mild, non-specific clinical signs.

« Use a combination of history, physical examination fmdmgs routine clinical pathology
findings, pancreatic lipase tests, diagnostic imaging and cytology

« A combination of the clinical picture of the patient, serum PLI concentrations and abdominal
ultrasound is considered the most practical and reliable methods for an accurate diagnosis or
exclusion of pancreatitis.*

TREATMENT OF PANCREATITIS

No randomised control trials or cohort studies in different populations of animals (level A evidenceg
have been published to provide evidence for the use of different treatment modalities in pancreatitis.

The best available evidence for treatment of pancreatitis in dogs is level B evidence (retrospective
cohorts, experimental cohorts of the same species and case-control studies) for the use of maropitant
as first-line anti-emetic.” Treatment recommendatlons are thus largely extrapolated from experimental
rodent models or general critical care prlnC|pIes

The basic principles in treatment of pancreatitis include
* Replacing intravenous fluid losses and correction of electrolyte abnormalities
e Controlling nausea
e Providing pain relief

Intravenous fluid therapy

Aggressive fluid therapy is the mainstay of treatment in dogs with severe pancreatitis. Vomiting and
anorexia result in dehydration that generally requires intravenous fluid therapy. The pancreas is also
susceptible to disturbed mlcr00|rculat|on as a result of increased vascular permeability due to the
release of mflammatory cytoklnes Colloids may be beneficial if perfusion cannot be maintained with
crystallmds

The is no evidence for the use of fresh frozen plasma in pancreatitis despite the purported benefits of
supplying circulating a-macroglobulins, coagulation factors and anti-inflammatory factors Fresh
frozen plasma should be reserved for dogs with documented coagulation abnormalities.’

Anti-emetic therapy

Maropitant blocks neurokinin-1 receptors and substance P production and is an effective anti-emetic
agent. Substance P contributes to the develop of visceral pain and increased caplllary permeability.
Maropitant is thus considered the preferred first-line anti-emetic in pancreatms Additional anti-
emetics (i.e. serotonergic agents such as ondansetron) should be used as requwed Even dogs that
are not showing overt signs of nausea or vomiting should be treated with an anti-emetic to encourage
voluntary eating.9
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Analgesia
Inflamed and enlarged pancreas itself causes pain. Intense and prolonged pain input may result in
activation of NMDA receptors and central sensitisation. Even if animals do not display typical signs of
pain, it is sensible to assume that there exists a degree of pain in all dogs with acute pancreatitis.
Pain scales should be used to determine the appropriate level of pain to facilitate appropriate levels of
analgesia:

*  Mild pain: buprenorphine or methadone at high dose-end and frequency.

e Moderate pain: buprenorphine or methadone PLUS lidocaine and ketamine infusion

* Severe to excruciating pain: epidural morphine or fentanyl infusion PLUS

ketamine/lidocaine infusion.®

Because of the presence of hypovolaemia and dehydration in the majority of dogs with acute
pancreatitis, NSAIDs and a2-adrenoreceptor agonists are not recommended.’

Nutrition

Evidence for early enteral nutrition in dogs with pancreatitis is not supported by robust clinical trials to
date but in humans there is evidence that it reduces hospitalisation times. The premise for early
enteral feeding is to improve the health of the intestinal tract. Unhealthy enterocytes are thought to
perpetuate systemic inflammation.’ Nutrition delivered directly to the |ntest|ne decrease Vvillous
atrophy, reduce bacterial translocation and decrease pancreatic inflammation.’ Starvation can be
detrimental in feline patients due to the possibility of concomitant hepatic lipidosis. Feeding should
thus be instigated as soon as p033|ble There are no current recommendations on the type of food to
be adm|n|stered Avoidance of high fat-diets in dogs is logical as many of the animals are
hyperl|p|daem|c Due to the peculiarities of feline metabolism and lack of evidence that a low-fat diet
is beneficial in cats, it is generally suggested that a low-carbohydrate, high protein diet is fed to
prevent the development of hepatic I|p|d05|s

Antibiotics

Dogs with pancreatitis rarely have bacterial infectious complications and the routine use of
prophylactic ant|b|0t|cs should be avoided due to the risk of causing increased community resistance
to antibiotics.’ The use of antibiotics should be limited to dogs with documented or strongly suspected
bacterial infection (i.e. pancreatic necrosis or aspiration pneumonla)

Gastric acid suppression and nasogastric suctioning

It has been proposed that reduction of gastric acid production could decrease pancreatic exocrine
stimulation.® Pancreatitis predisposes to the development of gastric ulceration due to hypovolaemia
and local peritonitis. There is currently no evidence that reducing gastric acidity improves outcome in
dogs with acute pancreatitis but if there is clinical evidence of gastric ulceration (haematemesis,
malaena) or oesophagitis, gastric acid suppression is indicated. Omeprazole (2.5 mg/kg per day in
divided doses) is the most effective drug at increasing gastric pH for the longest duration of time.’

Corticosteroids
The routine use of corticosteroids in pancreatitis is not recommended yet.9

REFERENCES
1. Xenoulis PG. Diagnosis of pancreatitis in dogs and cats. J Small Anim Pract 2015;56:13-26.

2. Watson P. Pancreatitis in dogs and cats: definitions and pathophysiology. Journal of Small
Animal Practice 2015;56:3-12.

3. Bazelle J, Watson P. Pancreatitis in cats: is it acute, is it chronic, is it significant? J Feline
Med Surg 2014;16:395-406.

4. McCord K, Morley PS, Armstrong J, et al. A multi-institutional study evaluating the diagnostic
utility of the spec cPL and SNAP(R) cPL in clinical acute pancreatitis in 84 dogs. J Vet Intern
Med 2012;26:888-896.



9th Veterinary, Paraveterinary & SASVEPM Congress 2017 Proceedings

Oppliger S, Hartnack S, Riond B, et al. Agreement of the serum Spec fPL and 1,2-o-dilauryl-
rac-glycero-3-glutaric acid-(6'-methylresorufin) ester lipase assay for the determination of
serum lipase in cats with suspicion of pancreatitis. J Vet Intern Med 2013;27:1077-1082.

Oppliger S, Hilbe M, Hartnack S, et al. Comparison of Serum Spec fPL™ and 1,2-o-Dilauryl-
Rac-Glycero-3-Glutaric Acid-(6'-Methylresorufin) Ester Assay in 60 Cats Using Standardized
Assessment of Pancreatic Histology. Journal of Veterinary Internal Medicine 2016;30:764-
770.

Kook PH, Kohler N, Hartnack S, et al. Agreement of serum Spec cPL with the 1,2-o-dilauryl-
rac-glycero glutaric acid-(6'-methylresorufin) ester (DGGR) lipase assay and with pancreatic
ultrasonography in dogs with suspected pancreatitis. J Vet Intern Med 2014,28:863-870.

Williams JM, Panciera DL, Larson MM. Ultrasonographic findings of the pancreas in cats with
elevated serum pancreatic lipase immunoreactivity. J Vet Intern Med 2013;27:913.

Mansfield C, Beths T. Management of acute pancreatitis in dogs: a critical appraisal with
focus on feeding and analgesia. J Small Anim Pract 2015;56:27-39.



9th Veterinary, Paraveterinary & SASVEPM Congress 2017 Proceedings
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Denis York PhD

Molecular Diagnostic Services
Email: dryork@mdsafrica.net

Rapid point of care (POC) tests have been available to the veterinarian for decades. However, some
recent interesting findings need to be noted.

The objective of this paper is to highlight the merits and limitations of some of the more popular point
of care tests used in the diagnosis of Canine parvovirus (CPV), Canine distemper virus (CDV), Feline
immunodeficiency virus (FIV) and Feline leukemia virus (FeLV).

The CDV and CPV semi-quantitative antibody POC tests can be used to monitor the immune status
of a vaccinated dog. The tests should be done 4 weeks after the initial vaccination program to confirm
a successful vaccination. The rapid antibody tests can also be used to assist in the prognosis of a
CDV and CPV infection and to determine when to administer the next vaccine booster. The CDV and
CPV antigen tests use faeces or conjunctiva as the preferred diagnostic sample. A recent study
revealed that the Anigen POC test does not detect the vaccine within 9 days of vaccination implying
that a positive POC result is not due to the vaccine.

In the case of FIV infection there is a strong antibody response following infection. The
Bionote/Anigen FIV antibody POC test uses both blood and saliva as diagnostic sample. The assay is
both sensitive and specific and able to distinguish an FIV infected from vaccinated uninfected cat.
However not all rapid antibody tests performed the same. The Anigen/Bionote FIV antibody test was
able to identify a cat infected with FIV irrespective of whether the cat had been vaccinated or not
100% of the time as long as testing was not performed within 6 month following the primary
vaccination (Westman, 2016). Saliva proved to be equally sensitive and specific to blood and may
have advantages over blood in certain situations.

A recent study investigated the use of the Anigen/Bionote FeLV antigen POC test on blood and
saliva samples from cats progressively, regressively and negatively infected with FeLV. The assay
had a sensitivity of 57% and 54% when blood and saliva were used, respectively. Specificity was
98% and 100% for blood and saliva, respectively (Westman et al 2017). The authors justify the use of
the POC test using whole blood to test for FeLV however they recommend that all FeLV positive POC
results be confirmed using a real time proviral PCR which is regarded as the gold standard for FeLV
testing. Because of the lower sensitivity, cats that test negative, but that have been exposed to
infected cats, should also be tested by PCR. If PCR is not available two different FeLV POC kits can
be used to improve the diagnosis. However more studies need to be performed before saliva will be
recommended as diagnostic sample for FeLV antigen POC testing.

The merits and limitations of the 4 rapid POC tests will be discussed with special reference to the test,
the best sample to use and when PCR should be used to confirm a POC result.
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A brief explanation of how electron radiation works to eliminate cancer cells followed by in depth
discussion of the cases presented. The cases will cover squamous cell carcinomas caused by
excessive solar exposure and other SCC’'s of different origin. Methods of controlling the solar
exposure in both dogs and cats. Cutaneous Mast Cell Tumours their origin and use of radiation before
surgery. Mesenchymal Cell Tumours (spindle/soft tissue cell tumours) and the advantage of electron
radiation therapy before and after surgery.
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ABSTRACT

Antimicrobial resistance is one of the fastest developing and far-reaching issues of our time. Small
animal veterinary practice is not untouched and has an important role to play in the prevention of
antimicrobial resistance development. Most veterinarians in South Africa prescribe antibiotics
empirically prior to doing investigative diagnostics. To be able to make rational antibiotic choices there
is a need for geographical epidemiological data on resistance patterns of common isolates, which is
lacking for small animal veterinary practice in South Africa. Other principles such as considering the
true need of antimicrobials, de-escalating therapy and treating for the shortest possible duration may
further improve responsible antimicrobial use. The owner, veterinarian, local bacteriology laboratory
and other relevant health services all have equally vital roles to play in the success of prudent and
responsible antimicrobial use.

RATIONAL ANTIBIOTIC USE

The development of antimicrobial resistance is one of the largest contemporary challenges faced by
all involved in animal and human health. Antimicrobial resistance not only complicates daily clinical
practice, but has far reaching effects in medicine and agriculture. The most common factors linked to
the development of antimicrobial resistance relates to the misuse of antimicrobials such as under
dosing, off label usage and misdiagnosis’® *°>. The misuse of antimicrobials by companion animal
veterinarians can promote the failure of the newer treatment options by selecting for reS|stant bacteria
which also has the potential to spread to the humans sharing the animals environment®. A recently
published paper on the antimicrobial usage patterns by small animal veterinarians in South Africa
indicated that 91.16% of participating veterinarians prescribed antimicrobials empirically prior to doing
laboratory tests. Participating veterinarians reported that this method of practice is influenced mainly
by financial constraints of the owner. They also reported that an distressingly large number of owners
present the anlmal only after initiating antimicrobial therapy at home themselves, to save on
consultation costs®.

Similar to the worldwide trend, South Africa has experienced concerning changes in the resistance
patterns of nosocomial infections in humans. Increase in extended-spectrum beta-lactamase
production, emergence and increases in carbapenem resistance, increase in multldrug -resistant
Escherichia coli and emerging resistance in Gram-positive isolates have been reported In a study by
Chipangura et al., 2017, the monitored prevalence from 1712 isolates presented over 6 years to a
veterinary bacteriology laboratory was over 10% and the multiple drug resistance over 50%. In the
study investigating the usage patterns of antimicrobial agents by South African small animal
veterinarians it was found that 73.48% of participants did not choose antibiotics based on organ
system nor did they make use of any other selection protocol to guide antimicrobial choice®.The same
study reported that 81.3% of participants indicated that they were seeing an mcreased patient return
rate due to treatment failure, suggesting incorrect empirical antimicrobial choices”. Several risk factors
for imprudent antibiotic use has been identified including not using local epidemiological and antibiotic
susceptibility data, using broad-spectrum antibiotics when not absolutely necessary, treating
contamination or coIonlsat|on rather than invasive infections, inappropriate surgical prophylaxis and
excessive use of antibiotics®. The lack of availability of local epidemiological data, high rate of
empirical antibiotic use and increase in treatment failures support that the development of
antimicrobial resistance is a ubiquitous issue in small animal veterinary practice in South Africa that
beseechs attention.

There are three general recommended approaches to limit the development of antimicrobial
resistance namely, preventlng disease occurrence, reducing overall antimicrobial drug use and
prudent antimicrobial use™ . Preventing disease occurrence relies heavily on good animal husbandry,
appropriate use of eff|caC|ous vaccines and the use of infection control measures in veterinary
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hospitalslg. Prudent use of antimicrobial agents is broadly defined as the optimal selection of drug,
dose and duration of antimicrobial treatment along with reduction in inappropriate and excessive use,
as a means of achieving the best clinical outcome while minimising the emergence of antimicrobial
resistance™ Improving the practice of prudent antimicrobial use may follow several
recommendatlons3.

Firstly, the true need for antimicrobial therapy must be logically considered and justified in every case.
Viral infections, immune-mediated diseases and inflammatory conditions such as pancreatitis and
neoplasia can cause pyrexia and other signs often ascribed to bacterial infection. The use of early
diagnostic investigation instead of empirical antibiotics may aid in distinguishing these conditions from
bacterial infections. With that said, not all bacterial infections also necessarily require treatment with
systemic, or indeed any, antimicrobials. For example, incision and drainage is the preferred method
for treatment of Iocahsed abscesses, with no evidence that concurrent antimicrobial therapy is
necessary for resolution’®. Several other studies have recently been published providing good
evidence to question the use of antibiotics in certain conditions in which systemic antibiotics were the
norm.

Superf|C|aI bacterial folliculitis is the principal reason for antimicrobial prescription in small animal
pract|ce However, the use of a topical shampoo containing 4% digluconate chlorhexidine has been
shown to be at least as effective as systemic amoxyC|II|n -clavulanic acid at 25mg/kg twice daily in a
prospective, randomized and controlled study This supports the current recommendation of
empirically treating canine superf|C|aI bacterial folliculitis topically in all patients in which owner and
patient factors allows such pract|ce The routine use of even topical antimicrobials were brought into
guestion when an ear cleanser containing 2.5% lactic acid and 0.1% salicylic acid used twice daily in
dogs Wlth otitis externa due to yeast or bacterial infections was shown to resolve infection in 67.7% of
cases’.

Idiopathic acute haemorrhagic diarrhoea syndrome (AHDS; previously known as idiopathic
haemorrhagic gastroenteritis) is a syndrome where serious loss of the intestinal mucosal barrier
integrity occurs. Thus, empirical antibiotics were often considered part of the treatment plan for these
cases. A prospective study investigating the incidence of bacterial translocation in dogs with AHDS
indicated that there was no significance difference in the bacteraemia in patients with AHDS and
controls. The presence of bacteraemia also did not affect disease severity, laboratory parameters,
duration of hospitalisation or mortality. This study concluded that bacteraemia does not influence the
clinical course or survival of cases suffering from AHDS and antibiotic therapy is not indicated to
prevent sepS|s . An in-practice study evaluating the outcome or time to recovery in dogs with AHDS
treated with or without emprrrcal antimicrobials showed no difference further devaluing the use of
antimicrobials in this condition®’

Both feline and canine upper respiratory tract disease is self- I|m|t|ng and most cases experience
spontaneous resolution within 10 days without antimicrobial therapy Current recommendations are
to withhold antimicrobial therapy for a 10-day observation period and only consider antlbrotrcs if
patient experience pyrexia, lethargy, or anorexia concurrently with a mucopurulent nasal d|scharge
Treating potential pathogens in the absence of clinical disease may promote colonisation or infection
with resistant species. In particular, asymptomatic bacteriuria can be found in 2 — 9% of dogs and due
to lack of evidence it is recommended that these animals should not be treated . For this reason the
use of screening cultures is discouraged in the absence of clinical S|gns

The second recommendation states that early and appropriate empirical therapy may reduce mortality
(See Table 1). Recently the International Society for Companion Animal Infectious Diseases have
published guidelines to aid small animal veterinarians in their antimicrobial choices for canine
superficial bacterial folliculitis, and infections of the urinary and respiratory tracts” 1% 2 . Many other
individual publications have also provided valuable information regarding drug dosages, course length
and formulation options for different organ systems that may be preferable to alleviate selection
pressure as well as offering valuable epidemiological data applicable to South Africa in some
publications L4121 The use of antibiotics according to the label is not always consistent with the
principles of prudent antimicrobial use as the labelled dose and dosing interval are not always
consistent with current principles of antimicrobial drug use'®
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respiratory
disease complex

but often a mixed
population

Indication Most common isolate | Empirical antimicrobial Reference
Bacterial cystitis Escherichia coli Amoxyecillin or trimethoprim- 2
sulphonamide
Pyelonephritis Culture and sensitivity Fluoroquinolone v
is recommended
Feline upper Staphylococcus spp. Doxycycline 10
respiratory tract but often a mixed
disease population
Canine infectious | Staphylococcus spp. Doxycycline 10

Bacterial
bronchitis

Culture and sensitivity
is recommended

Only in severe cases whilst
culture is pending, doxycycline

10

Pneumonia

Culture and sensitivity
is recommended

Mild cases: doxycycline

No evidence of sepsis: beta-
lactam antimicrobial

Sepsis: Fluoroquinolone
combined with ampicillin or
clindamycin with de-escalation
once culture and sensitivity
available

10

Pyothorax

Most commonly
polybacterial and
culture and sensitivity
is advised

Fluoroquinolone combined with
a penicillin or clindamycin with
therapeutic drainage with or
without lavage

10

Dog bite wounds

Pasteurella canis and
pyogenic streptococci

*Only indicated in severe cases
with cytologic evidence of
infection

Potentiated penicillin or
potentiated sulphonamide

1T

Hepatobiliary

Escherichia coli

Fluoroquinolone and penicillin
with de-escalation once culture
and sensitivity available

18

Table 1: Examples of currently recommended empirical antimicrobial choices for selected conditions.

Thirdly, de-escalating or tailoring antibiotics to the isolate or known susceptibility patterns. De-
escalating therapy is commonly practiced in human medicine where the initial broad-spectrum
empirical antibiotic choice is changed to a drug with a narrower spectrum matchrng the susceptibility
pattern of the isolate once the culture and sensitivity results are available™. In human medicine, the
use of de-escalation therapy has not been associated with a negative cIrnrcaI impact or improved
patient outcome, including for life-threatening conditions such as sepsrs This is now also
recommended in veterinary medicine where a broad spectrum empirical choice should be changed to
a narrower spectrum drug once the culture and sensitivity results become available™® *°.

Lastly, a shorter duration of therapy is currently recommended. It is a common misconception that
there is a minimum duration or course that an antimicrobial drug should be used for to reduce the
emergence of resistance. Although there is limited evidence to guide the duration of therapy for most
conditions in animals recent randomised tr|als in humans have supported the use of shorter treatment
durations in many infectious syndromes . Support for shorter treatment durations in veterinary
medicine have also been reported where for example three days of trimethoprim-sulfamethoxazole for
the treatment of uncomplicated bacterial cystitis did not differ in cure rate from cephalexin treatment
for ten days Shorter treatment durations are beneficial in that there is reduced exposure of
commensal bacteria to antimicrobial drugs, improved owner compliance, reduced cost and
inconvenience, and a lesser chance of adverse drug effects'®. It is uncommon for most types of
bacterial infections to occur without a predisposing condition and repeated courses of ant|b|ot|cs is not
only clinically futile for disease cure but leads to increased risk of antimicrobial resistance'. Attention
to the underlying cause alone m|ght lead to resolution of a secondary bacterial infection without the
need for antimicrobial drugs Periodic antimicrobial dosage regimens such as prescribed for
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recurrent lower urinary tract infections and superficial bacterial folliculitis are discouraged due to a
failure to meet sound pharmacokinetic-pharmacodynamic principles, lack of evidence for efficacy and
the impact on antimicrobial resistance™®.

In general, several other principles may apply for prudent antimicrobial use. It is not recommended to
use human generic drugs when a licensed veterinary drug is available, especially when efficacy and
bioavailability data for the generic drug is Iackinglg. Rules restricting the use of compounded products
by veterinarians when registered veterinary products are available have also recently been brought
about®. When compounded drugs are used specific attention should be paid to the concentration of
the active ingredients, pH stability and quality of the raw starting materials*’. Some antibiotics are
used for their nonantimicrobial properties such as anti-inflammatory, immunomodulatory and
prokinetic properties. However, this should be discouraged due to the lack of compelling evidence of
efficacy, little data pertaining to possible adverse effects and many alternative drug optionslg.

Resistance patterns differ geographically and the knowledge of the resistance patterns present in a
specific area may aid in development of recommendations regarding good empirical antibiotic choices
for different infections®. Unfortunately, this kind of epidemiological data pertaining to small animal
veterinary practice in South Africa is lacking. It is recommended that veterinarians and their local
bacteriology laboratory collaborate and share information regarding common isolates, susceptibility
patterns and the emergence of resistance when identified. Special attention must be paid to sgecies
such as Staphylococcus pseudintermedius, Campylobacter, Salmonella and Escherichia coli". This
will equip either parties to combat the development of antimicrobial resistance and practice
successfully with guidance in appropriate empirical antimicrobial choices per organ system or
condition.

Besides making rational choices regarding the use of antimicrobials, owner education is imperative in
the struggle against antimicrobial resistance. It must be explained to the owner in layman’s language
what the antimicrobial is, why it is being prescribed or is deemed unnecessary, how antimicrobial
develops and what the impact is on public health.

Antimicrobial resistance is an emerging and contentious issue faced by all health professionals,
including small animal veterinarians today. Limiting the use of antimicrobials as far as possible and
making rational choices when antimicrobials are indicated may aid in preventing or at least slowing
the development of antimicrobial resistance. The owner, veterinarian, local bacteriology laboratory
and other relevant health services all have a vital role to play in the success of prudent and
responsible antimicrobial use.
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ABSTRACT

The basics of critical care nutrition apply throughout all disease states. These basics include, an initial
nutritional assessment, prescribing an appropriate diet for that specific condition, taking the patients present
state in mind, setting goals for the nutritional intervention, and finally assessing whether these goals are in
fact being met. The goals of critical care nutrition are to meet resting energy requirements as well as to
supply sufficient essential and conditionally essential amino acids and all other micro and macro nutrient
needs. A plethora of methods are available to us to achieve this, including a variety of diet and tube options
for the still preferred enteral nutrition route as well as multiple solution options and peripheral and central
line options for parenteral nutrition. In some cases, partial parenteral and enteral nutrition best supplies the
patient's nutritional needs. Nutritional assessment and monitoring, and methods, indications and
complications of critical care nutritional interventions are all discussed in this lecture.

INTRODUCTION

Adequate caloric intake has been positively associated with time to hospital discharge /"™ Reference source not
found., Errort Reference source not found., “n1a1ntrition on the other hand is associated with increased morbidity and
mortality Error! Reference source not found., Error! Reference source not found.. Only a minority of dOgS and cats ever achieve
adequate nutritional intake voluntarily in hospital £ Reference source notfound. "y cesg calories can also impact
negatively on survival Error! Reference source not found., Error! Reference source not found., Error! Reference source not found.. This
means that planned, monitored and revaluated nutrition interventions are necessary for each intensive care
patient.

NUTRITIONAL ASSESSMENT

A nutritional assessment of a critical care patient includes the following, the degree of weight loss over a
defined period, body condition scoring, muscle condition scoring and a full dietary history " Reference source
not found. "y rther testing may include blood glucose, haematology, serum albumin, transferrin, Na, K, Cl,
PO,%, Ca, Mg, serum chemistries to check for organ disease, creatinine kinase, adrenal function and thyroid
function tests depending on the needs of each individual case E°" Reference source not found. " gna stydy
baseline admission serum albumin, but not BCS and lymphocyte count, correlated with risk of mortality in
critically ill dogs E'"e" Reference source notfound. 1y cats decreased CK activity resolved after adequate introduction
of food indicating its possible use as a marker of malnutrition in this species =" Reference source not found.
another study both hypoalbuminemia and low serum transferrin values in dogs both on admission and in the
case of transferrin, also after feeding, correlated with a negative outcome E"°" Reference source not found..

Subjective global assessment (SGA)

In humans, a SGA has been found to be a useful tool to assess nutritional status and the need for
intervention "ot Reference source not found. g f4]10wing questions are asked. Is nutrient assimilation restricted
by, decreased intake, maldigestion or malabsorption? What are the effects of malnutrition on organ function
and body composition? What is the effect of the disease process on nutrient requirements? The assessment
conclusions may be that the patient is well nourished, moderately well-nourished or at risk of becoming
malnourished, or severely malnourished.

An adapted SGA for dogs and cats has been suggested which includes diet composition history, food intake
history, weight loss vs time, changes body composition (BCS/MCS), Gl signs, presence of oedema or
ascites, hair coat changes, exercise tolerance, physical activity and metabolic demands of the underlying
disease state. There are many similarities between this modified SGA and a CCECAI score explained
below. A modified CCECAI score is currently been investigated for use in small animals.

Modified Canine Chronic Enteropathv Clinical Activity Index (CCECAI)
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The CCECAI is specifically designed for inflammatory bowel disease (IBD); however, it encompasses most
factors that would initiate a nutritional intervention. If slightly modified from its use in IBD, it enables the
application of a clinical score to an animal’'s current ability to sustain an adequate nutritional status ="
Reference source notfound. ' The higher the score, or an increasing score, the more likely a nutritional intervention is
necessary, as mentioned this score is busy undergoing clinical evaluation.
1. Attitude or activity where: O=normal, 1=slightly |, 2=moderately|, 3=severely|
2. Appetite levels where: O=normal, 1=slightly|, 2=moderately |, 3=severely|
3. Vomiting where: O=normal, 1=mild change (1/week), 2=moderate change (2-3/week), 3=severe
change (>3/week)
4. Stool consistency where: 0=normal, 1=slightly soft faeces, 2=very soft faeces, 3=watery diarrhoea
5. Stool frequency where: O=normal, 1=slightlyt (2-3/day) or faecal blood, mucus, or both,
2=moderatelyt (4-5/day), 3=severely? (>5/day)
6. Weight loss where: 0=none, 1=mild (<5%), 2=moderate (5-10%), 3=severe (>10%)
7. BCS (9 piont scale) where: 0=BCS 4-5, 1=BCS 3o0r6 2=BCS 2o0r7 3=BCS lor>7
8. MCS where: 0=(MCS3) 1=(MCS2) 2=(MCS1) 3=(MCS0)
9 NSa%liJmngllIPumin levels: 0=>26g/l, 3=< 269/l or serum transferrin levels 0=>180mg/dl, 3=<180mg/dI
10. Ascites, pleural effusion or peripheral oedema: O=normal, 1=mild, 2=moderate, 3=severe
11. Presence of skin coat abnormalities: 0=no skin coat changes, 1= mild skin coat changes, 2=
moderate skin coat changes, 3= severe skin coat changes.
The changes from the original CCECAI are found in criteria number 7, 8, 9 and 11.

The scores of these 9 variables are summated together to give the index where:

e 0-3 likely to sustain nutritional status without assisted nutrition, feed
e 4-5=assisted nutrition possibly required, feed and monitor closely

e > 6=assisted nutrition required

e >10=more aggressive nutritional intervention required

GOALS OF INTENSIVE CARE NUTRITION

These are to supply sufficient calories to prevent protein catabolism, supply sufficient essential and
conditionally essential amino acids to aid healing, organ function, immune function, drug metabolism and
prevent metabolic complications. Restore and / or sustain electrolytes such as Na, K, Cl, Ca, PHOS and Mg.
Restore and sustain micro-nutrients such as Vit-B1, Vit-B12, Vit-K and Vit-D. Avoid complications of
overfeeding such as hyperglycaemia, vomiting and diarrhoea. Avoid complications of over hydration.

FEED TO RESTING ENERGY REQUIREMENTS

Resting energy requirements (RER) = calories needed to maintain homeostasis at rest in a thermoneutral
environment during a post absorptive state. It is a predictive energy equations based on calorimetric studies:

For patients < 2 and > 30 kg RER=70 x (current body weight in kg)o'75

For patients between 2 and 30 kg RER=(30 x current body weight in kg) +70

RER adjustments in disease

Most disease states only require meeting RER. This is because of decreased activity, hospitalisation,
sedation, in house temperature control, vs increased disease utilisation’ =" Reference source not found., Error!
Reference source not found., Error! Reference source not found.. Serial nutritional monitoring allows for adjustments from a
RER baseline. In rare cases, such as severe burn wounds RER can be adjusted. The recommended RER
for burn wounds may be as much as 2 X RER "' Reference source not found.

ROUTES OF NUTRITIONAL SUPPORT

Nutritional support can be supplied by EN, PN feeding, or a combination of both. EN routes include assisted
feeding and naso-oesophageal, nasogastric, oesophagostomy, gastrotomy (PEG or Laparotomy), and
jejunal tubes. The various tubes can also be placed post pyloric using endoscopic techniques. Parenteral
nutrition can be supplied bv a peripheral or a central line dependina on the osmolalitv of the food.
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ENTERAL NUTRITION (EN)

Indications and benefits of enteral nutrition

For a patient to be considered for enteral feeding the attending clinician must first establish that it is
necessary, the patient must be conscious and have a gag reflex; unless a jejunostomy or post pyloric tube is
to be considered. The patient must also have a functional bowel and clotting system; and must be able to
undergo chemical constraint or GA depending on the type of nutritional intervention required.

Benefits enteral nutrition (EN) over total parenteral nutrition (TPN)

EN stimulates splanchnic blood flow which reduced intestinal mucosal atrophy. It stimulates secretory IgA
which reduces pathogenic bacterial adherence to mucosa. Helps support commensal bacterial populations
and stimulates intestinal motility. EN maintains structural and functional intestinal integrity which reduced
GIT bacteria translocation /"™ Reference sourcenotfound. ‘para are gyerall fewer complications than TPN.

Complications of EN
Complications of EN include aspiration pneumonia, fluid overload and nutritional overload causing,
hypderglycaem|a, excessive nitrogenous waste, vomiting, regurgitation and diarrhoea " Reference source not

found.

Naso-oesophageal tube feeding (NETF)

NETF is simple and does not require general anaesthesia. Requires correct technique (a video will be
shown in the lecture). Usually used for < 5 days of nutrition. It is inexpensive, requires gag reflex and is
complicated by vomiting, bleeding, and rhinitis. Thin tube size limits formula consistency to liquid, 3-5F, or
liquidised thin gruel, 6-10F. Continuous or intermittent feeding is possible using pumps but no difference in
outcome has been noted. Usually requires a collar

Oesophagostomy tube feeding (EGTF)

EGTF is quick and simple but requires GA and correct technique (a video will be shown in the lecture). Used
for > 5 days and up to 4 weeks. Improves comfort and tube size compared to NETF. Patients are prone to
oesophagostomy site infection. Complicated by vomiting and aspiration

Gastrotomy tube feeding (GTF)

Requires GA. Can be placed percutaneous or via laparotomy. GTF bypasses the oesophagus. Requires
correct technique and can be used for > 4 weeks to 2 years. It improves comfort and tube size compared to
nasal tubes. Patients are prone to gastrotomy site infection and life threatening intra-abdominal leakage

especially with premature removal, < 14 days. May delay gastric emptying for up to 5 days post insertion
Error! Reference source not found.

Post pyloric feeding tubes (PPFT)

These tubes bypass oesophagus and the stomach. They can be placed using flouroscopic or endoscopic
techniques. They include nasojejunal, oesophagojejunal, gastrojejunal. Require GA and an adequate
clotting system. Their indications include upper GIT functional abnormalities with risk of aspiration and
protracted central, hepatic, renal, gastric, duodenal, peritoneal, or pancreatic induced vomiting. They are
also used if a jejunostomy tube is contra-indicated.

Jejunostomy tube feeding tube

Requires GA. Usually placed via laparotomy but endoscopic techniques are described. It bypasses
oesophagus and stomach and requires correct technique. Indications include high risk of aspiration, gastric
outlet obstruction and pancreatitis. They are prone to jejunostomy site infection (up to 40% complications).
Complicated by premature removal, < 14 days, which may include life threatening intra-abdominal leakage.

Basic tube placements will be described during the lecture.

Selecting formulas for enteral nutrition

Tube size dictates diet consistency that can be used. Nutritional state and disease state determine type of
diet. Irrespective the diet needs to be calorie dense (1-2 kcal/ml) and meet all the nutritional requirements of
the patient. Osmolality does not appear to be NB for enteral feeding =" Reference source notfound. "pomemper to
select quantity based on % RER elected to feed. The fluid portion of the diet must be accounted for in
total patient fluid load (+/-60ml/kg/day). Please see section on specific diseases for selection of diet type
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Basics of a convalescent diet

High quality and quantity amino acid profile. Some amino acids become conditionally essential durindg
disease these include various branch chain amino acids, glutamine, and arginine =" Reference source not found.,
Errort Reference source not found. - yn1asg contraindicated high fat content, low carbohydrate (CHO) content. This
reduces the incidence of insulin resistance, hyperglycaemia, respiratory dependence on carbon removal and
refeeding syndrome Erfort Reference source not found. “iinn )3 FA " high in essential vitamins, minerals, and
electrolytes, usually low fibre. An example of such a diet is a mix of: Turkey livers, pork, chicken (10%),
maize, fish oil, minerals, taurine, vitamins, and trace elements. This diet has metabolisable energy: 32%
from protein, 58% from fat and 10% from CHO.

Types of enteral diets

Diets requiring digestion

Recovery type, post trauma diets-semi liquid diets, blenderised canned or dry food mixed with water or other
liquid, commercial human liquid diets. Note human diets are nutritionally inadequate, may be toxic if they
contain substances such as xylitol.

Diets requiring less digestion
Blenderised hydrolysate diets for cases of IBD with parenteral B12 supplementation.

Recovery or post trauma diets in South Africa

* Royal Canine Recovery clf 8Fr tube
+ Hills a/d c/f > 8 Fr tube
* lams Maximum-Calorie c/f > 10 Fr tube

PARENTERAL NUTRITION (PN)

Indications and benefits of PN

PN is indicated in patients that cannot tolerate total enteral feeding such as those with intractable vomiting
and diarrhoea where jejunostomy tubes are contra-indicated, patients in a coma or under prolonged GA and
patients without a gag reflex (poisonings, neurological disease). Patients must be malnourished to gain a
positive benefit. PN is a short-term intervention only. PN can be admistered via a central or peripheral
catheter depending on the osmolality of the solution chosen. Catheters are dedicated single lumen or
multiple lumen catheters. They are placed using a sterile technique in a closed system only. Polyurethane or
silicone catheters are less thrombogenic. Solutions of < 850 mOsmol/L can be administered peripherally
Error! Reference source not found. ' o raquires nursing facility and point of care serum chemistry analysis to avoid
metabolic complications.

Complications of PN

Complications of PN include fluid overload, extravasation and thrombophlebitis, sepsis, and metabolic
complications. Metabolic complications include deficiencies and excesses in amino acids, carbohydrates or
fats, electrolyte, vitamin, and minerals. Dextrose should not exceed 4mg/kg/min to avoid causing
hyperglycaemia. Omega 6 based lipid emulsions should be limited to 2g/kg/day (30-40% total calories as
concerns exist as to fuelling inflammatory cascades Ill animals have increased essential amino acid and
conditionally essential amino acid requirements Error! Reference source not found., Error! Reference source not found., human
solutions do not meet these requirements or require fluid overloading to do so. Thrombophlebitis and sepsis
are also of great concern and usually presents with the patient becoming febrile and exhibiting a neutrophilia
on haematology.

Some of the concerns are solved by limiting the PN nutrition to the lesser of energy requirements or fluid
overload. Meaning you stop at energy requirements provided you are not fluid overloading the patient. In
this case, amino acid requirements are seldom met and extra protein will need to be supplemented beyond
the short term.

Determining daily amounts for PN solutions
1. Calculate RER = 70(kg)°'75 or 30(2-30kg)+70=kcal/day

2. Determine max safe daily fluid load = 60ml x patient weight in kg.

3. Calculate eneray from dextrose, lipids and protein per ml PN fluid.
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b. Lipid=10 kcal/gram

c. Dextrose=3.4 kcal/gram (usually dextrose is used as the CHO source)

d. Non-protein-energy = lipid + dextrose / 100ml (this figure is supplied)
Divide RER by energy/ml=ml required.

If ml required > max safe fluid load give max safe fluid load only, if not give RER.

Calculate protein needs per day where:
RER/100 x protein needs/100kcal=g protein per day

Protein needs per 100kcal/day

Standard = 4-5dogs, 6 cats
Hepatic renal = 2-3 dogs, 4-5 cats
Sepsis = 5-6 dogs, 6-8 cats

To calculate total protein supplied divide % protein concentration of the solution by 100 to get
grams of protein per ml. For example, a protein content of 8.5% = 0.085g protein / ml, therefore g
protein needed / day / 0.085 = ml / day to meet protein requirements. This is likely to be more
than the maximum safe amount. Actual protein supplied = grams protein per ml x ml infused.

Extra protein supplementation needed= g protein needed per day — actual protein supplied.
Actual protein supplied = ml infused x 0.085 in this case.

Total liquid requirement-parenteral nutrition ml=remaining liquid requirement

Example Fresenius ITNPAED 106 10kg Patient TPN (2.3 g protein / 63.91 NPE (kcal) / 100 ml)

1
2
3
4.
5.
6
7
8
9.
1

RER =30 (10) + 70 = 370 kcal / day

Max safe fluid load = 600ml (60 x 10)

Energy per ml = 2.3x4/100 + 63.91/100 = 0.092 + 0.6391 = 0.7311kcal/ml
RER / kcal/ml =370/ 0.7311 = 506 ml

Give RER, max safe fluid load not exceeded.

Protein needs =5 x 370/100 = 18,5 g / day

Protein supplied by 506 ml = 5.06 x 2.3g= 11,638 grams

Extra protein supplementation needed = 18.5 — 11.638 = 6,82 grams
Supplement this with EN or short term use only but monitor safe maximum

0. Fluid component of feed 506 ml. Subtract this value from daily fluid requirements.

COMBINING PN AND EN

C qs and cats that recelved partial PN and EN had a survival advantage in one study compared to only EN
rror

and immunity compared to EN alone

Reference source not found

. In another study it was shown that concurrent EN and PPN improved GIT integrity
Error! Reference source not found.
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ABSTRACT

The basics of critical care nutrition were covered in Part I. In Part Il a few disease states are briefly
discussed including, nutrition in the septic patient, nutrition in acute liver disease, nutrition in kidney
disease, nutrition in pancreatitis and refeeding syndrome. Although the basic principles of critical care
nutrition apply in all disease states, some require specific interventions and monitoring.

INTRODUCTION

The basics of critical care nutrition apply throughout all disease states. These include serial initial
nutritional assessment. Prescribing an appropriate diet for that specific condition taking the patients
present state in mind. Setting goals for the nutritional intervention and then assessing whether these
goals are in fact being met. When a diagnosis is possible nutritional interventions and monitoring can
be further and specifically tailored to enhance patient outcome.

NUTRITION IN SEPTIC PATIENTS

Correct fluid balance and electrolytes. Select appropriate feeding method, supply adequate nutrition
based on resting energy requirements (RER), control muscle catabolism using higher protein
recommendations, 6g / 100kcal dogs, and 8 g / 100 kcal cats. Control hyperglycaemia or
hypoglycaemia, do not add parenteral nutrition (PN) unless 50% RER are unachievable with enteral
nutrition. If possible monitor and respond to perturbations in glucose, albumin, transferrin, electrolytes,
fluid load, and organ failure in a serial fashion 4,

NUTRITION IN ACUTE LIVER DISEASE

Correct fluid balance and electrolytes, control gastritis or gastric ulceration, control nausea or
vomiting. Ensure adequate supply or supplement Vit-K, Vit-B, Vit-E, essential amino acids (EAA) for
example L-carnitine. Lactulose, Zn-gluconate and phosphatidyl choline. Select appropriate feeding
method ' :
* Is the patient encephalopathic? In house NH3
o No-feed high quality, moderate to high quantity. protein to aid recovery

= Royal Canine Recovery clf 8 Fr tube
= Hills a/d c/f > 8 Frtube
= |ams Maximum-Calorie c/f > 10 Fr tube

= Blenderised Moderate Protein to High Protein diet
In a serial fashion monitor NH;

o0 Yes-feed high quality reduced quantity, high quality, protein to reduce

encephalopathy
= Hillsld canine 8Fr / feline 10Fr
» Royal Canin Renal LP canine 8Fr/ feline 8Fr

NUTRITION IN KIDNEY DISEASE

Correct fluid balance and electrolytes, control gastritis or gastric ulceration, control nausea. Select
appropriate feeding method. Control uraemia and hyperphosphatemia. Use a reduced to low protein,
high fat low sodium and low phosphorus diet proportional to IRIS-KIDNEY staging 10

Diet options:
+ Hills K/d canine 10Fr / feline 10Fr
* Roval Canin Renal LP canine  10Fr/ feline 10Fr
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« Blenderised dry renal formulas clf > 10Fr
« Use lower protein calculations for PN

NUTRITION IN ACUTE PANCREATITIS

Correct fluid balance and electrolytes, control nausea and vomiting, control blood glucose. Select
appropriate feeding method. Early enteral nutrition via oesophagostomy tube had fewer complications
than parenteral feeding in one study 2 EN has greater literature support than PN in acute pancreatitis
% Use a moderate protein, low fat, low fibre highly digestible diet.
Examples are:

¢ Royal canin Gl low fat canine  8Fr

* Hills canine i/d low fat canine 10Fr
* Hills feline i/d feline 10Fr
* lams low residual feline 10Fr

REFEEDING SYNDROME

Prolonged starvation leads to a decrease in potassium, phosphate, and magnesium intake. Serum
values may stay normal at the expense of intracellular levels. Insulin activity decreases, intracellular
ATP production decreases and the patient’s metabolically active lean muscle mass decreases. Upon
re-feeding insulin activity increases and ATP production resumes. The production of ATP requires
various cycles to reactivate consuming substrates. Phosphate is also consumed in the production of
these energy molecules at a rate of three to one and 2.3DPG at a rate of two to one. Higher insulin
levels drive already depleted serum potassium intracellular worsening the hypokalaemia.

In order of most common and most consistent refeeding syndrome abnormalities are
hypophosphatemia, hypokalaemia, hypomagnesaemia and hypocalcaemia, and thiamine deficiency;
causing anaemia, bradycardia, hypothermia, tachyarrhythmia, and neurological disease respectively.
The treatment of refeeding syndrome is prediction of deficiencies and serial monitoring and
supplementation of deficiencies, usually intravenously and orally 8,
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ABSTRACT

Fluids are a double edged sword. Too much and too little are both detrimental to health. Unfortunately
there is no perfect tool to assess fluid therapy and careful assessment and regular reassessment is
required. We have a large choice of fluids and the perfect fluid does not exist. This talk will address
the controversies of fluid therapy and attempt to give rational advice and guidance on how we should
use fluids. It important that fluids are given on a goal directed approach. Fluids should be given to
achieve a resuscitation end point not just a particular volume. This approach along with
cardiovascular support is vital for successful management of patients.

FLUID THERAPY

Veterinary medicine is filled with debate on which is the most appropriate therapy for a patient. Fluid
therapy is no different within this context. Sixty percent (40l) of the body is made up of water. This
water is divided into two main compartments namely the intracellular and extracellular compartments.
The intracellular compartment is the largest and holds 60% (25I) of total body water. Intracellular fluid
has potassium as the dominant cation while magnesium and sodium make up the remainder. The
dominant anion is phosphate followed by smaller quantities of sulphate. The protein content of cells is
4 times higher than extracellular fluid. The extracellular fluid makes up 40% (15l) of total body fluid
and is divided into two components — extravascular and intravascular components. The extravascular
component consists of 66% (10l) of fluid while the intravascular component is 33% (51). The
intravascular portion is then divided again into two — red cells and plasma. The dominant cation of
extravascular fluid is sodium with smaller quantities of potassium and calcium. The dominant anion is
chloride followed by bicarbonate. These differences are shown in Table 1. Fluid is distributed within
this system based on osmotic pressure modified by selectively permeable membranes, maintenance
of elctroneutrality, maintenance of electrolyte constitutes of the various compartments and the
availability of free water.

Cation/Anion Intracellular Fluid Extravascular Fluid Plasma
(mOsmole/l)

Na 14 142 146
K 140 4.0 4.2
Ca 0 2.4 2.5
Mg 31 1.4 15
Cl 4 108 105
HCO; 10 28 27
HPO, 11 2 2
SO, 1 0.5 0.5
Protein 4 0.2 1.2
Total Oncotic Pressure 302.2 301.8 302.9
Total lonic Osmotic 281.3 281.3 282.6

Table 1: Composition of Body Fluids

All fluid therapy is generally administered into the intravascular compartment and from here it
distributed and managed. A complete understanding of the makeup of the fluid we administer is
important to understand how these fluids will distribute within the body. Some important concepts are
that water usually follows a concentration gradient and is not actively moved between compartments.
Water moves to maintain osmotic neutrality between compartments. This means that if sodium is
pumped from one compartment to another an equal volume of water will follow.

Water is known to distribute freely between all body water compartments. Pure water itself is not
generally administered but 5% dextrose water (similar osmolarity to plasma) can be given. Once the
glucose has been removed free water is then available for redistribution. This fluid readily



9th Veterinary, Paraveterinary & SASVEPM Congress 2017 Proceedings

redistributes between all compartments. Most crystalloid solutions redistribute between the
compartments with the net effect that between 3 to 5 | of crystalloids are required to increase plasma
volume by 1 1.

At this point in time it is important to revisit an important pathophysiological concept of extravascular
water. The accumulation of extravascular water is also known as oedema. When crystalloids are
given, only 20 — 30% remains in the vascular space after an hour. This means that the remaining 70 —
80% has accumulated in the extravascular space. If the extravascular fluid accumulated in the lungs it
would be known as lung oedema. The concept that the rapid administration of crystalloid fluids can
result in lung oedema has been known since the Vietham War where this was called Denang Lung.
As lung oedema impairs oxygenation of blood so does oedema in other organ systems impair oxygen
delivery to tissues. The amount of crystalloids infused in trauma patients is directly correlated to the
development of abdominal compartment syndrome. And so we can now enter the debate are
crystalloids and/or colloids better for our patients?

It is important to be reminded that no study is yet to show that more patients will survive if colloids are
used compared to crystalloids and vice versa. What has been shown is that hypovolaemia is
detrimental to our patients and specifically if hypovolaemia is coupled to anaemia. In the setting of
acute blood loss the restoration of circulating volume is more important than necessarily which fluids
are used to do it.

Saline has been recommend as a resuscitation fluid. It has been recommended as the fluid of choice
in patients with hyperkalaemia as it contains no potassium. This has been debated as the acidosis
(hyperchloraemic acidosis) it produces may further exacerbate the hyperkalaemia. In the treatment of
hyperkalaemia, bicarbonate is given to cause alkalosis. This results in hydrogen ions being
transported out of cells in exchange for potassium being transported into cells to correct the alkalosis.
As saline causes an acidosis, hydrogen is now taken up by cells and potassium released. The
acidosis may further exacerbate the acidosis of trauma when used during the resuscitation of
patients. For these reasons, balanced resuscitation fluids are preferred — Ringers lactate, Balsol, etc.
Saline has an important role to play in patients with hyponatraemia.

To correct dehydration — fluid is required to move from the vascular compartment through all the
compartments and into cells. In order to achieve this effectively free water along with the required
missing electrolytes are required. The cause of dehydration will determine what electrolyte
imbalances are present. Fluid can be moved into cells more effectively with glucose and potassium
than with higher sodium containing fluid. Maintenance fluids are high in potassium and usually contain
glucose which makes them suitable except that potassium cannot be infused rapidly into the vascular
compartment. A half strength Darrow’s solution may be a suitable alternative with moderate
potassium and glucose concentrations.

The kidneys continuously filter plasma and produce urine. They excrete electrolytes and waste
products. The kidneys require a continuous supply of water. Colloids do not supply much free water
and patients require free water for normal renal function. Resuscitation fluids are generally high in
sodium and these fluids are often used to maintain patients for days in the clinical setting. The high
sodium load results in diuresis as the sodium is dumped through the kidneys with water. Secondly,
resuscitation fluid either contains no potassium or very little potassium. Hypokalaemia is commonly
seen in critically ill patients who require supplementation. Maintenance fluids are high in potassium,
low in sodium and contain free water once the glucose is utilised metabolically. In critically ill patients
it does make sense to use a combination of resuscitation and maintenance fluids as part of standard
therapy. The maintenance fluids are run at maintenance rates while the resuscitation fluids are used
to restore intravascular volume and maintain circulation. They may be continuously or intermittently
administered. Maintenance solutions contain magnesium and calcium. Magnesium is an important ion
and should be monitored and supplemented in critically ill patients. Maintenance solution due to their
high osmolarity should not be administered through a peripheral line as tissue necrosis may follow.

Hypertonic saline has been advocated as a resuscitation fluid in trauma patients. Recent evidence
supports its use as a resuscitation fluid in cranial trauma patients and may be associated with better
outcomes than conventional fluid therapy. The hypertonic saline causes dehydration of the brain or
rather reduces or prevents brain oedema due to the hydroscopic effect. Small volumes are required of
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hypertonic saline for resuscitation. The consequence is a massive sodium load that needs to be
eliminated afterwards and the diuresis that follows. A hypercloraemic acidosis is also seen.

In cranial trauma patients and patients with pulmonary contusions high volume administration of
resuscitation fluids can result in brain oedema and pulmonary oedema. Fluids should be used
cautiously in these patients and a low volume resuscitation should be considered. Starches are also
tremendously useful in these patients as they should remain in the vascular compartment and not
leak out. Another scenario is the patient with a haemorrhagic gastro-enteritis. They usually present a
haemoconcentrated with a normal albumin and total protein. The natural inclination is to give them
lots of crystalloids for resuscitation with an invariable result of pulmonary oedema. A resuscitation
plan based more on colloids and not ignoring the requirement for crystalloids can be used
successfully. A similar plan for haemoconcentrated babesia patients may be relevant.

Albumin is vital for life. In critically ill patients albumin usually decreases rapidly as the endothelium
becomes dysfunctional. Albumin usually sits in balance between central circulation and extra-vascular
compartments. Normally it takes 24 hours to complete the cycle. With the rapid exodus in sepsis,
albumin decreases. Administering frozen plasma to increase albumin is never very successful as
large volumes are required and the exodus continues. Human concentrated albumin solutions have
been used to increase albumin levels but again these do not result in long term increases. When the
patient gets better and endothelial function returns, albumin levels usually rise rapidly. Starches are
useful to use in these patients as they are larger than albumin and are less likely to leak out. This
results in a better maintenance of circulating volume. If plasma osmolarity is maintained at normal
values, the liver will not synthesise albumin. Colloid administration should be decreased or “weaned
off” over a day or two to allow the liver to start production of albumin.

Liver failure is often associated with coagulation disorders. Many rodenticides contain warfarin like
products that result in coagulation disorders. The administration of fresh frozen plasma in these
patients can be life-saving.

A number of artificial colloids are available on the market. They are sold as hetastarch, pentastarch,
tetrastarches and dextrans. The dextrans are older colloids and are considerably cheaper than the
modern generation of starches. Alergic reactions are known to occur with the gelatins. The
hydroxyethyl starches are a polymer of amylopectins that differ by molecular weight and branching of
the chains. This determines their clinical properties in the patients. Amylopectin consists of a
branching chains of a-1,4-linked glucose and a-1,6-linked glucose. This is easily hydrolysed by
plasma amylases. The types of starches are determined by its degree of substitution. The hydroxyl
group of the glucose subunits are substituted for hydroxyethyl groups. The substitution improves the
stability of the compounds. The substitution is expressed as a ratio. Hetastarches have a high degree
of substitution 0.6 — 0.7, pentastarches moderate substitution 0.5 and tetrastarches low substitution
0.4. The molecular weight for the starches is also described. The starches can have a broad range of
weight from a few thousand to several million Daltons in weight. The starches are then described as
hetastarch 450/0.7, pentastarch 200/0.5 (Haesterile) and tetrastarch 130/0.4 (Voluven). The lower
substitution results in less accumulation in tissues and more rapid elimination form the body. This also
reduces its effect on coagulation. Manufacturing processes have improved and the variation in
molecular size of modern generation of starches is small. This makes the lower molecular weight and
low substituted molecules more suitable. Renal failure and an increase in mortality has been
associated with the use of hydroxyethyl starches.

The assessment of adequate intravascular volume in critically ill patients and patients undergoing
anaesthesia is vital in ensuring an adequate circulation. We are all fully aware of the consequences of
hypovolaemia and hypervolaemia both of which are associated with adverse outcomes.
Hypovolaemia is present in 50% of human intensive care patients and is often occult and difficult to
detect. The haemodynamic measurements of filling pressures, urine output and biochemical
indicators are misleading and poor indicators of central blood volume. Some studies have found no
correlation between mean arterial blood pressure and heart rate, systemic vascular resistance and
cardiac index while others have found a weak correlation. Central venous pressure has been
traditionally used as an indicator of fluid load and is a better indicator of fluid load than blood
pressure. Central venous pressure should always be assessed in relation to a fluid challenge as a
single reading is misleading. Central venous pressure is a poor predictor of fluid responsiveness.
Radio-labelled markers (red cells and albumin) and dyes (indocyanine green) indicate the fluid
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volume in circulation but they give no idea as to adequacy of fluid volume in relation to intravascular
space.

Fluid responsiveness is defined as a positive increase in stroke volume in response to a fluid bolus. A
human meta-analysis showed that ventricular pre-load indicators were poor indicators while dynamic
parameters were better indicators of fluid responsiveness. Not all patients will respond to a bolus of
fluids and increase in blood pressure and cardiac output will not be seen. Fluid responsive patients
are on the preload dependant portion of the Frank-Starling curve while non-responsive patients are on
the preload load independent portion of the curve. Non-responsive patients potentially benefit more
from ionotropic circulatory support.

Ideally the rate of fluid administration should be calculated taking the following into account.

Maintenance Requirements: 80 — 100 mi/kg/day
The maintenance amount includes normal urine production of 1 - 2 mi/kg/hr. If the patient is
oliguric this needs to be adjusted accordingly. In anuric patients the normal urine production
must be removed. In essence maintenance fluid requirements without including urine
production is approximately 20 ml/kg/day.

Fluid Deficits: % dehydration x BM
Dehydrated patients require additional fluid to correct this imbalance. A 10% dehydrated
patient would require approximately 10% of its mass to correct the deficit. This may be given
over a short period of time (x 2hours) or over 6 - 24 hours. Prior to anaesthesia it is advisable
to correct as much of this imbalance as possible.

Ongoing Losses:
Ongoing losses to the gastro-intestinal tract through diarrhoea or vomiting may amount to
several litres of fluid in a large dog per day. The volume of stool or vomitus produced can be
used as guide to increase the fluids given.

Third Space Losses:
Third space losses are difficult to quantify as no fluid leaves the body. But, the fluid in the
intravascular space is redistributed to other organs in the body. It generally results in oedema
of these organ systems. Some people have considered diarrhoea as a third space loss.

Haemorrhage:
Intra operative blood loss can be measured through assessing blood on the swabs and the
amount of blood accumulated in the suction system. This loss needs to be added on, on an
ad hoc basis, as it cannot be done on a pre-emptive basis. Some patients may lose several
litres during a procedure while others will only lose a negligible amount. It is recommended
that if a patient losses more than 20% of circulating volume they should be transfused.

Loss to the Environment:
Evaporation from exposed surface areas can be high in hot dry theatres. Most theatres are
air-conditioned resulting in low relative humidity and theatre lights are hot increasing
evaporation. This loss is again difficult to calculate but an additional 2 — 6 ml/kg/hr can be
allowed for this loss.

Increased Intravascular Space:
An increase in intravascular space may occur due to vasodilatation as a result of anaesthetic
agents used. This “loss” needs to be replaced urgently. Ideally these fluids should be titrated
to clinical parameters. If fluid volumes become large then vasoconstrictors should be used.

The ultimate quantity of fluid given is determined by adding the above losses together. This may
result in a continually changing fluid rate. Fluid rates may initially be high to correct for a deficit but
haemorrhage can occur at any stage and result in a sudden increase in fluid administration.
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ABSTRACT

Heatstroke occurs when body heat generated by endogenous or exogenous mechanisms exceeds
the body's cooling capacity. Heatstroke leads to multi-organ involvement with cardiovascular,
gastrointestinal, renal, coagulation and neurologic systems predominating. Treatment includes rapid
cooling of the body temperature in conjunction with fluid resuscitation and supportive and
symptomatic care. Prognosis is improved for patients brought to normal body temperature as soon as
possible. Poorer prognosis has been associated with a delayed treatment, advanced neurologic signs
or neurologic deterioration, hypothermia on presentation, persistent hypotension, persistent oliguria or
azotemia despite fluid loading, elevated bilirubin, persistent hypoglycaemia, hypoproteinemia,
increased numbers of nucleated red blood cells, and disseminated intravascular coagulation.

WHAT IS HEATSTROKE?

Heat-induced iliness occurs when heat production exceeds the rate by which heat can be lost from
the body. Elevated body temperature further contributes to heat production by stimulating an increase
in metabolic rate and endogenous heat production. Eventually, the elevated core body temperature
inhibits hypothalamic function and cooling mechanisms are diminished, contributing to an even more
elevated body temperature; and cellular and organ dysfunction ensues.

MECHANISMS OF HEAT LOSS

When the core body temperature exceeds the hypothalamic set point, the body attempts to cool itself
by several different methods. Radiation is transfer of heat from the body to the environment.
Convection is transfer of heat to air as it moves over the skin, such as by a fan. Conduction is heat
loss to a cool surface, such as a metal table. Heat can also be lost via evaporation of moisture,
primarily from the respiratory tract. Radiation and convection account for the majority of heat loss in
small animals. Peripheral vasodilation aids in heat loss by bringing more blood to the surface to be
cooled. When environmental temperatures are high, particularly as they approach body temperature,
radiation, convection and conduction cooling methods become ineffective and evaporative cooling is
the most important heat loss method. High humidity hampers cooling by evaporation.

TYPES OF HEATSTROKE

Heatstroke can be either exertional or non-exertional. Exertional heatstroke occurs when the animal
works or plays in a hot environment. This type of heatstroke tends to happen when animals have not
acclimatized to higher ambient temperatures, such as may occur in the early spring and summer or in
animals abruptly moving to a warmer climate. Animals that have acclimatized properly, such as racing
dogs and military working dogs, can exercise in extremely hot conditions without ill effect if kept well
hydrated and not overexerted. Non-exertional heatstroke occurs when animals are in a warm or hot
environment without access to shade or water. Exertional and non-exertional heatstroke can and
often do concurrently occur.

PREDISPOSING FACTORS

Both environmental and endogenous factors can predispose an animal to heat stroke. Environmental
predispositions include: lack of acclimatization, high humidity, lack of shade, water or adequate
ventilation (such as in a closed car), and exposure to exogenous heat sources, such as dryers.
Endogenous predisposing factors contribute to heatstroke by inhibiting normal heat dissipation
mechanisms. Such factors include brachycephalic conformation, laryngeal paralysis, tracheal
collapse, obesity, significant cardiac disease, thick hair coat, large body size, and neurologic diseases
that impair breathing/ventilation or alter the thermoregulatory centre. History of a previous heatstroke
episode also puts animals at greater risk due to damage to the thermoregulatory centre.
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EFFECTS ON ORGAN SYSTEMS

Heatstroke has deleterious effects on all organ systems. Thermal injury can cause denaturation of
proteins, inactivation of enzyme systems and mitochondrial function and destruction of cell
membranes. Additionally, hypovolemic and metabolic shock can contribute to decreased oxygen
delivery to cells and subsequent cell dysfunction and cell death. Systemic inflammatory response and
multiple organ failure can both develop subsequent to heatstroke.

Cardiovascular system

The initial cardiovascular response to elevated body temperature is tachycardia, cutaneous
vasodilation and renal and splanchnic vasoconstriction all leading to increased cardiac output and
improved heat loss through the skin. With extreme hyperthermia, vasoconstriction is inhibited by
signals from the hypothalamus, thus preventing the vasoconstriction normally associated with shock,
which serves to shunt blood to vital organs and maintain normal blood pressure. With time and rising
body temperature, splanchnic vasodilation occurs and blood pools in the vasculature. Dehydration
contributes to low plasma volume and hypovolemic shock, which further impairs heat dissipation by
reducing delivery of blood to the periphery. Metabolic shock ensues as the body’s metabolic rate
exceeds the delivery of substrates to the cells. The cardiovascular system is further compromised by
ischemia and direct thermal injury to cardiac myocytes, which can lead to ventricular arrhythmias.

Respiratory system

Pulmonary function may be compromised due to poor perfusion to the lungs, non-cardiogenic
pulmonary oedema, acute respiratory distress syndrome (ARDS), haemorrhage from disseminated
intravascular coagulation, and increased pulmonary vascular resistance. Lung injury reduces
oxygenation of any blood that does make it through the lungs, further compromising oxygen delivery
to tissues.

Central Nervous system

Neuronal tissue is very sensitive to increases in body temperature. Direct thermal injury leads to
neuronal cell injury and death. Cerebral oedema, haemorrhage, infarction, poor cellular function may
result in clinical signs of disorientation, stupor, coma, seizure activity, or death. Furthermore, damage
to the thermoregulatory centre in the hypothalamus can impair heat loss during the current heatstroke
episode as well as putting the animal at risk for future episodes.

Renal

Acute renal failure develops secondary to direct thermal damage to the tubules, decreased oxygen
delivery to the kidneys, DIC-induced microthrombi, and pigmentary nephropathy from haemoglobin or
myoglobin-induced renal damage. Pre-renal azotaemia from severe dehydration also contributes to
renal dysfunction. Renal damage may be all or partially reversible. Some animals are left with
permanent renal dysfunction after recovery from heatstroke.

Gastrointestinal and Hepatic systems

The gastrointestinal tract and especially the tips of the intestinal villi are sensitive to reductions in
blood flow or oxygen delivery. Hypovolaemia, microthrombi, and pooling of blood in the splanchnic
vessels reduce blood flow causing ischemia, rapid loss of Gl integrity, and subsequent ulceration and
Gl haemorrhage. Translocation of bacteria and endotoxin ensues, which can lead to sepsis and septic
shock. Hyperthermia and splanchnic hypoperfusion induces hepatocellular necrosis and cholestasis
and hepatic dysfunction contributes to hypoglycaemia. Decreased hepatic macrophage function may
contribute to development of sepsis since bacteria translocating across the Gl tract aren’t properly
cleared in the liver. Hepatic dysfunction also slows production of coagulation factors and contributes
to coagulation problems.

Hematologic and Coagulation systems

Patients may present with an elevated red cell count due to dehydration and subsequent
hemoconcentration. Anaemia may result from haemorrhage into the Gl tract, DIC, haemolysis, and
RBC extravasation through leaky vessels. Endothelial damage exposes collagen and releases tissue
factor, initiating the coagulation and cascade and widespread coagulation, which can result in DIC.
Hyperthermia also activates platelets and damages megakaryocytes, which can result in
thrombocytopenia that progressively worsens over several days. The complement cascade is also
initiated, contributing to widespread inflammation.
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Musculoskeletal system
Rhabdomyolysis can result, most often from exertional forms of heatstroke. Myoglobinuria can
contribute to the development of acute renal failure.

CLINICAL FINDINGS

History may include a precipitating event, such as being closed in a car, tethered in the sun without
water, or collapsing after exercise. Some may have a history of respiratory problems, heart disease,
etc., or previous heatstroke, which may have predisposed to the current event.

A full physical examination should be performed on every patient with suspected heatstroke with
special attention paid to the cardiovascular and neurologic systems. Findings depend on the duration
of the event prior to presentation. While a diagnosis of heatstroke is obvious when an animal presents
with an extremely high body temperature, some animals present with a normal or low body
temperature if cooling measures were initiated or if the animal is in late decompensatory shock.
Common findings include panting, tachycardia, dark or hyperaemic mucous membranes with brisk or
prolonged capillary refill time, bounding to thready pulses and petechiae or ecchymoses. There may
be pulse deficits if arrhythmias are present. Mentation and other neurologic signs vary depending on
severity. Animals may present with depression, stupor, coma, ataxia, seizures, cortical blindness, or
other neurologic signs. Other physical exam findings may reflect a predisposition for heatstroke, such
as stridor or stertor which indicate respiratory tract abnormalities.

Common clinicopathologic findings include hemoconcentration, anaemia, hypoproteinemia,
hypoglycaemia, elevated liver enzyme activities and bilirubin, azotaemia, hyperphosphatemia,
electrolyte abnormalities, metabolic acidosis from hyperlactatemia, respiratory alkalosis, prolonged
coagulation times, thrombocytopenia, increased urine specific gravity, proteinuria, casts, and
myoglobinuria.

TREATMENT

Early external cooling is the single treatment that markedly reduces heatstroke mortality and so
should be the primary goal of initial therapy. If possible, owners should completely cool the animal or
at least thoroughly soak the animal with cool water prior to transporting to the veterinary clinic. Driving
with the air conditioning on with a vent blowing on the animal or with windows open will facilitate
evaporative and convective cooling. Once at the veterinary clinic, cooling should continue.

Much research has been done in humans with both exertional and non-exertional heatstroke. The
most effective method for rapid cooling is ice water immersion. Historically there has been some
concern that use of ice water may cause peripheral vasoconstriction, lock heat within the core, and
produce a shivering response that could increase metabolic rate and generate more endogenous
heat. However, studies have shown that ice water immersion decreases body temperature most
rapidly.4 Cold or ice water shower/soaking coupled with evaporative loss via fans is also an effective
combination. Putting ice packs in the inguinal and axillary regions (over major vessels) or utilizing fans
as a single method to reduce body temperature are not efficient ways to reduce body temperature in
patients with heatstroke. When using water for cooling, it is imperative that the animal is soaked to
the skin, otherwise, the wet outer layer of the fur/hair will trap a layer of hot air close to the skin and
reduce heat loss. A similar effect also occurs when wrapping the animal in wet towels. Ice water
enema, gastric lavage, peritoneal lavage and intravesicular lavage have been used as cooling
methods, but these are somewhat cumbersome, inhibit the ability to monitor the body temperature
(particularly with enemas) and are no more effective then external cooling. Cooling measures should
be withdrawn when the body temperature is approximately 103°F, otherwise, the animal may become
hypothermic if cooling continues. The author typically removes from cold/ice water bath at 105°F and
then dries the patient at 103°F.

Animals with an airway obstruction should be intubated immediately; this will also facilitate heat loss
since the respiratory system is a major contributor to thermoregulation in animals. Oxygen demand is
increased in heatstroke (increased body temperature increases metabolic rate) so oxygen therapy
may be beneficial for all heatstroke patients. An intravenous catheter should be placed and IV fluid
therapy should be initiated as soon as possible after the onset of external cooling. IV Fluids will assist
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with cooling as well as correction of vascular volume and acid-base abnormalities. Replacement
crystalloids are the fluids of choice to replace vascular volume as well as dehydration deficits. A bolus
of 20 (cat) to 30 (dog) mL/kg (1/4-1/3 of a total shock dose of 60 mL/kg in cats, 90 mL/kg dogs) is a
reasonable starting point. After fluid resuscitation is completed, dehydration, ongoing losses, and
maintenance fluid needs must be calculated and administered. Dextrose can be added to fluids to
treat hypoglycaemia. Colloids may benefit patients with hypoproteinemia. Plasma is indicated if
coagulation times are prolonged. Packed red cells or whole blood should be used if the patient has
significant anaemia. Antibiotics should be considered, especially for animals that are sloughing the
gastrointestinal tract. An H, blocker or proton pump inhibitor and sucralfate will help heal gastric
ulceration. Mannitol or hypertonic saline should be used if neurologic signs are significant and do not
improve or worsen after vascular volume resuscitation. Anti-seizure medications should be used to
treat seizures. Corticosteroids have no clear benefit; in an experimental canine heatstroke model,
dogs actually had high circulating endogenous plasma cortisol levels that rose for several hours after
heatstroke. NSAIDS are contraindicated; they may cause or exacerbate gastric ulceration, renal
failure, and platelet dysfunction.

Attentive monitoring is an essential part of caring for a heatstroke patient. Basic vital parameters
should be serially monitored. Urine output should be quantified either by catching and measuring or
weighing urine or placing a urinary catheter, especially in patients with acute renal failure. Blood
pressure should also be followed closely and hypotension should be avoided. If hypotension is
documented, additional fluid boluses, colloid therapy, or pressors and inotropes may be indicated.

PROGNOSIS

Mortality rate decreases from 49% to 19% for animals that are cooled prior to traveling to the
veterinarian. A worse prognosis has been shown for animals with advanced neurologic signs or
neurologic deterioration, hypothermia on presentation, persistent hypoglycaemia or hypoproteinemia,
persistent hypotension, persistent oliguria or azotaemia despite fluid loading, elevated bilirubin,
pulmonary oedema, or DIC. Most animals that die from heatstroke do so within the first 24 hours.
Animals alive after 72 hours generally will survive.
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ABSTRACT

Monitoring comes from a Latin term “monere” meaning “to warn”. The aim of monitoring patients in
the intensive care unit is to identify problems and correct them before they lead to irreversible
changes that lead to the patient’'s death. It is all about assessing oxygen delivery and ensuring that
oxygen is available to every cell in the body. Oxygen is delivered by the cardiovascular system and
taken by the lungs. This makes monitoring the cardiovascular and respiratory systems vital. Intensive
care is usually an expensive undertaking and knowing the prognosis can assist us in our discussion
with owners. It will also give us realistic expectations. This talk will discuss the principles behind
monitoring patients requiring intensive care.

MONITORING PATIENTS

Monitoring comes from a Latin term “monere” meaning “to warn”. The aim of monitoring is to supply
the veterinarian or veterinary nurse with enough information as to give a warning before a change in
physiological values leads to an adverse outcome. An incidence is any change in physiological values
that occurs that could be potentially harmful or have a negative outcome to the patient. An incident
may happen acutely or result from a slower decompensation of a vital organ system over time. An
accident results when an incident has occurred and it has not been rectified in time. As a result the
patient suffers.

The term vital sign refers to those parameters that indicate the response of a patient’s homeostatic
mechanisms. This includes the basics of heart rate, respiratory rate, blood pressure and capillary refill
time for example but includes data obtained through clinical pathology and monitoring devices. The
patient's vital signs should indicate how well the patient is maintaining basic circulatory and
respiratory function during anaesthesia.

The body has compensatory mechanism to ensure survival during times of stress. These
compensatory mechanisms mean that normal parameters can be recorded due to compensation.
Blood pressure for example is maintained by vasoconstriction and an increase in heart rate. Blood
pressure will be kept in a normal range until maximal vasoconstriction and the maximum increase in
heart rate is achieved. This means that once blood pressure falls all the compensatory mechanism
have been exhausted. A drop in blood pressure is a late sign. Blood pressure should always be
assessed taking into account heart rate and sign of peripheral vasoconstriction (pale mucous
membranes, changes in capillary refill time).

The delivery of oxygen to each cell requires that sufficient haemoglobin is available, blood is fully
saturated in the lungs with oxygen and that sufficient blood passes each cell. Essentially two major
systems (cardiovascular and respiratory) are involved and these are generally monitored separately,
but one cannot ignore the fact that they are integrated. Oxygen delivery is essentially a function of
three major components: haemoglobin, saturation and cardiac output.

Shock is simply when the demand for energy exceeds the supply of energy. Haemorrhagic shock is
determined by how much blood was lost, how quickly the blood was lost, the concurrent injuries, age
and physical condition of the animal. If more than 35% of circulating volume is lost, hypotension and
irreversible tissue ischaemia can result. Neurogenic shock is the result of loss of sympathetic tone
and is usually due to central nervous system or spinal cord damage. Compressive shock is usually
the failure of blood to return to the heart because of pericardial tamponade, pneumothorax,
haemothorax, etc. Cardiogenic shock results due to myocardial damage. Cardiogenic shock can
develop as result of hypoxia, inflammatory response and other myocardial depressants.
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Shock is also classified on the basis of compensated (reversible) or decompensated (irreversible)
shock. Reversible shock may rapidly become irreversible if appropriate therapy is not rapidly applied
— the golden hour. Rapidly progressing decompensation is characterised by sudden cardiovascular
collapse, hypotension and pooling of blood in capillary and venous compartments. Subsequent loss of
oxygen, glucose and other vital nutrients leads to abnormal tissue metabolism and organ dysfunction.
This stage of shock is characterised by rapid deterioration in vital organ function - brain and heart.
This results in coma, stupor and cardiac arrhythmias. Laboratory investigations show severe
metabolic acidosis and electrolyte abnormalities.

Vasoconstriction impairs microcirculation and results in tissue hypoxia. Nitric oxide, a potent
vasodilator, release is inhibited. During the compensatory phase of shock, ATP is depleted from cells.
The decrease in energy within the cell slows the sodium-potassium pump. Sodium accumulated
within the cell and cellular swelling occurs eventually leading to cell death. Insufficient oxygen in
metabolically active cells leads to anaerobic metabolism and the development of lactate and acidosis.
Acidosis results in cellular dysfunction.

Hypothermia is common due to environmental conditions, inadequate circulation, decreased
metabolic rate and infusion of cold fluids. Hypothermia causes bradycardia, ventricular arrhythmias,
decreases enzyme reactions, increases membrane permeability, decreases ion pump activity and
effects coagulation.

Second insult to the body readily occurs after the primary trauma has primed the body. The
neurohumoral response initiated by the trauma predisposes the body to sepsis because of
reperfusion injuries, immunocompromisation, decreased splanchnic perfusion and loss of integrity of
the gastro-intestinal tract. Increased GIT permeability is most probably the leading cause of mortality
and multiple organ failure. This is due to the translocation of bacteria and endotoxins to systemic

circulation via blood and lymphatics.

To identify patients in trouble, attention during the basic clinical examination should be placed on the
following:

« Mentation (Cardiorespiratory compromised patients are usually mentally dull)

e Circulation (Heart rate — usually a tachycardia, Rhythm, Pulse Pressure, Capillary refill time -
usually prolonged but in hyperdynamic shock is very short)

* Respiration (Rate — fast shallow breathing is usually present in shock, Rhythm — an irregular
pattern is usually present is severely compromised patients and Signs of Cyanosis. Rapid
deep breathing cannot be maintained and will lead to respiratory failure. Patients with
dyspnoea can be considered to be in shock)

e Temperature (Measure core temperature, palpate periphery — ears, paws)

« Blood Smear (Look at all cell types — inflammatory response, platelets)

* Micro-organism (Babesia, Bacteria, Protozoa, Fungal)

Sepsis (a condition requiring early aggressive therapy and intensive care) can simply be defined as
the host’s response to infection involving the release of nhumerous cytokines and mediator. The table
below has been suggested as a possible way to identify patients with SIRS and Sepsis. At least two
of the following needs to present for SIRS and micro-organism for Sepsis.

Parameters Abnormal Normal Abnormal
Temperature <37.8 37.8-39.2 >39.2
Heart Rate <80 80 -120 > 120
Respiratory Rate <12 12 -20 > 40
WBC/mm® <5 5-18 > 18

Micro-organism

Table 1: Identification of SIRS and Sepsis based on the 1992 consensus conference.

These criteria for SIRS or sepsis are not perfect and a number of cases may be missed. This
definition is based on minor changes in 2 of the 4 parameters. When the above definition is applied,
most sick patients and many healthy people during the course of the day fulfil the criteria for SIRS. A
good example of this is babesiosis. Most patients with babesia do very well on relatively conservative
therapy. This makes the above criteria unhelpful in identifying patients in trouble.



9th Veterinary, Paraveterinary & SASVEPM Congress 2017 Proceedings

An expanded list of criteria for the identification of sepsis has been proposed due to the inadequacies
of the original definition. It is important to realise that a single parameter is not pathognomonic for
SIRS or sepsis. The presence of these signs indicates the possibility that it is present and the final
diagnosis becomes a clinical judgement.

Infection, documented or suspected, and some of the following:

General variables
Fever (core temperature > 39.2°C) (human - > 38.3°C)
Hypothermia (core temperature < 37.8°C) (human < 36°C)
Heart rate > 120 or > 2 standard deviation above normal (human > 90)
Tachypnea
Altered mental status
Significant oedema or positive fluid balance (> 20 ml/kg over 24 hours)
Hyperglycemia (plasma glucose > 120 mg/dl or 7.7 mmol/l) in the absence of diabetes
Inflammatory variables
Leukocytosis (WBC > 18 000 pl) (human > 12 000 pl)
Leukopenia (WBC < 5 000 pl) (human < 4 000 pl)
Normal WBC count with > 10 % immature forms
Plasma C-reactive protein > 2 standard deviations above normal
Plasma procalcitonin > 2 standard deviations above normal

Haemodynamic variables
Arterial hypotension (SBP < 90 mmHg, MAP < 70 mmHg, or a SBP decrease > 40
mmHg or < 2 standard deviations below normal
SvO, > 70%
Cardiac index > 3.5 l/min/m?
Organ Dysfunction Variables
Arterial hypoxaemia (PaO,/FiO, < 300)
Acute oliguria (urine output < 0.5 ml/kg/hr)
Creatinine increase > 0.5 mg/d|
Coagulation abnormalities (INR > 1.5 or aPTT > 60 sec)
lleus (absent bowel sounds)
Thrombocytopaenia (platelets < 100 000 pl)
Hyperbilirubinaemia (plasma total bilirubin > 4 mg/dl or 70 mmol/l)
Tissue perfusion variables
Hyperlactaemia (> 2.1 mmol/l) (human > 1 mmol/l)
Decreased capillary refill time or mottling

Table 2: Diagnostic criteria for Sepsis. Human values are given in brackets at the end. The veterinary
values have been taken from published literature used in the definitions of SIRS and sepsis.

Sepsis is a clinical syndrome defined by deleterious host response to an infectious process. Severe
sepsis is defined as filling the criteria for sepsis plus the addition of one or more organ failures or
organ dysfunctions. Septic shock is defined as sepsis with presence of hypotension (systolic blood
pressure below 90 mmHg) despite adequate fluid resuscitation and the presence of hypoperfusion
(raised blood lactate).

An approach to the characterisation and staging of sepsis has been proposed — Predisposition, Insult,
Response and Organ dysfunction (PIRO). This approach is based the stratification of cancer
developed in 1946 by Pierre Denoix — Tumour Node Metastasis (TNM).

e Predisposition — Genetic predisposition, chronic lliness

¢ Insult — Infection, endotoxin, microbes, injury, ischaemia

* Response — Physiological shock, mediators and markers of severity of sepsis
e Organ Dysfunction

The occurrence of organ failures is predictable based on serial measurements of physiological,
biochemical, haematological parameters and changes in systemic inflammatory response mediators
(interleukins, granulocyte colony-stimulating factor). It has been stated that multiple organ
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failure/dysfunction can be recognised by having one abnormal serum chemistry result per organ
system. This statement may not always be true. A good example would be a raised liver enzyme.
Under these circumstances, liver damage is present but the liver may well be able to continue its
functions (produce albumin, clotting factors and remove harmful and waste products (ammonia,
bilirubin, etc). Chronic hepatic failure is associated with normal to low enzyme levels. In such organs,
an assessment of function goes beyond just an elevation in serum enzymes.

Acute renal failure has an incidence of 5 — 15% with an associated mortality as an isolated organ
failure of 10 — 15%. When renal failure is associated with multiple organ failure in man the mortality is
between 50 — 90%. A mortality of 62% has been reported for hospital acquired renal failure in dogs.
Initial urine output (oliguria) was associated with an increase in mortality. Renal failure has been
estimated to occur 2.2% of babesia cases. Pancreatitis is estimated to occur at rate of at least 0.04%
in babesiosis'. DIC has been shown to occur at rate of 27% in dogs admitted to an ICU with a disease
known to cause DIC. An incidence of DIC of 12.2% has been reported in dogs with cancer. The
highest incidence occurred in patients with hemangiosarcomas, mammary carcinomas, and
pulmonary adenocarcinomas. Acute liver failure can have a mortality rate as high as 90%. Common
complications following on liver failure include hepatic encephalopathy, hepatorenal syndrome,
cardiomyopathy and coagulation disorders.

The Acute Patient Physiologic and Laboratory Evaluation Score are available for dogs and cats to
predict mortality. The trauma score was developed to predict mortality in trauma patients. Knowledge
of the expected outcome can be used to give a realistic prognosis. Scoring systems using basic
physiological data have been developed to identify patients in trouble. These early warning systems
may improve outcomes.

Capillary refill time gives us an indication of peripheral blood pressure and circulation. A normal
capillary refill time is 1 to 2 seconds. It is important to realise that a dead patient also has a normal
capillary refill time. Instead of arterial blood filling the capillary bed venous blood fills the bed. A
prolonged capillary refill time is usually an indication of hypotension or shock. Mucous membrane
colour is also observed when testing the capillary refill time. Normally the mucous membranes are
pink. Pink mucous membranes do not indicate that all is well. After euthanasia an animal's mucous
membranes will remain pink for several minutes. Blue mucous membranes (cyanosis) and very bright
pink mucous membranes with very fast capillary refill times (hyperdynamic shock) indicate impending
doom if not corrected. Certain breeds of dogs (Chows, Dalmatians, German shepherds) may have
normally pigmented mucous membranes. The tongue, buccal, conjunctiva, prepuce and vulva may be
used to assess mucous membrane colour.

Blood pressure is an easily measured variable of perfusion along with heart rate. Blood pressure
changes dynamically all the time and can change with each reading. Not only is a mean blood
pressure below <60 — 70 mmHg is associated with a poor outcome but also the amount of time the
blood pressure is below 60 mmHg. Blood pressure should be monitored continuously and low blood
pressure should be treated. In order to identify shock, blood pressure should be interpreted with heart
rate. The shock index is defined as the heart rate divided by the systolic blood pressure. A normal
ratio is < 0.8. Values greater than 1 are associated with shock and should prompt immediate
treatment.

Urine output is a useful tool for monitoring blood pressure and perfusion. Normal urine production is 1
— 2 mis/kg/min but in ICU patients a urine production of 0.5 ml/kg may be all that is achievable. If
renal perfusion (blood pressure, blood flow) is not adequate, urine production ceases. Urine analysis
should also be undertaken.

Visual inspection of the mucous membranes for cyanosis as a method for determining hypoxia is a
very unreliable indicator. Desaturation is often accompanied by an increase in heart rate and
electrocardiographic evidence of hypoxia. Pulse oximetry improves the detection of hypoxaemia 20
fold and that of hypoventilation 3 fold. Pulse oximetry can be monitored continuously and used to
determine the requirement and effect of oxygen supplementation. Although oxygen is essential for
survival is highly toxic. Oxygen should be supplemented to achieve a saturation of between 88 — 96%.
Hyperoxia is associated with poorer outcomes and at saturation of 100% hyperoxia can be present.

Capnography is a useful tool to monitor respiratory and cardiovascular function. The device measures
inspired and expired carbon dioxide. In order for the carbon dioxide to appear in the expired gas
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adequate alveolar ventilation and pulmonary circulation are required. With a drop in alveolar
ventilation expired carbon dioxide rises and with a drop in perfusion, expired carbon dioxide drops.
The end tidal concentration of carbon dioxide is a measure of ventilatory function (normal ventilation
is controlled by blood levels of carbon dioxide). A rise in end tidal carbon dioxide, providing perfusion
remains constant, indicates hypoventilation while a drop indicates hyperventilation. The waveform
generated by a capnograph may be indicative of a number of respiratory and cardiovascular
disorders.

Blood gases are used to assess arterial and mixed venous oxygen content, pH and base deficits. A
rise in partial pressure of carbon dioxide and a drop in partial pressure of oxygen indicate ventilatory
failure. Usually a respiratory acidosis prevails. Circulatory problems are usually more evident in a
mixed venous sample. pH, base deficits and lactate are parameters that correlate to perfusion.
Hypoxia is defined as a partial pressure of oxygen less than 60 mmHg. All hypoxic patients should
receive oxygen and should definitely be considered for ventilation. Hypoxia is again readily diagnosed
if a blood gas analysis is done. Pulse oximetry can be used to diagnose hypoxia if saturation is less
than 90%. Ideally all patients with a saturation of less than 94% should receive supplemental
oxygenation. The most common cause of hypoxia is the result of pulmonary injury through acute
respiratory distress syndrome, intra-pulmonary shunting and extra-vascular lung water.

Normal healthy dogs have blood lactate of 1.80 +/- 0.84 mmol/l (1.48 — 2.11 mmol/l). Puppies have
higher blood lactate that decreases during the first 28 days of life. Reference ranges for puppies are 4
days 1.07 — 6.59 mmol/l and 10 — 28 days 0.80 — 4.60. Lactate values between 3 — 5 mmol is
considered a mild elevation, 5 — 7 mmol/l moderate and > 7 mmol/l is severe. Single values of lactate
have been correlated to outcome but more importantly is the rate at which lactate is cleared. Lactate
is also not a perfect indicator of hypoperfusion but elevation should always raise concern.
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ABSTRACT

Respiratory distress is a common presenting problem for emergency patients and can be an acquired
problem in hospitalized patients. These patients present a diagnostic and therapeutic challenge as they
are fragile and may not tolerate extensive or invasive diagnostics. As such, familiarity with respiratory
patterns and physical examination findings will help facilitate diagnosis. Prompt identification of the
problem and appropriate therapy are essential to prevent decompensation and death. Respiratory
patterns, coupled with specific historical and physical findings, will help narrow the differential list and
lead to a more focused diagnostic and treatment plan. Stertor or stridor and an obstructive respiratory
pattern, marked by prolonged inspiratory or expiratory phases with full lung expansion, are indicative of
anatomic or functional airway obstruction. Treatment involves oxygen, sedation, cooling as needed and
intubation if severe. A restrictive pattern, or shallow, rapid thoracic excursions, is indicative of pleural
space or pulmonary parenchymal disease and these are further differentiated via auscultation. Oxygen
and thoracocentesis will help most patients with pleural space disease. Treatment for pulmonary
parenchymal disease involves oxygen, sedation as needed, and disease specific therapies.

PATTERNS OF RESPIRATION

Normal respiration is barely noticeable at rest. Chest movement is minimal and effortless; the ribs move
cranially and slightly outward with each breath. The abdomen moves passively slightly outward as the
diaphragm moves caudally. The thorax and abdomen move together with each breath.

Signs of Respiratory Distress

Dyspnoeic patients will have an increased respiratory rate and effort, may breathe with an open mouth,
flare nostrils, seem anxious or restless, be orthopnoeic, may be cyanotic, and may have an abnormal
respiratory pattern. Orthopnoea is manifest as elbows out and head and neck extended upwards in a
dog, and generally as sternal recumbency with head and neck extended up in a cat.

Cyanosis is an insensitive indicator of hypoxia, however it indicates SEVERE oxygen deficiency if
present. Cyanosis corresponds to a PaO2 of approximately 40 mm Hg. Cyanosis will only be apparent to
our eyes once 5 g/dl of deoxygenated haemoglobin is present in the blood — moderate to severely
anaemic animals may never be cyanotic because they do not have enough haemoglobin!

Noise may also be heard in dyspnoeic patients that have airway obstructions. Stridor, a high-pitched
sound similar to wind whistling through a crack in a window, is heard when air is moving through a very
small opening. Stertor, a snoring noise, is associated with vibration of soft tissues as air moves over
them; much like a flag makes noise as it is whipped about by a wind.

Additionally, with onset of dyspnoea and increased work of breathing, animals may develop paradoxical
respiration which can include any of the following: 1) chest and abdomen move in opposite directions 2)
inward collapse of ribs/intercostal spaces during inspiration due to increased negative pressure or
weakness of the intercostal muscles (fatigue) 3) inward collapse of the abdomen during inspiration.
Abdominal effort can be quite pronounced.

The patient should be continuously monitored for signs of fatigue and impending arrest as intervention
prior to respiratory arrest typically results in a better outcome. Decreased mentation, vocalization (dog
and cat), restlessness, frantic movements, changing body position, lateral recumbency (especially the
cat), and mydriasis (cat) are signs of hypoxaemia and impending arrest. Some (mostly dogs) will also
develop nystagmus when severely hypoxic.
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Recognizing abnormal respiratory patterns

Dyspnoea can originate from dysfunction of one of five major areas in the body: upper airway, lower
airway, pulmonary parenchyma, pleural space, and thoracic wall/diaphragm. In combination with history
and physical examination, observations of the patient’s respiratory pattern may help localize the source of
dyspnoea and focus the differential list.

Abnormal respiratory patterns fit into three major categories: restrictive, obstructive, and hypoventilation.

Obstructive respiratory pattern

Characterized by long respiratory cycles. This occurs primarily due to narrowing of airways. In dynamic
extrathoracic upper airway problems, there is increased inspiratory effort. In dynamic intrathoracic airway
problems, the effort is increased on expiration. This difference occurs due to cycling of airway diameters
during the normal respiratory cycle. On inspiration, the intrathoracic trachea is normally pulled open and
on exhalation, the diameter is passively decreased. The opposite occurs for the extrathoracic airway. If
the obstruction is fixed, there may be increased effort on both inspiration and expiration.

Restrictive respiratory pattern

Characterized by short, shallow and rapid breaths because the lungs are either stiff or there is restriction
to lung expansion - something compressing on and preventing the lungs from expanding fully. This type
of pattern is seen with pulmonary parenchymal disease and pleural space disease.

Hypoventilation pattern
Characterized by reduced chest wall excursions and sometimes “fish mouth” breathing. This abnormal
pattern is sometimes easily overlooked because the animals typically don't “look” dyspnoeic since they
are unable to breathe harder, like we usually expect with respiratory problems. Hypoventilation is seen
with thoracic wall trauma (flail chest, open thoracic wound) and weakness such as might occur with
neuromuscular diseases.

FINDINGS RELATED TO LOCATION OF DYSPNOEA

Airway

Airway problems are generally obstructive in nature. Patients demonstrate an obstructive respiratory
pattern. They may have stridor or stertor and also often cough. A honking noise is a classic finding with
collapsing trachea. Choking, gagging, ptyalism, and foaming from the mouth all suggest an upper airway
issue. Animals may also paw at face/ neck, especially if they have a foreign body stuck proximally. They
may also appear to “vomit” or gag - this is often marked coughing with expectoration of
phlegm/discharge. The discharge may be swallowed rather than expelled to the outside. Finally, animals
with severe airway obstruction may present for collapse. Auscultation of the lungs may reveal referred
upper airway noises — to differentiate true lung sounds from airway noise, auscultate the lungs as well as
along the length of the trachea. Referred upper airway noises are louder over the trachea/larynx than can
be heard over the lungs. Sometimes, the obstruction can be so severe that the patient makes no noise
and passes no air despite marked effort.

Upper airway obstructions include diseases of the nasal cavity, pharynx/larynx, and trachea. Specific
problems associated with the nasal cavity include stenotic nares, choanal atresia, and obstruction from
discharge, masses, or foreign material. Most animals with disease confined strictly to the nose may have
open mouth breathing but are not truly dyspnoeic or hypoxic. In the pharynx/ larynx, laryngeal polyps,
elongated soft palate, oedema, laryngeal collapse, inflammation, foreign body, trauma, paralysis,
neoplasia, or everted saccules can occur. Tracheal diseases include collapse, stenosis, extraluminal
compression, trauma, foreign body inhalation, neoplasia and parasites (Oslerus osleri, cuterebra).

The main aspects of managing obstruction are Oxygen/Airway, Sedation, and Temperature control.
Treatment for dyspnoea of any type starts with oxygen but for obstructed patients, ensuring a patent
airway is also paramount. If the animal is mildly affected, conservative management with sedation or an
anxiolytic is usually effective. Sedation helps because the excess respiratory effort brought on by anxiety
exacerbates abnormal airflow and makes the obstruction worse. By sedating the animal, it will be less
stressed and breath with less force, thus allowing air to flow more easily through the narrowed passages.
You must watch the animal after administering sedatives to be sure it does not relax too much and
become unable to ventilate. Be prepared to intubate if necessary...
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For a severely dyspnoeic animal that is not able to move air, is panicking, showing signs of impending
arrest, or is cyanotic, (or if it occludes completely after sedation) the airway must be secured
immediately!! Animals that are severely hypoxic and near exhaustion sometimes can be intubated with
little sedation. If sedation is necessary, most dyspneic animals require lower doses of drugs for intubation
than healthy counterparts. Choose an endotracheal tube that is a few sizes smaller than you might
normally use for the same animal — this will increase your chance of successful intubation on the first try.
If there is significant obstruction, an even smaller tube may be more appropriate. If an endotracheal tube
cannot be successfully passed, an emergent tracheostomy or a tracheal insufflation catheter may be
needed for stabilization.

Animals lose a lot of heat via the respiratory tract, especially when panting. If the airway is obstructed, the
animal loses the ability to effectively thermoregulate and they can get extremely hyperthermic. Always
check the body temperature of an animal with airway obstruction! Cooling measures including cold-water
bath, circulating cold water blankets, fans, or low environmental temperature in an oxygen cage. Securing
an airway will also rapidly facilitate temperature regulation. Finally, an anti-inflammatory dose of
corticosteroids may also help by reducing inflammation in the airway that can contribute to airway
occlusion.

Lower airway diseases involve areas distal to the first few branches of bronchi. Feline asthma,
inflammatory (allergic, environmental irritants) or infectious (eg: Mycoplasma) bronchitis, parasites, and
chronic obstructive pulmonary disease (COPD) are examples. Initial treatment for suspected bronchial
disease includes oxygen therapy and usually a bronchodilator, either terbutaline (a beta-agonist) or
aminophylline/theophylline (both phosphodiesterase inhibitors). Even though terbutaline is primarily a 3,
agonist, it can have cardiostimulatory effects; therefore, many avoid the B-agonist in animals with known
significant heart disease or if it is unclear whether the animal is dyspneic from heart failure. Anti-
inflammatory doses of corticosteroids are also often indicated and helpful for treating animals with
bronchial disease.

Pulmonary parenchyma

Pulmonary parenchymal disease manifests with a restrictive respiratory pattern — short, shallow
respirations, sometimes accompanied by profound abdominal effort. Examination findings consistent with
parenchymal disease include normal to loud bronchovesicular sounds or crackles. Lung sounds may
actually be diminished in animals with such severe disease that the most of the alveoli in an area are
collapsed or full of fluid such that no air moves through it. Additional clinical signs more specific to the
underlying cause may also occur in animals with parenchymal disease. Cough (in dogs), haemoptysis
(from haemorrhage, contusions), fever mucopurulent nasal discharge or halitosis (with pneumonia) or a
murmur, arrhythmia, or gallop rhythm (for heart failure) may also be identified in some patients. Some of
the more common differentials for parenchymal disease include pneumonia (aspiration, bacterial, fungal,
parasitic, viral), neoplasia, contusion or haemorrhage, oedema (cardiogenic, non-cardiogenic),
inflammation (such as pulmonary infiltrates of eosinophils), heartworms, pulmonary thromboembolism,
smoke/toxin inhalation, and acute respiratory distress syndrome (ARDS).

Initial treatment for animals with parenchymal disease, as for all other causes of dyspnoea, is oxygen
therapy. Because of the variety of parenchymal diseases, treatment for each disease is considerably
different. Other than congestive heart failure, most parenchymal diseases do not respond quickly to
appropriate therapy. So if history and physical examination do not identify or strongly suggest the
etiology, additional diagnostics are often necessary to tailor therapy.

Pleural space

Pleural space disease manifests with a restrictive respiratory pattern, usually with an exaggerated
inspiration and excessive abdominal effort. Differentials for pleural space disease include pneumothorax,
haemothorax, pyothorax, chylothorax, pure or modified transudates (hydrothorax) or neoplastic effusions.
Soft tissue differentials include neoplastic masses, abscesses or granulomas, or diaphragmatic hernia.

Lung and heart sounds are muffled. Auscultation may reveal a fluid- or air-lung interface, a distinct line
that separates normal lung sounds from muffled lung sounds. Sometimes, borborygmi may be heard with
a diaphragmatic hernia. Cats that have severe pleural effusion sometimes gag or retch. Animals with
right-sided congestive heart failure may have a murmur or arrhythmia.
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Initial treatment for pleural space disease is oxygen therapy followed quickly by therapeutic
thoracocentesis. Any fluid obtained should be submitted for fluid analysis/cytology, +/- culture, and other
biochemical tests as indicated by the cytology. If diaphragmatic hernia is strongly suspected (such as by
presence of borborygmi in the thorax), centesis should be done with extra care if performed to remove air
from a distended stomach in the thorax. Thoracostomy tube may be indicated for persistent or recurrent
pneumothorax.

Thoracic wall and diaphragm

Thoracic wall disease can sometimes be easy to identify because of obvious disruption of the thoracic
cage, usually from trauma. Other times, physical findings may be subtler and an animal may
hypoventilate from failure of the bellows apparatus, have decreased chest wall movement, increased
abdominal movement on inspiration, or lack of intercostal movement.

Differentials for hypoventilation primarily include trauma and neuromuscular causes. Thoracic wall trauma
causing hypoventilation can include rib fractures, flail chest, or open/penetrating chest wounds. These
may also be accompanied by pulmonary parenchymal injury, such as contusion. Non-traumatic
differentials for hypoventilation include peripheral neurologic causes such as myasthenia gravis, botulism,
tick paralysis, polyradiculoneuritis (coonhound paralysis), or tetanus, and central neurologic causes such
diseases of the diseases of the brain, cervical spine or phrenic nerve. Electrolyte abnormalities
(hypokalemia), musculoskeletal disease, and severe abdominal distension can also interfere with normal
thoracic wall function.

Initial treatment for thoracic wall disease is oxygen supplementation. For thoracic traumatic cases, work
to protect the integrity of the pleural space - if there are any obvious holes or a flail chest, cover the holes
and put the (covered) damaged side down on the table. This will help stabilize the chest wall and
hopefully allows aeration of the good lungs, thus making it easier for the animal to ventilate. If the
damage is extensive and the animal cannot be stabilized with bandaging and positioning manoeuvres, it
must be rapidly intubated and ventilated until the damage can be treated. Neuromuscular causes for
hypoventilation generally require intubation and ventilation if severe. If ascites or gastric dilatation (such
as from GDV) is interfering with respiration, gas or fluid should be evacuated until the animal can
ventilate comfortably.

During diagnosis and treatment of the underlying cause of hypoventilation, monitoring for adequacy of
ventilation using end tidal CO, or (venous) blood gas, if available, can be useful. Monitoring for
oxygenation (pulse oximetry) is also important.

Masqueraders

There are other problems that may look like dyspnoea on first glance. Fear/excitement, hyperthermia,
pain, rib fractures, metabolic acidosis (diabetic ketoacidosis, lactic acidosis, uraemia), anaemia,
haemoglobinopathy, and hypoglycaemia (especially in neonates) - all can look remarkably like dyspnoea.
A thorough history, physical examination and other diagnostics such as pulse oximetry, radiography, and
blood work may be needed to identify these causes.
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ABSTRACT

Sepsis is a systemic inflammatory response to infection. Sepsis can occur subsequent to severe infection
with any type of organism at sites throughout the body. Early sepsis is characterized clinically by the
hyperdynamic phase in dogs: fever, tachycardia, vasodilation, bounding pulses, and red mucous
membranes. Cats do not display a hyperdynamic phase, instead manifesting pallor, hypotension,
abdominal pain and often a relative bradycardia. The Human Surviving Sepsis Campaign Early and
aggressive resuscitation is accomplished with fluids and pressors/inotropes, as needed, and should be
completed as soon as possible after sepsis identification. Early antibiotic administration has been
associated with better patient outcomes for people with septic shock. Use of corticosteroids is indicated
only for treating septic patients that are still hypotensive despite full volume resuscitation and
pressor/inotrope therapy. Additional therapy includes source control, and diligent nursing care and
monitoring.

INTRODUCTION

Sepsis is a common and potentially deadly consequence of severe infection. Fundamentally, sepsis is a
systemic response resulting from unchecked disseminated inflammation in response to an infectious
organism. Septic shock is a subset of sepsis in which the ensuing circulatory and metabolic abnormalities
lead to hypotension and an increased mortality.

Sepsis can result from infection in any number of locations in the body. Common sources include septic
peritonitis from foreign body-induced or ulcer-induced perforation, enteritis or colitis, pyometra,
pyelonephritis, hepatic abscess, prostatic abscess, pyothorax, severe pneumonia, endocarditis,
meningitis, deep pyoderma or infection of burn or other skin lesions, bite wounds, septic arthritis and
infections secondary to immunosuppression such as by chemotherapy, immunosuppressive drugs or
primary neutropenias.

Bacteria are classically considered as causes of sepsis. The trigger for bacterial sepsis is a microbial
toxin such as endotoxin from gram-negative organisms or the release of exotoxins or peptidoglycans
from gram-positive organisms. Fungal, viral and protozoal organisms can also induce sepsis.

White blood cells and platelets are recruited to sites of infection and inflammation by cytokines, such as
tumor necrosis factor and IL-1, and contribute to inflammation and local activation of the coagulation
cascade. Normally, a balance of pro and anti-inflammatory cytokines keeps the inflammation and
coagulation at a local level. Dysregulation of this local response leads to systemic inflammation and
microthrombosis, which can progress to organ dysfunction and organ failure. Overproduction of nitric
oxide contributes to vasodilation and vasodilatory shock. Endothelial dysfunction, increased vascular
permeability, and mitochondrial dysfunction can also contribute to cellular oxygen deficits.

RECOGNIZING SEPSIS IN DOGS AND CATS

Early identification of the septic patient, which can be difficult, especially in the cat, is paramount to
successful treatment of sepsis. Sepsis occurs as a continuum of clinical signs. Early stages are marked
by a hyperdynamic response in the dog (not in the cat) while later stages are marked by progressive
Systemic Inflammatory Response (SIRS), Multiple Organ Dysfunction Syndrome (MODS) and shock.

In the dogs"', early signs of sepsis include tachycardia, bounding pulses, rapid capillary refill time, red or
bright pink (injected) mucous membranes, and fever.®* Tachycardia and an increase in cardiac
contractility occur in response to tissue hypoxia. Bounding pulses result from the increase in cardiac
output coupled with the systemic vasodilation. Vasodilation is also the cause of the injected mucous
membranes that characterize this early “hyperdynamic” phase of septic shock in the dog. Fever is
induced by the effects of inflammatory mediators on the thermoregulatory centres in the brain. Glucose
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can be increased, decreased or normal in this stage due to dysregulation of glucose production and
consumption within the body. Signs of late sepsis include hypoglycaemia, thready pulses, prolonged
capillary refill time, pale mucous membranes, cool extremities, stupor, hypothermia and multiple organ
failure. Distributive shock is caused by massive inflammatory mediator-induced systemic vasodilation and
myocardial dysfunction.

As for many clinical conditions, the cat has a unique presentation for sepsis that is different from the dog
and most other species.l The hyperdynamic phase of septic shock is not appreciated in cats; they do not
develop injected mucous membranes, bounding pulses, or sometimes even tachycardia. Sepsis in cats is
generally marked by lethargy, pale mucous membranes, tachypnoea, weak pulses, hypotension,
hypothermia, icterus, and diffuse abdominal pain (even in the absence of a primary abdominal problem).
Cats may present with tachycardia or a relative bradycardia, a heart rate, which is inappropriately low
given the state of shock (eg 120-140 bpm).

TREATMENT OF SEPSIS

Sepsis has an extremely high mortality rate, estimated to be approximately 30% in people with severe
sepsis and up to 50% of those in septic shock. Mortality in dogs is also approximately 50%, with
increasing mortality rates for dogs with MODS.

In 2001, a landmark study by Rivers, et al,’ showed a marked reduction in mortality rate for patients
treated with “Early Goal-Directed septic patients in which CVP, MAP, central venous oxygen saturation,
and haematocrit were optimized for the first six hours of hospitalization (compared to standard therapy)
showed significant increases in mean central venous oxygen saturation, lower lactate, lower base deficit,
and higher pH. Early goal-directed therapy group also showed reduced in-hospital (38% versus 59%), 28-
day and 60-day mortality compared to patients receiving standard therapy.

The Surviving Sepsis Campaign®

Also in 2001, a group of international experts in sepsis and critical care came together and issued the
“Barcelona Declaration” in an attempt to improve recognition and outcome for patients with sepsis. Their
ultimate goal was to reduce worldwide sepsis mortality by 25 % within five years via a 6 point action plan
which included Awareness, Diagnosis, Treatment, Education, Counseling, and Referral of septic patients.
Furthermore, the group began a critical evaluation of evidence to form a set of recommendations known
as the “Surviving Sepsis Campaign (SSC)” which uses a the Grades of Recommendation, Assessment,
Development and Evaluation (GRADE) system to help qualify the quality of evidence from high to very
low and to clarify the strength of recommendations form weak to strong. The first evidence-based
recommendations were published in 2004 and these were revised and updated with new data in 2008
and 2012 and 2016. Published SSC updates, its revisions, new recommendations, tools for
implementation, and patient/care-giver information are available online at the Surviving Sepsis Campaign
website. (www.survivingsepsis.org)

Because the volume of data presented in the Surviving Sepsis Campaign was immense, the
recommendations were simplified by grouping them into “severe sepsis bundles.” The bundles are
defined as groups of therapies that may be more efficacious when implemented together, rather than
individually. Subsequent to the 2016 SSC revision, the updated bundle recommendations are pending.
To date, the SSC recommends a “3-hour bundle” and a “6-hour bundle.”

The 3-hour bundle should be completed within the first 3 hours of identification of sepsis/sepsis shock. It
includes 1) measuring lactate, 2) obtaining cultures prior to antibiotic administration, 3) administering
broad spectrum antibiotics as soon as possible after identification of sepsis, 4) and fluid resuscitation if
hypotensive or hyperlactataemic. The 6-hour bundle includes 5) treating hypotension with pressors as
needed to maintain a mean blood pressure of 65 mmHg, 6) reassessing vascular volume if hypotension
is persistent, and 7) re-measuring lactate if it was initially elevated.

Lactate is a product of anaerobic metabolism. Decreased oxygen delivery (oxygen content, blood flow,
blood pressure) and decreased lactate metabolism (hepatic dysfunction) can contribute to lactate
accumulation. Lactate levels are prognostic in human septic shock, particularly if hyperlactatemia is
persistent despite therapy. Lactate is also a better prognosticator than oxygen variables and may be
better at identifying patients with hypoperfusion that are not yet hypotensive. Studies in dogs have also
shown an association between higher lactate levels and persistent hyperlactatemia with poorer
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prognosis. Several point-of -are devices can be reliably used for lactate measurement in small animals.
Given its frequent association with prognosis, it makes sense to measure lactate in critically ill patients.

Cultures and antimicrobial therapy

Obtaining cultures is recommended as long as it does not interfere with timely starting of antibiotic
therapy. The primary site(s) of infection should be cultured as soon as possible. The SSC also
recommends obtaining two or more blood cultures from septic patients; one or more should be
percutaneous and one should be obtained from every vascular access device that has been in place for
>48 hours. Source control (eg, surgery, drainage, debridement, as indicated) at the site of infection
should be achieved as soon as possible after successful resuscitation.

Intravenous antibiotics should ideally be started within 1 hour of recognizing severe sepsis or septic
shock. Pending culture and sensitivity results, initial empirical antibiotic choice should be broad spectrum
and cover gram negative, gram positive and anaerobic organisms or cover the presumed organisms
common at the presumed source of infection. Antibiotic choice must also take into account penetration at
the site of infection, potential side effects, and underlying organ dysfunction in the patient. Once culture
and sensitivity results have been obtained, antibiotic choices may need to be changed. If combination
therapy is employed, the regimen should be reduced once susceptibilities are available or decreased
once a non-infectious cause is identified. Total duration of therapy is limited to 7-10 days unless the
source cannot be drained or immune deficiencies are present.

Multiple human sepsis studies looking at timing of antibiotic therapy have been published since the last
SSC recommendations. Most support early administration of appropriate antibiotics. Worse prognosis
has been reported for patients that start antibiotics after achieving septic shock. Patients at low risk of
death receiving combination therapy had higher mortality than those receiving monotherapy in one study.
One study showed mortality was no worse for patients started on the wrong antibiotic (organisms
ultimately found not to be susceptible) as long as it was started early after sepsis identification. There are
no veterinary studies critically evaluating antibiotic timing in sepsis outcome.

Fluid therapy and management of hypotension

Resuscitation should begin immediately upon identification of hypotension or hyperlactatemia.
Combinations of isotonic and hypertonic crystalloids, hydroxyethylstarches, and biologic colloids (plasma,
albumin) can be use for fluid resuscitation. In human medicine, sepsis is a contraindication for using
synthetic colloids; the effects of hydroxyethylstarches on veterinary patients are less clearly defined.
Human albumin is recommended for people requiring colloids.

In veterinary medicine, species-specific albumins are either unavailable or limited in availability (canine
albumin), and human albumin is highly antigenic and likely to induce a complication. Many studies exist
looking at fluid types and responses in septic animals, with each fluid seeming to have pros and cons in
different situations. Fluid boluses should be used to treat hypotension as long as there is a response to
the boluses (an improvement in pulse pressure, stroke volume, blood pressure, heart rate); and the
patients should be reassessed regularly to help guide need for additional fluid therapy. Fluid overload has
recently become a hot topic in human critical care, as it has been associated with increased mortality in
many studies. After volume resuscitation, ongoing fluid therapy with crystalloids and colloids is continued
to address hypovolemia, dehydration, ongoing fluid losses, electrolyte imbalances, low oncotic pressure
and coagulation abnormalities (DIC).

Constant rate infusions of pressors or inotropes may be needed for hypotensive patients unresponsive to
fluid resuscitation. In humans, the two SSC drugs of choice are 1) norepinephrine (NE) and 2)
epinephrine with a goal of titrating to a mean arterial pressure of > 65 mmHg. Dopamine is considered
an alternate to NE in people with absolute or relative bradycardia and low risk of tachyarrhythmias. In
humans, dopamine is more often associated with tachycardia and tachyarrhythmias, which has caused
dopamine to be less favoured except in cases of relative bradycardia. Use of dopamine fits with most of
the septic cats where a higher heart rate may be a beneficial effect of the dopamine, as many feline
patients are relatively bradycardic. Endogenous vasopressin (ADH) levels have been documented to
decrease in septic shock patients. Vasopressin is considered as an addition to NE. Dobutamine is
recommended for human patients with ongoing hypotension after vasopressor use.

Steroids are essential for maintenance of vasomotor tone and vascular response to catecholamines;
thus, physiologic doses of steroids may be indicated in patients with absolute or relative adrenal
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insufficiency. Relative adrenal insufficiency (or Critical-illness related corticosteroid Insufficiency, CIRCI)
has been documented in humans and animals® with sepsis. Patients are suspected of having sepsis-
induced adrenal insufficiency based on persistent hypotension (septic shock) despite adequate fluid
loading and lack of response to pressors and inotropes; these patients may benefit from a
supraphysiologic dose of corticosteroids. SSC does not recommend ACTH testing in those thought to
have adrenal insufficiency in sepsis. The drug of choice in human medicine is hydrocortisone given as a
constant infusion that is tapered once vasopressors are no longer required. The optimal steroid regimen
in veterinary patients is unknown.

MONITORING

The septic patient is often unstable and is at risk for rapid decompensation. As such, intensive and
frequent monitoring is imperative. Early identification of a downward trend will allow prompt management
that can be life saving. Identifying problems late in the stage of decompensation may result in irreparable
organ damage or death.

Monitoring of the septic patient should always include frequent assessment of physiologic parameters
including temperature, heart rate, respiratory rate, respiratory effort, pulse rate and quality, mucous
membrane color, capillary refill time, urine output and mentation. Continuous electrocardiogram (ECG)
and blood pressure are also essential. Pulse oximetry and blood gases are useful monitoring tools for
most septic patients. Repeat bloodwork evaluation should include at least twice daily monitoring of
PCV/TS and glucose. CBC, chemistry, and coagulation profile should also be routinely monitored.
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ABSTRACT

Shock is a complex clinical condition that results when cellular energy production is inadequate to meet
metabolic requirements. There a numerous potential causes for shock and these can be broadly
classified: hypovolemic, distributive, cardiogenic, obstructive, and metabolic. Clinical signs of shock are
mediated by the sympathetic nervous system and vary with the severity of the patient’s condition. For all
but cardiogenic shock, a fluid bolus is the first step in treating shock. Supportive and symptomatic care
and monitoring are also indicated. The goal of shock therapy is to restore effective circulating volume as
evidenced by normalization of patient vital signs.

WHAT IS SHOCK?

Shock is defined as inadequate cellular energy production resulting from insufficient oxygen or nutrient
delivery to meet cellular energy requirements. This energy deprivation leads to cellular dysfunction and
ultimately, to cell death. At the tissue and organ level, shock can lead to the systemic inflammatory
response (SIRS) and to organ dysfunction or failure (MODS).

CATEGORIES OF SHOCK

Causes of shock are divided into several categories including hypovolemic, distributive (including septic),
cardiogenic, obstructive and metabolic. Some patients can have more than one type of shock.

Hypovolemic shock

Low effective circulating blood volume. Essentially, there is not enough blood to fill the blood vessels and
circulate to the tissues. Hypovolaemia can be caused by haemorrhage, loss of fluid via vomiting,
diarrhoea, polyuria, or third space pooling of fluids into the chest or abdomen.

Distributive shock

State of relative hypovolaemia due either to maldistribution of blood flow, as occurs with trauma, or due to
vasodilation (vasodilatory shock) as occurs with anaphylaxis, vasodilatory drugs, or neurologic causes.
Septic shock is a subcategory of distributive shock. Septic shock begins with an infection, which leads to
release of inflammatory mediators that subsequently cause dilation of vessels and maldistribution of
blood flow.

Cardiogenic shock

Low forward flow of blood due to heart related problems. It may be caused by heart failure due to dilated
cardiomyopathy (poor contractility), hypertrophic cardiomyopathy (poor relaxation), valvular regurgitation
(leaky valves), or stenotic (narrow) lesions preventing forward flow. Cardiac arrhythmias, myocardial
depression from anaesthetic drugs or sepsis, and cardiac damage from trauma or toxins can also cause
cardiogenic shock.

Obstructive shock

Caused by a physical obstruction impeding blood flow. Pericardial effusion is a cause of obstructive shock
because it impairs cardiac filling, especially of the right side. Thromboembolic disease (vascular blood
clots), masses impeding blood flow, and kinked or compressed vessels as occurs with GDV are other
examples of obstructive shock.

Metabolic shock

Caused by inadequate delivery of substrates needed to make energy. One cause is reduced blood
oxygen content due to either decreased PaO2 (dissolved O2) such as from lung disease, reduced
oxygen carrying due to anaemia, or from haemoglobinopathies (haemoglobin is defective and there is
reduced ability to carry oxygen on red cells). Sepsis, heat stroke (elevated metabolic rate exceeds body’s
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ability to deliver substrate), cyanide poisoning (interferes with mitochondrial energy production) and
hypoglycaemia are other causes of metabolic shock. This may also be called dysoxic shock, which
identifies those scenarios where cellular utilization of oxygen is impaired.

CLINICAL SIGNS OF SHOCK

Patients with shock can present in several different ways, depending on how severe or advanced the
condition is. Stages of shock include compensatory (or hyperdynamic), early decompensatory, or late
decompensatory.

Clinical signs of patients with compensatory shock may include an increased respiratory rate, increased
heart rate, rapid capillary refill time, normal to dark pink mucous membranes (dog), normal mentation,
and normal blood pressure. These clinical signs result when epinephrine and other catecholamines are
released in response to a decrease in pressure detected by aortic baroreceptors leaving the heart,
thereby increasing the strength of cardiac contraction, increasing heart rate, and increasing blood
pressure by increased systemic vascular resistance (via vasoconstriction). This category is also called the
hyperdynamic phase of shock.

Clinical signs in patients with early decompensatory shock include tachycardia (cat or dog) or bradycardia
(cat), prolonged capillary refill time, pale mucous membranes, decreased pulse quality, hypotension,
decreased body temperature, and mental depression. These clinical signs are the result of redistribution
of blood flow to the vital organs (heart and brain) with subsequent decreased blood flow to other organs.
The reduced blood flow to non-vital organs leads to onset of anaerobic metabolism and lactic acidosis (a
build up of lactate in the blood causing a low pH).

Clinical signs in patients with late decompensatory shock include bradycardia (slow heart rate) despite
severe hypotension and low cardiac output, pale or cyanotic mucous membranes, absent capillary refill
time, weak or nonpalpable pulses, decreased cardiac sounds, hypothermia, anuria, and stupor or coma.
Cardiopulmonary arrest is imminent. These clinical signs are the result of failure of normal compensatory
mechanisms due to ongoing lack of oxygen and nutrient delivery. This form of shock is often not
responsive to even the most intensive therapy.

Septic shock is unique in clinical signs of shock in that it is marked by hyperaemic (red) mucous
membranes and hypotension. Any animal in shock presenting with red mucous membranes should have
sepsis as a top differential. Other types of vasodilatory shock, such as anaphylaxis, mast cell tumour
degranulation, hypoadrenocorticism, or toxins (cyanide, carbon monoxide), should also be considered.

Additional clinical sighs may be seen during or after shock and are related to decreased oxygen delivery
to specific tissues. For instance, bloody diarrhoea and/or vomiting can result from poor perfusion of the
intestinal tract. Acute renal failure can result from decreased renal perfusion, arrhythmias from poor
perfusion of the coronary arteries, and leaky alveoli that fill with fluid (acute respiratory distress
syndrome) may develop from damage to the lung.

TREATMENT FOR SHOCK

Restoration of effective circulating volume and oxygen delivery are the main goals of treating shock.
Effective circulating volume is determined by blood pressure and cardiac output. Blood pressure is
determined by cardiac output and systemic vascular resistance (vascular tone) which are related by the
equation: BP = CO x SVR. Cardiac output is determined by heart rate and stroke volume: CO = HR x SV.
Stroke volume is determined by strength of cardiac contraction and blood volume. In treating shock, we
can manipulate many of these parameters to try to improve effective circulating volume.

Fluid therapy

For most cases other than cardiogenic shock, fluid therapy is the first step in treatment of shock. Shock
fluid therapy involves quickly administering large quantities of intravenous crystalloid fluids or smaller
quantities of hypertonic solutions or colloids. Fluid therapy improves stroke volume, which subsequently
improves cardiac output and, therefore, blood pressure.

The type and amount of fluids used depends on the underlying problem and the type and severity of
shock present. Isotonic crystalloids (water based solutions containing small osmotically active particles
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that are permeable to cell membranes), hypertonic saline, and colloids (water based solutions containing
large molecules that are restricted to the plasma compartment) can be used for fluid resuscitation.
Packed red cells or whole blood can be used to resuscitate patients with catastrophic haemorrhage or
severe anaemia. Plasma is not often used for resuscitation, as the product is usually frozen and
unavailable for immediate use.

When administering fluids, calculate the shock dose, administer a portion of the full dose and reassess
the patient. Not all animals need the entire shock dose. When using crystalloids in conjunction with

colloids, the crystalloid dose is initially reduced by half to reduce the risk of volume overload.

Fluid Type

Dose

Comments

Isotonic Replacement
Crystalloids (LRS,
Plasmalyte, Norm-R,
Hartmanns 0.9% NaCl)

Dog: 90 mL/kg
Cat: 50-60 mL/kg

This dose is based on a full blood volume for the animal.
Calculate the shock dose,

administer %-1/3 of the dose over 15-20 minutes, and
reassess.

Hypertonic saline

3-5 mL/kg

Administer slowly (over ~15 minutes), repeat once if needed

Colloid (hetastarch,
tetrastarch)

Dog: up to 20 mL/kg
Cat: up to 15 mL/kg

Administer 5 mL/kg bolus over 15 minutes, then reassess.

Treatment of compensatory shock can often be accomplished with crystalloids alone. A combination of
fluid types should be used for early and late decompensatory shock as well as for disease states
complicated by brain or pulmonary disease where excess fluid leakage into these organs could
profoundly deteriorate organ function. Resuscitation for catastrophic hemorrhage involves stopping
hemorrhage and replacing intravascular volume and oxygen carrying capacity with a combination of blood
products, colloids and crystalloids. Care should be taken to prevent rapid or extreme increases in
hydrostatic pressure after hemorrhage, as blood clots may be dislodged and bleeding may begin again.

Sympathomimetics: Inotropes and pressors

Patients that remain hypotensive despite aggressive fluid therapy and adequate vascular volume may
need sympathomimetic support. Sympathomimetics ‘mimic’ the sympathetic nervous system, the
hormonal system responsible for the “fight or flight” response. Sympathomimetics provide positive
inotropic or pressor support and are only administered if the patient has adequate circulating volume.
Positive inotropic drugs (B-agonists) increase strength of cardiac contraction; thereby improving cardiac
output and, subsequently, blood pressure. Heart rate is also often increased. Examples of drugs used for
their positive inotropic effects include dobutamine, mid dose dopamine, and epinephrine. Vasopressors,
including a- agonists (eg, phenylephrine, high dose dopamine, epinephrine, norepinephrine) or
vasopressin, increase systemic vascular resistance by causing vasoconstriction, which increases blood
pressure. Inotropes and pressors may be part of therapy in some cases of cardiogenic shock, especially
those cases of myocardial failure (eg: dilated cardiomyopathy).

Metabolic shock or dysoxic shock treatment is aimed at the specific underlying cause. For instance,
animals in shock from anaemia need red cell transfusions, animals with inability to carry oxygen on
haemoglobin because of Tylenol toxicity need antioxidant therapy, hypoglycaemic animals need glucose,
etc.

Other therapy

Fluids and sympathomimetics are the two main treatments to restore effective circulating volume and
eliminate the state of shock. Other therapies are needed to combat the secondary effects that reduced
oxygen delivery has on tissues.

Warming

Animals in shock are often hypothermic. This is especially true for cats. Additionally, the feline cholinergic
receptors are not as responsive to catecholamines during hypothermia, which may contribute to the
development and maintenance of hypotension in the cat. Compared to dogs, smaller aliquots of fluids
should be administered more slowly and the cat should be actively rewarmed to a temperature of 99-
100°F. If the cat is still hypotensive after full rewarming, additional fluids may be administered. Aggressive
fluid resuscitation prior to rewarming can lead to volume overload once the cat is normothermic.
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Antibiotics

Sometimes indicated as part of treating shock or its aftermath. Antibiotics are always indicated in states
of septic shock or if the animal has a documented infection. Evidence or suspicion of breach of normal
body defenses, such as an animal that is sloughing its gut, is another clear indication for antibiotic
therapy to prevent translocation of bacteria across the body surface and into the blood stream, causing a
secondary sepsis.

Corticosteroids

Controversial therapy. Steroids are hypothesized to be good for shock therapy because they reduce
inflammation and stabilize lysosomal and cell membranes and improve some aspects of metabolism (eg,
endogenous glucose production). Steroids can also have deleterious effects including
immunosuppression and gastrointestinal bleeding. Studies on the efficacy of steroids have had mixed
results. Most have demonstrated that steroids are effective if given BEFORE the insult, not after. Some
studies have even shown higher mortality rates in patients treated with steroids. There are “shock doses”
of steroids published in some drug formularies — the doses are wusually extremely high
immunosuppressive doses which are more likely to have negative side effects on the GI tract than
standard anti-inflammatory doses. Steroids are generally not indicated for shock.

There are two instances when steroids are indicated for treating shock. The first is for patients with
relative or absolute adrenal insufficiency. Relative adrenal insufficiency has been documented in septic
patients. The second potential indication is in anaphylactic shock for which steroids are sometimes given
in conjunction with antihistamines and epinephrine.

ENDPOINTS OF SHOCK RESUSCITATION

The goal of shock therapy is to titrate fluids and medications to administer the minimum that is needed to
reach resuscitation endpoints. Endpoints include restoration of effective circulating fluid volume as
evidenced by pink mucous membranes with normal CRT, normal temperature and heart rate, strong
pulse quality and normal blood pressure, improved mentation, and adequate urine output. Once
endpoints have been achieved, additional fluid therapy should be instituted to maintain intravascular
volume and perfusion and to address hydration and ongoing sensible and insensible losses. Type and
rate of fluid administered depends on the underlying problem.

If endpoints are not achieved with fluid therapy, causes of nonresponsive shock should be investigated
and treated. The most common causes of nonresponsive shock include inadequate volume replacement,
ongoing losses (such as via haemorrhage or third spacing/extravasation) excessive vasodilation or
vasoconstriction, hypoglycaemia, electrolyte imbalances, underlying cardiac dysfunction or arrhythmias,
ischemia/hypoxia, hypoadrenocorticism, hypothyroidism, or hypothermia.

MONITORING

Animals that are treated for shock and stabilized must be monitored to be sure they do not become
critical again. Animals may respond initially to fluid boluses but then slip back into a state of shock as fluid
leaks from vessels or is lost as haemorrhage or Gl, urinary or third space losses. Intensive monitoring
and treatment for other organ dysfunction is also important. Patients suffering from shock are at risk for a
systemic inflammatory response syndrome (SIRS), which can progress to multiple organ dysfunction
syndrome (MODS) and ultimately multiorgan failure (MOFS).

Monitoring can help identify subtle changes in the patient that can be treated early. Monitoring vital
parameters, (temperature, pulse respiratory rate and effort), pulse quality, mucous membranes and CRT,
mentation), blood pressure, and urine output give indications of adequacy of perfusion. Monitoring of
glucose, oxygenation parameters, ECG, respiratory or gastrointestinal signs, clotting parameters, and
neurologic status gives indication of other organ function.
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ABSTRACT

The initial management of the poisoned patients should include stabilisation of the patient after which a good
history should be obtained from the owner. Once stable decontamination of the patient can take place.
Decontamination inhibits or minimises further absorption of the toxin and promote its excretion or elimination
from the body. It can include bathing, dilution, induction of emesis, gastric lavage and the use of absorbents
and cathartics. Intravenous lipid emulsion therapy is being used more and more in veterinary medicine for
the treatment of patients that have been poisoned with lipophilic compounds. ILET is a relatively cheap and
easy to administer, and is considered comparatively safe, but should only be used in cases where the
standard of care or antidote therapy is cost prohibitive or the toxicosis is severe enough to require non
standard interventions, and the owner has given consent.

INTRODUCTION

Veterinarians encounter accidental, and even malicious poisoning of small animal patients relatively
frequently due to the availability of various toxic substances in and around the household. Not only does
each of the potential poisons have various toxicities, but in veterinary medicine there is also species
differences in toxicity that needs to be taken into account. The initial management of the poisoned patients
should include stabilisation (if showing clinical signs), and then obtaining a good history from the owner. The
clinician should try to gather as much information as possible about the toxic substance involved, as this will
aid in the risk assessment that is to follow once the patient is stable. This risk assessment will help the
clinician determine the most appropriate approach to decontamination and treatment of this specific
poisoned patient to ensure the best outcome.

INITIAL STABILISATION

A veterinarian should examine patients with suspected intoxication immediately. The patients should be
triaged by assessing the airways for patency and determine their ability to protect their airways, breathing,
circulation and any dysfunction of the central nervous system (CNS) “2 Any life threatening disorders
detected must be treated and managed appropriately as with any other emergency patien'[3 (e.g. flow by
oxygen if in respiratory distress, seizure management if seizing etc). Once the patient is stable, or if it
presented in a stable condition, a thorough history should be obtained from the owner and a full physical
examination performed on the patientl.

HISTORY

It is important to try to establish what the patient has been exposed to (active ingredient) and the formulation
of the product (extended release or a sustained release etc.). Asking the owner to bring in the container or
product may help with this. Other details that should be confirmed are what dose the animal was exposed to,
the time of exposure, did the owner see any clinical signs before the animal was brought in, and did they
give any home treatment™®. Once this information has been established, the clinician can then administer
an antidote (if available) or decide on the appropriate method of decontamination and supportive care for
that patient4. In veterinary medicine there are only a few toxicants that have specific antidotes or reversal
agents5 so decontamination and supportive care remains the basis of the management and treatment in
these patient.

DECONTAMINATION OF THE INTOXICATED PATIENT

Decontamination inhibits or minimises further absorption of the toxin and promote its excretion or elimination
from the body. The use of decontamination will depend on the time of exposure, as it can only be performed
within a narrow window of time (usually < 1 to 2 hours after exposure), the type of toxin involved and the
potential for adverse effects to occur from the decontamination processl’e. Decontamination can include
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dilution, induction of emesis, gastric lavage and the use of absorbents and cathartics’. Dermal
decontamination should only be performed once the patient is stable. Dishwashing soaps are usually
recommended over shampoos because of their ability to disperse greasy substances. Insecticidal shampoos
should never be used for dermal decontamination. In some cases, bathing may need to be repeated to
completely remove the substance. After bathing, the patient should be thoroughly rinsed to remove any soap
from the skin and coat and dried well®.

Dilution

Is usually used if a patient has ingested an irritant or corrosive substance that causes irritation or ulceration
to the gastrointestinal tract. Small amounts (2-6ml/kg) of water or milk can be given to the patient to
decrease the irritating effect of the ingested substance”®. Do not exceed the recommended volume of 2-
6ml/kg, as larger amounts could lead to vomiting, which will cause the oesophagus to be re-exposed to the
corrosive substance and will increase the risk of aspiration7. For ocular exposure, irrigation with copious
quantity of body temperature saline or water for at least 20 — 30 minutes should be performed to dilute and
wash away the toxin in question thereby prevent further exposureg.

Induction of emesis

One of the primary ways of decontaminating veterinary patients is via induction of emesis. This is usually
only effective if done as soon as possible (within 2—3 hours of ingestion) as efficacy declines the longer the
time between ingestion and emesis. Insufficient mass in the stomach may result in the retrieval of only small
amounts of the ingested toxin when inducing emesis so feeding a small moist meal before inducing emesis
may increase the likelihood of the emesis being productive7'8. Not all cases are suitable for induction of
emesis as there are a number of contraindications to the use of emetics, also, some substances (e.g.
cannabis, antihistamines) have an anti-emetic effect and so emetics would be ineffective in cases where
these products have been ingestedg. Emesis should never be induced if the animal is showing signs of a
reduced cough reflex, somnolence or has seizures’. Hydrogen peroxide (H,O,) and apomorphine are
frequently used to induce emesis in canine patients. Pet owners are also often advised telephonically by
veterinarians to administer hydrogen peroxide for immediate emesis at home for intoxicated pets. The
published dose recommended is 1-2 mL/kg of 3% H,O, administered oralIy”’lo. In a recent study, it was
suggests that the use of 3% H,0, to induce emesis in dogs should not be considered entirely innocuous as
they found it caused substantial gastric mucosal degeneration, necrosis, inflammation, haemorrhage, and
oedema that was sustained for 1 week following the administration of the H,O, These effects generally
resolved by 2 weeks post administration. From this reason, apomorphine should be the emetic of choice in
dogs, and vomiting typically occurs within 1-20 minutes of administration (depending on route of
administration). If apomorphine is not readily available for use within 1-2 hours of toxin ingestion, a
veterinarian ma]y consider advising at-home use of H,O,, if the benefits of decontamination outweigh the
risks of its use™. Induction of emesis in cats is challenging. Alpha-2 adrenergic agonists (e.g. xylazine,
medetomidine) have been used off-label as emetics in cats, as vomiting is an adverse side effect of these
drugs. A study found that both xylazine and medetomidine are equally effective in inducing emesis in cats
when administered IM**. There are no safe, effective emetic agents for pet owners to use at home in cats’.

Gastric lavage

Not commonly performed as it requires general anaesthesia, but when it is done, a cuffed endotracheal tube
should always be in place to prevent aspiration of stomach contents. Gastric lavage involves the passage of
a tube via the mouth into the stomach, followed by repeated administration and removal of small volumes (5-
10ml/kg) of warm liquid to flush out the stomach contents. The end of the tube should be occluded before its
removal’. Activated charcoal can be placed into the stomach through the tube before it is removed. The
indications to perform a gastric lavage are in symptomatic patients that are showing clinical signs
predisposing them toward aspiration pneumonia, but still need controlled decontamination or when the
toxicant or ingested material can potentially cause a bezoar or concretion or foreign body1'4’8. Absorbents -
These products are used to prevent the systemic absorption of the toxicant from the gastrointestinal tract by
absorbing to the toxin and facilitate its excretion. The most common absorbent used is activated charcoal
(AC)7. It has a large surface area enabling it to absorb many drugs and toxins and is not absorbed in the
gastrointestinal tract (GIT) allowing all the ingested charcoal to be excreted in the faeces.” The use of AC in
human medicine is declining in favour of other treatment modalities such as haemodialysis and
plasmapheresis, but due to limited availability of theses treatment modalities in veterinary medicine along
with financial limitations of pet owners, activated charcoal is still used as an absorbent in animals®®. To
maximize adsorption of the toxicant, AC should be administered as soon as possible after the exposure. In
veterinary medicine, administration of AC as long as six hours out may still be beneficial with certain
toxicoses, particularly if the toxicant has delayed release (e.g. extended or sustained release) or undergoes
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enterohepatic recirculation*®. The recommended dose of AC is 1-5g/kg once off along with a cathartic to
encourage transit through the GIT™. Multidoses of AC can be used at 1-2g/kg, without a cathartic every 4 -6
hours for 24 hours if the ingested toxicant undergoes enterohepatic recirculation, or is a long acting or slow
release formulation. AC alone, and in combined with a cathartic can lead to hypernatremia due to fluid shifts
in the intestines, therefore it is very important not to administer it to dehydrated patients, and if multidosing is
used, to monitor the sodium levels regularly7’12. Other contraindications for using AC is if the animal cannot
protect its airway, has ileus, or is in hypovolaemic shock, and in the cases that have ingested toxins that are
not bound by AC effectively e.g. alcohol, heavy metals, petroleum products etc.”*?, Giving AC with food can
reduce the total absorptive capacity of the AC but the amount was found not to be clinically significant,
therefore it can be given with food if needed™.

Cathartics

These increase the speed and transit time of material in the Gl tract, enhancing elimination of the toxin and
decrease the time available for systemic toxin absorption13. For this reason, they are often used with AC.
Cathartics are contraindicated in patients that are dehydrated, have ileus or an intestinal obstruction’.

INTRAVENOUS LIPID EMULSION THERAPY (ILET)

Lipid emulsions are used as a component of parenteral nutrition and as a vehicle for drug delivery. In human
medicine, the use of intravenous lipid emulsions (ILE) in the resuscitation of patients that have received an
accidental overdose of local anesthetic has become common practicels. It has also been studied in
poisonings caused by other lipophilic cardiotoxic and neurotoxic drugs with favorable results™. However, its
use is still generally reserved for life threatening conditions caused by severe toxicoses, and those patients
that don’t respond to conventional therapies. The use of ILET in veterinary medicine to treat toxicities from
lipophilic compounds is a relatively new treatment modality that is becoming more popular. The suitability of
a compound for treatment with IV lipid therapy is determined by two factors: its lipophilicity and half-life. The
list of compound that have been treated with ILET is continually growing (table 1). The use of ILE for animals
that have been poisoned is off-label and considered experimental, so the owner must approve its use before
it can be administered. The mechanism of action of lipid infusion is not completely understood, but there are
two main theories: a lipid sink mechanism and a metabolic effect. The “lipid sink” mechanism allows
lipophilic agents to partition out of the plasma and accelerate elimination. The metabolic effect is thought to
be due to the Iig)ids providing a source of energy to the myocardial cells, thereby reducing the toxic effects
on the heart™'. The use of ILE should only be considered in cases with severe toxicoses with a product
that is lipid soluble and has a high mortality rate and/or when the traditional therapies are cost prohibited or
have failed’. It is important that the patient’s tissue perfusion and oxygenation is corrected before the ILET
is started"’, so standard symptomatic and supportive care should still be continued along with the ILET'.
The most commonly used formulation for treating lipophilic dug toxicoses is a 20% intravenous lipid
emulsion (Intralipid® 20%, Fresenius Kabi). The recommended dosage guidelines have been extrapolated
from human data and are as follows: administer a bolus of 1.5ml/kg IV over 1 minute, followed by a constant
rate infusion (CRI) of 0.25ml/kg/min over 30-60 min. If some improvement is noted but some clinical signs
persist intermittent boluses of 1.5ml/kg may be repeated at 4 — 6 hourly intervals for 24 hours and to a
maximum of 8ml/kg/day. Alternatively, a constant rate infusion of 0.5ml/kg/hour for up to 24 hours is
presumed reasonably safe. If no improvement is noted after the first bolus and CRI, ILET is unlikely to work
and must be discontinued"’. The patient's serum should be monitored every 2 hours and the ILET should
not be repeated if the serum is orange or yeIIowle. All patients should be monitored in hospital until all their
clinical rl)grameters are normal, the signs of the toxicity have resolved and their serum is no longer
lipaemic™.

Potential adverse effects that can occur with ILET are pancreatitis due to persistent lipaemia, therefore it
should be used with caution in cases with a history of pancreatitis. Some patients can develop
hypersensitivity due to the ILE constituents. Extravasation may cause mild swelling and pain around the site.
Side effects secondary to microbial contamination can lead to fatal septicaemia or destabilisation of the
emulsion. Most commercial lipid emulsion preparations are stabile at room temperature for up to 2 years but
once opened need to be used within 24 hours or discarded and replaced every 24 hours. Approg)riate
product storage and strict aseptic technique during the ILET is imperative to prevent contamination™*’. ILE
can limit the therapeutic effect of regular lipophilic drugs that are given simultaneously and the
hyperlipaemia can interfere with common laboratory tests. “Fat overload syndrome” has been described in
human patients, however it has not been described in veterinary patients with the use of the current
recommended doses™®™®.
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CONCLUSION

Initial management of a poisoned patient will involve stabilisation, obtaining a history, followed by a risk
assessment to determine the most appropriate approach to decontamination and further treatment. Every
patient will be different and each should be managed accordingly. Due to the large number of possible toxic
substances that the patients can be exposed to a poisons information center should be contacted as soon
as possible if the clinician is not familiar with the toxic substance so that they can provide specific advice on
treatment and management for that specific toxin.

Table 1: List of toxicants in which the use of intravenous lipid emulsion therapy has been used in small
animals:

Toxicant Reference
Baclofen 1920
Bromethaline -
Diltiazem >
Ibuprofen =
lvermectin 202
Lidocaine %
Moxidectin 20
Naproxen 0
Permethrin °!
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ABSTRACT

Cervical myelopathy occurs in dogs with almost the same frequency as spinal conditions in the
thoracolumbar and lumbosacral regions. The range of neurologic dysfunction is broad as the nerve
interruption occurs far cranial in the central nervous system. The most common clinical complaint
seen is severe neck pain, especially in acute cases of disc extrusion. Loss of motor function does
occur with more severe spinal cord compression, but it is significantly less common than in the
thoracolumbar region and tends to be more apparent in large breed dogs with chronic progressive
lesions. Chronic progressive stenosis of the cervical spinal cord in large breed dogs creates its own
set of clinical signs that are collectively known as Wobbler Syndrome. This condition is easy to
recognise, but greater diagnostic skill is required to pin point the actual cause of the stenosis and
decide whether medical verses surgical management is warranted. The cervical spinal cord is more
amenable to medical management than other segments of the spinal cord. This is due to the larger
canal to cord ratio and because pain is the most common presenting sign. Surgery is still the
treatment of choice in most cases of acute disc disease, as it results in a rapid resolution of clinical
signs and a very favourable prognosis for return to normal function. The two most common
approaches for surgery of the cervical region are the ventral slot procedure and the dorsal
laminectomy. This article will concentrate on the ventral approach and discuss the two main
techniques for this, being ventral slot verses distraction fusion stabilisation techniques.

INTRODUCTION

Intervertebral Disc Prolapse (IVDP) is still the most common cause of compression and spinal cord
stenosis in the cervical spinal cord. Here the rule that Hansen type 1 is more common in small breeds
of dogs and Hansen Type Il discs are seen in the larger breeds of dogs, definitely applies. Large
breed dogs also suffer from a variety of other causes of cervical spinal cord compression like chronic
instability, spondylolithesis and facet joint hypertrophy (also known as bulbous facet joints). The
clinical signs from these stenotic lesions are collectively known as Wobbler Syndrome.

SURGICAL ANATOMY

The surgical anatomy of the cervical vertebral column consists of 7 vertebrae. No intervertebral disc is
found between C1 and C2. Distinctive features of the first, second and sixth vertebra provides
important landmarks for surgeons. There is a large venous sinus on the floor of the cervical vertebral
canal and the cervical arteries travel lateral to the vertebrae. Luckily these are not often encountered
during standard surgical techniques, as they can be responsible for severe peri-operative
haemorrhage.

Main segments of the cranial spinal cord include C1-5, C6-T2 and caudal to T2. Tetraparesis is seen
in all of these segments; however it is accompanied by normal to hyperreflexic thoracic limb reflexes
when segments C1-5 are affected. Hyporeflexia of the thoracic limb with a decreased withdrawel
reflex, usually but not always, indicates a pathologic process involving C6-T2 segments. The
presence of concurrent Horner's Syndrome, may indicate a C6-T2 lesion, but more specifically refers
to T1-T3 lesions.

HISTORY AND CLINICAL EXAM

Observation of the animal’s gait, posture and mentation, as well as postural reactions, reflexes and
cranial nerve function are all-important steps in the diagnosis of cervical spinal cord compression. We
need to know how long the signs have been present, at what age they started, how fast the clinical
signs have progressed and what previous treatments were given.
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Large breed dogs are often easier to examine outside the consulting room on a “non-slip” surface,
where they can be trotted out and turned in circles. Carefully note any muscle atrophy, asymmetry,
ataxia, high stepping gait abnormalities or dragging of the claws. “Root signs” caused by compression
of specific nerve roots will manifest as pain or lameness in a limb and provide us with further valuable
information. Remember that treatment with an anti-inflammatory could mask the clinical signs and
make the assessment of the hyperpathic level inaccurate. It is important to know this information
before starting your neurological assessment.

The clinical signs of Wobbler Syndrome are characterised by compression of the cervical spinal cord
or cervical nerve roots or both. It causes various degrees of neurologic dysfunction that are usually
slowly progressive. The condition is typically non painful, unless specific nerve root entrapment is
present. By far the highest reason for presentation of these dogs is gait abnormalities.

Nerve compression manifests differently in the forelimbs, which tend to show a choppy, spastic gait,
as opposed to the pelvic limbs, which, show obvious ataxia. Central cord syndrome refers to the
condition where very ventrally situated compression in the caudal cervical region cause lower motor
neuron deficits in the thoracic limbs, whilst pelvic limbs are minimally affected.

DIAGNOSTIC IMAGING

Advanced diagnostic imaging modalities have changed our lives as far as explaining the
pathophysiology involved in cervical spinal cord lesions. They provide specific guidelines of the origin
of the compression and we can visualise the actual exiting nerve roots to evaluate the degree of
impingement that they are subjected to. These techniques, however, are not a substitute for a
thorough clinical work-up and good quality survey radiographs. Magnetic Resonance Imaging (MRI)
and Computer Tomography (CT) examinations are much more likely to be diagnostic if the clinical
examination has narrowed down the area of interest to a small segment of the spinal cord. Narrower
image slices can then be utilised to identify, lateralise and quantify the lesion. Understanding the
scope of MRI/CT verses conventional myelography is important. In the author’s opinion, it is beneficial
to have both a myelogram and MRI study prior to making a decision on decompressive surgery.
These are complicated cases with a variable prognosis and the more information a clinician has at
their disposal, the better informed the client can be about the associated benefits verses risks of the
procedure.

TREATMENT OPTIONS FOR CERVICAL COMPRESSIVE LESIONS

There is considerable controversy regarding the management of disc-associated cervical
spondylomyelopathy. This controversy arises from the fact that the pathophysiology in many cases of
Wobbler Syndrome, stems from a primary instability between cervical vertebrae. This instability
creates secondary hyperplastic changes in the longitudinal ligament, facet joints and joint capsules of
the vertebral column. Many surgeons feel a need to address this primary instability, however it is
important to note that this “instability” has never been documented and is unlikely to be present at the
time of presentation, due to the severe hyperplastic and osteoarthritic changes in these dogs. In their
opinions, the compression has a dynamic component that is causing a significant compression and
which is exacerbated by the dog’s normal range of motion. A vast number of distraction stabilisation
or distraction fusion techniques have been described in the literature.

As mentioned earlier, cervical spinal cord lesions are much more amenable to medical management
as the signs are slowly progressive. Pain is often the only clinical sign in acute cases and is typically
responsive to corticosteroids or NSAIDS. A recent study compared outcomes of dogs treated
medically verses surgically and found that 54% treated medically improved and 27% were unchanged
at long term follow up. In the same study 81% of dogs were improved by surgical treatment in the
owner’s opinions. The conclusions being that the results are very similar when owner’s long-term
perceptions are considered.

The problem arises when the long-term damage to the spinal cord is assessed. We need to carefully
weigh up the risk verses benefit ratio. Surgery may make these cases initially worse, but it aims to
halt the progression of clinical signs and minimise the damage to the spinal cord that ongoing, low
grade trauma causes.
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Veterinary neurosurgeons are equally split between those who feel that distraction fusion is necessary
and those, like the author, that prefer a more conservative surgical approach. The aims of ventral slot
or preferably “slanted ventral slot” techniques are to remove the compression creating the spinal cord
stenosis and thus relieve the clinical signs. They significantly reduce the compression affecting the
cord and by leaving the ventral annulus fibrosis unharmed, barely affect the dogs post surgical
vertebral stability.

Distraction stabilisation techniques should aim to provide optimal distraction over the long-term,
should be able to be used in multiple adjacent disc spaces and should have minimal complications.
They should also decrease the likelihood of adjacent disc disease or “domino effect” occurring.
Published results suggest that no current technique fulfils all of these criteria. The most consistent
problems encountered are adjacent disc disease and implant complications, many of which are
catastrophic and may results in untimely euthanasia. One study of a large number of Doberman
Pinschers showed that neural function immediately post surgery was normal or improved in 83% of
these dogs, however in the long term only 65% were considered neurologically normal and 56 % of
dogs were dead by the end of the study period, which was not an unreasonable length of time.

POST OPERATIVE CARE

Neurosurgical patients are often significantly debilitated following decompression. This is particularly
true in large breed dogs, where surgery is more invasive and dogs are heavier and more
uncoordinated during recovery. Until their normal range of function returns, they require a huge
amount of nursing care to allow them to recover optimally. It is important that hospital nursing staff
has a high level of training for this and are properly informed of which parameters need to be
monitored. The post-operative care of spinal patients can basically be divided into pain control, the
nutritional management, bladder management, physical rehabilitation and the management of
pressure sores and other complications.

CONCLUSION

Cervical myelopathy is a particularly challenging dilemma in neurosurgery. Acute cases presenting
with severe cervical pain, are easily managed with ventral slot decompressive surgery. More chronic
cases in large breed dogs with inherent primary instability are much more challenging. The surgeon
has to distinguish between those patients that will respond well to medical management with
analgesics and anti-inflammatory verses those that require surgical decompression or surgical
distraction fusion.

In the author’s opinion, distraction fusion techniques open up a whole realm of complications that far
outweigh their potential benefits. The author prefers a more conservative surgical approach where an
accurate diagnosis of the primary problem is made using advanced imaging techniques. The stenosis
is then removed via the surgical approach that is most likely to provide accurate visualization, without
negatively affecting stability. In most cases, ventral slot decompression is the author’s technique of
choice and even in large ventral or ventrolateral compressions; the stenosis can be addressed
sufficiently to provide immediate and long-term relief to the patient.
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ABSTRACT

Skin represents the largest organ in the body. It is one of the most common organs that the
veterinarian has to deal with on a daily basis. It is one of the most versatile organs, especially in the
canine and feline patient. Skin surgery is one of the most exciting areas of surgery that enables the
surgeon the chance to make a massive difference to the patient with little specialised equipment. This
gives most general practitioners the chance to return the patient to normal function as quickly as
possible without having to refer these cases. Techniques for closure depend on the wound, the
patient and the trauma causing the wound. This will dictate how and when the wound is closed. From
a simple laceration that can be closed by primary closure to the traumatic mechanical avulsion injury
that needs to be treated as an open wound and then closed with multiple axial pattern flaps. These
are all within reach of the general practitioner’s skill set.

INTRODUCTION

The main aim of reconstructive skin surgery is to return the patient to as normal a function as soon as
possible without compromising the patient further. The decision on how to close a wound depends on
the condition of the patient and the wound itself.

When dealing with a patient with a massive wound caused by severe trauma it is easy to overlook the
whole patient and concentrate on the wound. The rest of the body should be assessed for life
threatening wounds and appropriate action taken to support the patient. Appropriate shock treatment
should be administered and the patient monitored closely for deterioration. Depending on the cause of
the trauma, radiographs should be taken to assess for any fractures. Open fractures and wounds
present an orthopaedic emergency that should be stabilised as soon as possible depending on the
condition of the patient. Effective pain control should be instituted as this will aid in recovery of the
patient. Opioids form the cornerstone of pain control in severely traumatised patients. Ideally the pure
agonists are mostly used even though they have potential side effects. Dissociative agents and
lignocaine can be used together with opioids in intravenous anaesthesia. In anxious, uncompromised
patients, medetomodine can be added to the infusion. NSAID’s are useful but should not be used in
hypovolemic patients. Local and regional anaesthesia can be useful in severely compromised
patients. Further information on pain control can be found in other texts.

Once the patient has been assessed and stabilised, the wound can now be addressed. When
deciding on how to close the wound it is important to consider.

e The cause of the wound

e The area affected by the wound

*  The amount of tissue loss to the wound

» Fractures associated with the wound

e The blood supply to the wounded area and viability of the surrounding skin

* The degree of contamination of foreign material

» The degree of bacterial contamination

e The time from wound to presentation

As a general rule if there is any doubt to a wound being contaminated, it should not be closed

Contamination of a wound is an important assessment. However, local blood supply to the wound and
surrounding tissue is vital in the healing of the wound and in the method of closure of the wound. The
type of trauma causing the wound will affect the degree of vascular compromise to the wound. The
extent of vascular damage in high velocity trauma, cutaneous avulsion and degloving wounds is
usually not visible at initial presentation and these wounds should always be managed as open
wounds. Open fractures are often associated with severe soft tissue and vascular damage. These
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present a challenge in that the wound closure should be done as soon as possible to prevent
osteomyelitis but this may not be possible. The instability caused by fractures further contributes to
slow wound healing and infection of the soft tissue and bone. Ideally stabilisation of the fracture
should be undertaken as soon as possible given the status of the patient. Reconstruction of the skin
should be performed over the stabilised fracture if possible. External fixators are helpful in dealing
with open fractures when the skin cannot be reconstructed. These enable the wound to be managed
and the fracture stabilised.

Intra-venous antibiotics have a role to play. However, in areas of vascular compromise the active
concentration at the wound site is questionable. The type of antibiotics initially chosen should be
effective against beta lactamase producing bacteria. Once an infection becomes stabilised, the choice
should be based on a culture taken from infected tissue. Wound lavage and manual debridement are
the most important modalities in management of a contaminated wound with vascular compromise.

Lavage of the wound is the single most important treatment in managing an open, contaminated
wound. Lavage provides the following advantages

* Rehydrate necrotic tissue

* Reduce bacterial contamination and remove foreign material

* Removes cytokines and toxins associated with infected wounds

Lavage is useful to help remove adherent dressings from the wound during bandage changes. Large
volumes of flushing should be used as this removes and dilutes bacteria and contaminants in the
wound.

The best lavage solution should be Isotonic and it has been suggested that solutions with a buffer are
best such as ringers lactate. No evidence has shown that the use of anti-septic solutions added to
ringers lactate is better. If anything any anti-septic’s are cytotoxic and can inhibit wound healing. As
mentioned, volume is the key in wound lavage. The larger the wound, the larger the volume of fluid
used. The pressure at which this is delivered is controversial - high pressures will dislodge visible
contaminants but could drive bacteria deeper into the wound. The recommended pressure is 6-8 psi.
A guide line is the use of a 1L ringers bag connected to an admin set with a 3 way stop cock
connected to a 20-30ml syringe used for lavage through an 18 gauge needle. Lavage should be
carried out as often as needed. This can be twice a day in large exudative wounds, to every 3-5 days
in wounds that are starting to granulate.

All wounds should be bandaged. This prevents contamination of the wound with hospital bacteria.
Bandages create a warm moist environment that stimulates wound healing. They will act as the first
stage of mechanical debridement. Adherent dressing will remove debris and bacterial load when the
primary contact layer is removed. Once again bandages need to be changed as often as required by
the wound. Large exudative wounds may require bandage changes twice a day, to every 3-5 days in
wounds that have granulated. Bandage changes should always be performed under aseptic
conditions. This will prevent hospital bacteria contaminating the wound.

Regular bandage changes in patients with severe wounds are very painful in the initial stages.
Adequate analgesia should be provided during bandage changes and in-between in patients with
severe injuries. Feeding is very important as large wounds will exude protein rich exudate. These
patients will lose albumin and important co-factors. Daily serum plasma measurements should be
taken to monitor this and fresh frozen plasma should be given as needed. | always consider placing
an oesophagostomy tube at initial presentation or when stable enough for initial debridement. This will
enable ease of feeding as soon as possible to help with protein levels.

Surgical debridement should be started once the patient is stable enough to undergo sedation.
Surgical debridement entails staged removal of visible necrotic and non-viable tissue. This should be
done with sharp sterile surgical instruments under aseptic conditions. Debridement should be
performed daily until all necrotic tissue has been removed and granulation tissue is covering the
wound.

Once a wound has granulated, then non-adherent dressings should be applied. These will stimulate
epithelisation and contraction of the wound. A decision on closure of the wound can now be made.
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WOUND CLOSURE

Primary wound closure defines a clean wound or a clean contaminated wound that has just occurred.
These wounds can be closed by simple apposition of the wound edges, which allows first intention
healing.

Delayed primary closure is closure of a wound by apposition of the wound edges before formation of
granulation tissue. These are wounds that require some debridement prior to closure.

Secondary closure defines closure of a wound after the formation of granulation tissue.

Second intention healing describes the process when a wound is left to heal by contraction and
epithelialisation.

TECHNIQUES FOR CLOSURE OF LARGE WOUNDS

The main goal of wound closure is to obtain rapid wound closure and return to function using the
simplest technigue. Primary closure with undermining of the surrounding skin should always be the
first choice if possible. Simple tension relieving techniques can help in some cases. These techniques
include simply placing more sutures in the wound to spread the tension, Far-Near suture techniques,
multiple tension relieving incisions, Z-plasty and walking sutures.

In large wounds, these techniques will not result in closure of the defect. Larger wounds require local
subdermal plexus flaps, axial pattern flaps, free skin grafts and even microvascular free tissue
transfer flaps.

Local subdermal plexus flaps

These generally are adjacent to the wound to be closed and involve essentially moving skin from an
area with ample skin to close the defect. They contain vessels of the subdermal plexus, tracking on
from the base of the flap. This blood supply is less reliable than a known direct cutaneous vessel. The
larger the base of the flap the better the blood supply. A rough estimate for harvesting these flaps is a
ratio of length to base of 2:1. It is best to only create flaps just large enough to cover the defect.

Upon elevation of the flap, incise the skin sharply with a scalpel blade. The skin is then bluntly
undermined with a pair of metenzbaum scissors. The skin should always be undermined deep to the
subdermal plexus or platysma muscle where present. The flap should then be handled with extreme
care, especially the tip of the flap as this has the least reliable blood supply.

There are many different shapes of local subdermal plexus flaps, with the simplest being a single
pedicle advancement flap, bipedicle advancement flap, rotational flap, transposition flap, axillary and
inguinal fold flaps and direct distant flaps. These flaps can be used to close a vast multitude of
wounds over the body. However the size of the flap is determined by the width of the base and the
number of subdermal vessels incorporated into the flap. To ensure the best chance of survival, the
widest base possible and minimal tension should be used to close the wound with a local subdermal
plexus flap.

Axial pattern flaps

Axial pattern flaps are the gold standard in closure of large wounds over the body, hind leg and
proximal fore leg. These flaps provide durable full thickness skin and the flap brings its own direct
cutaneous artery with it. The incorporation of a direct cutaneous artery is the defining characteristic
over local subdermal plexus flaps. Axial pattern flaps have a 50% increased survival area than
subdermal plexus flaps. These flaps can be used in areas with poor vascular supply and are more
resistant to high motion.

All the direct cutaneous vessels have been described in dogs and cats and have well known
landmarks, which makes harvesting the flap simple and very effective. There is no need for direct
visualisation of the vessels in the base of the flap given these landmarks. Attempts to dissect out the
vessels are not encouraged as it may lead to damage of the vessel and flap necrosis.
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Most wounds in most areas of the body can be closed using an axial pattern flap with some
manipulation of the skin. These flaps are excellent in the closure of chronic non-healing wounds,
radiated wounds or clean surgical wounds post large resection as they bring a blood supply provided
by the direct cutaneous artery in each flap.

FURTHER READING

1. Atlas of small animal reconstructive surgery. Pavletic 2" ed

2. Reconstructive skin surgery in Small Animal Veterinary Surgery. By Tobias and Johnston 2012

3. BSAVA manual of canine and feline wound management and reconstruction. Anderson 2" ed
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CRANIAL CRUCIATE LIGAMENT DISEASE
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ABSTRACT

Cranial cruciate disease is the most commonly encountered cause of lameness seen in small animal
practice. Numerous surgical techniques have been described for the treatment of cranial cruciate
deficient stifles in the dog. Broadly speaking two types of surgical techniques may be used, either an
extracapsular stabilization technique or one of the tibial osteotomy techniques. Extracapsular
stabilization techniques include lateral sutures, fascia lata grafts and more recently the TightRope
technique by Arthrex. Tibial osteotomy techniques started with the cranial closing wedge osteotomy
as described by Slocum. The Tibial Levelling Osteotomy (TUPELO) was the next procedure
developed by Slocum. Other tibial osteotomy techniques include the Tibial Tuberosity Advancement
(TTA), the Triple Tibial Osteotomy (TTO), the Tibial Tuberosity Advancement Rapide (TTAr), Modified
Maquet Procedure (MMP) and the CORA Based Levelling Osteotomy (CBLO). All these tibial
osteotomy procedure may be grouped together as Mechanical Modifying Osteotomies (MMO) or
Geometric Modifying Osteotomies (GMO) and appear to give the best long-term results.

INTRODUCTION

Cranial cruciate ligament disease is the most common cause of lameness in canines. Partial and
complete cranial cruciate ligament rupture leads to stifle instability i.e. craniocaudal motion of the tibia
relative to the femur and internal rotation of the tibia. This stifle instability results in the progressive
development of osteoarthrosis of the affected joint.

Tibio-femoral shear forces are generated during weight bearing (stance phase) and are transmitted
across the stifle joint. Cranial tibial thrust is that component of the tibio-femoral shear force which
results in cranial movement of the tibia relative to the femur. The cranial cruciate ligament provides a
passive restraint against this cranial tibial thrust. The caudal horn of the medial meniscus is also a
passive restraint against cranial tibial thrust. Active forces acting on the stifle joint include the stifle
extensors (quadriceps femoris muscles), stifle flexors (semimembranous, semitendinous and biceps
femoris muscles) and the extensors of the hock (gastrocnemius muscles). Cranial tibial thrust is a
force created by weight bearing and muscular contraction (stifle and hock extensors) resulting in
compression of the tibial plateau against the femoral condyles. In the active model of the stifle this
force is counteracted by the passive restraints (CCL and caudal horn of the medial meniscus) and the
active restraints (flexor muscles of the stifle).

Slocum proposed that the tibio-femoral shear force was parallel to the functional axis of the tibia and
that cranial tibial thrust would be neutralized if the tibial plateau were perpendicular to the functional
axis of the tibia (a TPA=0"). The TPLO technique involves a radial osteotomy of the proximal tibia and
rotation of the proximal fragment (tibial plateau) along this osteotomy to reduce the tibial plateau
angle to zero. It was then determined that a TPA=0°" resulted in a caudal tibial thrust during weight
bearing and potential overload of the caudal cruciate ligament. Current clinical practice is to reduce
the TPA to 5°-7°.

Further biomechanical investigations proposed that the tibio-femoral shear force was in fact parallel to
the patella ligament. This resulted in the development of the Tibial Tuberosity Advancement technique
(TTA). The TTA procedure involves a single osteotomy of the tibial tuberosity, which is then advanced
a predetermined distance and stabilized with a specially designed implant. By advancing the tibial
tuberosity (and insertion of the patella ligament) the tibial plateau is made perpendicular to the patella
ligament.

The Triple Tibial Osteotomy was developed and combines features of the TTA and the Cranial
Closing Wedge Osteotomy. The TTA allows for reduction of the tibial plateau slope to a point where it
is perpendicular to the patella ligament. The TTA achieves this by some rotation of the tibial slope as
well as some cranial advancement of the tibial tuberosity. This is achieved by a series of three tibial
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osteotomies. There is limited specialized equipment required to perform the procedure (wedgie, saw
guide and measuring device). All the tibial plateau levelling techniques appear to have similar results,
complication rates and outcomes.

MEDIAL MENISCUS

Undiagnosed and untreated medial meniscus tears are a major reason for continued post-operative
lameness and poor results. The medial meniscus is prone to injury due to the fact it is a passive
stabilizer of cranial tibial thrust and is attached to the medial collateral ligament. This attachment to
the medial collateral ligament prevents the caudal horn of the meniscus from being mobile. In a CCL
deficient stifle joint the tibia moves cranially relative to the femur. The caudal pole of the medial
meniscus acts as a “wedge” and counteracts cranial tibial thrust. Due to its attachment the caudal
horn of the medial meniscus may become trapped between the tibial plateau and the femoral
condyles. The menisci are important structures of the stifle joint in that they improve congruency
between the femoral condyles and the tibial plateau, facilitate load transmission of forces across the
joint and act as a passive restraint to cranial tibial thrust. Partial menisectomy and medial meniscal
release reduce the meniscus’s functionality therefore resulting in overload of the articular cartilage
and subchondral bone. The result being the development of osteoarthrosis. Medial meniscus release
(MNR) remains a controversial topic. All menisci must be carefully examined at the time of surgery;
this should include palpation with a small right-angled probe. Arthroscopy may allow more accurate
examination of the caudal pole of the medial meniscus.

PRE-OPERATIVE ASSESSMENT

Accurate radiographs of the affected stifle are essential in order to accurately plan the surgery fro
both TTO and TTAr. An extended mediolateral view (stifle at 135°) is required with the femoral
condyles superimposed.

Measurements for the TTO procedure include the length of the patella ligament and the angle
between the tibial plateau and the patella ligament. The length of the patella ligament equals the
length of the tibial crest osteotomy while the angle between the tibial plateau and the patella ligament
is known as the correction angle. The angle is inserted into a formula to obtain the wedge angle.

For the TTAr procedure one needs to calculate the tibial tuberosity advancement required. This is
done using either the common tangent method or the “Ness” method. One also requires the
measurement for the position of the Maquet hole and the thickness of the cortex at this level.

TRIPLE TIBIAL OSTEOTOMY (TTO)

TTO surgery involves a straight incomplete osteotomy of the tibial tuberosity. A wedge shaped
ostectomy is then performed caudal to the tibial tuberosity osteotomy i.e. a wedge shaped piece of
bone is removed form the tibial shaft. The ostectomy is then reduced and stabilized with a clover
shaped bone plate with three screws in the proximal fragment and three to four screws distally. This
results in the tibial plateau being reduced and the tibial tuberosity being advanced.

Indications for the TTO include partial and complete CCL rupture, especially in large breed dogs,
individuals with pathological tibial plateau angles and revision of failed extracapsular stabilizations.
TTO allows for correction of other abnormalities simultaneously i.e. patella luxations, genu
varum/valgum and tibial torsional deformities.

TIBIAL TUBEROSITY ADVANCEMENT RAPIDE (TTAR)

TTAr involves a single straight incomplete osteotomy of the tibial tuberosity. The distal end of the
osteotomy is the Maquet hole. The osteotomy is then progressively levered open until the required
advancement is achieved and then the appropriate sized cage is inserted and stabilized with screws
to the tibial tuberosity and the tibial diaphysis.

Indications for the TTAr are similar to those for the TTO. Correction of genu valgum/varum is not
possible with the TTAr. Dogs with very steep tibial plateau angles may also be better treated with a
TTO as the advancement of the tibial tuberosity with the TTAr may be too large. The largest cage
available for the TTAr is a 15mm cage.
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COMPLICATIONS

The overall complication rate of the TTO procedure is comparable to those of the TPLO and TTA
surgeries. Most of the complications seen are relatively minor and easily corrected. The most
common complications intra-operatively include fracture through the distal end of the tibial crest
osteotomy, Fracture through the caudal tibial hinge/cortex, haemorrhage from the popliteal artery and
uncommonly intra-articular screw placement. Post —operative complications include tibial crest
fracture, infection, late meniscal tears and undiagnosed meniscal tears. Tibial crest fractures are best
stabilized with a single K-wire and a figure of eight tension band. The incidence of implant failure
(plate and screws) is very low.

The complication rate with TTAr is similar to those of the TTO. Most complications seen are minor
complications not requiring further surgery. Complications seen included fissure formation distally
from the Maquet hole and fracture of the tibial tuberosity distally. Management for these complications
is not necessary unless there is displacement of the tibial tuberosity.

TTAr surgery is lees invasive than TTO surgery as no dissection is required around the caudal aspect
of the tibial. This also reduces the risk of damage to the popliteal artery.

CONCLUSION

Tibial plateau levelling provides dynamic stabilization of the stifle joint during the stance phase of
weight bearing. There are numerous techniques available to achieve tibial plateau levelling. Evidence
based surgery does not indicate any one technique to be superior to another at this point in time. The
advantages of the TTO technique are that it is a relatively simple surgery to perform, requires limited
specialized equipment, has a low complication rate and has comparable results / outcomes and
complication rates to the TPLO and TTA. TTAr surgery is a simple and effective method of treating
cranial cruciate ligament disease. The advantage of TTAr surgery is the reduced surgical time
compared to a TTO surgery. Further objective research studies are required (force plate analysis,
etc.). The overall complication rate with both surgeries is acceptable and the outcomes are good
clinically.
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ABSTRACT

Correct evaluation and assessment of fracture patients in their entirety is essential to applying the
correct treatment protocols. Fractures are seldom if every life threatening injuries. It is essential that
life-threatening injuries (thorax, abdomen etc.) are evaluated and treated first. Once stabilised
treatment for the fracture may be performed. The fracture must be assessed, classified and an
appropriate fixation method chosen for that particular fracture in that specific patient. Surgeon
experience and preference is another important factor in decision making with respect to fracture
management.

INTRODUCTION

Most fractures seen in small animal practice are as a result of significant trauma. It is important
therefore to assess and evaluate the entire patient rather than concentrating on the fractures initially.
Fractures are not life threatening injuries. Initial assessment and stabilization should be done prior to
fracture evaluation and assessment. Life threatening conditions should be assessed and treated first.

Once the patient has been stabilized full evaluation of the fracture and surrounding soft tissue should
be carried out.

Pain management should be instituted. Fractures distal to the elbow and stifle should be immobilized
with external coaptation prior to surgical treatment.

FRACTURE CLASSIFICATION

Fractures should all be classified according to location (bone and location in the bone) as well as
fracture configuration (transverse, oblique, comminuted etc.). One also needs to classify the fracture
as closed or open. Open fractures may be further classified as Type |, IlI, llla, lllb or lllc. The
distinction between different types of open fractures is based on degree of soft tissue trauma / loss
and whether or not there is bone loss. Growth plate fractures in immature animal should be identified
and classified according the Salter-Harris system. This allows for appropriate treatment and
prognostication.

Accurate fracture classification allows one to assess the biomechanical forces that will need to be
neutralized in a particular fracture and therefore which fracture fixation method would be best for that
particular fracture.

FRACTURE TREATMENT PLANNING

Accurate planning for the treatment of a fracture should take into account all variables that may
influence fracture healing and allow for the optimal treatment of a specific fracture. Factors to be
considered include mechanical, biological and clinical factors as well as the fracture configuration.
Mechanical factors include patient size, number of limbs affected, whether load sharing is possible etc.
Biological factors include open vs. closed fracture, extent of soft tissue trauma, patient age, concurrent
disease and type of surgical approach. Clinical factors include patient and client compliance.
Mechanical factors influence the stress placed on the implant and the bone — implant interface.
Biological factors influence the expected time to clinical union. Fracture healing may be thought of as
a race between fracture healing and implant failure. Successful outcome depends on fracture healing
occurring before implant failure. Prior to surgery one should have more than one treatment plan, i.e. a
plan A, B and C.
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A good knowledge of the various fracture fixation systems and their correct application techniques is
essential in fracture management. Another factor to consider is surgeon experience and preference.
Many times there may be more than one acceptable method of stabilization for a particular fracture. It
is advisable that the surgeon use a technique that he / she is familiar with and has experience using.

PATIENT PREPARATION AND FRACTURE REDUCTION

Basic surgical principles are very important for orthopaedic surgery and the importance of soft tissue
in successful fracture heal must not be underestimated. Atraumatic surgical technique is very
important. Recently there has been a big move towards minimally invasive fracture repair, so called
biological osteosynthesis. This technique minimizes the amount of soft tissue disruption and maintains
a favorable environment for fracture healing. In this situation fracture reduction may be achieved by
closed reduction, minimally invasive reduction or by the “open but do not touch” approach.

POSTOPERATIVE ASSESSMENT

Postoperative radiographs are necessary to assess reduction, alignment and implant placement. They
also serve a comparison / reference to compare future radiographs to in order to assess fracture
healing. Postoperative management is highly variable between different patient and fractures. Lower
limb fracture generally benefit from a support bandage for 48 — 72hrs to minimize postoperative
swelling. Specific fixation techniqgues may require more regular check ups e.g. external skeletal
fixators vs. plate & screws. Follow up radiographs are generally advised every 4 — 6 weeks until
clinical union is achieved. Radiographs may be taken more frequently under certain circumstances
(immature patients, potential delayed or non unions).
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ABSTRACT

It is not uncommon in veterinary science that we are presented with a cyanotic dog and a frantic
owner. The cause of this sudden respiratory distress can be due to Laryngeal Paralysis, Laryngeal
Collapse, Tracheal collapse or a combination. These conditions are loosely grouped into the category
of be Brachycephalic Syndrome (BS) or Upper Airway Obstruction Syndrome (UAOS). Our task is to
recognise the condition that we see in brachycephalic dogs and to proceed swiftly to being able to
stabilise them. Many of these dogs are overweight and may have concurrent heart disease or tracheal
collapse. We use a combination of oxygen supplementation, corticosteroids, sedatives and cooling
techniques. At a later stage, we can perform a more thorough physical exam and diagnostic
techniques in order to make a diagnosis of the underlying cause. The veterinarian must decide
whether medical or surgical intervention is more likely to prevent similar recurrence. Surgical
intervention includes techniques to reduce the obstruction to the lumen of the upper airway. Wedge
naroplasty, staphylectomy (soft palate resection), ventriculoectomy (resection of everted laryngeal
ventricles) and cricoarytenoid laryngoplasty are some of these techniques that will be discussed.
Postoperative care involves careful monitoring and symptomatic treatment. Dogs should be in a cool
environment, have oxygen supplementation when needed and supportive medical treatment. Weight
restriction and exercise moderation, is vital to the Long term success of surgery.

INTRODUCTION

Brachycephalic syndrome refers to a combination of problems causing partial or complete obstruction
to the upper airway. Breeds affected include: English Bulldogs, Boxers, Boston Terriers, Pug, Shih
Tzu, Pekingese, Shar Pei, French Bulldog and Cavalier King Charles Spaniel. These breeds all have
a typically compressed face. They have an inherited developmental defect where the bones grow to
normal width, but reduced length. The soft tissues of the head are not proportionately reduced and
are often even redundant. The components of UAOS include stenotic nares, elongated soft palate,
everted laryngeal saccules and tracheal hypoplasia. In more severe cases the disease condition
progresses to laryngeal or tracheal collapse. Bulldogs, in particular, are very susceptible to this
sudden onset of respiratory distress. Affected animals are often young (2-4 years) and otherwise
relatively healthy. The condition is much more prevalent in dogs than in cats.

STABILISING THE PATIENT IN RESPIRATORY DISTRESS

The classic signs of acute respiratory distress include open mouth, laboured breathing, cyanosis,
abducted forelimbs, restlessness and even collapse. These animals are often overweight on
presentation and may have concurrent heart disease or tracheal collapse. Animals exhibiting these
signs should be handled with care so as not to compromise them any further. Removing them from
their distressed owners and taking them to a cool, quiet environment where oxygen supplementation
can be administered is the first important step. Supplementary oxygen can be started immediately
and can be administered via a facemask, nasal insufflation or by placing the animal in an oxygen
cage (which is usually the least distressing for them). Hyperthermia develops rapidly and so cooling
techniques including using icepacks directly on the animal; in the axilla, inguinal area or on the
extremities or even on the intravenous fluid line should be employed. Wetting the animal and directing
an electric fan on them, may also help to bring the body temperature back under control. Before
physical examination is possible, the dog may require a sedative like Temgesic and possibly even
treatment with an intravenous corticosteroid. They should be allowed to remain unrestrained and in
the position that they are most comfortable in.

In more severe cases, the veterinarian may have to consider endotracheal intubation or even an
emergency tracheostomy. Intravenous fluid administration is not usually necessary in the immediate
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stabilisation and care should be taken if it is administered, not to overhydrate the already
compromised lungs.

ESTABLISHING THE CAUSE OF THE RESPIRATORY DISTRESS

The clinical examination of these dogs aims to determine whether this is an upper or lower airway
problem. A full history and physical examination are always needed. Determine vaccination history
and any possible exposure to infectious diseases. Infectious diseases are more common in younger
patients whilst bronchitis, tracheal collapse and heart conditions are more likely in older dogs.

Questions to ask include:
* How long have signs of exercise intolerance or breathing difficulty been present?
*  What activity or environment initiated the attack?
» Does dog ever cough?
* Has there been any change in bark quality or intensity?
* Has there been any vomiting or regurgitation?
* Has there been a change in attitude or appetite?
» Do you have a video of the episode?

By assessing the abnormal respiratory sounds and where they originate from, we can gain some
clues as to the underlying cause of the obstruction. It is important to note at his point that animals
should never make a noise when breathing. Young animals, which present with noisy breathing, have
to have some form of obstruction. This should be recognised by veterinarians and corrected as early
as possible. We will primarily handle the causes of respiratory distress, which occur in brachycephalic
dogs. These can be divided into nasal problems (stenotic nares), laryngeal obstructions (soft palate
and everted laryngeal ventricles) and tracheal abnormalities (Tracheal hypoplasia).

Stenotic nares are visually apparent and easy to diagnose. Observing the external openings during
inspiration, we can clearly see whether there is paradoxical closure as animal tries to breathe in.
Stenotic nares may also present with signs of sneezing, inspiratory stridors or mucopurulent
discharges. Other causes of nasal obstruction include traumatic, neoplastic or infectious nasal
disease.

Gentle pressure over the laryngeal area can often exacerbate a respiratory problem at the level of the
larynx. Stethoscopic auscultation is useful for localizing the obstruction to this region. A characteristic
inspiratory stertor or snoring is a common finding in laryngeal obstruction cases. Once the problem
has been isolated to the larynx, we need to decide whether we are dealing with laryngeal paralysis,
obstruction by the soft palate or ventricles or laryngeal collapse. Survey radiographs should be taken
of the laryngeal region as well as the thoracic cavity (3 views). This should be followed by a full visual
examination of the laryngeal region with the animal lightly anaesthetised.

Tracheal collapse is a condition that occurs as a result of weakening and dorso-ventral flattening of
the C shaped cartilage rings which leads to tracheal obstruction. It is not classically associated with
BS, but may occur following chronic obstructive airway disease. It usually occurs in toy breeds and
may well have a congenital aetiology. The clinical signs involve gagging, dyspnoea and exercise
intolerance. A classic “goose-honk” cough may also be present. The diagnosis relies on good quality
survey radiographs of the cervical and thoracic regions. In some instances it is important to obtain
inspiratory as well as expiratory thoracic radiographs to check whether collapse occurs during specific
stages of respiration and which sections of the trachea and main stem bronchi are affected. If a
definitive diagnosis is still not possible, then tracheal endoscopy can be done.

VISUAL EXAMINATION OF THE UPPER AIRWAY

Patients with respiratory distress caused by BS are considered anaesthetic risks and every precaution
should be taken to make sure that they survive these diagnostic procedures. Certain drugs can also
inhibit laryngeal function and these should be avoided if an accurate assessment of laryngeal function
is to be made. Pre-oxygenation of affected dogs for 3-5 minutes with 100% oxygen prior to induction
can significantly decrease risks. Propofol is generally used as the induction agent of choice as it has
the advantage of having a very short half-life. The animal should only be anaesthetised to the level
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where the tongue can be retracted, but the swallowing mechanism is not affected. Oxygen
supplementation should be on hand and used immediately if oxygen saturation cannot be maintained.
Using a good light source and a long tongue depressor or laryngoscope we start by assessing the
length of the soft palate in relation to the tip of the epiglottis. The normal guideline is that a 1-3 mm
overlap between the two is acceptable. In the case of an elongated soft palate, there may be as much
as a 12-20mm overlap. The palate may even be sucked caudally between the corniculate processes
during respiration and this causes a severe disruption to the normal laminar airflow.

Be careful not to retract the tongue too forcefully, as this can give a false under-estimation of the
length of the soft palate

The soft palate should then be lifted dorsally and the epiglottis moved ventrally so that the entrance to
the glottis can be examined. This allows the relationship between the corniculate and cuneiform
processes of the arytenoid cartilages to be assessed. Any contact between them or overlap may
indicate a degree of laryngeal collapse. Laryngeal collapse is graded from 1-4 depending on the
degree of collapse. In Grade 1 collapse, laryngeal ventricle eversion is the only abnormality detected.
Grade 2 is when we see mediation deviation of the cuneiform cartilage and sometimes the presence
of aryepiglottic folds. In Grade 3 collapse, the corniculate process of the arytenoid cartilage shows
medial diversion and in the most severe form, Grade 4, we see complete overlap of these cartilages.
We need to establish whether the vocal cords are abducting appropriately during inspiration. In the
case of an animal suffering from laryngeal paralysis, the vocal folds cannot be adequately abducted
and so they obstruct the laryngeal glottis. This exacerbates the negative pressure within the airway
and leads to a vicious cycle of respiratory obstruction and eventually upper airway collapse. A useful
aid in confirming whether paralysis is present or not, is to inject the animal with Doxapram (Dopram)
at a dose of 0.5-2 mg/kg IV whilst observing the vocal folds for movement. The increased respiratory
effort that occurs when Dopram is given makes it easier to see whether there is adequate abduction.

If all of the above structures appear within normal limits and no obvious cause for the respiratory
obstruction can be identified, then endoscopy of the trachea and bronchi is indicated. This is usually
done with the animal fully anaesthetised, but not intubated. Care must be taken that the scope is of
small enough diameter so as not to obstruct oxygen flow to the lungs. Oxygen can be administered
via the biopsy portal of the scope if insufficient oxygen saturation is being achieved.

MEDICAL MANAGEMENT OF BRACHYCEPHALIC SYNDROME

The detailed medical management of this condition is outside the scope of this article, however it is an
integral part of treatment. Affected dogs frequently require lifelong treatment with proton pump
inhibitors and mucolytics. Corticosteroids, bronchodilators and antitussives are often used in the short
term, emergency treatment to decrease airway inflammation and mucous production.

Gastro-oesophageal reflux is a common concurrent finding in patients with respiratory obstruction.
Stenosis of the airway causes severe inspiratory pressures, which predispose the patient to reflux.
During visual examination of the upper airway, inflammation and ulceration of the arytenoids
cartilages is often seen and concurrent treatment of these patients with a proton pump inhibitor like
Omeprazole (1mg/kg once daily) is often indicated lifelong.

Further to medications, owners need to be well coached on the benefits of weight control, exercise
moderation, and preventing affected dogs from over excitement and hyperthermia.

SURGICAL REPAIR OF BRACHYCEPHALIC SYNDROME

Stenotic nares are found frequently in brachycephalic breeds. Although a minor component of the
syndrome, having insufficient external passage for air causes animals to open mouth breathe and
increase respiratory effort through rest of airway. The surgical repair is not technically demanding, it
consists of performing bilateral wedge naroplasties. It is important that these wedges are sufficiently
deep to open the nares at least 1cm into the nasal passages. Fine absorbable suture material is used
to close the defects and haemorrhage is usually easily controlled.

The most common and invariably significant obstruction to airflow stems from an elongated (and often
substantially thickened) soft palate. Surgical resection of the elongated soft palate (staphylectomy) is
performed via an oral approach and aims to remove excessive tissue so that the obstruction to the
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dorsal glottis is removed. The excessive tissue is clamped and sharply resected. A monofilament
absorbable suture material in a continuous pattern is used to close the defect. Intraoperative
haemorrhage and oedema, as well as the post operative risks of dog developing obstruction from the
surgery, are good reasons that only surgeons experienced with the technique should attempt it. More
advanced techniques for resection using laser excision has been performed successfully, however
the equipment needed is expensive and not readily available.

Further upper airway obstruction can be caused by eversion of the laryngeal ventricles into the
opening of the glottis. These ventricles are mucosal diverticulae that are situated rostal and lateral to
the vocal folds. When excessive negative pressure is experienced within the upper airway, these
ventricles tend to evert medially and become extremely oedematous. They then block the lower half
of the airway at the laryngeal glottis. Many animals have a combination of the above conditions. When
an elongated soft palate obstructs the dorsal half of the glottis and the everted laryngeal ventricles,
the lower half, it can lead to as much as 80 to 90% obstruction of the glottis. Surgical correction is
straightforward resection of the saccules. The only difficultly is that visualisation is obstructed due to
the caudal position of the saccules and endotracheal tube being in the way.

Laryngeal paralysis is not considered a component of Brachycephalic Syndrome, however it can
present within the same breeds. It can either be an idiopathic or congenital condition or can be
caused by damage to the recurrent laryngeal or caudal laryngeal nerve. The recurrent laryngeal nerve
runs rostrally along the outside of the lateral trachea and innervates the intrinsic muscles of the
larynx. Its function is to cause abduction of the vocal cords and arytenoid cartilages during inspiration.
Damage to the nerve is generally an irreversible condition and requires surgery to permanently
abduct the arytenoids cartilages on one or both sides. Various techniques are available for this
procedure, but the most commonly used technique is the cricoarytenoid laryngoplasty or
lateralisation.

Tracheal hypoplasia is common in English Bulldogs, alone or in combination with the other
components of BS. The trachea is considered hypoplastic when the ratio of tracheal diameter to
thoracic inlet diameter is less than 0.2. It can cause severe clinical signs of very young patients and
treatment is largely symptomatic. Repair of the other obstructive issues is performed in the hope that
the dog will then cope with their narrow tracheal lumen.

POSTOPERATIVE CARE OF UPPER AIRWAY PATIENTS

Continuous observation of patients that have undergone upper airway surgery is vital for the first 48-
72 hours. Extubation should be delayed for as long as possible and animals should be kept in a cool,
quiet environment. At all times, the surgeon involved should be prepared to perform an emergency
tracheostomy, if acute swelling and respiratory distress develops. Intravenous fluid administration
should be continued at maintenance doses and Metoclopramide can be added to these fluids to help
prevent vomition during the recovery period. Corticosteroids can be used at anti-inflammatory doses
(0.5-2mg/kg), but are usually administered at least 2-4 hours prior to surgery for beneficial effects to
be evident. It advisable to have these patients on a proton pump inhibitor like omeprazole at 1mg/kg
OID for at least 2 weeks post surgery. In many cases this drug is continued lifelong to decrease the
chances of acid reflux. Acid reflux is a known cause of cartilage degeneration and collapse.

Water can be offered to these patients once they have fully regained swallowing function, but food is
often withheld for 24 hours as aspiration pneumonia and irritation of the surgical site causing vomition
are valid concerns.

PROGNOSIS FOR PATIENTS WITH UAOS

The prognosis in these cases is obviously dependant on the initial cause, but most animals do poorly
without surgical intervention. Respiratory distress tends to result in a progressive cycle of mucosal
swelling, cartilage fatigue and increasing collapse of the airway. Younger animals tend to do better
with surgery than older animals and this is mainly due to the absence of cartilage collapse of the
larynx and trachea that occurs with time. In cases of severe laryngeal or tracheal collapse, the
prognosis is generally guarded. Owners that follow the advised weight reduction programs and
ensure optimal body condition score are likely to have a much higher degree of success.
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INTRODUCTION

A tracheostomy is usually performed to allow air to enter the trachea distal to an upper airway
obstruction, such as trauma, anaphylaxis, neoplasia and conformational defects.? In addition, this
techniques has proved useful for planned airway management during surgical manipulation of the oral
cavity. A tracheostomy is either temporary, when a tube is inserted, or permanent, when a stoma is
created. A temporary tracheostomy is most commonly performed to provide an alternate airflow
route. It may be performed either during surgery for relief of an upper airway obstruct|on or as an
emergency procedure in a severely dyspnoeic patient requiring medical treatment.* Temporary
tracheostomies are usually maintained only for a short period of time.

OPERATIVE TECHNIQUE

Patient positioning and preparation

The patient should be positioned in dorsal recumbency, with some support under the neck, and the
forelimbs secured on either side of the thorax. The ventral neck should be clipped from the
manubrium sterni to the caudal angle of the jaw and aseptically prepared for surgery.

Additional instruments

Because tracheostomy tube placement may need to be performed in an emergency, supplies for the
procedure should be readily available. Ideally a surgical pack dedicated to the procedure should be
kept in the emergency treatment area. Supplies should include tracheostomy tubes of the appropriate
sizes (no larger than 75% of the diameter of the trachea). Two or three different sizes should be
readily available. For routine airway maintenance, a non-cuffed tube, with an inner cannula should be
used. For maintenance of anaesthesia or prolonged mechanical ventilation, a tube with an inner
cannula and a high volume, low-pressure cuff is more appropriate. These tubes should only have the
cuff gently inflated. The cuff should be deflated and repositioned every 2 hours to minimize pressure
necrosis of the tracheal mucousa.™* Other supplies should include sterile surgical instruments, large
monofilament suture material for stay sutures, and umbilical tape to secure the tube around the neck
following its placement.

Surgical technique

The larynx and the trachea should be palpated as the anatomical landmarks. An incision of
approximately 7cm should be made over the trachea running caudal from the larynx. The
sternohyoideus muscles are separated at the midline and pulled laterally. Gelpi or self-retaining
retractors help with the exposure of the ventral trachea. Stay sutures are placed around the tracheal
rings just cranial and caudal to the proposed annular ligament incision. They should be clearly
labelled and will later allow for stabilization and opening of the trachea when changing the
tracheostomy tube. An incision is made in one of the annular ligaments between the third and fifth
tracheal rings, in a horizontal or transverse fashion. The incision of the annular ligament should not
exceed 50% of the diameter of the trachea. The tracheostomy tube is then placed and secured by
tying umbilical tape around each side of the tube flange and then tying the two ends around the
animal's neck. The tube size should be large enough to adequate airflow, but small enough to
prowde room for airflow around the tube.® This helps to prevent silent death from occlusion of the tube
lumen.” The skin and subcutaneous tissue should only be partially closed on each side of the incision.

POST OPERATIVE AND TRACHEOSTOMY TUBE CARE

After a tracheostomy has been performed, intensive management and 24-hour observation of the
patient are essential. A ready assortment of supplies for tube management should be kept near the
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patient at all times.” If possible, a nurse should be dedicated to the pat|ent to ensure that subtle
changes in respiration are noted because deterioration can occur rap|dly

The tracheostomy tube bypasses the normal warming and humidification mechanisms and creates
airway inflammation in addition to the inflammation associated with its placement. Dedlcated care is
essential to prevent potentially fatal occlusion of the tube by exudates and airway mucous.’

The inner cannula cleaning should be removed for cleaning whenever an increased noise or effort
associated with breathing is noticed, or every 2 hours initially. The cannula should be cleaned
thoroughly using warm water, dried and replaced If the inner cannula is repeatedly full of mucous
and exudate, nebulized air should be provided for the animals to breathe. Alternatively 0.1ml/kg
sterile sallne can be installed into the tube every 2 hours. This may, however, induce a transient
cough

Suction is another valuable technique for the management of temporary tracheostomy tubes. It is
however not a benign procedure and should be done sparingly and with great care. Repeated
suctioning of the airway can exacerbate airway inflammation or may occlude the airways during the
procedure. Suction is most commonly needed in smaller cats and dogs. The patient should be pre-
oxygenated for at least 10 breaths prior to suctioning. The catheter should be introduced aseptically
into the tube and suction applied for no longer than 10-12 seconds Wh|Ie gently rotating the suction
tube.’ Uninterrupted suctioning can lead to atelectasis and hypOX|a Suction should ideally be
performed at least four times per day. Some coughing, retching or gagging can be expected during
the procedure. ldeally a sterile catheter should be used each time.

Coupage and multiple controlled periods of exercise on a harness can be used to mobilize secretions.
Antibiotics are typically not continued beyond the operative period. The tracheostomy wound should
be inspected daily and cleaned as necessary.

If the above measures do not relieve breathing difficulty, the whole tube should be replaced. Some
literature suggests replacing tubes at a minimum of twice daily. This should not be done in the
absence of a clinician. The patient is pre-oxygenated and the trachea stabilized using the stay
sutures, applying gentle traction away from the wound. The old tube is removed and a new one
rapidly inserted. Tubes should be cleaned and soaked in 2% chlorhexidine and rinsed with sterile
saline before replacement.*

TUBE REMOVAL

The decision to remove the tube coincides with resolution of the inciting cause. Direct observation
following tube removal is essential to ensure that resplratory distress does not occur. Tracheostomy
wounds heal by second intention within 7-10 days. &7 During this time, owners are instructed to clean
the stoma at least twice daily.

COMPLICATIONS

Immediate complications occur in approximately 50% of patients and include plugging of the tube with
mucous and debris, inadvertent tube removal, gagging, coughing, vomiting, subcutaneous
emphysema, pneumomediastinum, pneumothorax, infection and respiratory distress. *% The most
common complication is plugging of the tube. Cats appear to have a higher complication rate and this
is thought to be due to more mucous secretions in this species and an increased risk of tube
occlusion.?

The most significant long-term complication of tracheostomy is stenosis, WhICh may occur at the
tracheostomy site itself or in the area where the cuff of the tube was inflated.
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ABSTRACT

External skeletal fixation is one of the most versatile tools available to the veterinary surgeon when
dealing with orthopaedic problems. Mostly fractures are treated but these systems are very useful
when treating abnormalities of skeletal development and ligamentous injuries. They are often used to
augment surgical repairs of difficult fractures or when treating complications of some standard repair
methods. This presentation will give an overview of the basic principles used when applying these
technigues and also some practical guidelines that can be used in everyday practice. If one ignores
the basic rules then failure can be expected therefore very important to understand the application
guidelines.

INTRODUCTION

The aim of this presentation is a basic overview of the principles of external skeletal fixation and then
also the practical application of a versatile easy to use system in your practice.

Three types of external fixation systems exist. Linear fixation uses straight connecting bars when
connecting the bone pins. Circular systems use full rings or half rings to connect a series of pins or
wires that are seated in the bone. Free flow systems use moulded connecting bars which allows a lot
of freedom when connecting pins.

Three different pin types can be used namely smooth, positive threaded or negative threaded pins.
Threaded pins can be end-threaded or centre-threaded depending on their intended use. Negative
profile pins have the same diameter thread as the smooth shank of the pin. Positive profile pins have
a wider diameter at the threaded portion than at the shank of the pin.

Circular systems will not be discussed further as they are mainly used for angular limb corrections
and limb lengthening procedures.

Linear systems use metal or graphite connecting rods which are secured to the bone pins using a
clamp. Various different systems also exist in this category with its own advantages and
disadvantages.

Free flow systems use silicon or plastic tubing placed over the bone pins and then injected with a
thermoplastic agent like poly methyl methacrylate or another type of epoxy cement. Epoxy putty can
also be moulded without using tubing material.

FRAME CONFIGURATIONS

Different frame configurations can be used depending on the type of fracture being treated. In order of
increasing strength we can use Unilateral, Unilateral biplanar, Bilateral and Bilateral biplanar frames.

Pin fixation clamps should be placed on the inside of the frame to shorten the pin length which will
increase the pin stiffness. Three to four pins should be placed per segment of bone with a total of 6-8
pins usually. Smooth pins should be angled (35 degrees) to decrease pin loosening which makes it
more difficult to place more pins. Threaded pins can be placed perpendicular to the bone. Pins should
span the whole length of the bone but not closer than 3 times the diameter of the pin or half the
diameter of the bone to the fracture ends or the joints. Larger pins are also stiffer but should not be
larger than 20-30 % the diameter of the bone. Placing a second connecting bar on unilateral
configurations will double the strength and stiffness of the frame.
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PRINCIPLES OF PLACING AN EXTERNAL SKELETAL FIXATOR

The pin-bone interface is the most important part of any fixator. Pin loosening should not occur before
bony union. Threaded pins have better bone holding properties. Positive threaded pins are stronger
than negative because the thread diameter is wider than the shank. Negative profile pins are weak at
the thread-shank junction. The drilling of pins into the bone creates heat and structural damage. Drill
speed should be 300 rpm or less. Power operated drills give better control as it increases hand
stability. Pre-drilling holes with a slightly smaller diameter drill bit will decrease damage to the pin-
bone interface. Pins should not be “backed-out” but inserted to the correct depth the first time.
Crossing the widest diameter of the bone will also increase strength of the frame. Aseptic surgical
principles should be used when repairing the fracture. When using the free flow system, the surgical
site should be closed before working with the tubing and epoxy cement. A useful tip is to use trans-
cutaneous “skewer” pins to hold the fracture reduction, then to close the wound and after application
of the connecting bars, the skewer pins can be removed. Frames should not interfere with joint
movement or the body wall. Safe corridors should be used when placing pins to avoid large muscle
bellies and neuro-vascular bundles. The surgical approach should be as limited as possible to
preserve blood supply and enhance bone healing. Pins should not be inserted through the same
incision as the surgical approach but through separate small stab incisions. Blunt tunnels are made
through the soft tissue and a drill sleeve is used if possible.

Pins should be bent at the level of the skin to facilitate the placement of the tubing. The tube is
impaled over the pin ends and then lowered to approximately 1 cm from the skin. If a large amount of
swelling is anticipated post operatively then this distance can be increased. After injecting the epoxy
cement, the sharp pin ends are cut at the level of the connecting bar and the bar is bandaged to avoid
laceration of other body parts from sharp cut pin ends.

The connecting bar determines the strength and stiffness of the fixator. A 19 mm diameter epoxy
column is stronger than a 4.8 mm stainless steel connecting bar.

POST-OPERATIVE CARE

Owners are told to clean the pin-skin interface daily with damp cotton wool and to observe for any
seepage or changes of the frame or pins. If they notice any foul smelling discharge or non-clear
seepage then they must seek advice from their vet. Strict confinement in nothing more than an
average bedroom sized area with no running or jumping and only a few short lead walks daily is
prescribed for 4-8 weeks. Acrylic bars can crack and break so the owner must inspect the integrity of
the bar daily. Radiographic follow up at 4 weeks and then every 2-3 weeks. Most fractures should
heal before 12 weeks. The fixator is removed when evidence of bony union is found. From 5-6 weeks
some of the pins or bars can be removed to “dynamize” the fracture and speed up healing. No benefit
is achieved after 12 weeks.

POSSIBLE COMPLICATIONS

Pin tract seepage is commonly seen and usually no cause for concern.

Premature pin loosening is a serious complication and usually require pin removal and addition of
other pins or methods to maintain stability of the fracture site. This can usually be seen on a
radiograph as a radio-lucent “halo” around the pin.

Pin tract infection is an uncommon finding but a serious complication requiring bacterial culture and
antibiotics and will often flare up after medication is finished and sometime only resolve after implant
removal.

Patient interference is rarely encountered but can hamper the healing process and one should be
aware of possible complications with certain breeds and individuals. Owner compliance is of
paramount importance when utilizing an external skeletal fixation device.

OTHER USES

Most common uses are for long bone fractures where internal fixation is not available or indicated.
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Fractures of the femur and humerus often require modification of frame type to a hybrid configuration
where the distal pin or pins can be placed as full pins from lateral to medial. This can then be
connected to the lateral connecting bar with a diagonal bar to increase frame strength. Fractures
distal to the elbow and stifle can easily be treated by unilateral and bilateral configurations.

An external fixator is very useful when requiring additional stabilization for a comminuted fracture for
instance where a plate could not utilize enough screw holes or when an intra-medullary pin is used
but rotation has to be counteracted. Often these pins can also be incorporated into the frame and is
then called a tie-in configuration.

External fixators are commonly used where access is needed to the skin where large wounds are
present and need to be treated. These are much more difficult to monitor and treat under a bandage.
If needed bandages can be placed over frames in the initial period to maintain sterility and keep
wounds moist.

Septic or sterile, non-unions can also be treated by using external fixation techniques. This allows the
surgeon to easily remove implants once union has been achieved.

Temporary stabilization of joints or regions where ligament injuries have been repaired like Achilles
tendon ruptures or collateral ligament damage can easily be achieved by external skeletal fixation.
This allows time for the repaired structures to gain in strength before being tested by the patient.

These versatile systems have also been used in metacarpal and metatarsal fractures. Dr Fitzpatrick
described the “CLAW?” for these injuries where intra-medullary pins are incorporated into epoxy putty
with trans-carpal or trans-tarsal pins.

Mandibular fractures that are multiple or comminuted can be treated with external fixation.

Often these systems are used to stabilize limbs where previous surgery ie TPLO has had catastrophic
failure or with failed tibial tuberosity transpositions. In these cases the fixator is used trans-articularly
to allow healing of the tibial tuberosity.

DISADVANTAGES OF ACRYLIC FRAMES

¢ Fumes of the curing process are noxious and toxic.

¢ Heat generation during curing can add to damage to the pin-bone interface.

« If holes made in tubing are too big, the acrylic will leak out during application.

« Difficult to maintain reduction during curing process.

e Column can break if not strong enough or when air bubbles were introduced during
application.

* Adjustment and removal of individual pins post operatively is difficult.
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ABSTRACT

The majority of synovial joints in the dog are subjected the significant stress during weight bearing.
This requires a joint, which is highly resistant to wear and tear and one that allows almost frictionless
movement. There are numerous conditions, which affect the joints of the canine forelimb. Early
diagnosis and treatment is crucial to effective treatment and therefore improved prognosis.
Arthroscopy allows minimally invasive surgery of joints and has significant advantages over
arthrotomy. These advantages include rapid recovery and reduced morbidity, ability to treat multiple
limbs simultaneously, improved visualisation of intra-articular structures. Shoulder lameness and
elbow dysplasia are two conditions were arthroscopy has allowed improved early diagnosis and
treatment. Many conditions causing shoulder lameness present with similar symptoms and
radiographic signs, arthroscopy therefore allows accurate diagnosis via a minimally invasive modality.
All joint disease has the potential to result in the development of osteoarthrosis. Osteoarthrosis is a
chronic progressive degenerative joint disease. Treatment includes long-term conservative
management and in some cases surgery (joint replacement, arthrodesis, arthroplasty). Common
causes of shoulder lameness in dogs includes OCD of the caudal humeral head, tenosynovitis of the
biceps tendon, medial shoulder instability, incomplete ossification of the caudal glenoid rim and
mineralization in the tendon of insertion of the supraspinatus muscle. Diagnosis of these conditions
relies on careful clinical examination, radiology, ultrasound and importantly arthroscopic examination.
Elbow dysplasia is a common cause of forelimb lameness in young large breed dogs. Diagnosis can
be challenging and again arthroscopy can play and important role in early diagnosis and treatment.
Types of Elbow dysplasia include Fragmented Medial Coronoid (FMCP), OCD of the medial humeral
condyle, Ununited anconeal process (UAP) and elbow incongruency.

INTRODUCTION

Joints provide stability to the body during weight bearing and propulsion. Joints are subjected to
significant forces during normal function and this leads to wear and tear. Joints must therefore be
resistant to wear and allow frictionless movement. The anatomical structure of the joint is critical to
achieving this function. Any injury and damage to the joint will compromise its ability to function
normally and lead to the development of osteoarthrosis. Arthroscopy allows minimally invasive
examination and treatment of joint pathology.

ANATOMY

Synovial joints are major joints of the appendicular skeleton. These joints allow significant movement
and are weight bearing joints. All synovial joints consist of a joint space, joint capsule, joint fluid,
articular cartilage, subchondral bone and some joints may have intra-articular structures e.g.
ligaments or menisci. The articular cartilage is composed of a cellular component (chondrocytes) and
an extracellular matrix (glycosaminoglycan’s, proteoglycans and collagen). Synovial fluid (joint fluid) is
secreted into the joint by synovial cells of the joint capsule. Synovial fluid’s main functions are
lubrication of the joint and nutrition of the articular cartilage (chondrocytes). Articular cartilage is an
avascular structure. The extracellular matrix consists of collagen fibres (type II), proteoglycans and
water. The proteoglycans are made up of subunits of glycosaminoglycan’s (chondroitin sulphates,
keratin sulphates) linked to a central protein core. The proteoglycans are hydrophilic i.e. attract water
molecules while the collagen gives the cartilage its tensile strength.

RESPONSE TO INJURY

Aging results in changes to extracellular matrix. There is a decrease in the total collagen content as
well as a change in the types of collagen (| type IlI; 1 type | and lll). The ratio of glycosaminoglycan’s
changes (| chondroitin sulphate; 1 keratin sulphate) and there is a decrease in the total amount of
proteoglycans. These changes in turn results in a decreased tensile strength and a decrease in the
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water content. This translates into a decreased ability to function normally and an increased
susceptibility to injury.

When articular cartilage in subjected to an injury and inflammatory cascade is initiated within the joint
and inflammatory mediators are released. This inflammatory process will result in increased levels of
proteinases (e.g. metalloproteinases) within the joint. These proteinases accelerate degradation of the
extracellular matrix. The in turn results in further decreased ability of the joint to function normally. The
end result of this process is progressive irreversible osteoarthrosis

ARTHROSCOPY AND FORELIMB JOINT DISEASE

The recent development of arthroscopy in small animal veterinary surgery has improved our ability to
diagnosis and treat canine joint disease. Arthroscopy offers multiple advantages over conventional
arthrotomy when it comes to the diagnostic and surgical treatment of joint disease.

Advantages of arthroscopy include:
« Shortened recovery time / decreased hospitalization
* Minimally invasive surgery
* Reduced post operative pain
e Allows second look procedures
« Earlier return to function and therefore less loss of range of motion
* No/minimal post operative wound care and bandages
* Visualise joint under magnification and in its normal fluid environment
*  Much lower risk of post op complications (<0.56% complication rate)
« Allows documentation of pathology (photographs & video)
* Good cosmetic results.

Disadvantages of arthroscopy:
» Expensive and fragile equipment
»  Steep learning curve initially
» Specialized sterilization of some equipment.

The major complications that can be encountered with arthroscopy include extravasation of fluid into
the periarticular tissues, iatrogenic damage to the articular cartilage with the scope and instruments
and intra-articular haemorrhage. None of these complications are serious. Nerve injury has been
described but is very rare. The risk of iatrogenic cartilage injury and nerve damage decreases
significantly with improved technique.

Equipment required for arthroscopy:
e Arthroscope
» Egress cannula
« Arthroscopy sheath
» Light source
« Arthroscopy camera
*  Printer / video recorder
e Hand instruments
* Radiofrequency unit
* Shaver.

Because of its minimally invasive nature and subsequent advantages arthroscopy offers an ideal
modality for both diagnosis and treatment of numerous joint diseases of the canine forelimb.

SHOULDER LAMENESS

There are numerous conditions of the canine shoulder joint that may result in lameness. These
include osteochondritis dissecans of the humeral head, bicipital tenosynovitis, medial shoulder
instability, supraspinatus insertion strain / calcification and incomplete ossification of the caudal
glenoid rim. Most of these conditions show very similar clinical symptoms and similar radiographic
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findings. Arthroscopy is therefore an ideal modality for the diagnosis of these conditions as well as the
treatment of most of them.

Osteochondritis dissecans of the humeral head

OCD results from osteochondrosis and is the development of a flap of cartilage from the caudal
aspect of the humeral head. The flap may remain partially attached or may become completely
detached. The condition typically affects young large breed dogs between the ages of 4 — 10 months.
Radiography is usually diagnostic. There is typically a flattening of the caudal humeral head.

Surgical treatment involves the removal of the cartilage flap and any necrotic subchondral bone.
Arthroscopy has the advantage of allowing visualization of the entire joint and the ability to treat both
shoulders simultaneously if required. Post-operative management involves restricted activity for 4 — 6
weeks and NSAIDs. The long-term prognosis for shoulder OCD is good to excellent despite the fact
that there will be some osteoarthrosis.

Bicipital tenosynovitis

Bicipital tenosynovitis is an inflammatory condition of the biceps tendon, which originates on the
supraglenoid tubercle of the scapula. It may also involve a partial tear / rupture of the origin of the
biceps tendon. Clinical signs are usually and chronic weight bearing lameness. Pain may be detected
on direct palpation over the biceps tendon or on shoulder flexion/extension. The cause of the injury
may be chronic repetitive trauma or an acute injury. It is most commonly seen in adult medium to
large breed dogs. Diagnostic tests include radiography, ultrasound, positive contrast radiography and
arthroscopy. Radiology may reveal mineralization in the proximal tendon adjacent to the supraglenoid
tubercle. Arthroscopy allows accurate diagnosis and then treatment. Treatment of choice for bicipital
tenosynovitis or partial rupture is to release the tendon from its attachment on the scapula.
Postoperative management involves restricted activity for 4 weeks and NSAIDs as required for
analgesia.

Incomplete ossification of the caudal glenoid rim

Incomplete ossification of the caudal glenoid rim occurs mainly in medium to large breed dogs and
may be an incidental finding. It is however a cause of lameness in certain cases. Clinically it manifests
as a chronic weight bearing lameness with pain on shoulder flexion and extension. Arthroscopy
provides the ideal modality for ruling out other potential causes of lameness (bicipital tenosynovitis,
medial shoulder instability etc) before diagnosing incomplete ossification as the cause of the
lameness. Treatment involves removal of the osteochondral fragment. Long-term prognosis is good to
excellent.

Medial shoulder instability

Medial shoulder instability is the result of injury to the medial glenohumeral ligaments, medial joint
capsule and or the tendon of the subscapularis muscle. These structures may be stretched, partially
torn or completely ruptured. Clinical signs are similar to the other conditions discussed — chronic
weight bearing lameness. There may be atrophy of the shoulder muscles and increased abduction of
the humerus may be palpable. Radiographic findings are unremarkable and confirmation of the
diagnosis requires arthroscopy. This condition may be treated conservatively (rest) although this is
seldom successful. Surgical treatment involves reconstruction / imbrications of the medial ligaments
and joint capsule or thermal ablation with a radiofrequency probe during arthroscopy. Prognosis is
dependent on the degree of laxity and whether there has been damage to the labrum of the glenoid.

Calcification of the supraspinatus insertion

Calcification within the tendon of insertion of the supraspinatus tendon may be a cause of shoulder
lameness although it is often seen as an incidental finding on radiographs. Clinical symptoms are
typically a chronic weight bearing lameness, worse after exercise. It is most common in middle aged
large breed dogs. Because it is often an incidental finding arthroscopy is an ideal modality to rule in /
out other causes of shoulder lameness (e.g. medial shoulder instability, bicipital tenosynovitis etc)
Treatment options include conservative treatment with rest and NSAIDs or surgical excision of the
calcification. Tenectomy of the insertion of the supraspinatus may also be performed to treat this
condition.
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ELBOW DYSPLASIA

Elbow dysplasia is a term to describe a number of conditions that affect the elbow joint typically in
young large breed dogs. The major conditions of elbow dysplasia include OCD of the medial humeral
condyle, fragmented medial coronoid process of the ulna (FMCP), ununited anconeal process (UAP)
and elbow incongruency. With the exception of UAP these conditions can be challenging to diagnose
in their early stages. Early diagnosis and prompt treatment gives the best long-term prognosis.

Radiography may indicate a degree of suspicion in young dogs but is seldom diagnostic for FMCP
and OCD of the medial humeral condyle. Arthroscopy allows detailed examination of the medial
compartment of the joint, accurate diagnosis as well as treatment in these cases. Treatment for OCD
cases involves removal of the cartilage flap and necrotic bone. In cases of FMCP the lose
osteochondral fragment is removed and the necrotic subchondral bone is curetted.

Arthroscopy has significant advantages in the treatment of elbow dysplasia:
» Early diagnosis and treatment prior to the onset of significant arthrosis
e Assessment of incongruency
« Bilateral treatment simultaneously
» Reduced morbidity and quicker recovery
* No bandages post-operatively

All cases of UAP should also be assessed arthroscopically for concurrent FMCP and to determine
whether a fibrous union exists between the ulna and the anconeal process.

Other indications for arthroscopy of forelimb joints include septic arthritis, intra-articular fracture
reduction, assessment of ligamentous injuries and carpal instability.

Arthroscopy will become more widely available as surgeons become more familiar with the technique.
Indications will also continue to grow especially and scopes become smaller and therefore
arthroscopy of smaller joints and smaller patients becomes a reality.

OSTEOARTHROSIS

Osteoarthrosis (OA) is a common debilitating disease seen in both canines and felines. It is a
common consequence of previous joint disease or injury. Osteoarthrosis is a chronic progressive
irreversible degenerative joint disease. Because of its progressive nature OA can have a significant
negative impact on a patient’s quality of life.

Long-term management of OA requires a multifaceted approach. Surgery may be a component of the
treatment but medical management, diet, weight management, chrondroprotectants, etc are the
cornerstone of the treatment of osteoarthrosis in small animals.

Conservative treatment of OA
This would include:
e Weight reduction
« Exercise modulation
*  Nutrition (e.g. Hills J/D)
« Lifestyle modification (esp. cats)
* Analgesics (NSAIDs, opioids)
* Rehabilitation / Physical therapy
* Chondroprotectants

Surgery for OA
Possibilities would be:
« Stabilization of ligamentous injuries and intra-articular fractures
» Arthrodesis
» Arthroplasty (e.g. femur head and neck excision)
« Joint replacement
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The major causes of OA in dogs include hip dysplasia, elbow dysplasia and cranial cruciate ligament
disease. Clinical symptoms of OA include lameness, difficulty rising from a sitting or lying position,
difficulty jumping and going up stairs and pain. Clinical symptoms in cats differ from those seen in
dogs. The major clinical signs in cats include lifestyle and behavioural changes rather than lameness.
Lameness is seldom seen as a presenting symptom in cats with OA.
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ABSTRACT

The aim of this talk is to provide the general practitioner with a systematic guide to the approach to
canine lameness in general practice. Identification of the clinically significant anatomical region eases
diagnosis of the underlying disease process. Diagnostic aids and basic tests will also be discussed.
Careful history taking from the owner is the first step to finding the source of the lameness. Video
footage taken by owners is a very useful tool, as dogs often do not show the severity of the lameness
or the lameness at all when in a clinic/hospital environment. Physical examination must be performed
methodically and must always be the same to have a routine the clinician can rely on. If these first
steps are done in a thorough manner then finding the source of the lameness should be a lot easier.
Now one can start using diagnostic tools to our disposal like radiography, joint cytology, magnetic
resonance imaging, computed tomography, ultrasonography etc. Without finding the source and
cause of the lameness one will not be able to treat the condition with reasonable success.

INTRODUCTION

When confronted with a case of lameness in a dog, it is very easy to make presumptive diagnoses
based on observation and prevalence of conditions, especially when breed and age considerations is
overemphasized. It is therefore very important to always use the same approach and diagnostic steps
in order to not misdiagnose or overlook other important clinical findings. The following subcategories
help to systematically evaluate these patients:

e History

e General examination

e Orthopaedic examination

* Neurological examination

« Diagnostic imaging

< Joint cytology

« Other modalities eg: Arthroscopy, Ultrasonography, CT, MRI, Scintigraphy

HISTORY

Observe the patient from the waiting room to the consultation room. This will reveal clues as to
severity of lameness, limb affected, difficulty rising etc. It is also important to observe the animal while
taking down the history from the owner. Owners often confuse the affected limb or are unsure when
questioned in detail. The history should start with general questions pertaining to vaccination status,
general health, previous illness or intervention. Then only focus on the lameness presented. Owners
usually want to start discussing the problem at hand and can omit important clinical information
relating to the problem if not questioned appropriately. Always obtain information regarding the
degree of pain and lameness, duration, rate of progression or improvement if any, previous trauma
and also the effect of rest, exercise, weather and time of day on the lameness. Urge clients to bring
video footage of especially long standing cases and also to keep a diary of severity and frequency of
the problem.

GENERAL EXAMINATION

Temperature, pulse and respiration should be taken as for any clinical case. Body condition score is
extremely important in all orthopaedic cases. Chest auscultation and abdominal palpation to look for
concurrent or related abnormalities. This is more important in trauma cases where multiple injuries
are usually present.

The patient’s lifestyle must always be considered. The athletic demand on an animal can vary greatly
depending on the expected mobility of the animal.
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ORTHOPAEDIC EXAMINATION

The initial history and observation should form a strong link with the findings of the orthopaedic
examination. The first observation should consider the conformation of the patient. Animals with very
upright hocks often suffer from stifle conditions for example. Overdeveloped forequarters could focus
the clinician’s attention to a bilateral hindquarter problem. Observing the way the animal sit is also of
importance, because animals with painful stifle joints often sit with the affected limb to the side of the
body to increase the distance from the tuber ischium to the calcaneus to relieve pain. Weight bearing
when standing can alert us to the affected limb or shifting continuously can also indicate multiple limb
involvement. Muscle atrophy and circumference of certain muscle groups should be evaluated next. A
normal tape measure can be used to identify atrophy and also to monitor progression. The most
common muscle group measured is usually the thigh muscles. It is important to measure the same
level on both sides.

Next we observe the animal at a walk and then at a trot. This should ideally be performed outside of
the hospital away from the owner on a level non-slippery surface. The aim is to identify the lame limb
and also attempt to identify the affected region by observing the specific gait characteristics. With time
a clinician can develop the skill to identify upper limb lameness versus lower limb lameness.

Physical palpation of the patient is the most important step of the entire diagnostic workup. This
should be performed systematically and each clinician will develop a method that works personally.
* Always palpate the suspected affected limb last
* Get a feel for the animal’s response to palpation by starting with a clinically sound limb
« Always start at the digits and palpate proximally
e Each individual joint and bone should be palpated for pain, swelling or crepitus
* Joints should be evaluated for instability that could be caused by ligamentous injury.
Therefore it is important to have some knowledge of normal range of motions for certain
joints.
« Palpation of muscles and groups for swelling, atrophy or pain. Certain muscle groups are
prone to fibrous contracture
» Placing pressure with one’s fingers on individual long bones is important especially in
young large breed dogs to evaluate for possible panosteitis. This usually found near the
nutrient foramen of each long bone.

NEUROLOGICAL EXAMINATION

A detailed description of the neurological examination is not within the scope of this paper. The aim is
to provide a basic guideline to identify neurological abnormalities and differentiate them from
orthopaedic conditions. This can easily be missed clinically and should always be ruled out when
dealing with an orthopaedic condition.

Observing the gait of the animal is again the most important step. This will identify most neurological
cases and then a more detailed neurological investigation can be performed.

Testing the animal’'s proprioception and placing reflexes must always be performed. Wheelbarrow
tests and hemi walking should be focused on if suspecting a neurological abnormality. Limb reflexes
can often be the only abnormality found but these should be repeatable.

Neck manipulation for flexibility, muscle spasm and pain response is vital. The thoraco-lumbar spine
must be evaluated by individually putting pressure on each dorsal spinous process whilst keeping the
other hand on the abdomen of the animal to feel for tensing of the abdominal muscles. The lumbo-
sacral junction is tested for pain by standing behind the patient, lifting the hind limbs in a flexed
position off the ground and putting pressure on the pelvis dorsally with the other hand.
Cranial nerves and peripheral sensation tests complete the neurological examination.

DIAGNOSTIC IMAGING

Radiographic examination of the affected area is the most powerful tool at the disposal of the
clinician. Comparative views should be taken between affected and sound limb. More than one
projection is important. Good collimation and use of slow cassettes to improve detail of images can all
help to reach a diagnosis. Stress radiographic views are usually used when suspecting ligamentous
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damage of joint displacement. Contrast studies can be employed in certain cases. Stress radiography
must be performed when suspected joint laxity or dynamic pathology.

JOINT CYTOLOGY

Synovial fluid aspiration should be attempted if this could help in finding a definitive diagnosis.
Smears are made by placing a drop of joint fluid in the middle of a microscope slide and smearing it
with another slide placed flat on the first slide. Air drying must then be performed before fixing and
staining using Diff Quick. Always look at the smears before sending to a cytologist. The most
important thing rule in or out, is the presence of a large nhumber of neutrophils. This usually indicates
either a septic joint condition or immune mediated arthropathy. If in doubt, it is best to send a sample
for bacterial culture and the smears to a cytologist for interpretation. Joint fluid should ideally be
placed in blood culture bottles when sent to the laboratory for culture.

ARTHROSCOPY

This is the gold standard when evaluating intra-articular structures and articular cartilage. Studies
have shown that one can often have a poor correlation between clinical and radiographic findings
when compared to arthroscopy. This modality helps to reach an early diagnosis; it is minimally
invasive and usually results in a fast recovery from the procedure. The negative aspects are costs
involved and the need for general anaesthesia.

MRI AND CT

These modalities are becoming more available and used more frequently. The can provide
information not available with plain film radiography. CT very helpful for fracture and angular limb
correction planning. Also used for elbow investigations and to find bony pathology as soon as
possible. MRI is used more and more in human medicine for evaluating joint conditions. Veterinary
literature is starting to appear on this subject.

SCINTIGRAPHY
Usually employed when we deal with an undetermined source of lameness or pain. This will identify a
site of inflammation and direct the clinician to the area of interest.

LOCAL ANAESTHETIC BLOCKS

This is not used routinely but can certainly be used if indicated. Can help to differentiate a suspected
spinal condition from a joint problem. The effect on a specific lameness can be difficult to predict as
not a lot of data is available on the subject.

FORCE PLATE ANALYSIS
The gold standard for evaluating limb function but correlates poorly with clinical observation and not
widely available.

EXAMINATION OF SPECIFIC REGIONS

Distal limb

Examine the nails for any sign of trauma and especially the nailbed for swelling or thickening. The
footpads and interdigital skin are often neglected and dogs with interdigital dermatitis can have
significant lameness, which can be difficult to treat. Each phalangeal joint and phalanx is palpated
individually for any pain, swelling, crepitus or deformity. Sesamoid bones must be examined for signs
of pain usually. Bipartite sesamoids in especially the Rottweiler can be a source of lameness but can
also be an incidental finding if not associated with pain. The metatarsal bones are palpated for
abnormalities. It is also important to place medio-lateral and cranio-caudal stress on these structures
to evaluate for excessive laxity or decreased range of motion.

Tarsus

Palpate this joint for swelling and pain. Range of motion should be evaluated. Maximum extension is
usually 175 degrees. Flexion should only be possible together with stifle flexion. This is important
when specifically evaluating the achilles tendon mechanism. The plantar ligament is the primary
caudal stabilizer of the tarsus. Disruption of this structure usually results in significant lameness and
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instability of this region. Other conditions commonly encountered are fractures of the malleoli and
ligamentous injuries of the collateral ligaments usually seen with trauma. OCD of the talus can be
found in young large breed dogs and usually results in significant lameness with a poor long-term
prognosis.

Stifle

Observe the patient in a sitting position. Dogs with a positive “sit test” do not sit with the hock close to
the ischium to relive stifle pain in flexion. The stifle must be evaluated for range of motion and pain
without affecting the hip or hock joint. The joint also be evaluated for a cranial drawer sign in the
unsedated patient because some dogs will show pain when performing this manipulation. Joint
effusion is most easily judged by palpating the medial and lateral aspect of the patella tendon to feel
for soft fluctuant distension. A hard thickening over the medial aspect of the stifle joint often indicate
cruciate ligament disease due to the fact that the medial meniscus is attached to the medial collateral
ligament. Palpation or hearing a “click” sound when dog is walking can indicate a meniscal injury.
Owners often notice the clicking sound. Examination of the sedated patient focuses on the cranial
drawer test. It is important to evaluate for the cranial drawer sign in flexion and extension. Partial
cruciate ruptures only have laxity in flexion. These cases can be severely lame and painful. The tibial
compression test can also be used to evaluate cranial cruciate ligament integrity. This test is not easy
to perform but can be useful in large patients where it is difficult to perform a cranial drawer test. The
tibia is compressed by flexing the tibio-tarsal joint while palpating the tibial crest for cranial translation.

Hip

The normal hip joint can usually be extended to almost parallel with the lumbar spine. When
evaluating the hip for pain it is very easy to cause stifle pain because stifle extension occurs when
extending the hip caudally. The clinician often places his/her hand on the stifle joint when
manipulating the hip, which can elicit a pain response originating from the stifle and not from the hip.
Abduction of the hip must also be checked for pain and discomfort.

It is very important that one always performs a rectal examination, abdominal palpation, evaluate
femoral pulses and/or perform a urinalysis if one cannot find the source of the lameness by other
means. It is obvious to see how important these steps are when considering how frequently lumbar
spinal problems are missed and diagnosed as abdominal pain/bloat.

CONCLUSION

Without a systematic approach to hind limb lameness, clinicians will have a low success rate in

finding the source of the lameness in these cases. This leads to decreased confidence when

confronted with these mysteries. Clinicians should practice these examinations in order to become

proficient in them.
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ABSTRACT

Canine hip dysplasia (CHD) is a heritable condition with abnormal development of the femoral head
and the acetabulum. Initial joint laxity leads to secondary changes in the bone and soft tissue
structures of the coxofemoral joint. This degeneration leads to osteo-arthritis later. Although we have
many options to treat CHD and do so quite successfully, prevention of the condition through selective
breeding has failed to eradicate the condition. Schemes to try and reduce the incidence of this
condition evolve all the time and so does the approach to treating these cases. The majority of dogs
seen in practice are treated non-surgically. In my opinion veterinarians overestimate the degree of
success achieved with these protocols. Many patients presented in referral practice arrive in
significant pain with owners that are under the impression that their pet's pain is well controlled.
Surgery for these dogs have come a long way and success rates are fairly high with regards to pain
relief and return to function. This paper will aim to give the clinician a systematic approach to these
cases and provide information on the different techniques available for surgical repair of Canine hip
dysplasia.

INTRODUCTION

Canine hip dysplasia (CHD) is a heritable condition of abnormal development of the coxofemoral joint.
Joint laxity progresses to joint deformity with secondary bony and soft tissue changes. This ultimately
leads to osteo-arthritis with bone on bone contact that typically presents as obvious hip pain on
manipulation. Most cases especially in the initial phases show a very subtle lameness or no lameness
at all. A lot of owners just think that their pet is lethargic and weak. They often play less as puppies
and also struggle to rise or go upstairs or jump onto objects. Diagnosis of hip dysplasia is fairly
straightforward with radiographs being the main modality used to confirm and evaluate the extent of
changes to the hip joints. It is important to remember how critical it is to be convinced that the hips are
actually the sole cause of the clinical signs and owner complaint. This can be challenging in mature
dogs with multiple radiographic abnormalities especially spinal pathology. In some cases further
investigation with other modalities like MRI are needed to exclude spinal pathology. Video footage
taken by the owner and also evaluated in slow motion can help a lot with deciding what the cause of
the clinical signs is. Gait evaluation often shows weight transfer to the fore-quarter with subsequent
over development of the shoulder and neck region. These dogs often run with their heads below the
horizontal plane of the top of their shoulder blades as they compensate and move weight cranially
when running.

DIAGNOSIS

Once you have established that the patient is suffering from hip pain, you have to make sure that
there is no concomitant conditions like cruciate disease or lumbo-sacral disease that could also play a
role clinically. The next step would be the radiographic evaluation done under deep sedation. Once
the patient is sedated deeply, the veterinarian must also palpate the hip and knee joints. Degree of
laxity, crepitus, range of motion and Ortolani signs must be evaluated. Both stifle joints must be
checked and if any doubt also joint fluid aspirated and evaluated. When evaluating hips for possible
surgery in young dogs, we take a number of radiographic views. Namely ventro-dorsal, “frog-leg”,
lateral pelvic and DAR (dorsal acetabular rim) projections. Subluxation and reduction angles can be
evaluated to either predict hip osteo-arthritis later in life or plan for possible triple pelvic osteotomy.
The best predictor of hip osteo-arthritis at the age of 2 was the reduction angle of the joint evaluated
at the age of 6 months. A reduction angle of more than 15 degrees was shown to be a very good
predictor of hip osteo-arthritis later in life when measured at 6 months of age. One should keep in
mind that there will be breed differences for example GSD’s have smaller reduction angles in general
even when they develop OA. Rottweilers are more muscular and palpation could be falsely positive
when evaluating the hip joints for laxity. The degree of radiographic changes found rarely correlate
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with the severity of the clinical signs. It is important to explain this to the owner. The degree of pain
and the loss of function are far more important than the radiographs when one decide on which option
to take for treatment.

THERAPY FOR CHD

Basically 2 groups of therapy exist when treating a clinical case of CHD. Conservative therapy or
surgical therapy. Conservative therapy consists of weight control, exercise modification, physical
therapy, pain control medication and joint modification therapy. Surgical options include Juvenile
Pubic Symphysiodesis, Triple pelvic osteotomy, Femoral head and neck excisional arthroplasty and
Total hip replacement. In the past pectineal tenectomy/tenotomy, Intertrochanteric osteotomy and
Shelf arthroplasty were also used for treatment of CHD. These three procedures are very rarely used
today as the evidence that they work are very poor.

Conservative therapy

Activity restriction

Conflicting reports exist with low-level evidence on the effect of activity restriction. Some showed
improvement in lameness assessments and other showed none.

Weight control and dietary restriction
High-level evidence showed a decrease in severity of radiographic changes and increased lifespan.

Modulation of degenerative joint disease

Good level of evidence exist for using polysulfated glycosaminoglycans in improving lameness scores
but they were unable to show that this was an effective treatment for HD. Antioxidant therapy and
mesenchymal stem cell therapy both showed improvement in clinical cases. Outcome measures were
subjective and we are awaiting objective outcome measurements in the future for these therapies.

Acupuncture
Conflicting results were obtained using gold bead implantation at acupunctures sites. The placebo
effect was also seen in these studies.

Surgical therapy

It can be very challenging to decide when to do surgery on hip cases and also which procedure to
choose. There certainly is no “one size fits all” approach when it comes to CHD. Approaches differ
widely between clinics and clinicians worldwide. The individual patient needs and owner expectations
play a very big role. Finances are a very big factor in cases of CHD because of the cost of total hip
replacements compared to the other procedures and therapies available to the owner. A very
thorough discussion must be held with the client when trying to guide them into making the right
decision regarding the treatment of their pet.

Juvenile pubic symphysiodesis (JPS)

Usually performed in puppies between the age of 3 and 5 months. The objective is to slow down
growth of the ventral aspect of the pelvis by obliterating the pubic symphysis using electro-cautery.
This stimulates overgrowth of the dorsal acetabulae in order to reduce subluxation of the coxo-
femoral joint. The difficulty with this procedure is to positively identify dogs with clinical signs of HD at
this young age. Patients should be sterilized at the same time, as these dogs should not be used for
breeding.

Triple pelvic osteotomy (TPO)

This procedure is performed on dogs between then age of 6 and 12 months usually. Dogs with hip
laxity, positive Ortolani manoeuvres, reduction angles suggestive of normal acetabulae and no
secondary arthritic changes make good candidates for this procedure. Very good long-term results
have been reported and are seen in practice if selection criteria are strictly adhered to. TPO attempts
to save the hip joint by eliminating femoral head subluxation. One could argue that some of these
patients might have improved spontaneously, but return to function is usually rapid and complication
rates low. Also much more affordable compared to total hip replacement.
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Femoral head and neck excisional arthroplasty (FHO)

Probably the most commonly performed hip surgery worldwide. This procedure has been reported to
give very good results in medium and small breed dogs. Pain relief is usually reliable but full
functionality is not always achieved. The procedure is simple but still needs to be performed properly
to avoid post-operative pain and complications. Most common mistake is to not remove enough of the
femoral neck and thus not eliminating bone-on-bone contact between the femur and the pelvis. It is
also very important to provide soft tissue cover of the acetabulum. Using the correct equipment also
prevents femoral splitting and insufficient bone removal. This is a salvage procedure and one should
explain to the owner what the objective is with this procedure. Typically we expect pain relief after 2
weeks and a gradual return to full use of the limb between 2 and 4 months post operatively. Physical
therapy can promote formation of the pseudo-arthrosis and speed up recovery. Muscle mass on the
hindquarter also promotes a quicker return to function. The limb can typically not be extended as well
after a FHO compared to THR and a normal hip. Some of these patients can become very stiff and
painful again later in life. THR after FHO can be very challenging but is possible.

Total hip replacement (THR)

THR is readily available lately with excellent cementless systems now being preferred. Unfortunately
a high cost procedure and also higher risk of complications due to the technical demand of the
procedure itself. Very good success rate and close to normal return to function in most cases. A
review of the long term outcome after Zurich cementless Total hip Arthroplasty in 439 cases revealed
a 20 and 13 % complication rate in juvenile and adult dogs respectively. All cases were successfully
revised except for 4 explants in total. The biggest factor in determining if a dog will have a
complication was change in body condition score post operatively. 5-8 % complication rate is seen in
general. The advantage of cementless systems is that they can be revised more successfully than
cemented systems. When cement loosens or gets infected, all implants have to be removed usually.
The most common complication is aseptic loosening of mostly the cup component. Luxation and
femoral fracture are the next most common complications seen. When luxation is encountered, one
has to determine the cause for example femoral neck too short or malpositioning of the acetabular
cup component. If possible this is then corrected to solve the problem. Post operatively these patients
are confined to a small room size area and leash walked for 6 weeks. At 6 weeks post op follow up
radiographs are taken under sedation to evaluate the implant position and the bone-implant interface.
Preferably no radiolucency should be seen between the implant and the bone but if any, this must be
less than 1 mm. With cementless systems the bone has to integrate into the implant at 6-8 weeks
post operatively. THR systems have also been developed for small dogs and cats. This is not
available in South Africa yet.

CONCLUSION

No surgical procedure has been proven to consistently return dogs to normal function when suffering
from CHD. Bergh and Budsberg reviewed peer-reviewed pubilcations between 1948 and 2012 on the
surgical treatment of HD. This review found no evidence that FHO, TPO and intertrochanteric
osteotomy or gold bead implantation could return dogs to normal function consistently. There was
mixed evidence for THR and JPS. They looked at studies from an Evidence-based Medicine point of
view and used the grading scheme for quality of evidence. Response to treatment is most often used
by clinicians treating CHD to decide what the next step is for the patient. Regular follow ups and
critical evaluation of the clinical outcome of conservative or surgical treatment of these cases will
probably over time lead to more frequent and earlier surgical intervention in these cases. The choice
of surgery must be based on expected outcome, risk factors and what seems best for the patient in
the long term.
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ABSTRACT

Cats and dogs commonly present with conditions of the liver and biliary tract that may require surgical
intervention. Techniques such as liver biopsy, partial liver lobectomy and simple exploration of the
biliary tract can be easily performed in general veterinary practice. It is important to remember that
the liver has many diverse functions. It is the primary organ for protein; carbohydrate and fat
metabolism, it detoxifies and excretes drugs and toxins; and it is responsible for the formation of bile
and coagulation factors. Because of its large functional reserve, clinical signs of liver disease may not
be apparent until the disease is advanced and many metabolic abnormalities become apparent. It is
extremely important to understand the pathophysiology of the underlying disease processes and to
review the anatomy and specific surgical techniques before embarking on hepatobiliary surgery.

THE LIVER

Pre-operative considerations

Liver disease can cause a number of significant metabolic and haematological disorders.
Preoperative blood tests should be performed. In particular haematocrit, serum albumin, glucose and
electrolytes should be closely monitored. Additionally, liver function tests such as pre- and
postprandial bile acids and blood ammonia concentrations provide valuable information prior to
surgery.

Hypoglycaemia
If the animal is hypoglycaemic, intravenous fluids supplemented with glucose should be given before
and during the surgery.

Anaemia

Mild to moderate anaemia can occur secondary to liver disease due to blood loss (coagulopathy or
gastro-intestinal ulceration) or it may be associated with anaemia of chronic disease. Animals with a
haematocrit of lower than 20% should be given a pre-operative blood transfusion and blood loss
during and after surgery should be monitored closely.

Coagulopathy

Animals with severe or chronic liver disease may bleed excessively. A coagulation profile should be
performed in any animal with hepatobiliary disease that is undergoing major surgery. The liver is
responsible for the synthesis of all coagulation factors except factor VII. The liver also clears
activated clotting factors and fibrinolytic enzymes. Mechanisms of coagulopathy associated with
hepatobiliary disease include the decreased synthesis of clotting factors, DIC and vitamin K
deficiency. Vitamin K deficiency is usually associated with the malabsorption of vitamin K secondary
to complete bile duct obstruction, but can also occur in association with severe hepatic insufficiency.
Treatment with subcutaneous injections of vitamin K1 usually results in improvement of the
coagulation within a few hours. If the coagulation is abnormal at the time of surgery, fresh whole
plasma or fresh frozen plasma should be considered.

Hypoalbuminaemia and ascites

Albumin is synthesized exclusively by the liver. Hypoalbuminaemia does not typically occur until the
functional liver mass is reduced by 70-80%. In end stage liver disease there is both decreased
albumin synthesis and dilution of serum albumin due to sodium and water retention. Ascitic fluid that
accumulates secondary to liver disease and hypoalbuminaemia is usually a transudate.
Administration of plasma should be considered if albumin levels are significantly low. A large
accumulation of ascitic fluid can displace the diaphragm and restrict the lung expansion. Removal of
some of the fluid immediately prior to anaesthetic induction may help to prevent hypoventilation.
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Hepatic encephalopathy

Dementia, disorientation, circling, head pressing, hypersalivation, seizures or coma are all clinical
signs of hepatic encephalopathy that occurs secondary to severe liver disease or portosystemic
shunting of blood. These clinical signs should be stabilized prior to surgery using dietary and medical
management.

Anaesthetic considerations

Animals with hepatic disease have impaired ability to metabolize and inactivate some drugs. This
results in a prolonged duration of action or altered function of drugs and anaesthetic protocols should
therefore be chosen wisely.

Antibiotics

Prophylactic antibiotics are warranted in almost all dog and cats undergoing hepatobiliary surgery.
There is evidence to suggest that anaerobic bacteria colonize the canine liver and that these may
proliferate if there is hepatic ischaemia or hypoxia. Bacteria can also migrate to the liver via the portal
venous system. The reticuloendothelial system of the liver normally clears these bacteria but the
mechanism is compromised in animals with severe liver disease or portosystemic shunting of blood.
Cephalosporins provide broad-spectrum activity and high tissue concentrations when given
intravenously immediately prior to surgery. Penicillin derivatives, metronidazole and clindamycin may
also be considered. Continuation of the antibiotics post operatively is determined by the findings at
surgery and the results of culture and sensitivity testing.

Surgical management

A large laparotomy incision is required for thorough examination and surgical manipulation of the liver
and biliary tract. A ventral midline laparotomy incision should be made from the xiphoid to the pubis.
The falciform fat should be removed using either a Metzenbaum scissors or electrocautery by incising
the falciform ligament along its attachment. A circumferential suture can be placed around the base
followed by transection of the ligament distal to the ligature. Removal of the falciform ligament and fat
will greatly improve visibility of the cranial abdomen.

In most dogs, incising up and through the cartilage portion of the xiphoid process provides adequate
exposure of the liver and biliary tract. In some cases a caudal sternotomy or a transverse paracostal
incision can be made after the abdomen has been opened if further exposure is required. Incising the
peritoneal folds that suspend the liver from the abdominal wall and diaphragm can also facilitate
manipulation and examination of the liver. By placing a hand over the ventral surface of the liver and
gently retracting it caudally, the coronary and triangular ligaments can be seen and carefully
transected. Extreme care must be taken not to incise the wall of the vena cava as it courses through
the caval foramen of the diaphragm or the left hepatic vein as it drains into the vena cava just before
the caval foramen. A ventrodorsal incision into the diaphragm from the xiphoid towards the caval
foramen allows further caudal retraction of the liver. Another practical tip to facilitate exposure and
manipulation of the liver may be for an assistant to retract the stomach caudally on stay sutures
placed in the greater curvature of the stomach. Each lobe of the liver should be visually inspected
and palpated and a full abdomen exploration should be performed. The gallbladder should be
visualized and palpated and the cystic and common bile duct identified. Identification and retraction
of the descending duodenum aids in locating the common bile duct.

Hepatic biopsy techniques, partial and complete liver lobectomies are procedures that may be
attempted in private practice and will be briefly discussed in this lecture. Hepatic cysts and
abscesses, liver lobe torsion, arteriovenous fistulae and hepatobiliary neoplasia are conditions of the
liver that may require surgical intervention.

THE BILIARY TRACT

Extrahepatic bile obstruction and trauma are the two most common indications for biliary tract
surgery.
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Bile duct obstruction

Biliary disease may be caused by extrahepatic biliary tract obstruction (EHBO), neoplasia, infection,
or trauma. Lesions that cause EHBO may be extraluminal or intraluminal. Extraluminal obstruction
may be caused by pancreatitis, pancreatic neoplasia, duodenal or pyloric neoplasia, hepatic or biliary
neoplasia, diaphragmatic hernia, congenital abnormalities, or pancreatic abscessation. Intraluminal
obstruction is less common but may occur in association with cholelithiasis, choledocholithiasis,
inspissated bile or neoplasia. Pancreatic disease is the most common cause of EHBO in small
animals. Scar formation may occur in or around the duct, or the duct may be compressed by fibrotic
or inflamed pancreatic tissue. Animals with EHBO should have electrolyte and fluid abnormalities
corrected before surgery. Coagulopathy considerations and peri-operative antibiotic use is similar to
what was discussed earlier under hepatic surgery.

Extrahepatic biliary injury may be caused by blunt or penetrating trauma. Common bile duct,
gallbladder, cystic duct, or hepatic duct lacerations may cause bile peritonitis or a localized
inflammatory process with adherence to surrounding organs. Necrotizing cholecystitis occurs when
bacteria damage the gallbladder wall, which often results in peritoneal spillage of bile. This may lead
to the development of severe, generalized septic peritonitis. Sometimes bile becomes inspissated
before the gallbladder ruptures, and spillage of the relatively thick, gelatinous substance into the
cranial abdomen causes a localized peritonitis. Adhesions or fistulous tracts occasionally occur
around the gallbladder.

Animals with EHBO should be differentiated from those with intrahepatic cholestasis causing partial
obstruction, because EHBO often requires surgery whereas intrahepatic cholestasis can usually be
managed medically. The indications for surgery in animals with suspected extrahepatic biliary
obstruction are not set in stone. An increasing serum bilirubin level over 7 to 10 days in the absence
of primary hepatic disease or pancreatitis, combined with supportive radiography or ultrasonographic
evidence of obstruction, is generally considered to be an indication for surgery. Dogs with EHBO due
to pancreatitis seldom require surgery, although rare patients that do not respond to appropriate
medical therapy may require a drainage procedure.

Surgical anatomy
A thorough knowledge of the surgical anatomy and the anatomical differences between cats and dogs
is essential before performing hepatobiliary surgery on these patients.

The hepatic and cystic ducts, the common bile duct and the gallbladder constitute the extrahepatic
biliary system. Bile drains from the hepatic ducts into the bile duct and is stored and concentrated in
the gallbladder. The gallbladder lies between the quadrate lobe of the liver medially and the right
medial lobe laterally. The cystic duct extends from the neck of the gallbladder to the junction with the
first tributary from the liver. From this point to the opening of the biliary system into the duodenum, the
duct is called the bile duct. The bile duct runs through the lesser omentum for approximately 5 cm and
enters the mesenteric wall of the duodenum. The bile duct of cats and dogs is generally
approximately 2-3 mm in diameter. The canine bile duct terminates in the duodenum near the
opening of the minor pancreatic duct. This combined opening of the minor (accessory) pancreatic
duct and the bile duct is the major duodenal papilla. The feline bile duct usually joins the major
pancreatic duct before entering the duodenum. Thus, cats with intestinal and hepatic disease may be
at increased risk for pancreatitis caused by ascending infection.

Surgical techniques

Exploratory laparotomy should be performed when i) leakage of bile into the abdomen is suspected,
i) biliary obstruction appears to be caused by a condition other than pancreatitis; iii) neoplasia (biliary
tract, intestinal, or pancreatic) or iv) biliary calculi is suspected. During exploration, the patency of the
common bile duct must be confirmed by manually expressing the gallbladder or by catheterizing the
duct, either retrograde (from the duodenum) or in some cases normograde (from the gallbladder).
The treatment of animals with EHBO secondary to pancreatic disease initially consists of medical
management of the pancreatitis. If clinical or laboratory improvement is not seen within 7 to 10 days
of initiation of therapy, cholecystoduodenostomy or cholecystojejunostomy may be considered. In
extremely ill patients with biliary obstruction that cannot undergo surgical exploration, temporary
decompression of the gallbladder may be considered using ultrasound-guided aspiration.
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Tube drainage of the biliary tract, tube chloecystostomy, cholecystotomy, cholecystectomy,
choledochotomy and primary repair of biliary trauma trauma are some of the surgical techniques that
will be briefly discussed in this lecture.

Suture materials and instrumentation

Absorbable suture material should be used in the biliary tree because non-absorbable suture may act
as a nidus for stone formation. Biliary duct surgery is aided by the use of small instruments such as
those used for ophthalmic surgery. With biliary diversion surgery, the gallbladder should be emptied
with a syringe and needle, or a needle and suction before surgical manipulation, to reduce spillage of
bile during the procedure.

Post-operative care

Fluid therapy should be continued until the animal is able to maintain hydration with oral fluids.
Electrolytes and acid-base status should be assessed and corrected during the post-operative period.
Many patients with bile peritonitis are debilitated before surgery, and nutritional supplementation and
temporary biliary diversion may be beneficial. Antibiotic therapy should be continued for 7 to 10 days
if cholecystitis was present, or if bile leakage occurred before or during surgery. Open abdominal
drainage may be considered in patients with generalized bile peritonitis. Biliary diversion surgery in
cats is commonly associated with intraoperative and postoperative hypotension and anemia. Careful
monitoring of these cases during intra- and post-operatively is essential.

Complications

Surgery of the extrahepatic biliary tree requires technical competence and sound surgical judgment to
prevent serious complications. Potential complications after cholecystectomy (particularly if
perforation was present) include generalized peritonitis, shock, sepsis, hypoglycaemia,
hypoproteinemia, and hypokalemia. Close monitoring of clinical signs, blood pressure, complete blood
count (CBC), biochemical profile, and coagulation tests during the postoperative period is advised to
allow diagnosis and treatment at the earliest sign of a surgical complication or systemic inflammatory
response syndrome. Stricture, bile leakage, and dehiscence may occur after surgery of the common
bile duct. Ascending cholangiohepatitis may occur in some animals after biliary diversion, particularly
if the stoma of the enteric-biliary anastomosis is too small and intestinal contents remain in the
gallbladder lumen for prolonged periods. Long-term complications after biliary decompression include
cholangiohepatitis, recurrence of obstruction, and chronic weight loss.
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ABSTRACT

Lumbosacral disease is a common condition mainly affecting large breed dogs. The common
presentation is marked pain over the LS joint. However some dogs can develop neurological
derangements in the hindquarters from ataxia to urinary and faecal incontinence. MRI is the gold
standard in detecting DLS, however CT can be helpful on its own or in combination with MRI. Medical
management should be tried as a first line in patients that present with pain as the only clinical sign.
Unresponsive and patients with neurological derangements should have surgery. Surgical treatment
is controversial however the general consensus is that a dorsal laminectomy should be performed to
provide decompression of the cauda equina. A number of other procedures are combined with a
dorsal laminectomy at the surgeon’s preference to best treat the condition in their minds. The
prognosis is good in patients presenting with pain and mild neurological derangements. The
prognosis is poor in patients presenting with urinary and faecal incontinence.

INTRODUCTION

The understanding of lumbosacral disc disease otherwise know as degenerative lumbosacral stenosis
(DLS) has changed dramatically in the last few decades. We now have a better understanding of the
signalment of the presenting patient, the imaging of the patient and diagnosis of significant disease.
Unfortunately we still have no idea as to what is the best method of treating the disease. The
condition was though to occur exclusively in the German Sheppard and working dogs. With the
increased availability of MRI in small animal practice we are imaging more dogs and finding DLS of a
wide range of breeds.

The clinical signs of DLS are very important and form an integral part of the diagnosis of DLS. It is
important to understand the clinical signs in relation to the specific anatomy of the lumbosacral joint
(LS). The spinal cord in the dog ends within the vertebral body of L6. From there the nerve roots run
in the lateral recesses through L7. The LS joint acts s a hinge between the powerful hindquarters and
the spine to transfer the propulsion force of the hind legs through the spine to move the body
forwards. The LS joint is a high motion joint, which is thought to play a role in the development of the
secondary changes that lead to DLS.

The changes obvious changes are spondylosis deformans, hypertrophy of the dorsal annulus,
hypertrophy of the synovium of the facet joints, collapse of the disc space, telescoping of S1 into L7
and narrowing of the intervertebral foramin. These changes all lead to a decreased range of motion in
the LS joint and compression of the nerve roots. Radicular pain from compromise to the vascular
supply has been reported but is difficult to demonstrate.

The generally accepted theory is that this is a disease of instability at the LS joint. This is however
impossible to convincingly demonstrate in any imaging technique. Given this it is still unknown what
role the instability post surgery plays and how to best manage these cases. Recent studies using
positional CT are showing some improvement in our ability to determine this instability

Clinical signs are imperative to the accurate diagnosis of DLS. A patient without clinical signs should
not have surgery or medical management of this condition. The two most important factors that
indicate treatment is needed for DLS are clinical signs of pain, ischiadic nerve involvement and
advanced imaging of LS compression.

Lumbosacral lesions can cause abnormal gait in the hindquarters, this is due to the lower motor
neuron type lesion of the ischiadic nerve. This leads to a relative hyper-reflexia of the femoral nerve
reflex test (patella reflex) due to loss of the inhibition from the caudal thigh muscles innervated by the
ischiadic. There will then on testing the ischiadic nerve reflexes be a hyporeflexia. However pain on
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direct palpation of the LS joint or extension of the LS joint is the most common clinical sign seen.
Incontinence results from damage to the pudendal and pelvic nerve. The bladder is generally lower
motor neuron and easily expressed. Faecal incontinence is form loss of anal tone. Regardless of any
other clinical signs once the patient develops incontinence the chance of a return or continence is
poor, around 50%.

Working dogs can show a increase in cinical signs after working. This is thought to be due to
claudication of the LS area. This is failure of effective vasodilation of the vessels in the affected nerve
roots.

Radiographs can give an indication of possible LS disease. However DLS can be seen in patients
with normal survey radiographs. In any case radiographs should be taken to rule out any other
conditions of the spine and hips. Normal radiographic myelogram is seldom helpful as the
subarachnoid space narrows extremely over L7-S1 leading to poor contrast filling. This leads to poor
image quality that is most often non-diagnostic.

Computed tomography can be helpful in the case of mineralised disc material in the canal. This can
be detected on CT easily. Computed tomography is excellent to view the narrowing of the vertebral
canal, the facets and the intervertebral foramina.

Magnetic resonance imaging is the gold standard in making a diagnosis of DLS. This will detect the
soft tissue compression of the cauda equina. A recent study has shown the potential of MRI to image
the intervertebral foramina accurately. Ideally one would like to combine MRI with CT in evaluation of
these patients. The big concern with MRI is that it can lead to over diagnosis and this is the reason
why it should always be combined with clinical signs of LS disease before recommending surgery.

TREATMENT

Medical treatment is the first starting point for these cases when they are mild. Dogs non-responsive
to medical management or with neurological signs should be treated with surgery as soon as
possible.

Medical management entails oral administration of NSAIDS, Tramahexal and 3-4 months of activity
restriction with physiotherapy. A new approach has recommended a corticosteroid epidural of
Celstone soluspan repeated 2 weeks then 6 weeks. A dose of 1ml for a small dog and 2ml for a large
dog is the recommended dose (personal communication).

If the clinical signs return then surgery is indicated. In patients with incontinence surgery carries a
guarded prognosis of 50% recovery.

Surgical treatment is simple and complex all in one sentence. Almost all authors will agree that a
dorsal laminectomy forms the basis of surgical intervention. This entails removal of the dorsal lamina
of L7 and S1 leaving the articular facets intact. This will allow space for the trapped nerve roots to
move and stop the telescoping of S1 into L7 by removing this section of bone.

Now the story becomes complicated. It was found that dogs with incontinence responded poorly to
dorsal laminectomy alone and better to laminectomy combined with traction-fusion. The traction-
fusion theory is that is addresses the instability, which is cause or consequence of the DLS? Further
concerns are is there entrapment of the nerve root leaving the foramin? Do we need to remove the
type Il disc if we have removed the lamina? This has created a whole host of procedural combinations
used with a dorsal laminectomy.

Discectomy

Removal of the type Il disc using a scalpel blade. The nerve roots are gently retracted out the way
with a nerve root hook and the disc cut out. One must be very careful not to damage the nerve roots
with the scalpel. Discectomy is thought to worsen the instability and collapse of the intervertebral
foramina and will often be combined with a stabilisation technique.
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Foraminal decompression or facetectomy

An upcut spinal ronger or Kerrison bone punch is used to remove soft tissue and bone believed to be
obstructing the nerve root passage through the foramin. This is a danger area any false move and the
nerve root is gone. A facetectomy entails removal of the articular facet on that side. This allows
excellent visualisation but massively decreases stability and is not recommended.

Dorsal traction-fixation-fusion

The goal of this is to alleviate the compression from the telescoping of the S1 into L7 and open up the
collapsed intervertebral foramina. There are a few ways of performing this. The main goal is to pull L7
and S1 into the normal position as determined by the articulation of the articular facets then stabilising
them in place. The first is to place pedicle screws in the vertebra and then connect these screws with
bone cement or rods. This provides good stability but recent studies have show accurate placement
of the screws is only achieved in 70% of the screws. Little clinical effect is however seen from screws
not placed perfectly. The other is to place trans articular screws through the facet joints. This is
technically much easier but the merits are questionable. It has been shown that on follow up at 12
months 5 of 17 dogs had implant failure with little or no clinical signs. This begs the question as to
what function the screws were serving in the first place.

Some authors have advocated ventral disc removal and traction stabilisation but this has not been
fully explored as yet.

The current thinking is less is more and most authors will perform a dorsal laminectomy with removal
of the disc as a standard. If they feel the need on that day they will adopt one of the stabilisation
techniques in combination with the dorsal laminectomy and discectomy.

Postoperative care

This entails rest for 3 months with slow controlled walking and physiotherapy. Hydrotherapy can be
helpful to make a full recovery. A slow return to normal activity over a period of a month is
recommended. | will generally send them home on a course of NSAIDS and Tramahexal.

PROGNOSIS

The prognosis is generally good in most patients that maintain continence. Dorsal laminectomy
provides immediate relief of pain dogs that had foraminal decompression showed no difference from
dogs that had laminectomy alone. Traction fusion cases seemed to do as well as laminectomies
alone. The general success rate ranges from 73-90% in the literature.
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ABSTRACT

Medial patella luxation is an extremely common condition of both small and large breed dogs. It is
most commonly seen in small breed dogs but the prevalence is increasing in large breed dogs.
Medial patella luxation usually occurs together with a conformational deformity of the femur. This
needs to be taken in to account in the correction of this condition. Surgical correction consists of soft
tissue reconstruction and bone correction to correct the alignment of the patella mechanism. The
complication rate with surgical correction remains high with the most common complication re-luxation
of the patella. The current thinking is to investigate correction of the underling conformational
deformity to prevent this re-luxation. Correction of this femoral deformity should be made on
measurements of the centre of rotation of the femur to quantify the degree of the corrective
osteotomy. Femoral corrective osteotomies are technically difficult surgery but the recent results of
success are very promising.

INTRODUCTION

Medial patella luxation (MPL) is a common developmental orthopaedic condition of the canine patient.
Small breed dogs are more commonly affected by the condition than large breed dogs. However
MPL is more commonly detected in large breed dogs than lateral patella luxation.

Patella luxation is easily detected clinically with palpation of the patella luxating medially from the
trochlear groove with the leg in extension. The condition is more complicated than just a patella
luxation. These patients will usually have associated musculoskeletal abnormalities. These include,
medial displacement of the quadriceps muscle group, distal femoral varus, hypoplasia of the medial
condyle and rotation tibial deformity. Clinically these patients have been graded as to the degree of
patella luxation through full range of motion (Table 1). This grading system takes into account the
effects of the other components of the condition by their effect on the patella. The grading system
does not quantify the underlying components of the condition that have lead to the patella luxation.
The big concern is that a grade 2 or 3 luxation can be present in a patient with a marked femoral
varus and another patient with a mild femoral varus. This does not allow us to accurately determine
the best way forward in regards to surgical treatment of each individual patient. Grade 4 patients
mostly have moderate to severe osseous deformities that need correcting.

Table 1.

Grade Description

Grade 1 Patella can be luxated but spontaneous luxation seldom occurs. Once the patella
has been luxated during clinical exam, the patella spontaneously reduces when
the examiner releases pressure. The patella is stable in the trochlear in full range
of motion

Grade 2 Angular and rotation deformities of the femur may be present. The patella can be

luxated and remains luxated through full range of motion unless reduced by the
examiner. The animal can clinically reduce the patella and this is seen with the
skipping gait. Once reduced the patella remains in the trochlear groove for the full
range of stifle motion.

Grade 3 Angular and rotational deformities are often present. The patella remains luxated
most of the time, The patella can be reduced by the examiner however normal
range of motion of the stifle lead to luxation of the patella.

Grade 4 Moderate to severe angular limb deformities are often present. The patella is
permanently luxated and cannot be reduced to the trochlear groove at any point in
the normal rang of motion of the stifle. The trochlear groove itself is often shallow
Or CONVex.

Adapted from Fossum Et al.
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There are many suggestions put forward to explain how MPL occurs. Some authors suggest that the
pathogenesis in small breed dogs is different from large breed dogs. A reasonable suggestion is that
MPL develops form a decreased angle of inclination of the femoral neck, coxa vara. This leads to
marked angular deformities of the distal femur from bowing of the distal femur, genu varum. This
causes a relative tibial varus and internal rotation of the tibia on the femur. The patella is then forced
laterally due to the pull of the medial thigh muscles and hypoplasia of the medial condyle. Other
studies have shown an increased angle of inclination of the femoral neck is associated with patella
luxation in small breed dogs. Large breed dogs seem to have a relatively normal conformation of the
femur when compared with small breed dogs. However large breed dogs with MPL tend to have a
relative degree of patella alta when compared to the conformation of normal large breed dogs, this
may be cause or consequence of MPL in large breed dogs.

SURGERY

Surgical repair of patella luxation should be performed on animals showing clinical signs of lameness
associated with the patella luxation or in young animals to prevent the long-term complications later
on in life form the patella luxation. The main goal of surgical repair is re-alignment of the patella
quadriceps mechanism leading to normal sliding of the patella in the patella groove. Surgical repair
has two categories, release or augmentation of the soft tissue components and corrective distal
femoral osteotomy (CDFO) or tibial crest transplant (TCT). It has been shown that soft tissue
procedures performed without osseous correction have a high failure rate and should never be used
as a sole method of repair. Surgical complications using the current techniques are reported as high
as 85-48%. Surgical complications using the TCT in combination with soft tissue repair techniques are
reported to be as high as 20%. These complication rates should be considered to high for a condition
that is relatively common. Surgical repair most often utilizes a combination of soft tissue and osseous
repair to reposition the patella in the trochlear groove. The trochlear groove can then be deepened
using one of the many described techniques for a trochlearplasty. Only techniques that salvage the
hyaline cartilage in the trochlear groove should be used. Other methods of creating a deeper trochlear
groove have been developed in recent times. These consist of RidgeStop™ Developed by Orthomed
UK. This uses a high-density polyurethane implant placed on the medial trochlear ridge to aid in the
treatment of patella luxation. The current recommendation is that is should only be used alone in
cases of mild patella luxation with no marked bone deformity of the leg. However it can be used
together with the osseous corrective techniques to augment repair. Ridge stop offers a less invasive
method to deepen the patella groove to aid in tracking of the patella in the normal alignment. It does
not require the removal of a cartilage wedge to deep in the groove but does require accurate
placement of 3 bone screws in the medial condyle to secure the implant. Kyon have developed an
entire groove replacement made from titanium that the patella slides in. The author has no experience
with this technique. The disadvantage to both these techniques is the increased cost to the client for
the surgery. The implant is significantly more than expensive than a trochlearplasty. This should be
discussed with the client on a case-to-case basis. Our recent experience with Ridgestop™ is that is
provides an adequate method for deepening the trochlear groove with less damage to the cartilage.

Given the high complication rates of soft tissue procedures performed on their own, it is
recommended that they should always be combined with re-alignment of the osseous structures. A
tibial crest transplant has been the standard operation used for re-alignment of the osseous
structures. This technique is simple to perform but can have catastrophic complications. The
complication rate varies from 9-50% for a tibial crest transplant. A corrective distal femoral osteotomy
was until recent times only used for severe cases of patella luxation with a severe femoral varus and
severe patella luxation. In these cases a guarded prognosis was given even though the animals did
improve clinically but were never normal. However recently CDFO has gained popularity in correction
of patella luxation with a moderate femoral varus. The challenge comes in patient selection for a TCT
or CDFO. Most patients presenting with a patella luxation will have plain film radiographs as an initial
step after the clinical exam. Plain film radiographs were shown to be 96% accurate in ruling a patient
out of having a CDFO but only 76% accurate in patient selection for a CDFO. This was performed
measuring the R-aLDFA of the femur, which was found to be an acceptable measurement to assess
the varus deformity. R-aLDFA is a measurement made on radiographs to determine the centre of
rotation of the distal femur, CORA in order to perform a corrective osteotomy. It stands for the
anatomic lateral distal femoral angle. The technique for measurement can be found in most surgical
texts.
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It is recommended given the extra cost to the client that patients that are selected for a CDFO on
radiographs should have a computed tomography scan performed of the femur and the R-aLDFA
should be measured on the CT images. This gives the most accurate measurement of the femoral
deformity in all planes. This allows the surgeon accurate planning for the surgery and gives the best
possible outcome.

The reality of patella luxation surgery is that we don’t understand the cause of the disease in these
patients hence the conflicting literature on how to fix it. Current evidence from 2- 3 small studies are
pointing to wards a lower complication rate with CDFO than TCT. This needs to be evaluated in the
future to best help us treat our patients. The reality is that the TCT with associated soft tissue
procedures is a great surgical procedure in 80% of cases. However in the 20% of cases we see major
complications it can be a nightmare to repair. The 60% of dogs that develop a recurrent patella
luxation at 4-6 weeks post TCT often are asymptomatic. The underlying question is what harm is this
recurrent patella luxation doing to the articular cartilage down the line?

The big challenge and hope of this lecture is that the surgeon will no longer apply 1 surgical technique
to all patients with patella luxation. Instead the surgeon should assess the underlying anatomical
deformities of the patient and plan the surgery from there. The author suspects the high failure rate for
TCT up to 50% is caused by this technique being used in all patients presenting with medial patella
luxation without thought to the underlying anatomical deformities leading to or exacerbating the
patella luxation.
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INTRODUCTION

There are many indications for surgery of the small intestine. Surgical intervention with supportive,
diagnostic or therapeutic intent is routine in both general veterinary practices and referral hospitals.l
Although commonly performed, outcomes for small intestinal surgery can be greatly improved if
certain pre-operative considerations are taken into account and the basic principles of small intestinal
surgery are followed.

ANATOMY

A thorough understanding of anatomy is essential when performing abdominal surgery. A systematic
exploration of the entire abdomen is required when performing small intestinal surgery. The small
intestines are approximately 3.5 times the body length of dogs and cats. The small intestine is
divided into a fairly immobile duodenum, a mobile jejunum and a short ileum. A full anatomical
description of the abdominal organs is beyond the scope of this lecture. The small intestine is
structurally composed of four layers: the mucousa, submucousa, muscularis and serosa. The
submucousal connective tissue is the holding layer of intestine and therefore the key structure to
suture when performing intestinal surgery.2

INTESTINAL HEALING

Generally speaking, intestinal wounds gain strength more rapidly than skin wounds. Healing may
however be delayed by a number of factors (hypovolaemia, hypoproteinaemia, anaemia, concurrent
infection, immunosuppression, metabolic/endocrine disorders and malnutrition) in compromised
animals. Failure to recognize and address these “at risk” patients will result in increased morbidity
and mortality due to wound dehiscence and subsequent peritonitis.> The omentum also plays a
valuable role in intestinal healing. It provides a seal to the anastomosis, enhances the vascular
supply, establishes lymphatic drainage, stimulates granulation tissue and helps to prevent and control
infection.

PATHOPHYSIOLOGY OF INTESTINAL OBSTRUCTION

Intestinal obstruction may be mechanical (e.g., foreign body, intussusception or neoplasia) or
functional (e.g., idiopathic pseudo obstruction) and causes profound effects on body fluid balance.
Consequences include excessive fluid secretion; malabsorption of water and solute; fluid, electrolyte
and acid-base disturbances; and proliferation and translocation of luminal bacteria.® Loss of intestinal
alkaline fluids typically results in metabolic acidosis. If the obstruction is located in the proximal
duodenum, however, gastric fluids that are rich potassium, sodium and hydrochloric acid are vomited,
resulting in a hypochloraemic, hypokalemic metabolic acidosis. Because of these pronounced
consequences, volume loading and circulatory support are critical in affected patients.6

Large fluid losses from vomiting, diarrhoea and sequestration within the intestinal lumen invariably
lead to a dehydrated patient on presentation. Vomition from a proximal small intestinal obstruction
typically presents with severe dehydration and a hypokalaemic, hypochloaemic, hyponatraemic
metabolic acidosis. Patients with a more distal or partial obstruction usually present dehydrated, with
a variable acid-base and electrolyte status.*®
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PRINCIPLES OF INTESTINAL SURGERY

Fluid therapy

Fluid, electrolyte and acid base imbalances should be assessed and treatment initiated immediately
with intravenous therapy. It is advised to attempt to correct 50—75% of the deficit prior to surgery,
unless an acute abdomen indicates immediate surgical intervention.” Most intestinal surgery cases
can be managed with chrystalloids alone, but severe acute cases often require a combination of
colloid, chrystalloid and blood component therapy to support blood volume, maintain systemic
pressures and provide adequate oxygen delivery to the cells.® When protein concentrations are low,
healing will be delayed. A serum albumin concentration < 20g/I constitutes a serious risk for delayed
wound healing. In these cases, suture line re-inforcement should be strongly considered.? Once the
patient is under anaesthesia, fluid deficits will worsen due to the hypotension associated with
anaesthetic drugs, and with the evaporation from the anaesthetic circuit and open abdomen. Surgical
fluid losses occur from tissue damage during dissection. Fluid therapy must be continued throughout
surgery and the post-operative period. To maintain circulatory volume, an appropriate chrystalloid
(20ml/kg/hr) should be administered during surgery. Oncotic support may be indicated in critical
cases. In the post-operative period, fluid rates can be adjusted to the patient's condition, usually at
twice maintenance in the non-complicated case until hydration balance is normal.’ Weighing the
animal once or twice a day can provide valuable information regarding haemodynamic stability of
these patients;.7 The measurement of central venous pressure may also be helpful.l

When to operate?

For lower or partial obstructions, surgery should be performed within 12 hours of diagnosis. This
allows times for correction of fluid, acid-base and electrolyte abnormalities. Most of these imbalances
can be partially corrected and these patients are good surgical candidates within several hours.
Immediate surgical intervention is indicated for complete intestinal obstruction, intestinal perforation,
strangulation, mesenteric volvulus or penetrating abdominal wounds. Bolus fluid therapy and other
emergency managements are instituted simultaneously.l

Antibiotic prophylaxis
The small intestine of dogs normally contains gram-positive and gram-negative organisms. Although
the bacteria present in the small intestine represent a possible source of post-operative infection, the
need for antibiotic coverage during intestinal surgery is still being debated. If prophylactic antibiotics
are used, a number of factors need to be considered:
« The antibiotic should be appropriate for the bacteria that are suspected at the surgical
site.
* The antibiotic should be in the tissues at the time of surgery
« A total of one or two doses are administered, or at most, antibiotics are continued for up
to 24 hours unless ongoing infection is present

Extende02I use of antibiotics does not prevent infection and increases the incidence of resistant
bacteria.

Instrumentation

Small intestinal surgery can be performed without specialized instrumentation, but certain instruments
greatly facilitate most procedures. A Poole’s suction tip, DeBakey forceps and self-retaining
abdominal retractors are essential. Hand held retractors are also very useful to expose deeper
structures. Doyen non-crushing intestinal forceps are useful for occluding the lumen of the bowel
without compromising perfusion of the intestinal wall.

Surgical considerations

The intestines should always be handled gently. Excessive handling and drying of the intestines may
result in vagal response and post-operative ileus. The intestines should be kept moist at all times
because surgery lights are very desiccating to these delicate tissues. Hands/fingers are the best
“instruments” for examining the intestines and occluding the bowel lumen. Only the tips of the forceps
should be used on the serosa of the bowel, as opposed to grabbing and crushing all the layers of the
intestine. Similarly the adventitia of any blood vessel should be grasped, and not the vessel itself.
Dissection should always be sharp and precise. Electrocautery should not be used on the bowel
wall. Haemorrhage from transected or incised bowel will soon clot with gentle pressure from a
moistened gauze swab. Likewise, bleeding from the vasa recta or arcuate vessels should be ligated
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with fine ligatures of absorbable monofllament suture material and not electrocautery. Minimal
tension should be applied to the suture line.?

Assessment of Intestinal Viability

Determining bowel viability is difficult because many clinical criteria can either overestimate or
underestimate the amount of intestine that may recover from an ischemic insult. The standard
subjective cr|ter|a for viable intestine include colour, arterial pulsation, peristalsis and bleeding from
the cut edge The bowel should be moistened and warm when assessing these criteria. These
clinical factors do not necessanly correlate with the histological severity of intestinal damage or the
survival of the animal.? Clinicians may be misled by intramural haemorrhage and oedema which invite
a positive prediction of bowel V|ab|I|ty Fortunately, overestimation of an area of resection is not
usually detrimental based on experienced clinical judgement. If viability is questionable, intestinal
resection is the best choice.® Around 75-80% of the small intestine can be resected before permanent
adverse effects are seen (short bowel syndrome). When short-bowel syndrome is a concern the use
of more objective measurements of V|taI|ty such as surface oximetry or fluorescein infusion may be
helpful in the decision making process

Fluorescein is an organic dye that emits a gold-green fluorescence when exposed to ultraviolet to
ultraviolet. Intravenous infusion results in wide distribution within minutes. Using a Wood's lamp to
illuminate the intestines in a darkened surgery suite, a homogeneous gold-green pattern of
fluorescence can be seen if the intestinal blood supply is patent. Non- V|able intestines have patchy
areas of non-fluorescence greater than 3mm, indicating loss of vascularlty Surface oximetry may
also be useful for the assessment of bowel perfusion and has shown reliable results. One limitation is
however that the surface oxygen tension electrode measures a serosal surface area of a few
millimetres in diameter and patchy segments of ischaemia can be missed.?

Exclusion draping

Following the initial exploration of the abdomen, the affected areas of bowl should be isolated and
excluded (packed off) from the remaining abdominal contents. This is achieved by careful placement
of at least four large laparotomy swabs moistened with warm sterile saline. The swabs act to protect
the abdomen form contamination in case of inadvertent leakage from an enterectomy or enterotomy.
This also keeps the abdominal content moistened and decreases heat loss. Small gauze swabs
should not be used in the abdomen unless the surgeon is always prepared to perform a pre, intra and
post-operative swab count."

Suture material

The selection of suture material should be based on the known biological properties of the suture and
the particular clinical situation in which it is going to be used. Monofilament synthetic absorbable
(polydioxanone, polyglyconate) or non-absorbable (nylon or polypropylene) sutures are excellent
choices for enteric closure. The use of multifilament suture materials have been described but they
produce more, tlssue drag than monofilaments and may potentiate infection in the presence of
contamination.> Monofilaments are less susceptlble to bacterial adhesion and allow easier clearance
of bacteria by host defence mechanisms.™

Factors that induce inflammation at the i |nC|S|on site prolong the lag phase of wound healing and delay
wound healing and return of strength Inflammation activates bowel wall collagenase, which
degrades collagen within the wound and erodes the foundation in which sutures are anchored. All
suture materials produce an inflammatory reaction after placement because of their foreign body
nature and the mechanical disruption and manipulation of tissues that occurs with their placement
Multiflament suture materials produce a greater inflammatory response than monofilaments.*? Catgut
stimulates an inflammatory response during its absorption Wh|ch occurs very quickly when it is
exposed to proteolytic action of gastrointestinal secretions.” A fine suture material is always
indicated, usually 4/0 or 5/0 and occasionally 3/0 in size. A common error is to use too large a size of
suture material.

Stay sutures are atraumatic and can be used to manipulate the bowl as needed. As early as 1887,
submucosa was recognised to be the strongest part of the intestinal wall. It is therefore critical to
include this layer into the enteric closure. Good submucousal apposition can result in primary
intestinal healing with direct bridging of the defect. Poor submucosal apposition results in healing by
second intention with indirect bridging of the submucousal layer and a prolonged presence of an
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epithelial defect.® Submucousal apposition is poorer with two layer closure than single layer

closure.’® Two layer closures also result in avascular necrosis of the inverted cuff of tissue which
prolongs the lag phase of wound healing. These closures also result in more intraluminal protrusion
of tissues making the animal more prone to obstruction. Single layer closure, with direct apposition of
the submucousa is therefore preferred in dogs and cats. Everting patterns are also best avoided as
they are more likely to elicit adhesion formation.™ Approximating suture patterns avoid these potential
complications.  Although approximating patterns often show some degree of eversion, they offer
consistently good results and do not obstruct the lumen. The mild degree of eversion seen with these
patterns does not obstruct the intestinal lumen and does not pose a significant clinical concern in
small animal intestinal surgery. Accurate apposition is difficult to obtain, due to the tendancy for the
redundant mucousa to bulge outward from the lumen. Mucousal eversion can be minimized by
mucousal trimming with metzenbaum scissors, modifying a simple bite to a Gambee suture and by
using a simple continuous suture pattern.l

Knot tying force

The amount of force applied to the knot is applied naturally by the experience of the surgeon. The
rule of thumb is that tissues should be well opposed without being crushed. Crushing the tissues
between the sutures inhibits angiogenesis and impedes wound healing.2

Suture line re-inforcement

The omentum is a mesothethelial membrane that has been referred to as the “abdominal policeman”.4
It has extensive vascular and lymphatic supply and has proven angiogenic, immunogenic and
adhesive properties that assist in controlling infection, restoring blood supply and establish lymphatic
drainage.l7 Studies have shown that when the omentum is wrapped around an avascular small
intestinal anastomosis it is capable of establishing an adherent sheath which prevents perforation and
fatal leakage as well as re-vascularizing the region. The omentum can easily be positioned to allow
complete coverage of almost any small intestinal anastomosis site. Unfortunately the omentum will
not prevent leakage in all cases and serosal patching may need to be considered in some patients.18

The jejenal serosal patch has been referred to as the surggical parachute: “It is rarely needed, but
when the occasion arises, nothing else can take its pIace".1 It has been clinically shown to reliably
seal contaminated and grossly infected intestinal perforations in dogs. A loop of healthy jejenal that
can easily reach the surgical site in question is selected. The antimesenteric border is placed over
the questionable suture line and secured with a row of simple interrupted sutures of 3-0 or 4-0
monofilament suture material along either side. Each suture should include the submucousa of both
segments of bowel. Although this process is time consuming, its use may prevent serious
complications after surgery.

Abdominal lavage and suction

Thorough lavage of the abdomen with copious amounts of warm ringers lactate and diligent
suctioning before closure are considered to be essential for improved outcome. Repeated irrigation
and suctioning of the abdomen until the fluid is almost clear acts to reduce contaminating bacteria and
debris, removes residual blood, warms the abdomen, moistens all the organs and enable a final
check of the cavity.™
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ABSTRACT

Dogs presenting with acute onset of spinal pain and/or neurological deficits are often suffering from a
condition called Intervertebral Disc Disease (IVDD) and showing the early signs of Intervertebral Disc
Prolapse (IVDP). This disease is hereditary and more frequently found in small breed dogs with the
Dachshund being overrepresented. Pekingese and Maltese and are often also affected. The condition
occurs due to an early chondroid degeneration of the nucleus pulposis in the intervertebral disc
space. In some cases protrusion and extrusion of this central disc material occurs and results in
entrapment of the spinal cord and adjacent nerve roots. The thoracolumbar region carries by far the
highest incidence of disc protrusion and will be the emphasis of this article. Clinical signs include
change in behaviour; yelping when picked up, tense abdominal and paraspinal muscles and hind limb
ataxia. Acute paralysis may be immediate in cases where prolapse of the central nucleus pulposis is
explosive or it may become apparent with time as more disc material leaks out through the rupture.
Surgical decompression is indicated in almost all cases of disc prolapse where neurological signs are
evident and no improvement occurs within a 24-48 hours period. Success rate with the procedure is
high and many dogs regain full function following surgery.

INTRODUCTION

Intervertebral Disc Disease (IVDD) is a hereditary condition and the most common cause of
myelopathy in dogs. It is found in all breeds, but particularly prevalent in the Dachshund and other
chondrodystrophic types. It is caused by an early degeneration of the nucleus pulposis of the
intervertebral disc. The loss of ability of the disc to withstand pressure prevents them from acting like
a shock absorber and may result in secondary degeneration and rupture. The nucleus sits
eccentrically within the disc space and thus excessive pressure results in a dorsal rupture of the
annulus followed by protrusion of the nucleus into the vertebral canal. This is known as Intervertebral
Disc Prolapse (IVDP). Compression of the spinal cord within the canal, as well as entrapment and
irritation of the adjacent nerve roots, results in the clinical signs that we are frequently see.

Disc degeneration in dogs has been categorised as either Hansen Type | (Chondroid degeneration),
which occurs largely in small breeds of dogs and results in a frank prolapse with extrusion of the
calcified disc material into the vertebral canal or Hansen type 2 (Fibrinoid degeneration), which is
more prevalent in large breed dogs and presents as a chronic protrusion resulting in progressive
nerve compression, pain and neurological deficits.

This paper will concentrate largely on Hansen type 1 degeneration and in particular of the
thoracolumbar spine. This is a condition that affects young, chondrodystrophic breeds. One study
indicated that only 5% of dogs with thoracolumbar disc disease are older than 8 years.

HISTORY AND CLINICAL EXAM

The clinical signs of thoracolumbar IVDP can look deceptively like early gastrointestinal disease.
Dogs appear hunched and uncomfortable, they frequently yelp when they are picked up. Behavioural
changes like not wanting to jump, abnormal micturition and defecation and general exercise
avoidance are common. Once neurological signs like hind limb incoordination, ataxia, and even
paresis and paralysis show, the cause becomes more apparent. Paralysis may progress very rapidly
and it is well documented that a fast progression of clinical signs correlates to more severe IVDP and
a poorer prognosis, especially if surgical decompression is not achieved rapidly. A useful guideline for
poorer prognosis without surgery is more than 12 hours from loss of hind limb motor function and
more than 6 hours from loss of deep pain sensation.
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The first step in diagnosis is always to obtain a good clinical and treatment history. Record the age of
the patient; establish how long ago the problem started and what the patient was doing when clinical
signs were first noticed. There is often little or no history of trauma involved. We need to know how
fast the clinical signs have progressed and what previous treatments were given, as these could
influence our prognosis. We need to determine whether the dog has had any previous incidents of
spinal problems or of showing similar clinical signs.

Clinical examination should always begin with observing the patient’'s mental and ambulatory status.
Place the animal on the floor of the consulting room and get an idea of whether you are dealing with
an orthopaedic or neurological problem. If neurological, are clinical signs related to the central or
peripheral nervous system? Use this time to assess the level of pain and degree of motor function.
Even dogs with bilateral pelvic limb paresis, may show slight motor function. This provides us with
more information on the functional status of the spinal cord and greatly improves the prognosis. Large
breed dogs are often easier to examine outside the consulting room on a “non-slip” surface, where
they can be trotted out and turned in circles. Carefully note any muscle atrophy, asymmetry, ataxia,
high stepping gait abnormalities or dragging of the claws. “Root signs” caused by compression of
specific nerve roots will manifest as pain or lameness in a limb and provide us with further valuable
information. Remember that treatment with an anti-inflammatory could mask the clinical signs and
make the assessment of the hyperpathic level inaccurate. It is important to know this information up
front.

A “screening” neurological examination for hind limb paresis / paralysis consists of assessing
conscious proprioception and testing hind limb reflexes including patella and cranial tibial reflexes.
Cutaneous and perineal reflexes may also help to localise the lesion. Palpation with light pressure on
the dorsal spinal processes is likely to elicit a hyperpathic level and this can be surprisingly accurate
in determining the level of the disc prolapse. Assessing and understanding conscious deep pain
response is vital to the ultimate prognosis and owners usually require this information before
conceding to the costs of the diagnostic modalities and treatment options suggested. A simple
withdrawal reflex is often confused with conscious deep pain sensation and is not an indicator of the
same favourable prognosis.

DIAGNOSTIC IMAGING

In most cases, clinical assessment provides enough clarity to diagnose the condition of IVDP, but it
gives no clear direction with regard to actual disc space affected or lateralisation of the prolapsed
material. This information is required for surgical decompression. Good quality survey radiographs
give some idea as to number of calcified, dehydrated disc spaces present and may even show
comparably narrowed disc spaces, but is unable to confirm herniation. Lumbar myelography, MRI or
CT scans are still needed for accurate localisation in order to achieve decompression.

Advanced diagnostic imaging modalities have greatly assisted the practitioner in making diagnoses in
spinal patients; however these techniques are not a substitute for a thorough clinical work-up and
good quality survey radiographs. Magnetic Resonance Imaging (MRI) and Computer Tomography
(CT) examinations are much more likely to be diagnostic if the clinical examination has narrowed
down the area of interest to a small segment of the spinal cord. Narrower image slices can then be
utilised to identify and quantify the lesion. Understanding the scope of MRI/CT verses conventional
myelography is important.

Collection of cerebrospinal fluid (CSF) at time of myelogram is easy and can be useful especially for
differentiating between inflammatory, infectious and neoplastic conditions. It should routinely be sent
for analysis, unless the diagnosis of IVDP can be confirmed by the myelogram.

TREATMENT OPTIONS FOR IVDP

To date, surgical decompression of confirmed IVDP in cases with significant neurologic deficits is the
only feasible treatment option. In some cases, veterinarians or owners may get away with
conservative or medical options, but the risks of this far outweigh the benefits. Owners need to have it
explained to them, that prolapsed disc material is essentially a foreign body to the dog’s immune
system. The inflammatory response mounted by the body, as well as the neurogenic pain caused by
the physical compression from prolapsed disc material, is extremely painful and recovery is
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statistically prolonged without surgery. Furthermore the risks of the residual compression causing
ongoing chronic damage to the spinal cord and nerves needs to be considered.

When medical management is instituted for financial reasons or in animals with mild, non neurological
clinical signs, it involves a combination of enforced rest, use of analgesics and muscle relaxants, as
well as physical rehabilitation. Previous studies suggest that medical management can be successful
in up to 80% of ambulatory dogs, but only 45% of non-ambulatory dogs. These results are extremely
optimistic when it comes to dogs that have lost motor function or conscious deep pain sensation.

The preferred technique for surgical decompression in the thoracolumbar region differs marginally
based on the location of the disc material and the surgeon’s preferred approach. Variations include
dorsal laminectomy, hemilaminectomy, mini-hemilaminectomy, pediculectomy and lateral corpectomy.
Dorsal laminectomy, which removes the dorsal lamina, is a slightly easier approach to the cord, but
only gives limited access to the disc material trapped ventral to the spinal cord. Pediculectomy, which
as its name suggests, involves the removal of the lateral wall of the vertebral canal, is technically
more challenging, but leaves facet joints and dorsal spinal processes unharmed and therefore causes
the least iatrogenic instability. A modification of both techniques is used when surgeons remove the
facet joint and in this way gain better visualisation of the cord, but marginally increase instability.

More recently, an article has described a technique known as corpectomy. In this technique, the
surgeon works ventral to the vertebral canal and longitudinal ligament and selectively drills away the
vertebral floor adjacent to the affected disc space. Whilst some degree of weakening of the vertebral
body may occur, the incidence of vertebral fractures post surgery is uncommon and the technique is
particularly useful for chronic and adhered disc protrusions.

In the caudal lumbar region, where the wings of the ilium make the approach to the pedicles virtually
impossible, most surgeons prefer a dorsal laminectomy technique. The nerves of the cauda equina
allow for removal of disc material from between them, meaning that minimal damage to the distal
spinal cord occurs.

Intervertebral disc fenestration is a technique described to remove nucleus pulposis material via a
lateral approach to the disc and hopefully avoid its herniation into the vertebral canal at a later stage.
It is generally not recommended alone as a treatment for disc herniation, as it doesn’t remove the
already herniated material and it is controversial whether it should be used prophylactically in dogs
without clinical evidence of disc herniation.

POST OPERATIVE CARE

Neurosurgical patients are often significantly debilitated following decompression and until their
normal range of function returns, they require a huge amount of nursing care in order to allow them to
recover optimally. It is important that the hospital nursing staff has a high level of training for this and
are properly informed of which parameters need to be monitored. The post-operative care of spinal
patients can basically be divided into pain control, the nutritional management, bladder management,
physical rehabilitation and the management of pressure sores and other complications.

PROGNOSTIC INDICATORS

In general the outcome in dogs with chronic annular protrusions (Hansen type 1) is significantly worse
than in dogs with nuclear extrusions (Hansen type 1). Factors that influence prognosis include amount
of disc material extruded and rate with which it was ejected. Rate of deterioration of the dog’s clinical
signs, presurgical neurologic status and amount of spinal cord swelling noted on myelographic study.
Obesity, which is common in the chondrodystrophic breeds, is a significant negative factor and
owners should be warned accordingly that their dogs will suffer higher post operative morbidity.
Functional recovery is defined as being ambulatory with normal urination post surgery. This may
occur despite some residual disc material remaining in the vertebral canal. Although studies have
been done, it is unclear what reserve capacity the spinal cord has to cope with this material and the
resultant compression.

CONCLUSION

IVDP is the most common cause of myelopathy, especially in small breed, chondrodystrophic dogs. In
the early stages, the clinical signs are often misinterpreted as having gastrointestinal origin. Due to
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the potential for rapid and catastrophic deterioration in acute cases of disc extrusion, it is important
that vets are aware of the signalment, recognise the condition and give owners the option of
decompressive surgery. To date decompressive surgery is the single best treatment option available,
especially in cases showing severe pain and neurologic dysfunction. An inability to recognise the
condition and act accordingly can significantly decrease the patient's chances of making a full
functional recovery.
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ABSTRACT

Ureteral obstruction can be acute or chronic in nature. Cats are most often affected but it can be seen
in dogs. The most common cause is obstruction due to urolithiasis. However obstruction can be due
to stenosis trauma or neoplasia. These patients often present in an azotaemic crisis due. The reason
for this is that often obstruction and damage to one of the kidneys go unnoticed. The remaining kidney
will hypertrophy and take over renal function. The crisis presents when the remaining kidney
obstructs. Traditional surgical methods are fraught with complications and a high rate of recurrence
due to stricture from fibrous tissue. The introduction of ureteral stents has dramatically increased the
survival time in these cases and decreased the recurrence of urolithiasis. Stents can be combined
with traditional surgery or lithotripsy. The addition of the subcutaneous ureteral bypass system has
decreased surgical time in these compromised patients and further decreased complications.
However subcutaneous bypass being a new technique needs to be carefully evaluated in the long
term.

INTRODUCTION

The diagnosis of a ureteral obstruction can be very difficult. These cases are often detected in
retrospect. The so called big kidney small kidney syndrome represents obstruction of both kidneys, a
chronic obstruction leading to severe fibrosis and atrophy in the small kidney the second being acute
obstruction with marked swelling oedema and hydronephrosis in the large kidney. This patient now
starts off with only one functional kidney that has now obstructed. This represents an emergency to
salvage renal function.

Ureterolithiasis is an uncommon syndrome affecting mainly cats but can affect dogs in some cases.
However the consequences of a complete ureteral obstruction are catastrophic on the kidney.
Complete obstructions need to be decompressed as a matter of urgency to salvage kidney function.
Following ureteral obstructions there is a dramatic increase in ureteral pressure. This leads to marked
changes in glomerular filtration rates (GFR) and renal blood flow. The GFR is decreased due to the
backpressure, which is transferred to the entire nephron system. This leads to a release of vasoactive
compounds, leukocyte infiltration and early fibrosis. This cascade of events further decreases GFR
and leads to irreversible damage of the kidney. Obstruction for 7 days leads to a loss of 34% of renal
function and obstruction for 14 days leads to loss of 54% of renal function in a study performed on
healthy dogs. This damage cannot be reversed.

A recent report showed up to 95% of ureteroliths are made up mainly of calcium oxalate. These
stones cannot be dissolved medically but have to be passed into the urinary tract and excreted.

MEDICAL MANAGEMENT

Medical management of the ureteral obstruction has value in the patient that has early detection of
the obstruction and can be useful in partial obstruction of the ureter. The initial therapy is intravenous
fluid therapy to try “push’ the ureterolith into the bladder and alleviate the obstruction. A constant rate
infusion of Mannitol to increase the pressure in the ureter to move the stone through can be used if
fluid therapy fails. Given the risk benefit ratio of surgery in the past partial obstructions were often left
in place. With recent advances it is best to manage these obstructions to try maintain long term renal
function.

SURGICAL MANAGEMENT

Surgical options allow immediate decompression but are invasive in an already critical patient. There
are many options available to surgically decompress the kidney and divert urine away from the
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blocked ureter. Some of these provide a temporary solution some provide a permanent solution. A
nephrostomy tube can be placed directly into the pelvis of the kidney to relieve pressure and divert
urine away this is obviously a temporary procedure used in patients that will then require another
surgery to remove the obstruction. The reality of this in animals is that they will seldom tolerate this for
a long period of time leading to patient interference of the tube.

Traditionally celiotomy and ureterotomy was the surgical procedure of choice in patients with an
obstructed ureter. There is a high risk of stenosis of the ureter at the site of ureterotomy. This would
however still be the first choice of surgery with neoureterocystostomy being second choice depending
on where the stone was located in the ureter. To perform neoureterocystostomy the obstruction would
have to be in the distal third of the ureter to allow re-implantation to the bladder. Ureteronephrectomy
removes the obstruction but the kidney and its renal function together with the kidney. This is
obviously not an option in a cat with questionable renal function already. That then necessitates renal
transplantation, which carries a big ethical problem for the donor cat and a high cost factor and life
long immunosuppressive treatment.

The complications with these surgical procedures of 30% depending on the procedure selected. Most
complications were from odema, stenosis of the ureter at the surgical site, reformation of stones then
moving into the stenosis and forming an obstruction again. These surgeries take a significant length
of time to perform which can further affect the outcome of the already critical patient.

In one study on ureteral surgery it was found that up to 40% of cats had recurrence of urolithiasis
leading to ureteral obstruction and over 75% had persistent azotemia from initial diagnosis to follow
up. However patients treated surgically performed better than patients treated with medical
management alone. Medical management should be considered, as a first choice but is at best
effective in 17% of cases. It works best for stones less than 2-3 mm in diameter and located in the
distal third of the ureter.

In recent times ureteral stenting subcutaneous ureteral bypass have become the treatment of choice
in these patients. In humans stenting can be performed endoscopically with minimal surgical
morbidity. This is often combined with Holmium: YAG laser lithotripsy to give an excellent success
rate in removal of ureteral stones. Ureteral stenting is then performed post ureteroscopy for post
procedural swelling and spasm of the ureter. Stents and subcutaneous bypass systems have been
used to treat both malignant and benign obstructions in human patients. The subcutaneous bypass
system has been used to treat post renal transplant strictures with excellent success in human
patients.

Ureteral stenting has been well documented in veterinary medicine. Stents do not generally remove
the stone they bypass it in the ureter. The stone can be removed via lithotripsy or surgery if needed.
Stents allow passive drainage of urine into the bladder. They can be performed via cystoscopy in a
retrograde manner in female cats and dogs. This requires expensive equipment and a step learning
curve. They can be passed in an antegrade fashion via a ventral midline celiotomy. This is the general
method for placement. The kidney is isolated and a over the needle catheter is placed into the lateral
surface of the kidney. A guide wire is placed down into the urethra and kidney. A mini cystotomy is
performed to find the guide wire and the stent passed over the wire. The wire is removed.

The technique is difficult in the stents are difficult to handle and require a steep learning curve to
place. The procedure of placing the stent is longer which has been suspected to increase mortality in
these patients. Given this the success rate of stent placement is around 95%. Cases with a stricture
of the ureter have a higher chance of complications. For this reason ureteral bypass is recommended
for cases with a stricture.

Subcutaneous ureteral bypass (SUB) is an indwelling device that completely bypasses the ureter and
drains into the kidney. The device is placed via a ventral midline celiotomy. A locking loop
nephrostomy tube is inserted into the caudal pole of the kidney. This is performed by directing an 18
gauge over the needle catheter in to caudal pole of the kidney aimed at the pelvis. The position is
confirmed with fluoroscopy ideally. A guide wire is then gently passed into the catheter taking care not
to damage the renal pelvis and perforate the opposite side. The locking loop catheter is then passed
over the wire and into the pelvis of the kidney. This is confirmed with fluoroscopy. The Dacron cuff is
then sutured onto the renal capsule to prevent leakage and help secure the catheter. The cystotomy
tube in placed through a stab incision in the apex of the bladder and secured in place with a purse
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string suture. These tubes are then passed through the ventro-lateral musculature of the body wall
into a gently created subcutaneous pocket. These tubes are then connected to the port and the
celiotomy closed up. The surgical time is shorter than placement of a ureteral stent. There is an easier
learning curve to use the implants. Recent studies have shown a lower complication rate and mortality
rate than seen with other alternatives. The long-term results are not certain, as this is a new device
with the longest one in place for 6 years at the time of writing this. However two studies performed by
independent people apart from the developers have shown excellent results in a large number of cats.
The system can then be flushed out every 3-6 months via the port to prevent more stone formation.
There are a few complications seen with the SUB leakage at the nephrostomy/cystostomy tube or
shunting port is most common and is seen in less than 5%. The newer design has all but eliminated
this and | have not seen it in any of the clinical cases | have done. Haemorrhage during nephrostomy
tube placement occurs in less than 1% of cases. This can lead to occlusion of the system with a blood
clot. Obstruction can occur due to debris, purulent material or stones. This can be prevented with the
recommended flushing. The catheters can kink during placement. Urinary tract infections can occur
but can easily be treated.

Extracorporeal shock-wave lithotripsy is a commonplace therapy in human medicine. It can be used in
animals but is expensive and difficult to get access to. A stent should still be placed to aid in drainage
and removal of debris post therapy. The author has no clinical experience with this.
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ABSTRACT

Urinary incontinence is a common disorder mainly of the spayed female dog. It is generally caused by
a loss of tone of the proximal third of the urethra leading to an intermittent incontinence. However it
can be due to a multitude of other factors that need to be ruled out. The common term is urethral
sphincter mechanism incontinence. The initial step of USMI is medical management with a-adrenergic
drugs or oestrogens. If medical management fails surgical treatment is the next step. An intensive
investigation should be undertaken prior to surgical treatment to rule out all other causes for the
incontinence. In the past surgical management has provided poor results of around 50% return of
continence. With the advent of new techniques the successes rates have increased into the 90%
range. Correct patient selection is essential in the decision to correct USMI surgically and with what
technique.

INTRODUCTION

Urinary incontinence is a relatively common condition affecting mainly large breed spayed female
dogs. The condition is often seen in middle age to older dogs. Until now the ability to deal with this
condition proved frustrating and unrewarding.

The causes of incontinence are linked to many underlying conditions. These may be neurogenic
abnormalities, anatomic outflow obstruction, hormonal responsive such as urethral sphincter
mechanism incontinence (USMI), inflammation, anatomic abnormalities such as ectopic ureters or
behavioural. For the purpose of this communication we will discuss USMI this will include patients that
have had corrective surgery for ectopic ureters and are still incontinent due to a poorly developed
bladder neck. We will discuss USMI in regards to the female patient, which is the most common
presentation. However USMI and ectopic ureters can occur in male patients, be it very uncommon
management is similar.

The entire urethral wall is made up of smooth muscle in a circular fashion. This is 25% thicker in the
proximal urethra. In the distal third of the urethra there is an interdigitating of the smooth muscle with
the striated muscle of the urethralis muscle making up the so-called external sphincter. Urine
continence is maintained by a number of factors working together in the pelvic canal. These factors
include the tone of the smooth muscle in the urethra, the tone of the striated muscle, the natural
elasticity of the urethral tissues, the length and diameter of the urethra and the degree of
engorgement of the sub-urethral plexus.

There are a number of factors that predispose to USMI, however, the role-played by each of these
factors and the importance of each is unknown. This explains why surgical treatment of this condition
has proved to be frustrating and often not effective. The identified factors are urethral hypoplasia,
intra-pelvic bladder, brick or gourd shaped bladders, obesity and ovahiohysterectomy (OVH).
Incontinence post ectopic ureter surgery is suspected to be from the fact that the bladder neck did not
form properly due to the intra-mural ureter in the bladder neck. This leads to incontinence that can be
managed as for USMI. Female dogs have a significantly higher amount of collagen in the proximal
third of the urethra when compared to male dogs. This is regardless of whether they have undergone
OVH or not. However there is a significant change in the balance of the ratio between connective
tissue and muscle of the proximal third of the urethra in spayed female dogs. The female urethra is
shorter and wider than the male urethra, these factors are highlighted as the main reason most
presenting dogs are females.
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DIAGNOSIS

Full work up of the lower urinary tract should be done in patients that don't respond to medical
management, patients with a lifelong history of incontinence, patients that don’t respond to medical
management or in the patient that the owner requests it.

Diagnosis of USMI is basically a diagnosis of ruling out all conditions that can lead to incontinence.
These include urinary tract infection, urine pooling and ectopic ureters, even in an older dog. History
is important in the diagnosis; generally these are middle-aged dogs with a history of OVH and
incontinence starting any time from there. The incontinence is generally worse when the patient has
been lying down sleeping. Patients with a lifetime history of incontinence may still have USMI but
should be examined for other congenital conditions.

Ultrasound is essential in the first step of diagnosis. This allows one to look at the urethral neck, get a
sterile urine sample for urinalysis and examine the pelvic cavity for any other abnormalities.
Ultrasound can detect ectopic ureters in most cases but will not rule them out in all cases. The
urinalysis should never be forgotten, as it would be very embarrassing to perform corrective surgery
for a non-responsive incontinence when there is an active urinary tract infection. Once gross
abnormalities of the lower urinary tract are ruled out and there is no urinary tract infection one can
decide on two possible options for the next step. In an otherwise normal adult dog with a incontinence
that has developed in adulthood that has had an OVH medical management can now be attempted.

Contrast radiography is the next step. Retrograde vagino-urethrogram is the best to evaluate the
vagina, urethra, ureters and bladder. It entails retrograde injection of contrast through a Foley’s
catheter inserted just past the vulva. The cuff is then inflated and contrast injected under pressure.
Radiographs are then taken while keeping the pressure on the Foley’s. This allows assessment of the
shape of the bladder, position of the bladder, length of the bladder neck. Excessive pooling of contrast
can give an idea of urine pooling in the vagina. Retrograde vagino-urethrogram will easily detect
ectopic ureters. However if ectopic ureters are expected from the history a computed tomography
excretory urography (CT EU) should be chosen as the next diagnostic test. Computed tomography
excretory urography allows the ureters to be assessed with no overlying tissue. If the results of the CT
EU are non-diagnostic then a retrograde vagino-urethrogram should be performed to correlate with
the results of contrast radiology.

Cystoscopy is only possible in the female patient in the veterinary setting. This entails the passage of
a rigid endoscope into the vagina and urethral opening under direct visualisation. This allows
examination of the vagina for urine pooling, examination of the mucosal surface of the urethra and
neck of the bladder. One can often visualise the openings of the ureters in the trigone or vagina in the
case of ectopic ureters.

MANAGEMENT

Medical management consists of treatment with sympathomimetic drugs such as the o - adrenergic
stimulants or oestrogen supplementation. This is started on a trial basis with the dose being titrated to
effect. This should be given at least 4 weeks to see if there is any response.

Surgical management of USMI and post ureteral ectopica surgery can be classified in the same group
f procedures. In the past the outcome with these procedures was poor. The main goal of all of these
procedures was to increase the resistance provided by the urethra or increase urethral length. The
main concern with these procedures is the potential to make an incontinent animal dysuric from to
much resistance in the urethra. The currently available surgeries that will be discussed here include
urethral bulking agents, colposuspension, urethropexy, transobturator vaginal tape and artificial
urethral sphincter placement. The general Feeling is that urethral lengthening procedures are very
invasive and should only be used in the rare case of extreme urethral hypoplasia. This will not be
discussed here.

Urethral bulking agents are injected via cystoscopy to narrow the urethral lumen and increase
resistance. The most effected and safest agent is collagen. This shows good results with most owners
reporting an increase in the continence score and less need for medication. The duration of the effect
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is questionable and varies from 3 months to 15 months in some reports. This would obviously have to
be repeated

Colposuspension has been one of the older techniques used for many years to manage this
condition. It entails anchoring of the vagina or remnant form OVH to either side of the pre-pubic
tendon thus suspending the urethra. This moved the bladder cranially and increases resistance in the
urethra. The current feeling is that around 50% of dogs are continent after surgery. The remaining
dogs required medical management after surgery to maintain continence. However these dogs
seemed more responsive to medical management. Complications are few with colposuspension the
main being to much resistance leading to dysuria.

Urethropexy entails relocation of the bladder neck to a more cranial position. Given that the bladder in
secured to the body wall a kink is seen in the urethra, which is suspected to increase the resistance of
the urethra. The success rate of urethropexy alone was about 57% similar to that of colposuspension.
Some patients developed a gradual deterioration in continence and needed repeat surgery. When
combined with colposuspension the outcome was considered good in 70% of patients.

Transobturator vaginal tape is a new technique with a cadaver and a small live study supporting it.
The study showed that 6 out of 7 dogs remained continent after surgery and a major complication was
seen in one dog. My understanding is that umbilical tape is passed paravaginal with the help of an
episiotomy to surround the urethra and increase resistance. The results show promise and hopefully
more will be done to advance this technique.

Artificial urethral sphincter placement is a new technique that shows great promise in maintaining
continence. This entails placement of a silicone cuff around the neck of the bladder connected to a
silicone tube. This connects to a port that one can access under the skin in the groin. This allows the
level of resistance in the urethra to be adjusted with ease in the awake patient. This is a major
advantage that makes a repeat surgery unnecessary. The volume of fluid can be adjusted with a
simple injection into the port. Recent studies show 25 out of 27 dogs were continent at 2 years post
surgery. No major complications were seen intra-operatively. The only complication was partial
urethral obstruction that required AUS removal 5 and 9 months after surgery. This was similar to the
initial study performed for development of the device where 92% of compliant owners dogs remained
continent after surgery. Both studies have shown that 30% of dogs become continent after placement
of the AUS alone with no inflation. One should only inflate the device 2-3 weeks after the surgery if
needed. Placement of the device is simple and quick to do and can be done without extensive
equipment.

As one can see there are many options for surgical management of USMI and the good news is that
the success rates are increasing from 50%!
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ABSTRACT

Antimicrobial resistance is one of the greatest challenges currently facing small animal veterinary
medicine. During the past decade, various multidrug-resistant bacteria (MDR) have emerged and
spread among dogs and cats on a worldwide basis. The major current MDR organisms of concern are
methicillin-resistant Staphylococcus pseudointermedius and Escherichia coli producing extended-
spectrum B-lactamase. However, these bacteria are just the tip of the iceberg because multidrug
resistance has diffused in other common bacterial pathogens encountered in general practice, such
as Pseudomonas aeruginosa and enterococci. Understanding why and how antimicrobial resistance
develop is very important in everyday practice. Certain bacteria have intrinsic resistance for certain
types of antibiotics and this should at all times be considered when planning the treatment protocol.
Recent antibiogram data will also be discussed. Measures to prevent resistance should be
implemented in all practices.

ANTIBIOTIC THERAPY?>>®

The aim of antimicrobial therapy is to assist the host's specific and non-specific defense mechanisms
in containing and eliminating invading microorganisms. The ability to do this is also enhanced when
therapeutic drug concentrations are rapidly produced at the site of infection and maintained for a
sufficient length of time. In doing so the pathogen’s ability to replicate is reduced or eliminated.

Antimicrobials may be classified according to three basic features:
* Antibacterial Activity
» Bacteriostatic or bactericidal activity
+ Time or concentration dependant activity

Antibacterial activity

Antibiotics can be considered as being narrow-spectrum if they inhibit only Gram + OR Gram -
bacteria, whereas broad-spectrum drugs inhibit both Gram + and Gram — bacteria. Broad-spectrum
antibiotics are more numerous these days and these terms are seldom used.

Bacteriostatic or bactericidal activity

Some antimicrobials inhibit the growth of a bacterium at one concentration, the minimum inhibitory
concentration (MIC), but require a higher concentration to kill it, minimum bactericidal concentration
(MBC). An antibacterial agent that exhibits a large difference between inhibitory and cidal effects is
considered to be bacteriostatic drug. An antibacterial agent that kills the bacterium at or near the
same drug concentration that inhibits the growth is considered to be bactericidal drug. Benzyl
penicillin is bactericidal at at usual therapeutic concentrations and bacteriostatic at low
concentrations. Other groups of antimicrobials also act in this manner is fluoroquinolones.

Time or concentration dependant activity

The most important factor determining the efficacy of time-dependant activity of certain types of
antibiotics is the length of time that serum concentrations exceed the MIC of a given pathogen.
Increasing the concentration of the drug several fold above the MIC does not significantly increase the
rate of microbial killing. Rather, it is the length of time that bacteria are exp