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1 | INTRODUCTION

R

DELAFORCADE ET AL.

Abstract

Obijectives: To expand the number of conditions and interventions explored for their
associations with thrombosis in the veterinary literature and to provide the basis for
prescribing recommendations.

Design: A population exposure comparison outcome format was used to represent
patient, exposure, comparison, and outcome. Population Exposure Comparison Out-
come questions were distributed to worksheet authors who performed comprehen-
sive searches, summarized the evidence, and created guideline recommendations that
were reviewed by domain chairs. The revised guidelines then underwent the Delphi
survey process to reach consensus on the final guidelines. Diseases evaluated in this
iteration included heartworm disease (dogs and cats), immune-mediated hemolytic
anemia (cats), protein-losing nephropathy (cats), protein-losing enteropathy (dogs and
cats), sepsis (cats), hyperadrenocorticism (cats), liver disease (dogs), congenital por-
tosystemic shunts (dogs and cats) and the following interventions: IV catheters (dogs
and cats), arterial catheters (dogs and cats), vascular access ports (dogs and cats), extra-
corporeal circuits (dogs and cats) and transvenous pacemakers (dogs and cats).
Results: Of the diseases evaluated in this iteration, a high risk for thrombosis was
defined as heartworm disease or protein-losing enteropathy. Low risk for thrombosis
was defined as dogs with liver disease, cats with immune-mediated hemolytic anemia,
protein-losing nephropathy, sepsis, or hyperadrenocorticism.

Conclusions: Associations with thrombosis are outlined for various conditions and
interventions and provide the basis for management recommendations. Numerous

knowledge gaps were identified that represent opportunities for future studies.

KEYWORDS
arrhythmias, heartworm disease, protein-losing enteropathy, vascular devices

Population Exposure Comparison Outcome (PECO) question format.

For conditions considered to be potentially associated with throm-

Thrombosis continues to be recognized as a contributor to morbid-
ity and mortality among companion animals experiencing a variety
of disease processes, and there are a growing number of publica-
tions relating to the use of antithrombotics in veterinary medicine.
The lack of veterinary studies quantifying risk factors for thrombo-
sis in specific disease states complicates decision-making regarding
the use of antithrombotics. The 2019 Consensus on the Rational Use
of Antithrombotics in Veterinary Critical Care (CURATIVE) guidelines
examined populations at risk for thrombosis and defined a series of
recommendations related to therapeutic use, monitoring, and discon-
tinuation of antithrombotic therapy.1=> A number of additional condi-
tions potentially associated with thrombosis were considered in this
second evaluation of the veterinary literature in an effort to promote
best practices for the use of antithrombotics.

As in the previous iteration of the CURATIVE guidelines, the associ-

ation between diseases and thrombosis was evaluated using a standard

bosis, the veterinary literature was examined to determine whether
in dogs or cats (Population, P), the development of a disease (Expo-
sure, E), as opposed to remaining disease free (Comparison C), was
associated with the development of thrombosis (Outcome, O). Rec-
ommendations for or against antithrombotic therapy based on risk
for thrombosis were further refined using a Delphi survey process
where CURATIVE group members were asked to agree or disagree
with guideline recommendations and to suggest alternative wording
as necessary. The results of the Delphi surveys and the resulting draft
guidelines are available at supplementary data (S1). It should be noted
that the CURATIVE Steering Committee made some minor wording
changes to the draft guidelines for clarity and consistency after the Del-
phi surveys were completed, resulting in the final recommendations
discussed below. Where appropriate, knowledge gaps were included
to highlight specific areas of limitation and to encourage further
investigation.
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2 | PECO QUESTION: HEARTWORM DISEASE
(DOGS)

In dogs (P), is the development of heartworm disease (E), as opposed to
remaining disease-free (C), associated with the development of throm-
bosis (0)?

21 | Guidelines

1.1 Heartworm (dogs)

a. Heartworm disease is associated with pulmonary artery thrombo-
sis in dogs, with risk increasing with disease severity.

b. We recommend that antithrombotic therapy be considered in dogs
with heartworm disease, particularly in thosewith more severe dis-

ease and those undergoing adulticide therapy.

2.2 | Evidence summary

Most available evidence supported the PECO question (17 studies),
with 2 studies considered neutral and none opposed. Proving throm-
bosis in clinical settings, particularly in the pulmonary arteries, is chal-
lenging, and studies were only included if a thrombus was confirmed by
angiography, ultrasound, or histopathology. Studies reporting throm-
bin generation (ie, D-dimers) and platelet reactivity were included to
support or refute the association between dirofilariasis and a hyperco-
agulable state but with lower quality evidence scores. Overall, there is
a strong association between clinical dirofilariasis and thrombosis and
thromboembolism in dogs, with indications that this risk increases with
disease severity, adulticide therapy and potentially with the presence
of microfilaria.

Numerous studies document the presence of thrombi in dogs with
dirofilariasis, universally in the same vascular bed as the worms. In a
case series of 3 dogs with caval syndrome, 2 had extensive large and
small vessel thrombosis throughout the pulmonary vasculature (LOE
5). In an experimental infection study of 20 healthy dogs (LOE 3),
lung histopathology showed varying degrees of thrombi in all dogs, fre-
quently associated with worm fragments.” While most reports focus on
the pulmonary vasculature, a small case series also documented worm-
associated thrombi in 3/5 dogs suffering from aberrant worm migra-
tion involving the aorta, medial iliac, and femoral arteries.®

Concentrations of D-dimer are increased in up to 40% of
heartworm-infected dogs,”? with higher concentrations seen in
dogs with microfilaremia.’®” Similarly, plasma D-dimer concentrations
correlated with disease severity (LOE 3-5),71112 increasing immedi-
ately after adulticide treatment (LOE 2),!! and decreasing with disease
resolution (LOE 3).1213 P|atelet reactivity is also increased in infected
dogs (LOE 3),2*1> with enhanced “C-serotonin release and platelet
aggregation in response to collagen and adenosine diphosphate (ADP)
in infected dogs. Infected dogs are also more likely to experience
thrombocytopenia (< 150,000 platelets/ul) than noninfected dogs.
Consistent with increased platelet reactivity, greater doses of aspirin,

aspirin/dipyridamole or ticlopidine are needed to inhibit ADP-induced
aggregation in infected dogs, particularly following embolization of
dead worms.1®17 Necropsy lesions were less severe in dogs receiv-
ing ticlopidine than in those receiving no antiplatelet agent in one
report (LOE 3).17 Antiplatelet therapy may diminish platelet adhesion,
myointimal proliferation and vascular occlusion in infected dogs.18:1?
Adulticide treatment may increase thrombotic risk depending upon
the protocol used, although older studies involving thiacetarsemide
may be confounded by the thrombogenicity of the drug itself.!> Pre-
ceding adulticide treatment with doxycycline with or without iver-
mectin may lessen the number of arterial lesions compared to the
administration of melarsamine without pretreatment (LOE 5).2° Treat-
ment of dogs with patent infection following surgical worm implan-
tation with a combination of imidacloprid, moxidectin, and doxycy-
cline resulted in more thrombotic occlusion (on histopathology) than
in untreated infected dogs (LOE 3).2! Thrombi were frequently asso-
ciated with worm fragments, suggesting that this therapy resulted in
worm death and subsequent embolism. In some dogs with preexist-
ing dirofilariasis, pulmonary artery insertion of a large number (20-50)
of dead worms resulted in intimal proliferation of pulmonary arteries,
dilation of main and lobar pulmonary arteries and obstruction of blood
flow (LOE 3).22 The infusion of homogenized Dirofilaria antigen into the
pulmonary arteries of dogs led to thrombosis within 1 hour of adminis-
tration, but these thrombi were not detectable 5 days later, suggesting
that Dirofilaria are thrombogenic but that actual worms are required
for persistent thrombosis.23 The transient nature of these thrombi con-
firms the antigenicity of the heartworm but suggests that solid worm
fragments are necessary to support prolonged thrombus residence.

2.3 | Knowledge gap

Further investigation of the contribution of microfilariasis, especially to
the thrombogenic risk of heart work disease, is warranted, particularly
as the AHS does not currently recommend the use of antithrombotics

in the management of dogs with heartworm disease.

3 | PECO QUESTION: HEARTWORM DISEASE
(CATS)

In cats (P), is the development of heartworm disease (E), as opposed to
remaining disease-free (C), associated with the development of throm-
bosis (0)?

3.1 | Guidelines

1.2 Heartworm disease (cats)

a. Heartworm disease may be associated with pulmonary artery
thrombosis in cats.

b. We suggest that antithrombotic therapy be considered in cats with
heartworm disease, particularly in those with more severe disease
or where other risk factors for thrombosis exist.
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3.2 | Evidence summary

Few studies of dirofilariasis in cats have evaluated thrombi or mark-
ers of ongoing thrombin generation. Two single case reports describe
pulmonary arterial thrombi in cats with dirofilariasis, confirmed in
one by histopathology.242> A necropsy study of cats with naturally
occurring dirofilariasis identified thrombi in 5/11 cats, although cats
with thrombi often had comorbidities that might have contributed
to thrombus formation (eg, lymphoma, hypertrophic cardiomyopathy,
chronic nephritis).2® A single study of experimental heartworm infec-
tion described in 2 reports identified vascular occlusion and confirmed
thrombi both with and without worm involvement.?”-28 One study, con-
sidered neutral to the PECO question, identified proliferation of the
pulmonary artery tunica media in cats with dirofilariasis, resulting in
vascular occlusion in the absence of identified thrombi.2? It is not clear
if this represents a true absence of thrombi, or simply that they were
not described. This report also suggests the possibility of increased vas-
cular reactivity and remodeling in cats with heartworm disease that
may clinically mimic thrombosis but without actual thrombi. Overall,
the literature suggests that thrombosis is a potential complication of
dirofilariasis in cats, but the prevalence of thrombosis is unclear, and
the degree of risk is difficult to quantify. As such, we suggest that
antithrombotic therapy be considered for cats with dirofilariasis, par-
ticularly in animals with severe disease or where other risk factors for
thrombosis exist.

3.3 | Knowledge gap

Studies with a primary aim of evaluating hemostatic changes and
thrombotic complications in cats with dirofilariasis are needed to fur-
ther characterize thrombogenic risk in this population, particularly as
the American Heartworm Society does not currently recommend the
use of antithrombotics in the management of cats with heartworm
disease. In addition to characterizing the role of comorbidities, addi-
tional studies should differentiate the role of thrombosis versus vas-

cular remodeling in causing vascular obstruction.

4 | PECO QUESTION: IMMUNE-MEDIATED
HEMOLYTIC ANEMIA (IMHA) (CATS)

In cats (P), is the development of immune-mediated hemolytic anemia
(E), as opposed to remaining disease-free (C), associated with the devel-

opment of thrombosis (O)?

4.1 | Guidelines

1.3 Immune-mediated hemolytic anemia (IMHA) (cats)

a. Immune-mediated hemolytic anemia in cats is weakly associated
with pulmonary thromboembolism (venous thromboembolism).
b. There is no evidence that immune-mediated hemolytic anemia is a

risk factor for arterial thromboembolism in cats.

c. We suggest that antithrombotic therapy be considered in cats with
immune-mediated hemolytic anemia, where other risk factors for
thrombosis exist.

4.2 | Evidence summary

Only 1 study suggested an association between IMHA and pulmonary
thromboembolism (PTE; venous thromboembolism) in cats. The point
prevalence of IMHA in this study of feline PTE was 7% (2/29 cats).%° An
association between IMHA and PTE was not substantiated by the other
major retrospective study describing feline PTE.3! The 52 reports
deemed neutral to the PECO question included 396 cats in total with
suspected IMHA in all of its forms (primary and secondary IMHA, pure
red blood cell aplasia [PRCA] and nonregenerative immune-mediated
hemolytic anemia [NRIMHA]). There was no report of thrombosis in
any of these studies.32-83 |n addition, these 52 reports included mul-
tiple other studies describing arterial and venous thrombosis in cats.
None of the cats in these studies had IMHA 31:45:49,54.62.66.68 Ajthough
1 report suggested an association between IMHA and PTE in cats,
the collective weight of the 52 neutral studies including nearly 400
cases suggests that there is either no association or a weak association
between IMHA and thromboembolic complications in cats and that
the overall risk of thrombosis (venous or arterial) in cats with IMHA
appears low. No studies were identified that suggested evidence con-
trary to the PECO question. On the basis that IMHA might be weakly
associated with venous thromboembolism, we suggest that antithrom-
botic therapy be considered in cats with IMHA, where other risk factors
for thrombosis exist.

4.3 | Knowledge gap

The mechanism explaining the differences between the thrombogenic-
ity of IMHA in dogs versus cats is unknown.

5 | PECO QUESTION: PROTEIN-LOSING
NEPHROPATHY (PLN) (CATS)
In cats (P), is the development of protein-losing nephropathy (E), as

opposed to remaining disease-free (C), associated with the develop-

ment of thrombosis (O)?

5.1 | Guidelines
1.4 Protein-losing nephropathy (PLN) (cats)

a. Protein-losing nephropathy in cats is weakly associated with pul-

monary thromboembolism (venous thromboembolism).
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b. Thereis no evidence that protein-losing nephropathy is a risk factor
for arterial thromboembolism in cats.

c. We suggest that antithrombotic therapy be considered in cats with
protein-losing nephropathy, where other risk factors for thrombo-
sis exist.

5.2 | Evidence summary

Two studies suggest an association between PLN and PTE (venous
thromboembolism) in cats.3%3! The prevalence of PLN in these 2
reports of feline PTE was 6-14% (4/29 cats and 1/17 cats). By com-
parison, neoplasia (34-35%) and cardiac disease (6-41%) were more
commonly associated with PTE in cats in the same reports. Sev-
eral of the reports describing histopathologic changes in cats with
PLN or glomerulonephritis had evidence of fibrin deposition; how-
ever, none of the studies that reported histopathology described any
micro- or macrovascular thrombosis.848> Numerous studies were con-
sidered neutral to the PECO question because they did not include
a control group, they described arterial thrombosis and did not men-
tion PLN, or they were reports focused on PLN that did not discuss
or describe thrombosis.>4849,54,59,62,63,66-68,70,86-110 Although these
reports were considered neutral, their collective weight suggests that
there is either no association or a very weak association between PLN
and arterial thromboembolic complications in cats and that the over-
all risk of thrombosis in cats with PLN is seemingly low. No studies
were identified that suggested evidence contrary to the PECO ques-
tion. On the basis that PLN might be weakly associated with venous
thromboembolism, we suggest that antithrombotic therapy be consid-

ered in cats with PLN, where other risk factors for thrombosis exist.
6 | PECO QUESTION: LIVER DISEASE (DOGS)

In dogs (P), is the development of hepatic disease (E), as opposed to
remaining disease-free (C), associated with the development of throm-
bosis (0)?

6.1 | Guidelines

1.5 Liver disease (dogs)

a. Liverdisease is associated with thrombosis in a small subset of dogs
only, independent of the specific underlying disease.

b. We suggest that antithrombotic therapy be considered in dogs with
liver disease following an assessment of the risk and benefit in indi-

vidual patients or where other risk factors for thrombosis exist.

6.2 | Evidence summary

Of the 32 reports included for review, 13 suggest that liver disease may
be associated with the development of thrombosis (1 LOE 5, good; 1
LOE 2, fair; 8 LOE 5, fair; 3 LOE 5, poor).

Hepatic disease might be preferentially associated with thrombo-
sis of certain vessels, particularly the portal and splenic veins. Hep-
atic disease was documented in 29/140 (21%) dogs with portal or
splenic vein thrombosis'11-114 but not in dogs with pulmonary or aortic
thrombosis.11>-120 While this suggests an association between hepatic
disease and thrombosis, comorbidities, including glucocorticoid admin-
istration, neoplasia, kidney disease or recent surgery, were common,
and their contribution to overall thrombotic risk in these dogs could not
be determined.11112.114

Three studies employed thromboelastography (TEG) and doc-
umented a hypercoagulable state (but not thrombosis) in dogs
with liver diseases, including extrahepatic biliary tract obstruc-
tion (10/10 dogs, 100%);12! chronic hepatopathies (7/21 dogs,
33,33%);122 and acute liver disease (2/21 dogs, 9,5%).12% These stud-
ies, while potentially relevant, do not directly address the PECO
question.

Most studies were retrospective cohort studies or case series, typ-
ically without a control group. In one retrospective study, 8/96 (8%)
dogs with liver disease that underwent CT angiography were diag-
nosed with portal vein thrombosis (PVT),12* while by comparison,
8/19 (42%) dogs with pancreatitis had PVT in the same study. This
study also suggested that abdominal ultrasound may be insensitive
for thrombosis detection compared to CT angiography, which suggests
that studies using only abdominal ultrasound may underestimate the
incidence of PVT.12° |n a retrospective cohort study of 49 dogs with
acute liver failure with or without signs of hepatic encephalopathy
(HE), evidence of thrombosis was noted at necropsy in 4/23 (17.4%)
dogs.126

In conclusion, because of the retrospective or in vitro nature of most
of the studies, the impact of potential comorbidities on the association
between liver disease and thrombosis is difficult to ascertain. Overall,
the veterinary literature supports an association between liver disease
and thrombosis, in particular PVT and splenic vein thrombosis, in a sub-
set of dogs with liver diseases. We suggest that antithrombotic therapy
should be considered in dogs with liver disease following an assessment
of the risk and benefit in individual patients recognizing that bleeding
disorders may be present due to severe liver dysfunction. The presence
of other risk factors for thrombosis should also prompt clinicians to

consider antithrombotics for dogs with liver disease.

6.3 | Knowledge gap
Prospective controlled studies are needed to better ascertain the risk
of thrombosis in dogs with liver disease of various etiologies and the

contribution of comorbidities to the overall prothrombotic risk.

7 | PECO QUESTION: LIVER DISEASE (CATS)

In cats (P), is the development of hepatic disease (E), as opposed to
remaining disease free (C), associated with the development of throm-
bosis (O)?



‘ nary Emergency ﬁ @ @ &
o Critical Care -

| WILEY

DELAFORCADE ET AL.

7.1 | Guidelines
1.6 Liver disease (cats)

No guidelines for this PECO question were generated during the
current CURATIVE iteration. Thisimportant question will be addressed
in a future iteration of the CURATIVE guidelines.

8 | PECO QUESTION: CONGENTIAL
PORTOSYSTEMIC SHUNTS (CPSS) (DOGS)

In dogs (P), is the presence of a congenital portosystemic shunt (E), as
opposed to remaining disease-free (C), associated with the develop-

ment of thrombosis?

8.1 | Guidelines

1.7 Portosystemic shunts (dogs)

a. Surgical correction of congenital portosystemic shunts (cPSS) in
dogs may be associated with thrombosis in the postoperative
period.

b. We suggest that antithrombotic therapy be considered in dogs
undergoing surgical correction of cPSS, following an assessment of
therisk and benefit inindividual patients or where other risk factors
for thrombosis exist.

c. We recommend against routine use of antithrombotic therapy in
dogs with cPSS.

8.2 | Evidence summary

Twelve reports met the criteria for review. Four reports supported the
PECO question, with 7 considered neutral and 1 in opposition. In a ret-
rospective study of 33 dogs with PVT (LOE 5, fair), 3 dogs had hep-
atic vascular anomalies, including 2 with cPSS, 11! although the affected
dogs had other risk factors, including recent splenectomy, the pres-
ence of an intravascular coil, portal hypertension or infectious disease.
A retrospective case series of PVT (LOE 5, fair) reported thrombosis
as a complication of cPSS ligation in 2 dogs.'2” A case report of a dog
with gallbladder infarction 48 hours after cPSS attenuation highlights
the difficulty in determining the respective contribution to the risk of
thrombosis of the cPSS and the surgical procedure. 128

Various studies evaluated the hemostatic profiles of dogs with
cPSS-129-132 Most were deemed neutral to the PECO question because
thrombosis was not investigated or reported. One study of dogs with
cPSS (considered supportive of the PECO question) included TEG as
a global coagulation assessment tool (LOE 5, good).'3! This study
showed that dogs with cPSS may be hypercoagulable despite clot-
ting time prolongations, which supports hypocoagulability. Affected
dogs also had decreased activities of the endogenous anticoagulants
antithrombin and protein C. A prospective, observational study eval-

uating the diagnostic value of plasma protein C for detecting hepato-
biliary disorders found that dogs with cPSS had significantly lower pro-
tein C activity than clinically ill dogs without cPSS (LOE 2, fair), poten-
tially contributing to a hypercoagulable state.’33 Thromboembolic dis-
ease was not reported in this study, although it was not the primary
focus of the study and hence is considered neutral to the PECO ques-
tion. Dogs with HE were more likely to be hypercoagulable on TEG and
had higher fibrinogen concentrations. Dogs that developed PVT after
cPSS ligation exhibited signs of HE prior to surgery.'2” A study investi-
gating the influence of cPSS on primary hemostasis found no clinically
relevant alterations; hence, this study was judged to oppose the PECO
question.134

Overall, there is some suggestion in the literature that cPSS
increases the risk of thrombosis, particularly following surgical atten-
uation. These patients may be at risk of bleeding due to liver dysfunc-
tion; hence, antithrombotic therapy should be considered only after an
assessment of the risk and benefit in individual patients, and routine
administration of antithrombotic drugs for dogs with cPSS is not rec-

ommended.

9 | PECO QUESTION: CONGENITAL
PORTOSYSTEMIC SHUNTS (CPSS) (CATS)

In cats (P), is the presence of a congenital portosystemic shunt (E), as
opposed to remaining disease free (C), associated with the develop-
ment of thrombosis (O)?

9.1 | Guidelines

1.8 Portosystemic shunts (cats)

a. Congenital portosystemic shunts (cPSS) may be associated with
thrombosis in cats.

b. We recommend against routine use of antithrombotic therapy in
cats with cPSS.

c. We suggest that antithrombotic therapy be considered in cats with
cPSS, following an assessment of the risk and benefit in individual

patients, when additional risk factors for thrombosis exist.

9.2 | Evidence summary

Four reports met the criteria for review. Evidence from 1 (LOE 5, fair)
documented a possible association of cPSS with PVT in cats.®? In this
case series, 3/6 cats had congenital PSS at the time of PVT identifica-
tion. One of these cats had recently undergone shunt ligation that may
have increased thrombotic risk. In a multicenter retrospective study
of 34 cats with cPSS, 11 cats developed complications, and 6 of these
died. However, thrombosis was not described in any cat, and hence, this
study was judged to oppose the PECO question.'> Two other stud-
ies (LOE 5, fair) identified hemostatic abnormalities in cats with cPSS,
but neither described thrombosis.’3¢137 These studies were consid-
ered neutral to the PECO question.
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Overall, given the paucity of data to review, the risk of thrombosis
associated with cPSS in cats cannot be clearly determined. As such, we
recommend against routine use of antithrombotic therapy in cats with
cPSS. Where more detailed assessments of risk versus benefit con-
ducted in individual cats with cPSS are suggestive of thrombotic risk,
where other risk factors for thrombosis are present, then we suggest
antithrombotic therapy may be considered.

9.3 | Knowledge gap
Studies are needed to investigate the potential association of throm-
bosis and PVT in cats prior to shunt ligation to remove the confounding

effect of shunt ligation on the overall hemostatic state.

10 | PECO QUESTION: CARDIAC ARRHYTHMIAS
(DOGS)

Indogs (P), is the development of cardiac arrhythmias (E), as opposed to
remaining disease-free (C), associated with the development of throm-
bosis (0)?

10.1 | Guidelines

1.9 Cardiac arrhythmias (dogs)

a. Atrial fibrillation may be associated with arterial thrombosis in
dogs, particularly where reduced left atrial appendage flow veloc-
ity exists.

b. We suggest that antithrombotic therapy for atrial fibrillation in
dogs should be considered, where other risk factors for thrombosis
exist.

c. We recommend against the use of antithrombotic therapy in dogs
with arrhythmias other than atrial fibrillation, unless other risk fac-
tors for thrombosis exist.

10.2 | Evidence summary

Several reports of experimental models of rapid pacing-induced atrial
fibrillation (AF) in dogs were considered relevant to the PECO ques-
tion. Two reports comparing the coagulability of blood sampled from
the right atrium to that of peripheral blood showed evidence of hyper-
coagulability in atrial, but not peripheral, blood after induction of
AF.138.139 Another report demonstrated decreased trans-mitral and
left atrial appendage flow velocities during AF and following con-
version to sinus rhythm compared to baseline measurements; this
blood stasis may predispose to thrombosis.1° Induced AF in dogs also
upregulates gene expression for some procoagulant mediators.'*! One
experimental study was classified as neutral to the PECO question, as it

did not detect significant changes in von Willebrand factor or P-selectin

over time after the onset of induced AF, but the sample size was very
small, and other coagulation parameters were not assessed.'#? The
only study deemed to oppose the PECO question showed no increase
in the rate of thrombosis in 3 different canine models of AF follow-
ing radiofrequency ablation compared to control dogs.’*® While this
opposes the PECO question, the relevance is likely impacted by the
method of inducing AF.

Several potentially relevant case reports or case series were iden-
tified, but direct links between thrombosis and atrial fibrillation or
other arrhythmias could not be made. One case report documented

thrombosis in 3 dogs with AF,144

although 2/3 dogs had underlying
mitral valve disease. In a case series of 39 Irish wolfhounds with con-
gestive heart failure secondary to dilated cardiomyopathy and AF, 1
dog developed clinical signs consistent with arterial thromboembolism
(ATE).2#> A case series of 36 dogs with ATE documented AF in 1 dog,
but ECG findings were not reported for all dogs.!'® In a study of 7
dogs with thrombosis, 1 dog with biatrial thrombosis had ventricular
tachycardia and acute myocardial failure of unknown origin listed as
the diagnosis.1#¢

Other case reports or case series were considered neutral to the
PECO question because although thrombosis and arrhythmias were
present concurrently, it was considered more likely that the arrhyth-
mias developed subsequent to the thrombosis. In a case series of 16
dogs with splenic infarction, ventricular premature complexes were
documented in 3 dogs,** while in a report of 6 dogs with aortic or
iliac arterial thrombosis, 1 dog was noted to have ventricular prema-
ture complexes.'*” A single case report documented ATE and AF in a
dog with hypothyroidism, but the case history implied that the ATE may
have been present prior to atrial fibrillation.148

Overall, the available evidence suggests that AF may be associ-
ated with arterial thrombosis in dogs, particularly where reduced left
atrial appendage flow velocity exists, or when electrical cardioversion
is attempted and as such antithrombotic therapy should be considered
for these dogs. For dogs with other arrhythmias, we do not recommend
the use of antithrombotic therapy unless other risk factors for throm-
bosis exist.

10.3 | Knowledge gap

The contribution of underlying structural cardiac changes to a pro-
thrombotic state in dogs with cardiac arrhythmias remains unclear.
Studies investigating hemostatic changes in dogs with cardiac arrhyth-
mias in the absence of significant underlying cardiac disease and prior

to the development of thrombosis are needed.

11 |
(CATS)

PECO QUESTION: CARDIAC ARRHYTHMIAS

In cats (P), is the development of cardiac arrhythmias (E), as opposed to
remaining disease free (C), associated with the development of throm-
bosis (O)?
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11.1 | Guidelines

1.10 Cardiac arrhythmias (cats)

a. Arrhythmias in cats with structural cardiac disease are associated
with arterial thromboembolism.

b. We recommend the use of antithrombotic therapy for cats with
arrhythmias and structural cardiac disease.

11.2 | Evidence summary

Ten studies related to this PECO question were reviewed. Most reports
identified in cats supported the PECO question, with only 1 neutral
and none opposing. A small number of reports in cats directly investi-
gated the link between thrombosis risk and AF or other arrhythmias.
However, most cats in these reports had underlying cardiomyopathy,
limiting the ability to draw conclusions about the thrombogenicity of
arrhythmias in isolation. One case series reported data on 50 cats with
AF.24? Aortic thromboembolism was documented at presentation in
7/50 cats, and a total of 8 cats died or were euthanized due to ATE; it is
unclear whether the deaths include all 7 cats that had ATE on presenta-
tion. All cats in this study had underlying structural heart disease, pre-
dominantly cardiomyopathy with left atrial enlargement. An observa-
tional clinical study performed by Schober et al identified reduced left
atrial appendage flow velocity, a known risk factor for thrombosis, in 9
cats with cardiomyopathy and AF.2°° A single case of ATE and left atrial
ball thrombus was reported in a cat with hypertrophic cardiomyopathy
and AF.151 A case-control study was reviewed that identified arrhyth-
mias as significant risk factors in univariate analysis for the outcome
of composite cardiac death in cats with hypertrophic cardiomyopathy,
where 34/107 cardiac deaths were due to ATE.>>2 However, arrhyth-
mia did not remain in the authors’ multivariate model. A follow-up to
that study investigated the individual components of the composite
outcome, and arrhythmia was not a significant predictor of death from
ATE.1>3 However, the point estimate for the hazard ratio was above 1,
and the confidence interval was wide, suggesting that further prospec-
tive studies are warranted to assess this relationship. Thus, this study
was deemed neutral to the PECO question.

Most other relevant data in cats are contained in case series of cats
with ATE or cardiomyopathy. These generally do not specifically inves-
tigate the association between arrhythmias and thrombosis. However,
they demonstrate that the 3 conditions (ATE, cardiomyopathy, and
arrhythmia) frequently coexist, so they were deemed to support the
PECO question. In a case series of 127 cats with acute ATE, most of
which had underlying cardiomyopathy, an arrhythmia was reported in
20 cats.?8 In that series, 52 cats had ECG data reported, with 19 hav-
ing arrhythmias, including ventricular premature complexes (13), AF
(4), and atrial premature complexes (2). An older case series of 100
cats with ATE also detected abnormalities in 57 of the 67 cats that
had an ECG performed, although this number included left atrial and
ventricular enlargement patterns as well as true arrhythmias.>* In this

study, common arrhythmias included isolated ventricular premature
complexes (13), isolated superventricular premature complexes (13),
AF (3), ventricular tachycardia (2), and supraventricular tachycardia
(2). A case series of 41 cats with restrictive cardiomyopathy docu-
mented ATE in 17 cats.!* In that report, arrhythmias were recorded
in 19 of the 34 cats that had an ECG performed, although it is not pos-
sible to determine whether arrhythmias were specifically related to
ATE based on the data presented. Common arrhythmias in that study
included atrial premature complexes (9), AF (5), ventricular premature
complexes (5), and right bundle branch block (4). A case series of clin-
ical and necropsy data from 12 cats with arrhythmogenic right ven-
tricular cardiomyopathy documented postmortem mural thrombosis
in 2 cats.1>> Arrhythmias were identified in the 8 cats that had ECG
performed, including ventricular premature complexes (6), right bun-
dle branch block (5), AF (4), ventricular tachycardia (3), first-degree
AV block (2), and supraventricular tachycardia (1). It is not possible
to determine from the report whether the cats with thrombosis had
arrhythmias detected. An early case report of ATE in 5 cats identified
an arrhythmia consistent with AF in one cat.1>¢

In summary, arrhythmias in cats with structural cardiac disease are
associated with arterial thromboembolism, although it is difficult to
determine the isolated contribution of the arrhythmia to thrombotic
risk in these cats. Given the strong association between structural car-
diac disease, arrhythmias and thromboembolism in cats, we recom-

mend antithrombotic therapy for all affected cats.

11.3 | Knowledge gap

Further studies are needed to differentiate the contribution of arrhyth-
mias to changes in coagulation status from those of underlying car-
diomyopathy, cardiac dysfunction and blood flow alterations.

12 | PECO QUESTION: SEPSIS (CATS)
In cats (P), is the development of sepsis (E), as opposed to remaining

disease-free (C), associated with the development of thrombosis (O)?

12.1 | Guidelines

1.11 Sepsis (cats)

a. Sepsis is associated with the development of thrombosis in a small
subset of cats.

b. We recommend against routine use of antithrombotic therapy in
cats with sepsis.

c. Wessuggest that antithrombotic therapy be considered for cats with
sepsis, following an assessment of the risk and benefit in individual

patients or where other risk factors for thrombosis exist.
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12.2 | Evidence summary
Hemostatic abnormalities are commonly identified in cats with sep-
sis, but thrombosis is infrequently reported. Three retrospective stud-
ies including 160 cats with sepsis described just 2 cats (1.3%) with
pulmonary thrombosis noted at necropsy.?>”-1%7 |n aggregate from 2
studies of cats with PTE, 6.5% cats (3/46) had sepsis.2%3! Sepsis was
a common cause of disseminated intravascular coagulation (DIC) in
cats, affecting 9/46 cats in 1 study.'° In 19/24 nonsurvivors necrop-
sied in this study, intravascular fibrin deposition was identified, but the
underlying conditions of cats that were examined postmortem were
not listed, thereby limiting the quality of the evidence provided. A ret-
rospective study of pulmonary histopathology in 148 cats with Cytaux-
zoon felis infection included 1 cat (0.7%) with pulmonary thrombi.161

Four studies were considered neutral to the PECO question. A study
investigating hemostatic changes in cats with sepsis showed changes
consistent with coagulation activation, such as reduced protein C activ-
ity and increased D-dimers, but thrombosis was not described; hence,
the study was deemed neutral to the PECO question.'®2 Another
report described 10 cats undergoing adrenalectomy for hyperadreno-
corticism. Two cats developed septic complications, and 1 experienced
a fatal thromboembolic event. However, it is unclear whether throm-
botic events occurred in cats with sepsis.’é® Several case reports
describe thrombotic complications of sepsis in cats, but multiple poten-
tial causes of thrombosis were present.164.165

Overall, cats with sepsis commonly develop hemostatic abnormali-
ties consistent with the activation of coagulation, but the incidence of
thrombosis in cats with sepsis is low. In cats with sepsis that do develop
thrombi, PTE is most described. The low overall incidence of throm-
bosis in cats with sepsis argues against routine use of antithrombotic
therapy in these animals. We suggest that antithrombotic therapy be
considered for cats with sepsis, particularly where other risk factors for
thrombosis exist. Because cats with sepsis can develop DIC and experi-
ence clinical bleeding, antithrombotic medication should only be initi-
ated after an assessment of the risk and benefit in individual patients.
12.3 | Knowledge gap
Studies specifically investigating the development of clinically relevant
thrombosis in cats (microvascular and macrovascular) are needed to
better understand the risk factors for thrombotic complications in this

patient population.

13 | PECO QUESTION: PROTEIN-LOSING
ENTEROPATHY (PLE) (DOGS)

In dogs (P), is the development of protein-losing enteropathy (E), as
opposed to remaining disease free (C), associated with the develop-
ment of thrombosis (O)?

13.1 |

Guidelines

1.12 Protein-losing enteropathy (PLE) (dogs)

a. Protein-losing enteropathy in dogs is moderately associated with
thrombosis that can affect the venous or arterial system.

b. We recommend antithrombotic therapy for all dogs with protein-
losing enteropathy unless the risks (particularly gastrointestinal
bleeding) are deemed to outweigh the potential benefit in individ-
ual patients.

13.2 | Evidence summary

A total of 96 reports were reviewed for this PECO question. Of these,
27 provided evidence suggesting a moderate to strong link between a
diagnosis of PLE in dogs and the development of thrombotic compli-
cations, many of them life-threatening or fatal.111.112.166-190 The gver-
all frequency of thrombosis reported in articles describing dogs with
PLE was 46/1798 (2.6%), while the overall frequency of PLE in reports
describing thrombosis was 9/699 (1.3%). This suggests that thrombosis
is an important complication of PLE, even though PLE is not the most
common cause of thrombosis seen in clinical practice. The retrospec-
tive nature (LOE 5) and the lack of a control group in these studies pro-
hibits true risk assessment.

There were numerous reports that were considered neutral to the
PECO question since they described canine PLE populations without
mention of thrombotic complications or dogs with thrombosis with-
out mention of PLE, 49:66113-116,118-120,146,147.191-245 NMost reports
of dogs with thrombosis identified an underlying disease other than
PLE. Most of the articles describing dogs with PLE made no attempt
to identify thrombosis formally, to explore the role of therapy with
corticosteroids, or to study coagulation parameters. As therapy such
as corticosteroids can represent an additional risk factor® for throm-
bosis, the additive effects of multiple risk factors may impact over-
all coagulation status. Even some of the studies on PLE that identi-
fied thrombotic complications failed to provide details regarding the
nature, extent, severity of the thrombus or any data regarding coagu-
lation assessments performed. As such, the estimate of the incidence
of thrombosis in PLE studies is most likely to be an underestimate
of the risk. No studies were judged to be in opposition to the PECO
question.

The overall weight of the studies available suggests a moderate
to strong association between PLE and thrombosis. Both arterial and
venous thrombotic complications were identified in dogs with PLE,
although venous thrombosis was more common. As such, we recom-
mend antithrombotic therapy for all dogs with protein-losing enteropa-
thy unless the risks (particularly gastrointestinal bleeding) are deemed

to outweigh the potential benefit in individual patients.
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13.3 | Knowledge gap

The differences in coagulation status between dogs with PLE experi-
encing thrombosis and those that do not develop thrombosis are not
clear, as most studies that describe thrombosis in dogs with PLE do not
include hemostatic testing. The contribution of corticosteroid therapy
to the overall prothrombotic risk is also not known.

14 | PECO QUESTION: PROTEIN-LOSING
ENTEROPATHY (PLE) (CATS)

In cats (P), is the development of protein-losing enteropathy (E), as
opposed to remaining disease-free (C), associated with the develop-

ment of thrombosis (O)?

14.1 | Guidelines

1.13 Protein-losing enteropathy (PLE) (cats)

a. Protein-losing enteropathy in cats is weakly associated with venous
thromboembolism (pulmonary thromboembolism).

b. Thereis no evidence that protein-losing enteropathy is a risk factor
for arterial thromboembolism in cats.

c. Wesuggest that antithrombotic therapy be considered for cats with

protein-losing enteropathy, where other risk factors exist.

14.2 | Evidence summary

A review of the literature identified 17 studies relevant to the PECO
question. Only 1 retrospective study suggested an association between
PLE and PTE (venous thromboembolism) in cats.3° The incidence of
PLE in this study of PTE in cats was 14% (4/29). There were no con-
trol groups, however, and hence, the risk of thrombosis in cats with
PLE cannot be properly assessed. An association between PLE and PTE
was not substantiated by the other major retrospective study describ-
ing PTE in cats.3! The 15 reports deemed neutral to the PECO ques-
tion included 4 retrospective studies (LOE 5) describing a total of 82
cats with PLE (encompassing inflammatory bowel disease, lymphang-
iectasia, and other causes) in which there was no report of thrombosis
as a complication.24¢-24? |n addition, within these 15 articles were 9
reports describing a total of 838 cats experiencing arterial or venous
thrombosis in cats, but none of the cats in these studies had PLE as
an underlying disease.31:37:45:54,6263,66,68162 The fina| 2 reports that
were neutral to the PECO question were retrospective studies of 57
cats receiving dalteparin and 231 cats with reduced blood antithrom-
bin concentrations. These studies were of poor quality given that they

were not designed to address the PECO question; however, none of

these cats had PLE.®”79 One study suggested that PLE may be asso-
ciated with arisk of bleeding in cats based solely on coagulation testing
and could be considered in opposition to the PECO question.2°°

Although 1 study did suggest an association between PLE and PTE
in cats, the collective weight of the 15 neutral studies including 82
PLE cases suggests that there is a weak association between PLE
and thromboembolic complications in cats and that the overall risk of
thrombosis (venous or arterial) in cats with PLE is seemingly low. As
such, we suggest that antithrombotic therapy be considered for cats
with protein-losing enteropathy, where other risk factors exist.

14.3 | Knowledge gap
Prospective studies with control groups are needed to better ascertain

any association between PLE and thrombosis in cats.

15 | PECO QUESTION:
HYPERADRENOCORTICISM (CATS)

In cats (P), is the development of hyperadrenocorticism (E), as opposed
to remaining disease-free (C), associated with the development of
thrombosis (0)?

15.1 | Guidelines

1.14 Hyperadrenocorticism (cats)

a. No evidence-based recommendations can be made regarding the
use of antithrombotic therapy in cats with hyperadrenocorticism.

b. We suggest that antithrombotic therapy should not be routinely
used in cats with hyperadrenocorticism.

15.2 | Evidence summary

The literature describing hyperadrenocorticism in cats is scarce, with
most studies describing case series or case reports (LOE 5).251-26¢
Some reports included necropsy results or the findings of CT or
abdominal ultrasound imaging, but none were focused on identify-
ing thrombosis. Across all studies reviewed, a total of 75 cats were
reported to have hyperadrenocorticism, and only 1 cat was diag-
nosed with PTE, as described in a retrospective study of 7 cats with
hyperadrenocorticism.2¢° The scant literature suggests that the inci-
dence of hyperadrenocorticism in cats is seemingly low but pre-
cludes evidence-based recommendations. As such, we suggest that
antithrombotic therapy should not be routinely used in cats with hyper-

adrenocorticism.
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16 | 16 PECO QUESTION: GLUCOCORTICOID
ADMINISTRATION (CATS)

In cats (P), is glucocorticoid administration (E), as opposed to no glu-
cocorticoid administration, (C), associated with the development of
thrombosis (O)?

16.1 | Guidelines

1.15 Glucocorticoid administration (cats)

a. No evidence-based recommendations can be made regarding the
use of antithrombotic therapy in cats receiving exogenous glucocor-
ticoids.

b. We suggest that antithrombotic therapy should not be routinely

used in cats receiving exogenous glucocorticoids.

16.2 | Evidence summary
Few studies were relevant to the PECO question, and evidence for a
causal relationship between exogenous corticosteroid administration
in cats and thrombosis is scarce. In one retrospective observational
study of 25 cats receiving exogenous corticosteroids, none developed
evidence of thrombosis. 263 In a study of 6 cats with PVT, 2 (33%)
were receiving oral prednisolone at the time of presentation. How-
ever, all cats had underlying hepatic disease precluding the establish-
ment of a clear association between corticosteroid administration and
thrombosis.®2 Similarly, in another study (LOE 5, good), 2/44 cats with
distal ATE had received corticosteroids in the weeks preceding the
thrombotic event, but these cats also had comorbidities considered
high risk for thrombosis.2¢” In a retrospective study of 29 cats with
PTE, 8 (27.6%) had received recent corticosteroids.3°

Given the lack of controlled studies in the current veterinary liter-
ature, no causal relationship can be determined between exogenous
corticosteroids and an increased risk of thrombosis. However, based
on the overall limited evidence supporting the PECO question with
the corresponding high frequency of use of glucocorticoids, we suggest
that antithrombotic therapy should not be routinely used in cats receiv-

ing this class of medication.

17 | PECO QUESTION: INTRAVENOUS
CATHETERS (DOGS)

In dogs (P), is the presence of an intravenous catheter (E), as opposed
to no intravenous catheter (C), associated with the development of
thrombosis (0)?

17.1 | Guidelines

1.16 Intravenous catheters (dogs)

a. The risk of thrombosis associated with IV catheters in dogs is
unknown.

b. We suggest that antithrombotic therapy should be considered in
dogs with IV catheters only where other risk factors for thrombo-
sis exist.

17.2 | Evidence summary

A review of the literature yielded one report (LOE 2, fair quality) that
was supportive of the PECO question.2¢® In that study, 50 dogs with
cephalic peripheral catheters placed to enable repeated radiotherapy
were monitored daily using vascular ultrasound. Eighteen dogs devel-
oped phlebitis, suggesting an incidence of 36%. Ten dogs with phlebitis
developed evidence of local thrombosis (58%), suggesting an over-
all incidence of catheter-related thrombosis of 20% (10/50). Vascular
ultrasound of the cephalic vein was performed in each dog prior to and
soon after |V catheter placement and then at regular intervals, allowing
the enrolled dogs to serve as their own controls.

Most identified studies were experimental and designed to evaluate
the degree of catheter-related thrombus formation as opposed to
systemic thrombosis; none were deemed good quality. Study designs
varied, but most did not have a no-catheter control group and worked
from an assumption that intravenous catheters are thrombogenic in
dogs. Most studies compared catheter materials or designs, protocols
for implantation or flushing, or methods of detecting thrombosis, such
asradiolabeling of platelets or fibrinogen. The outcomes assessed were
typically catheter function or the appearance and weight of catheter-
associated thrombus postmortem. Assessments of the clinical
relevance of thrombi are limited. Catheter-associated thrombosis
was generally described as substantial and common, but methods of
assessing this were limited. 2677289 Two studies?’128¢ documented
evidence of PTE, but most were not designed to evaluate the presence
of systemic thrombosis. The short duration of most experiments
suggests that catheter-associated thrombosis can occur rapidly in
dogs.

Two experimental studies?7%2?1 deemed neutral to the PECO ques-
tion evaluated catheter patency as the only assessment of potential
thrombosis, with equivocal results. Two studies, judged to oppose the
PECO question, evaluated surgically implanted silicon-based central
venous catheters. Both were conducted by the respective catheter
manufacturers and were deemed at high risk of bias.2?2293 Differences
between catheter materials and designs were frequently detected but
were inconsistent between studies. All catheter materials have been
associated with some degree of thrombosis, and the only catheter
designs that featured minimal thrombosis were experimental and are
not commercially available. Most studies also employed surgically
placed central catheters, which limits the generalizability of their find-
ings to clinical practice.

Four case series were judged LOE 5 and in support of the PECO
question. Two studies focused on IV catheter complications, and
thrombosis was reported in both.29425 A third described treatment
of cases of fibrin sheaths formed on dialysis catheters,?” while another
described cranial vena cava thrombosis and reported IV catheteriza-

tion as a potential risk factor.2%% Two case-control studies designed
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for other objectives also reported on cases with IV catheters and
associated thrombosis.2?¢2?7 These were deemed LOE 5 for relevance
to this PECO question. Four case reports documented thrombosis
associated with IV catheters??8-391 but were not controlled. One LOE
5 study that opposed the PECO question documented complications
of long-term silicone central venous catheters and did not report any
instances of thrombosis. However, that study relied on a retrospective
review of medical records and was thus judged poor quality.302
Overall, the literature suggests that IV catheters are likely throm-
bogenic in dogs, but the experimental nature of most studies and the
lack of appropriate controls precludes determining the degree of risk.
As such, it is difficult to make an evidence-based recommendation for
widespread antithrombotic use in dogs with IV catheters. Overall, we
feel it is reasonable to consider IV catheterization as an additional risk
factor for thrombosis in dogs that warrants consideration as an indica-
tion for antithrombotic drugs, particularly where other risk factors for
thrombosis exist. Reassessments of the need for IV catheters should be
performed regularly, and catheters should be removed as soon as they

are no longer needed.

18 | PECO QUESTION: INTRAVENOUS
CATHETERS (CATS)

In cats (P), is the presence of an IV catheter (E), as opposed to no IV

catheter (C), associated with the development of thrombosis (O)?

18.1 | Guidelines

1.17 Intravenous catheters (cats)

a. The risk of thrombosis associated with IV catheters in cats is
unknown.

b. We suggest that antithrombotic therapy should be considered in
cats with 1V catheters only where other risk factors for thrombosis

exist.

18.2 | Evidence summary

Most studies evaluated thrombosis as a cause of catheter occlusion
rather than assessing systemic thrombotic complications of catheter
placement and thus did not directly address the PECO question. Four
experimental (LOE 3) studies were identified that were considered
relevant to the PECO question. In a report of polyethylene catheters
surgically placed into the caudal vena cava, thrombosis was observed
in 13/14 cats within 2.5 hours of placement.%2 This study was deemed
fair quality but lacked a no-catheter control group, and the catheter
material is no longer used. A second study compared long-term vas-
cular access in 25 cats with surgically placed polyurethane jugular
catheters with implanted vascular access ports (VAPs) in 42 cats
featuring silicone catheters. Loss of catheter function was assumed
to indicate thrombosis, which occurred in 12% of jugular catheters
within 1 week.3%* Another experimental study found no difference in

coagulation test results between cats sampled via a jugular catheter
and those sampled by jugular venipuncture,%°> but this study did not
investigate catheter-associated thrombosis and was deemed neutral
to the PECO question. A final experimental study found no evidence
of thrombosis in 48 catheterization episodes in 6 cats and therefore
opposed the PECO question. However, observation for thrombosis
was confined to evaluations of catheter patency, and the relevance to
the PECO question was limited.3%¢

The remaining studies were case series or reports (LOE 5) that
mostly supported the PECO question, although evidence quality and
PECO question relevance were generally low. One case series doc-
umented complications of 100 polyurethane jugular central venous
catheters in 12 cats and 81 dogs. Fourteen catheters failed to aspi-
rate, suggesting possible catheter thrombosis, and 2 had evidence of
venous thrombosis confirmed by palpation or ultrasound. This was the
only clinical study to use standardized prospective data collection, but
thrombosis was generally assumed from loss of catheter patency, and
complications in cats were not separated from those in dogs.2?4 An
older case series evaluated 300 polypropylene surgically placed jugu-
lar catheters in dogs and cats. Thrombus formation was noted on 5/300
catheters (1.7%), but it is unclear how this was determined, and again,
dogs and cats were not differentiated.2?> Polypropylene catheters are
no longer used; hence, this study is of limited applicability to cur-
rent clinical practice. Thrombosis of dialysis catheters was described
in a case series of 8 cats, but the associated risk cannot be estimated
because there was no information provided about the total popula-
tion at risk. Thus, it is not clear if thrombosis is a common or rare
complication of dialysis catheter placement.?” In a case series of 29
cats with necropsy-confirmed PTE, IV catheterization was noted as
a potential risk factor, with 21/29 cats having had IV catheters dur-
ing the preceding hospitalization episode. However, the association
between IV catheter placement and PTE is confounded by associa-
tions between the presence of an underlying disease (necessitating IV
catheter placement) and thrombosis.3° A case report describes total
parenteral nutrition extravasation from a polyurethane jugular cen-
tral venous catheter after thrombosis of the jugular vein. However, it
is not clear whether the thrombosis was associated with the catheter
itself, parenteral nutrition infusion, or extravasation.3%” A single clin-
ical report was judged to oppose the PECO question, but this was a
case series of 2 cats with long-term silicone jugular catheters that was
uncontrolled and deemed of poor quality.302

Overall, the available evidence indicates that thrombosis is a com-
plication of IV catheterization in cats. However, the degree of risk for
systemic complications of catheter-related thrombosis cannot be esti-
mated from the current literature. It is likely that catheter placement
technique, material, location, and dwell-time all affect the associated
risk of thrombosis, but there is presently insufficient evidence to make
evidence-based recommendations for widespread antithrombotic use
in cats with IV catheters. As with dogs, IV catheters can be considered
to represent an additional risk factor for thrombosis in cats but one
that warrants consideration as an indication for antithrombotic drugs
only where other risk factors for thrombosis exist. Regular determi-

nations of the ongoing need for all catheters should be part of clinical
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practice to reduce the risk of thrombosis by eliminating a potential risk

factor.
19 | PECO QUESTION: ARTERIAL CATHETERS
(DOGS)

In dogs (P), is the presence of an arterial catheter (E), as opposed to no
arterial catheter (C), associated with the development of thrombosis
(0)?

19.1 | Guidelines

1.18 Arterial catheters (dogs)

a. The risk of thrombosis associated with arterial catheterization in
dogs appears to be low.

b. No evidence-based recommendations can be made regarding the
use of antithrombotic therapy in dogs with arterial catheters.

c. We suggest that antithrombotic therapy should not be routinely

used in dogs with arterial catheters.

19.2 | Evidence summary

Four studies (LOE 5, fair) were identified that evaluated the function
of arterial catheters in dogs and reported subsequent complications
such as thrombosis.2%8-311 None of these reports included a relevant
control population (dogs without arterial catheters); hence, all 4 stud-
ies were considered neutral to the PECO question. Additionally, the
complication defined as ‘catheter occlusion’ was not characterized in all
cases to distinguish potential causes such as intraluminal thrombosis,
catheter kinking, arterial spasm or thromboembolism. This precludes
accurate determination of the association between arterial catheter
placement and thrombosis or quantification of the resultant risk.

In 2 studies, arterial catheters were in place only during anesthetic
procedures,319311 while in the 2 remaining studies, some catheters
remained in place postoperatively.39830? The association between
catheter dwell-time and complication rates was partially explored in
2 studies. The dwell time was median (min-max) 23.8 h (4.5-257) in
dogs®98 and median (min-max) 7.7 h (0.9-42.5) in dogs and cats.3%? In
dogs, no relationship between dwell time and complication rates was
identified.

In a study of 267 arterial catheters placed in 213 dogs and 13
cats, 112 catheter sites were evaluated by an anesthesiologist after
catheter removal.3%? Most were removed in the ICU following anes-
thetic recovery (< 10 h dwell time). In 72/112, occurring at a median
(min-max) of 16.7 h (2.3-124.3) after removal, no abnormalities were
revealed. Although not explicitly stated, it is inferred that catheter sites
were inspected for the presence of a pulse in 108 sites in dogs (dogs
may have had more than 1 arterial catheter). No pulse was detected
in 21 sites (inferred that all of these were in dogs). In 3 dogs, a knot

was palpated on or under the skin, which likely (but not definitively)

indicates thrombosis. No ischemic complications were noted in any
patient.3%?

In a study of 198 arterial catheters in dogs, complications were
noted in 38 (19%),3%% although in 59 (30%), the reason for catheter
removal was “no longer aspirates/flushes.” Loss of catheter function
was not noted as a complication in this study; rather, complications
were categorized as pain on flush/aspirate, swollen paw, cold paw and
site reaction. In dogs, there were 21 instances of swollen paws and 3
instances of cold paws. Taken together, the instances of loss of func-
tion, swollen paw and cold paw might all indicate thrombosis, but this
cannot be confirmed.3%8

Overall, the 4 identified studies were considered neutral to the
PECO question due to a lack of contemporaneous unexposed con-
trols with which to estimate risk, the heterogeneous nature of the
clinical population and the lack of confirmation of thrombosis in
many instances. Confounding of risk by the underlying disease pro-
cess and the anesthetic and surgical procedures also impedes accu-
rately attributing risk to the presence of the arterial catheter. As such,
the current literature is insufficient to determine whether the use
of arterial catheters predisposes dogs to thrombosis and hence pre-
cludes evidence-based recommendations for antithrombotics. Over-
all, the risk of thrombosis in dogs with arterial catheters is seemingly
low, and hence, we recommend against routine use of antithrombotic

agents for dogs with arterial catheters.

20 | PECO QUESTION: ARTERIAL
CATHETERIZATION (CATS)

In cats (P), is the presence of an arterial catheter (E), as opposed to no
arterial catheter (C), associated with the development of thrombosis
(0)?

20.1 | Guidelines

1.20 Arterial catheters (cats)

a. The risk of thrombosis associated with arterial catheterization in
cats appears to be low.

b. No evidence-based recommendations can be made regarding the
use of antithrombotic therapy in cats with arterial catheters.

c. We suggest that antithrombotic therapy should not be routinely

used in cats with arterial catheters.

20.2 | Evidence summary

Only 3 studies (LOE 5) were identified that specifically evaluated
arterial catheters in cats and aimed to evaluate complications such as
thrombosis.398:307.312 None of these studies included a control group
without an arterial catheter; hence, all 3 were considered neutral to
the PECO question. As with dogs, the complication ‘catheter occlu-
sion’ was not further characterized to determine or differentiate the
underlying cause. This lack of confirmation of thrombosis precludes
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true determination of the risk of thrombosis posed by the use of
arterial catheters. In most patients, arterial catheters were placed for
monitoring arterial blood pressure during anesthesia with continued
use postoperatively. The association between arterial catheters and
dwell time was partially explored in these 3 studies. The dwell times
were median (mix-max) 12 h (3.5-35);3%¢ 3 h (1-117);3!2 and 7.7
h (0.9-42.5, dogs and cats combined).3°? Complication rates were
related to dwell time, but the exact nature of the complications was not
characterized.

In a study of 13 cats, arterial catherization sites were checked fol-
lowing catheter removal in only 4 cats.2%? In each case, a pulse was
detected distally, indicating that the arteries remained patent, but the
remaining catheter sites were not evaluated.

In a study that included 29 arterial catheters in cats, 2 catheters
(7%) were removed due to a complication.38 Loss of catheter function
where the catheter could not be flushed and failed to aspirate occurred
8 times (28%), while for 4 catheters (14%), a complication of “cold paw”
was noted. Thrombosis is a possible cause for these various complica-
tions but was not confirmed.

The most likely occurrence of thrombosis associated with an arte-
rial catheter in a cat was noted in the study by Mooshian et al. (LOE 5,
fair), in which 1 cat suffered ischemic injury secondary to a coccygeal
arterial catheter resulting in tail amputation.3'2 Histopathology was
not conducted to confirm thrombosis; however, the underlying condi-
tion of this cat was not reported, which precludes assessment of the
contribution of other risk factors.

One additional study identified arterial thrombosis in a cat associ-
ated with an infected arterial catheter.313 The infection was confirmed
by bacterial culture, and thrombosis was confirmed by histopathology
following amputation. However, in this case report, the relative con-
tributions of the bacterial infection and the arterial catheter itself to
the thrombosis cannot be determined. The case report demonstrates
that arterial thrombosis can occur in association with arterial catheters
in cats, but the comorbidity and the uncontrolled nature of the report
means that this study must be considered neutral to the PECO ques-
tion.

Overall, the 4 studies that were reviewed neither support nor
oppose the PECO question. While a proportion of cats with arterial
catheters may have developed thrombosis as a consequence of the
catheter, the risk of thrombosis was not compared to a contemporane-
ous population of cats without arterial catheters, which precludes an
assessment of relative risk. In cases where thrombosis did or may have
occurred, it could not be discerned whether an underlying disease pre-
disposed the cats to thrombosis or if the use of an arterial catheter aug-
mented the risk. In conclusion, there are insufficient data to determine
whether the use of arterial catheters predisposes cats to thrombosis;
hence, no evidence-based recommendations can be made. Overall, the
risk of thrombosis in cats with arterial catheters is seemingly low, and
hence, we recommend against routine use of antithrombotics for cats

with arterial catheters.

21 | PECO QUESTION: VASCULAR ACCESS
PORTS (DOGS)

In dogs (P), is the presence of a vascular access port (E), as opposed to
no vascular access port (C), associated with the development of throm-
bosis (0)?

21.1 | Guidelines

1.20 Vascular access ports (dogs)

a. There s insufficient evidence to determine whether the use of vas-
cular access ports in dogs increases the risk of thrombosis.

c. No evidence-based recommendations can be made regarding
the use of antithrombotic therapy in dogs with vascular access

ports.

21.2 | Evidence summary

Four studies (all LOE 5, poor) met the criteria for review. Given the
small number and limited quality of the studies identified, there was
insufficient evidence to support the PECO question. None of the stud-
ies had contemporaneous controls, and definitive causes of VAP fail-
ure were rarely identified. In instances where thrombosis was identi-
fied at the time of VAP removal, the potential that infection contributed
to the thrombus could not be ruled out.31431> Moreover, most dogs
had VAPs implanted to enable the management of neoplasia (either
for the administration of chemotherapy 3¢ or sedation for radiation
therapy,314317), which may increase the inherent risk for thrombo-
sis. Additionally, VAPs were typically functional for months, suggest-
ing that the risk of developing complications related to thrombosis is
relatively low. Three studies (LOE 5, poor) were considered neutral to
the PECO question,314315317 whereas 1 report might be interpreted
as being opposed to the PECO question since none of the dogs had any
evidence of thrombosis.31¢ No study reported coagulation testing, and
the impact of variation in animal size, underlying conditions, catheter
materials and sizes, and device flushing protocols was not considered.
Overall, thereisinsufficient evidence to make recommendations on the
use of antithrombotic therapy in dogs with VAP in the absence of other

risk factors for thrombosis.

22 | PECO QUESTION: VASCULAR ACCESS
PORTS (CATS)

In cats (P), is the presence of a vascular access port (E), as opposed to
no vascular access port (C), associated with the development of throm-
bosis (O)?
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221 | Guidelines

1.21 Vascular access ports (cats)

a. There is no evidence that the use of vascular access ports in cats is
associated with an increased risk of thrombosis.
b. We suggest that antithrombotic therapy should not be routinely
used in cats with vascular access ports.

22.2 | Evidence summary

Six studies describing the use of VAPs in cats were reviewed, the
largest of which included 46 cats (and 126 dogs) receiving radiother-
apy for various forms of neoplasia.3!” Permanent loss of catheter
patency was among the complications described, but the mechanism
and species were not characterized, limiting the relevance of these
data to the PECO question. Another study noted thrombotic com-
plications in 2/6 cats with femoral vein VAPs.?1> In 1 cat, a clini-
cally silent thrombus distal to the catheter tip was identified that did
not limit device utility. In the second cat, thrombosis was related to
catheter kinking that necessitated removal. Another study described
surgically placed VAPs in 42 healthy cats, 2 of which developed
fatal pulmonary thromboembolism.3%* An additional 3 studies includ-
ing a total of 36 cats with implanted VAPs reported no thrombotic
complications.318-320 The |ower quality clinical studies (LOE 5, poor)
that lacked a control group®1°>317 were considered neutral to the PECO
question because the risk of thrombosis from VAP implantation was
frequently confounded by underlying neoplasia. In the experimental
studies (LOE 3 good-poor),318-320 involving healthy cats, no risk of
thrombosis was apparent, and hence, these studies were assessed as
opposing the PECO question. Only 1 study (LOE 3, fair) suggested
an association between VAP implantation and thrombosis in cats,3%*
but another group of cats experienced no thrombotic complications,
thereby limiting the strength of the association. Overall, we suggest
that antithrombotic therapy not be routinely used in cats with VAP.

23 | PECO QUESTION: EXTRACORPOREAL
CIRCUITS (DOGS)

In dogs (P), is the use of an extracorporeal circuit (E), as opposed to no
extracorporeal circuit (C), associated with the development of throm-
bosis (0)?

23.1 | Guidelines

1.22 Extracorporeal circuits (dogs)

a. Extracorporeal circuits are associated with activation of coagula-
tion and circuit thrombosis in dogs, necessitating use of systemic or
regional anticoagulation during extracorporeal procedures unless
otherwise contraindicated.

b. The risk of systemic thrombosis in dogs between extracorporeal
therapy cycles appears low.

c. We suggest that antithrombotic therapy should not be routinely
used between extracorporeal therapy cycles in dogs unless indi-
cated by other risk factors for thrombosis.

23.2 | Evidence summary

Extracorporeal circuits, specifically those used for hemodialysis and

therapeutic apheresis, are associated with activation of platelets,

neutrophil-platelet aggregation, and activation of coagulation. Extra-
corporeal circulation leads to reduced and turbulent blood flow
within the circuit, high shear stress, and blood contact with both
air and artificial surfaces (eg, filter membranes, tubing, IV catheter
lumens). Platelet activation in response to shear stress leads to

platelet-neutrophil aggregate formation,32!

and a study utilizing
radiolabeled canine platelets circulated through a dialyzer showed
that platelets exposed to the circuit were significantly more throm-
bogenic than healthy control platelets.3?2 Leukocyte activation
triggered by contact between blood and extracorporeal circuits
contributes to a procoagulant state.®2% In some instances, contact
activation by the artificial membrane may also occur.32 Given these
circuit-induced procoagulant effects, anticoagulation (systemic or
regional) during extracorporeal therapy is required to avoid clotting
within the circuit. We therefore recommend that anticoagulation
(systemic or regional) be used during the procedure unless otherwise
contraindicated.

Veterinary studies describing extracorporeal techniques consis-
tently describe thrombotic complications related to the filter or the
central venous catheter. However, across all studies reviewed, no
systemic thrombotic complications were noted in dogs undergoing
membrane therapeutic plasma exchange (n = 51),324-326 intermittent
hemodialysis (n = 183),327:328 or centrifugal apheresis (n = 4).32? Anti-
coagulation strategies, when used, were limited to the duration of the
session and varied among the studies reviewed. The overall quality of
evidence was judged to be low because of the retrospective nature of
the studies and the lack of monitoring for systemic thrombosis. Several
studies of cardiopulmonary bypass in dogs involving extracorporeal
circulation reported thrombotic complications. However, all dogs
in these reports had confounding factors for thrombosis, including
underlying diseases, prosthetic vascular implants and cardiac surgical
procedures.

Overall, despite the known procoagulant impact of the extracorpo-
real circuit, the risk of systemic thrombosis in dogs undergoing extra-
corporeal therapy appears to be low within and between cycles. We
therefore suggest that antithrombotic therapy should not be routinely
used between extracorporeal therapy cycles in dogs unless indicated
by other risk factors for thrombosis. However, it should be recognized
that no study in dogs directly addresses the PECO question because of
the presence of confounding factors, including underlying disease and

central venous catheters.



| wiLEY R

DELAFORCADE ET AL.

24 | PECO QUESTION: EXTRACORPOREAL
CIRCUITS (CATS)

In cats (P), is the use of an extracorporeal circuit (E), as opposed to no
extracorporeal circuit (C), associated with the development of throm-
bosis (0)?

241 | Guidelines

1.23 Extracorporeal circuits (cats)

a. Extracorporeal circuits are associated with activation of coagula-
tion and circuit thrombosis in cats, necessitating the use of sys-
temic or regional anticoagulation during extracorporeal procedures
unless otherwise contraindicated.

b. No evidence-based recommendations can be made regarding the
use of antithrombotic therapy between extracorporeal therapy

cyclesin cats.

24.2 | Evidence summary

Two studies investigating dialysis catheter performance in cats were
reviewed.3309? One report assessed patency of a nitric oxide releas-
ing extracorporeal circuit using an in vivo feline model,33° and the sec-
ond evaluated changes in blood flow rate through a dialysis catheter
in response to tissue plasminogen activator in 17 dogs and 8 cats.”?
Neither study was designed to investigate systemic thrombosis; hence,
neither directly addressed the PECO question. Although the use of
extracorporeal circuits in cats necessitates regional or systemic antico-
agulation as it does in dogs, there is insufficient evidence upon which to
base recommendations for the use of antithrombotics in cats between
extracorporeal therapy cycles.

24.3 | Knowledge gaps
No studies were identified that directly addressed the PECO question,
despite ample evidence supporting the high incidence of thrombosis in

people undergoing extracorporeal circulation as opposed to those who

do not.
25 | PECO QUESTION: TRANSVENOUS
PACEMAKER (DOGS)

Indogs (P), is the presence of a transvenous pacemaker (E), as opposed
to no transvenous pacemaker (C), associated with the development of
thrombosis (0)?

25.1 | Guidelines

1.24 Transvenous pacemaker (dog)

a. The presence of a transvenous cardiac pacemaker is weakly asso-
ciated with symptomatic thrombosis in dogs, while lead-associated

thrombosis is more common.

b. We recommend the use of antithrombotic therapy in dogs following
transvenous pacemaker implantation, where other risk factors for
thrombosis exist.

c. We suggest that antithrombotic therapy be considered in all dogs
following transvenous pacemaker implantation.

25.2 | Evidence summary

Thirty-five references that included >1 dog with transvenous pace-
maker implantation were reviewed.244-331-364 Most were case series
or single case reports (LOE 5), and 1240 dogs were described, of
which 60 had suspected or confirmed thrombosis (5%). Two studies
were experimental (LOE 3) but of poor quality.33¢:361 |n most dogs, the
thrombi caused no clinical signs, and the thrombi were identified at
necropsy or noted using echocardiography. Only 17 dogs had clinically
significant thrombi described (~1%).

Overall, 13 studies (1 LOE 3, 12 LOE 5) support the PECO ques-
tion and suggest an association between transvenous pacemakers
and thrombosis in dogs.244331335,338,341,344,345,355,357,358,360-362 The
one LOE 3 report that supported the PECO question was a retro-
spective case series of 101 dogs that had polyurethane insulated
transvenous pacemaker leads implanted.?¢ These pacemakers were
in place for between 10 days and 13 years before euthanasia and
postmortem examination. Thrombi were detected in 34/101 dogs,
but no dogs showed clinical signs. Nine studies (LOE 5, fair) sup-
ported the PECO question, including 3 case series focused on pace-
maker complications.33°341.355 |n total, these three studies described
thrombi in 7 dogs out of 426 dogs with sufficient follow-up to ana-
lyze complication rates. Thrombi occurred in the cranial vena cava,
pulmonary arterial tree and aorta. It is unclear whether any of the
dogs with thrombosis had additional predisposing comorbidities. The
remaining supportive studies included 17 dogs with thrombosis follow-
ing transvenous pacemaker implantation, typically in the cranial vena
cava, some of which were fatal. Some studies reported comorbidities,
including trauma, PLN and infection, that could have contributed to the
risk of thrombosis,244:331,338,344,345,357,358,360,362.363 Eor publications
(LOE 5) were considered neutral to the PECO question either due to
lack of follow-up, multiple possible causes for thrombosis, or reasons
other than the presence of a pacemaker that were deemed likely to
result in thrombosis (e.g., stenosis).334.337.339.346

Eighteen studies (1 LOE 3 good, 17 LOE 5 good-fair) were
judged to be neutral to the PECO question based on long-term
follow-up of dogs after pacemaker implantation without reports of
thrombotic complications.332,333:336,340,342,343,347-354,356,359,363,364 Ay
experimental (LOE 3) study described 74 dogs with implanted pace-
makers (<180 days). A variety of complications were reported, but
thrombosis did not occur. 33¢ The other studies were focused on pace-
maker complications and included large sample sizes (total n = 380),
and thrombosis was not reported-328 350-352 Qne case series of dogs
in which pacemakers were implanted for the management of sus-
pected myocarditis described 74 dogs with prothrombotic comorbidi-

ties, including protein-losing disease, immune-mediated disease, the
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presence of spontaneous echocontrast, hepatic disease, and hypera-
drenocorticism. Thrombosis was not reported as a complication, with
amedian survival time of 1079 days.3>?

Overall, the available literature suggests that the presence of a
transvenous pacemaker in dogs is associated with the development of
thrombosis, with an estimated overall prevalence of ~5% and an esti-
mated prevalence of symptomatic thrombosis of ~1%. Cranial vena
cava syndrome is the most commonly associated thrombotic complica-
tion of transvenous pacemakers in dogs, with outcomes ranging from
resolution to death. The risk of thrombosis is not uniform, however,
because some dogs with other comorbidities that might predispose to
thrombosis did not develop thrombotic complications from their pace-
maker. It seems reasonable, however, that all dogs with pacemakers
and prothrombotic comorbidities should receive antithrombotic thera-
pies for prophylaxis, while antithrombotic therapy can be considered in
every dog following transvenous pacemaker implantation to minimize

the risk of symptomatic thrombosis development.

25.3 | Knowledge gap
Additional studies are needed to better characterize the role of comor-
bidities in the development of thrombosis in dogs with transvenous

pacemakers.

26 | PECO QUESTION: TRANSVENOUS
PACEMAKER (CATS)

In cats (P), is the presence of a transvenous pacemaker (E), as opposed
to no transvenous pacemaker (C), associated with the development of
thrombosis (O)?

26.1 | Guidelines

1.25 Transvenous pacemaker (cats)

a. No evidence-based recommendations can be made regarding the
use of antithrombotic therapy in cats following transvenous cardiac

pacemaker placement.

26.2 | Evidence summary

Most studies of cardiac pacemaker implantation in cats describe epi-
cardial lead placement only (total n = 52) and were not further evalu-
ated. Five studies consisting of isolated case reports or small case series
(LOE 5, fair) describing cats with implanted transvenous pacemakers
were reviewed,3¢3-3¢7 although 2 studies included cats with epicardial
leads.2¢43¢7 Four studies were considered neutral to the worksheet
question since thrombosis was not described, while 1 was considered
neutral because chylothorax developed as a complication, and throm-
bosis could not be ruled out as the cause. 3¢ The case report that was
considered neutral to the PECO question described a cat with a three-

week history of syncope due to third-degree atrioventricular block.3¢?
A permanent transvenous pacemaker was placed in the left jugular
vein, and the cat was asymptomatic for 3 months following implanta-
tion, when chylothorax was detected that required repeated thoraco-
centesis and ultimately prompted euthanasia. The cause of chylothorax
was not determined, but thrombosis was a potential explanation. Over-
all, since most literature describes epicardial lead placement and there
is no definitive evidence of thrombosis in cats following transvenous
pacemaker placement, we were unable to make evidence-based rec-

ommendations on the use of antithrombotic medications for these cats.
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