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Abstract

Background: Gallbladder mucocele (GBM) is a common biliary disorder in dogs.
Limited information is available on the coagulation status of dogs with GBM.
Hypothesis/Objectives: To determine patterns of coagulation alterations in dogs
with GBM and correlate them with clinicopathologic abnormalities and ultrasono-
graphic findings of disease severity.

Animals: Twenty-three dogs with GBM identified on ultrasound examination were
prospectively enrolled.

Methods: At the time of GBM identification, blood and urine were collected for CBC,
serum biochemical panel, urinalysis, prothrombin time, activated partial thromboplas-
tin time (aPTT), factor VIII, protein C (PC), von Willebrand's factor (VWF), antithrom-
bin activity, fibrinogen, D-dimers, and thromboelastrography (TEG). Gallbladder
mucoceles were classified into ultrasound types 1 to 5. Medical records were
reviewed for clinical presentation, underlying conditions and to determine if systemic
inflammatory response syndrome (SIRS) was present.

Results: Based on TEG parameters, maximal amplitude, and G, 19/23 (83%) of dogs
with GBM had evaluations consistent with hypercoagulability. On plasma-based
coagulation testing, dogs with GBM had increased total PC activity (20/23, 87%),
fibrinogen (9/23, 39%), platelet count (9/23, 39%), and D-dimers (6/15, 40%) as well
as prolongations in aPTT (9/22, 41%) and low VWF activity (5/21, 24%). No correla-
tion was found between TEG G value and any coagulation or clinical pathology vari-
ables, ultrasound stage of GBM or disease severity as assessed by the presence
of SIRS.

Conclusions and Clinical Importance: Dogs with ultrasonographically identified GBM
have changes in whole blood kaolin-activated TEG supporting a hypercoagulable
state although traditional plasma-based coagulation testing suggests that a complex
state of hemostasis exists.

Abbreviations: aPTT, activated partial thromboplastin time; AT, antithrombin; GBM, gallbladder mucocele; MA, maximum amplitude; PC, protein C; PT, prothrombin time; PTE, pulmonary
thromboembolism; SIRS, systemic inflammatory response syndrome; TEG, thromboelastography; vVWF, von Willebrand's factor.
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1 | INTRODUCTION
Gallbladder mucoceles (GBMs) are an important cause of biliary dis-
ease in dogs.}*® Cholecystectomy is recommended for dogs with
GBM that are clinically or biochemically affected or in dogs that have
static GBM for 4 to 6 months despite medical management. 3121415
Surgery can be associated with short-term perioperative morbidity
and mortality that ranges from 0% to 40%.1481011-1516 GQyert evi-
dence of macrothrombosis, such as pulmonary thromboembolism
(PTE), splenic vein thrombosis, or brain or gallbladder wall infarction,
has been reported in dogs with GBM.3*4%¢ |n addition, disorders
associated with microthrombosis, such as pancreatitis, acute renal fail-
ure, peritonitis, and disseminated intravascular coagulation, may
0CCUI’.7’9'10'14'16

Over the last decade, the complex alterations in coagulation that
occur in human patients with hepatobiliary disease have been recog-
nized.*”"*? These alterations involve changes in pro- and anticoagu-
lants, as well as changes in factors involved in fibrinolysis. The net
result is that human patients with liver disease have laboratory and
clinical features of both hypo- and hypercoagulability. Prolongations
in prothrombin time (PT) and activated partial thromboplastin time
(aPTT)

hypocoagulable tendencies. Increases in clot strength, D-dimers and

and bleeding from provocative procedures suggest
von Willebrand's factor (vWF) and factor VIII activity, decreases in
antithrombin (AT) and protein C (PC) activity, and an increased inci-
dence of thrombosis in the splanchnic circulation suggest hyper-
coagulable tendencies. The presence of commensurate changes in
both pro- and antihemostatic pathways has led to the concept of
rebalanced hemostasis in human patients with liver disease. In
patients with rebalanced hemostasis, coagulation is more easily
disrupted than in normal individuals. Whether such patients have clin-
ical bleeding or thrombosis depends on factors that shift the coagula-
tion state one way or the other. Hemorrhage can be precipitated by
infection, uremia, hypervolemia, or acidosis, whereas thrombosis
occurs with aggravated portal hypertension, corticosteroid use, pro-
inflammatory states or with other concurrent pro-thrombotic condi-
tions. Emerging evidence suggests that such a rebalanced state of
coagulation also occurs in dogs with liver disease.?°22 This conclusion
is supported by reports of bleeding and thrombotic tendencies in dogs
with liver disease and evidence that their coagulation profiles involve
changes in pro- and anticoagulants and factors controlling
fibrinolysis. 1717

Despite many reported cases of GBM in dogs, little is known
about their coagulation status.2™*® Studies either have not reported
on coagulation parameters or provided only limited information,
including PCV, platelet count, PT, aPTT, or some combination of
these. #7131 One study in dogs with extrahepatic bile duct obstruc-
tion that included 2 dogs with GBM?* determined that all dogs in the

study were hypercoagulable based on thromboelastographic (TEG)
parameters and many had increases in D-dimers (80%) and fibrinogen
(70%). Another study that evaluated dogs undergoing biliary surgery
and included dogs with GBM found that nonsurvivors had signifi-
cantly prolonged aPTT.” In Shetland sheep dogs with different types
of gallbladder pathology, increases in fibrinogen (50%) and D-dimers
(40%) were reported.® These studies suggest that dogs with GBM
have hypercoagulable tendencies, but studies assessing a more com-
prehensive panel of coagulation parameters in dogs with GBM are
needed to test this hypothesis.

Our objective was to evaluate PT, aPTT, factor VIII activity, fibrin-
ogen, D-dimers, TEG parameters, and PC, AT and vWF activities in
dogs with ultrasonographically identified GBM. We hypothesized that
dogs with GBM would have coagulation parameters compatible with
a hypercoagulable state. A secondary aim was to determine if plasma-
based coagulation variables, clinical pathologic findings, the presence
of systemic inflammatory response syndrome (SIRS), or GBM ultraso-

nographic patterns correlated with coagulation state.

2 | MATERIALS AND METHODS

Ours was a prospective study to measure and interpret coagulation
parameters in dogs with GBMs identified on ultrasound examination.
The study was conducted over 18 months from 2017 to 2018 at the
Foster Hospital for Small Animals at the Cummings Veterinary Medi-
cal Center at Tufts University. Dogs were included if they had an
ultrasound diagnosis of GBM.>®1% The GBM were diagnosed by the
presence of characteristic immobile, echogenic bile patterns, as previ-
ously described.®®*! Additional inclusion criteria included a CBC,
serum biochemistry panel and urinalysis within 24 hours before or
after the ultrasound diagnosis, and body weight > 5 kg. Exclusion
criteria included administration of vitamin K, blood products, or any
medications known to affect coagulation such as nonsteroidal anti-
inflammatory drugs, corticosteroids, heparin, clopidogrel, free fatty
acids, or hydroxyethyl starch within 2 weeks of the ultrasound diag-
nosis. Additionally, Greyhounds were excluded because of known
alterations in clot formation.2®> Abdominal ultrasound examination
was performed by a radiology resident or board-certified radiologist.
At the time of ultrasound examination, detailed information regarding
the ultrasonographic appearance of the gallbladder and its contents,
including stage of GBM development and the presence or absence of
pericholecystic effusion or hyperechoic fat, were recorded. The latter
findings were considered consistent with possible loss of gallbladder
wall integrity.>1° The GBM pattern was classified into 5 types.® Type 1
pattern had echogenic immobile bile occupying the gallbladder. Type 2
pattern was an incomplete stellate pattern characterized by a few

hypoechoic bile casts along the gallbladder wall with central
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echogenic sludge. Type 3 pattern was a typical stellate pattern charac-
terized by many hypoechoic bile casts along the gallbladder wall with
central echogenic bile. Type 4 pattern was a kiwi fruit-like pattern and
stellate combination characterized by hypoechoic bile casts accompa-
nied by fine striations with a central echogenic region. Type 5 pattern
was a kiwi fruit-like pattern with residual central echogenic bile.® All
ultrasound images were reviewed by a single board-certified radiolo-
gist (D.G. Penninck).

Whole blood collected from the patients was placed into 3 tubes
containing 3.2% sodium citrate to obtain a dilution of blood-to-
sodium citrate of 9 : 1. After a 30-minute hold period at room temper-
ature, a trained operator performed a kaolin-activated TEG (TEG
500 Thromboelastograph, Haemonetics Corp, Braintree, Massachu-
setts) as previously described.}”"1? The following TEG variables were
recorded: R (a measure of initial fibrin formation), K (indicative of clot
formation time), angle (indicative of rapidity of fibrin cross-linking),
maximum amplitude (MA, indicative of overall clot strength), LY30
(percentage of clot lysis 30 minutes after MA was reached), and LY60
(percentage of clot lysis 60 minutes after MA was reached). The
G value, a mathematical manipulation of MA, was calculated. Dogs
were classified as hypercoagulable (defined as G > 8.44 dynes/s,
MA > 64.2 mm, R <2 minutes, or some combination of these),
normocoagulable, or hypocoagulable (defined as G < 3.88 days/s,
MA < 45.3 mm, R > 8 minutes, or some combination of these).*8-2°

The remaining citrated plasma was stored at —80°C for analysis
of PT, aPTT, fibrinogen, D-dimers, and AT, PC, factor VIl and vVWF
activity. All coagulation testing, except for factor VIII, was conducted
in the Coagulation Laboratory at the Cummings School of Veterinary
Medicine at Tufts University. Coagulation parameters were evaluated
using the ELITE ACL analyzer and Hemosil reagents according to the
manufacturer's recommendations (Instrumentation Laboratories, Bed-
ford, Massachusetts). The PT was determined using RecomiPlusTin
2G reagents and aPTT using the SYthASil Kit. Fibrinogen was deter-
mined using a quantitative Clauss assay with bovine thrombin. Both
D-dimer and vVWF antigen concentrations were measured using
enhanced automated latex immunoassays with mouse monoclonal
antibodies against D-dimer or VWF epitopes, respectively. Antithrom-
bin activity was determined by a 2-step assay involving incubation
with a factor Xa reagent followed by use of a synthetic chromogenic
substrate (N-alpha-Z-D-Arg-GLy-Arg-p nitroaniline). Total PC activity
likewise was determined in a 2-step manner. Plasma was incubated
with a PC activator (venom from Agkistrodon C contortrix) followed
by quantitative assay using a synthetic chromogenic substrate (pyro
Glu-Arg-p nitroaniline). Reference values for dogs were established on
the ELITE using a group of 75 normal healthy dogs. Manufacturer's
quality control samples were utilized in combination with frozen
(—80°C) pooled normal dog plasma that was thawed before use.

Factor VIII clotting activity was measured at the Cornell Univer-
sity Animal Health Diagnostic Laboratory using a 1-stage aPTT with
human factor VIlI-deficient substrate plasma (George King Biomedical,
Overland Park, Kansas). Clotting time values were log-transformed to
calculate factor activity compared with dilutions of a pooled canine

plasma standard. The standard had an assigned value of 100%

FVIII : C and was prepared from 20 healthy dogs and stored in single
use aliquots at —70°C.

Medical records were reviewed to evaluate clinical presentation
and determine the presence of concurrent conditions. The presence
of SIRS, which was used as a crude measure of disease severity, was
determined for each dog at the time of enrollment based on the find-
ing of 22 of the following abnormalities: temperature >39.2°C or
<37.8°C, heart rate >120 beats/min, respiratory rate >20 breaths/
min, and leukocyte counts above or below upper or lower limits of
normal (<4900/uL or >16 900/uL) or the presence of band cells (>3%
of the total white blood cell count).?”?* Survival to discharge was
recorded for each dog.

Statistical analysis was performed to determine if the data were
normally or non-normally distributed by constructing histograms and
using tests for kurtosis and skewness. Means + SD or medians with
ranges were computed depending on data distribution. The TEG vari-
ables in dogs with GBM were compared to normal control reference
range values established in the Clinical Coagulation Laboratory using
paired Student's t tests or Wilcoxon Rank tests. The control reference
ranges were defined in 75 normal dogs.!? Correlations of TEG G with
other coagulation parameters (fibrinogen, D-dimers, PCV, platelet
count, and AC, PC, vWF and factor VIII activity) were done using
Pearson's correlation coefficient with log transformation, if necessary.
The association of SIRS and ultrasound findings with coagulation
parameters was assessed using Fisher's exact test. A P value of <.05

was considered significant.

3 | RESULTS

3.1 | Clinical findings

Twenty-three dogs were enrolled in the study. There were 14 cas-
trated males, 6 spayed females, and 3 intact males. The average age
was 10 = 3.0 years. The average weight was 15.3 + 9.4 kg. There
were 9 mixed breed dogs and 12 different purebred dogs. These
included Collies (2), Maltese (2), and 1 each of Jack Russell terrier,
Pug, Fox terrier, Pomeranian, American Staffordshire terrier, English
bulldog, West Highland white terrier, Shetland sheep dog, Beagle and
Black, and Tan coonhound.

Fifteen of 23 (65%) dogs had clinical signs related to gallbladder
disease, including vomiting (13/15, 87%), anorexia (8/15, 53%), leth-
argy (6/15, 40%), or abdominal pain (2/15, 13%). Three of 23 (13%) of
the dogs were presented for elective cholecystectomy based on a his-
tory of a previously diagnosed GBM. Five of these 23 (22%) dogs
were presented for problems unrelated to their GBM including 1 each
for coughing, aspiration pneumonia, tenesmus related to pros-
tatomegaly, poorly controlled diabetes mellitus, and collapsing
episodes.

Nine of 23 (39%) dogs had known concurrent medical conditions.
Four of these 23 (17%) dogs had a previous diagnosis of hyper-
adrenocorticism. Two were not being treated at the time GBM was
identified. Three of 23 (13%) dogs had diabetes mellitus (2 of which
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were also being treated for hyperadrenocorticism). Three of 23 (13%)
had collapsing trachea. One dog had well-controlled hypothyroidism,
heart disease, and International Renal Interest Society stage 2 chronic
kidney disease, and 1 dog had idiopathic epilepsy with seizures that
were well controlled by phenobarbital.

3.2 | Clinical pathology

Selected clinico pathological variables are presented in Table 1. Com-
mon abnormalities included increases in the serum activities of alanine
aminotransferase (20/23, 87%), alkaline phosphatase (20/23, 87%),
gamma-glutamyl transferase (15/23, 65%), and aspartate aminotrans-

ferase (14/23, 60%). Hypercholesterolemia, mature leukocytosis, and

hyperbilirubinemia were present in 16/23 (70%), 12/23 (52%), and
11/23 (47%) of dogs, respectively. Urinalysis was performed on
21/23 (91%) dogs. Eight of 21 (38%) dogs had isosthenuria and 2/21
(9.5%) were hyposthenuric. Twelve of 23 (52%) had some proteinuria
either 3+ (4/21), 2+ (3/21), 1+ (4/21), or trace (1/21). No dog had a
urine protein : creatinine ratio performed. Urine cultures in 3 dogs
were negative.

Plasma-based coagulation parameters are summarized in Table 2.
Results for PC activity and factor VIII activity were available for all
23 dogs; PT, aPTT, fibrinogen, and AT activity were available for
22 dogs; VWF activity was available for 21 dogs; and D-dimers for
15 dogs. Many dogs had increases in total PC activity (20/23, 87%),
AT activity (9/22, 39%), platelet count (9/23, 39%), and fibrinogen (9/
22, 41%). The PT was prolonged in 3/22 (14%) and the aPTT was

TABLE 1  Select clinical pathological values in 23 dogs with gallbladder mucoceles
Variable Median (range) or mean + SD #/(%) Increased? #/(%) Decreased® Reference range
Hematocrit (%) 45 + 753 0 1(4) 38-55
White blood cells (K/uL) 14.7 (7.33-42.4) 9 (39) 0 44-15.1
Neutrophils (K/uL) 12.5(4.42-37.4) 12 (52) 0 2.8-11.5
BUN (mg/dL) 17 (4-82) 2(9) 3(13) 8-30
Creatinine (mg/dL) 0.7 (0.5-5) 1(4) 4 (18) 0.6-2
Total protein (g/dL) 6.2 (4.4-9.2) 1(4) 3(13) 5.5-7.8
Albumin (g/dL) 3.4 +0.56 0 3(13) 2.8-4
Total bilirubin (mg/dL) 0.2 (0-4.8) 11 (48) 0 0-0.3
ALP (U/L) 1898 (65-6980) 20(87) 0 12-127
GGT (U/L) 22 (1-272) 15 (65) 0 0-10
ALT (U/L) 391 (37-6342) 20 (87) 0 14-86
AST (U/L) 70 (20-680) 14 (61) 0 9-54
Cholesterol (mg/dL) 490 (270-2334) 16 (70) 0 82-355
Triglycerides (mg/dL) 242 (44-1378) 7 (39) 0 30-338

Abbreviations: ALP, serum alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate amino transferase; BUN, blood urea nitrogen;

GGT, gamma-glutamyl transferase .

#Number of dogs in which the clinical parameter was increased above the upper limit of the reference range or decreased below the lower limit of the

reference range.

TABLE 2 Coagulation parameters in 23 dogs with gallbladder mucoceles

Variable Median (range) or mean + SD
Platelet count (x 10°/L) (n = 23) 427 + 200

PT (s) (h = 22) 7.9 (6.4-14.2)

aPTT (s) (n = 22) 18.6 (15-35)

Fibrinogen (mg/dL) (n = 22) 358.6 + 186.0

Antithrombin (%) (n = 22) 108.5 (58.6-66.7)

Protein C (%) (n = 23) 195.6 +76.0

D-dimers (ng/mL) (n = 15)
Factor VIII (%) (n = 23)
von Willebrand factor (%) (n = 21)

306 (163-967)
108 (51-463)
74.5 £43.3

#/(%) Increased® # /(%) Decreased® Reference range
9/(39) 0 173-486
3(14) 0 5.98-9.36
9 (41) 0 9.90-20.4
9 (41) 0 73.4-410
9 (41) 4(18) 75-112
20 (87) 1(4) 64.9-130
6 (40) 0 55-533
3(9) 0 50-200
0 5(24) 43-141

Abbreviations: aPTT, activated partial thromboplastin time; PT, prothrombin time.
Number of dogs in which the clinical parameter was increased above the upper limit of the reference range or decreased below the lower limit of the

reference range.
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prolonged in 9/22 (41%) dogs. No dog had a shortened PT or aPTT.
D-dimers were increased in 6/15 (40%) and factor VIII activity in 3/23
(12%) dogs. Five of 21 (24%) dogs had low vVWF activity. No dog had
increased vVWF activity.

All 23 dogs had TEG analysis performed (Figure 1). Overall, when
compared to the hospital-generated control reference range population,
dogs with GBM had significantly decreased K values and increased
angle, MA, and G (P < .001). Based on MA and G value, 19/23 dogs
(83%) were classified as hypercoagulable and 4/23 (17%) were classified
as normocoagulable. Four of 23 (17%) of dogs were classified as hyper-
fibrinolytic based on LY60 values >8.5%. The TEG G values did not cor-
relate with any of the plasma-based coagulation parameters (Table 3).

Ameri College of
Veteri

The increase in total PC activity seen in many dogs was not correlated
with TEG G value. Because increases in PC activity have been reported

ts, 252’ we examined the relationship

with hyperlipidemia in human patien
between PC activity and serum lipids in dogs with GBM. Serum PC activity
was moderately positively correlated with serum cholesterol (r = 0.431,

P = .05), but not serum triglyceride (r = 0.178, P = .44) concentrations.

3.3 | Ultrasound findings

All dogs had ultrasonographic evidence of GBM. Thirteen of 23 dogs
(57%) had pericholecystic hyperechoic fat or effusion, a finding
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IGURE 1 F Box and whisker plot of thromboelastographic parameters in 23 dogs with gallbladder mucocele compared to control reference range
(n = 50) including R (A), K (B), angle (C), maximum amplitude (MA, D), and G (E). Kaolin-activated thromboelastography was performed on 23 dogs with
an ultrasound diagnosis of gallbladder mucocele (GBM). Bar inside each box indicates median, with lower and upper edges marking 25th and 75th
percentiles, respectively. The asterisk indicates that the value is significantly difference from the value in the reference control population, P < .001
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common with compromised GBM integrity.>!° No difference was
found in TEG G between dogs with and without these ultrasound
changes. Ultrasound GBM type was classified for 22/23 dogs. Two of
22 (8.7%) dogs had type 1 GBM, 4/22 (17%) dogs had type 2, 3/22

TABLE 3 Correlation between TEG G value and plasma-based
coagulation parameters in dogs with gallbladder mucoceles

R (Pearson's

Coagulation parameter correlation coefficient) P value?
PT (s) 0.075 .65
aPTT (s) 0.014 17
Fibrinogen (mg/dL) 0.289 .09
Protein C (%) 0.157 57
Antithrombin (%) —0.067 49
VWEF (%) 0.112 .66
Platelet count (x 10°/L) 0.075 71
Factor VIII (%) —0.156 48
D-dimers 0.359 22

Abbreviations: aPTT, activated partial thromboplastin time;

PT, prothrombin time; TEG, thromboelastrography; vVWF = von
Willebrand's factor.

2P value for Pearson's correlation.

(13%) dogs had type 3, 7/22 (30%) dogs had type 4, 6/22 (26%) dogs
had type 5 and 1 dog was not classified. Dogs were divided into early
mucoceles (types 1, 2, and 3; n = 9) and late mucoceles (types 4 and
5; n = 13) for comparison with coagulation parameters. No difference
was found in TEG G, fibrinogen, PC, AT, vWF or factor VIII activity,
PT, aPTT or platelet count between the 2 groups (Table 4).

3.4 | Association with SIRS

Eleven of 23 (47.8%) dogs met the criteria for SIRS. Dogs with
SIRS had significantly higher total PC activity and fibrinogen concen-
tration than dogs without SIRS. There was no difference in ultrasound
imaging, TEG G, platelet count, D-dimer, factor VIII, vWF, or AT activ-
ity results between dogs with and without SIRS (Table 5).

3.5 | Outcome

Fifteen of 23 (65%) dogs survived to discharge, and 8/23 (35%) dogs
were euthanized. Five dogs, all with clinical signs, were euthanized at
the time of GBM identification without further treatment. One dog with
a GBM (treated medically) was euthanized because of respiratory failure.

TABLE 4 Comparison of coagulation parameters in dogs with gallbladder mucocele that have early (type 1/2/3) or late (type 4/5)

ultrasonographic appearance

Coagulation parameter Type 1/2/3 (n =9) Type 4/5 (n = 13) P value® Reference interval
TEG G (dynes/s) (n = 23) 125+3.0 123+ 3.7 76 4.6-10.9
Platelet (x 10%/L) (n = 23) 413 + 201 436 + 231 .8 173-486
PT (s) (n = 22) 7.7 (6.9-14) 8.1(6.4-9.8) .65 5.98-9.36
aPTT (s) (n = 22) 18.6 (16.6-27) 21.4 (12.6-35.6) 5 9.9-20.4
Protein C (%) (n = 23) 222 + 67 186 £ 76 26 64.9-130
Antithrombin (%) (n = 22) 101 (86-138) 123 (56-138) .18 75-112
Factor VIII (%) (n = 23) 139 (51-301) 86 (78-230) .08 50-200
D-dimers (pg/mL) (n = 15) 262 (163-694) 411 (288-941) 19 55-533
Fibrinogen (mg/dL) (n = 22) 375+171 401 + 199 76 73.4-410
VWEF activity (%) (n = 21) 82 + 36 56 £45 22 43-141

Abbreviations: aPTT, activated partial thromboplastin time; PT, prothrombin time; TEG, thromboelastography; vVWF, von Willebrand's factor.
2P value for comparison of coagulation parameters in dogs with type 1,2,3 and type 4-5 gallbladder ultrasound appearance.

Parameter SIRS+ (n = 11) SIRS— (n = 12) P value® Reference interval Z:;BWI:; ZalIbi?j?jil:I:ch:r;:s;:sm;iE;rz::j
Platelet (x 10°/L) 390 + 165 464 + 215 49 173-486 without systemic inflammatory response
Protein C (%) 277 + 81 166 + 61 .05 64.9-130 syndrome

Fibrinogen (mg/dL) 492 + 175 301 + 140 .01 73.4-410

Antithrombin (%) 111+ 16 94 + 36 21 75-112

D-dimers (pg/mL) 559 + 320 431+ 229 41 55-533

Factor VIII (%) 117 + 69 140 + 107 46 50-200

VWEF (%) 60 + 45 74 + 39 47 43-141

TEG G (dynes/s) 132+43 115+ 3.2 .32 4.6-10.9

Abbreviations: SIRS, systemic inflammatory response syndrome; TEG, thromboelastrography; vVWF, von
Willibrand's factor.
2P value for comparison of parameters between dog with SIRS+ and without SIRS.
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TABLE 6

Coagulation parameters associated with thrombotic tendencies
Increased TEG G/MA (83%, 19/23)

(41%, 9/22
(40%, 6/15
(39%, 9/23
(17%, 4/23
(13%, 2/23)
(4.3%, 1/23)

Increased fibrinogen
Increased D-dimers

Thrombocytosis

Decreased AT activity
Increased factor VIII activity

Decreased PC activity

Ve

Summary of coagulation parameters in 23 dogs with gallbladder mucoceles

Coagulation parameters associated with bleeding tendencies
Prolonged aPTT (41%, 9/22)
Decreased VWF activity (24%, 5/21)
Prolonged PT (14%, 3/22)
Increased LY60 (17%, 4/23)
Prolonged TEG K (4.3%, 2/23)

(4.3%, 1/23)

(

4.5%, 1/22)

Increased PC activity

Decreased fibrinogen

Abbreviations: aPTT, activated partial thromboplastin time; AT, antithrombin; MA, maximum amplitude; PC, protein C; PT, prothrombin time;

TEG, thromboelastography; vVWF, von Willebrand's factor.

Thirteen dogs had cholecystectomy performed, and 11 survived. Two
dogs were euthanized postoperatively. One experienced cardiopulmo-
nary arrest during surgery and was resuscitated, but was not responsive
to postoperative assisted ventilation. Pulmonary thromboembolism was
suspected because of a dilated right atrium on echocardiogram. No nec-
ropsy was performed. A second dog with preoperative renal azotemia
was euthanized postoperatively because of the development of oliguric
renal failure. One additional dog developed postoperative aspiration
pneumonia and pancreatitis, but survived to discharge.

4 | DISCUSSION

Our objective was to complete a detailed assessment of coagulation
parameters in dogs with ultrasonographically diagnosed GBM. We
found that many dogs had coagulation parameters compatible with a
hypercoagulable state (Table 6), including increased MA and G on TEG
(83%), hyperfibrinogenemia (41%), and thrombocytosis (39%). A
smaller number of dogs, however, had results consistent with hypo-
coagulability including prolongations in aPTT (41%) or PT (14%),
decreases in VWF activity (24%), or increased LY60 on TEG (13%).
Thus, our results mirror those seen in humans with hepatobiliary dis-
ease and indicate a complex state of coagulation in dogs with GBM.
The discovery of strong hypercoagulable tendencies, however, sug-
gests that the rebalanced state of coagulation in the dogs with GBM
might be shifted more toward thrombosis than hemorrhage.

The current veterinary literature supports the concept that dogs with
GBM are predisposed to thrombotic complications. A recent large multi-
center retrospective study of dogs undergoing cholecystectomy found
that 14/179 (7.8%) of dogs died from documented thrombotic events.1*
The occurrence of PTE was noted in our study and has been sporadically
reported as a cause of postoperative death in other studies examining
outcome in dogs undergoing cholecystectomy for GBM.3*7¢ |n our
study, 1 dog died with clinical suspicion of PTE. Additional evidence for a
role for thrombosis in dogs with GBM comes from the observation that
microthrombi and associated necrosis of the gallbladder wall occur as his-
topathologic findings in many dogs with GBM.>1028

If macro- or microthrombi do contribute to morbidity and mortal-
ity during the management of dogs with GBM, then therapeutic

strategies to mitigate thrombosis would be indicated. If microthrombi
contribute to the progression of gallbladder damage, then antiplatelet
or anticoagulant treatment may be indicated. If dogs with GBM are
hypercoagulable before surgery as our study would suggest, this
hypercoagulable state may be potentiated by surgical cholecystec-
tomy.?? Thus, perioperative strategies to control thrombotic complica-
tions could improve morbidity and mortality in dogs with GBM
undergoing cholecystectomy. These strategies might include the peri-
operative use of anticoagulants or antiplatelet drugs. In addition,
switching from open surgical procedures for cholecystectomy to lapa-
roscopic approaches, which are associated with a diminished acute
phase response, might minimize thrombotic tendencies.2?-2 The tech-
nique for successful laparoscopic removal of the gallbladder has been
described in the veterinary literature.33-3°

Although the TEG G value characterized most dogs with GBM as
hypercoagulable, whether a hypercoagulable G value can be used as a
biomarker for the presence of clinical thrombosis is controversial.

3637 others have

Although some studies have suggested a correlation,
failed to show TEG abnormalities in dogs with confirmed thrombo-
sis.38%? In human patients with liver disease, stroke, neoplasia, or in
those undergoing surgery, TEG parameters can predict the occurrence
of thrombosis.*>#> In dogs, indirect evidence for an association of
high TEG G values with thrombosis comes from the observation that
conditions associated with thrombosis, such as immune-mediated
hemolytic anemia, protein-losing enteropathy, protein-losing nephrop-
athy, hyperadrenocorticism, and pancreatitis, have TEG parameters
compatible with hypercoagulabilty.34¢ Studies that link potential
coagulation biomarkers of hypercoagulability in dogs with GBM with
actual indices of clinical thrombosis are needed, but will be hampered
by the difficulty of making an antemortem diagnosis of thrombosis.

Alterations in several plasma-based coagulation parameters asso-
ciated with hypercoagulability occurred in dogs with GBM, although
none clearly identified dogs with high TEG G values. Despite the
occurrence of increases in fibrinogen, platelet number, and D-dimers
in approximately one-third of the dogs, none of these variables corre-
lated with TEG G value. Decreases in AT and PC activity and increases
in factor VIII activity, all of which can lead to a pro-thrombotic state,
were documented in only a few dogs and again none of these vari-
ables correlated with TEG G.*¢4’
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Several coagulation parameters, not investigated in our study, could
have contributed to a hypercoagulable state in dogs with GBM. In
human patients with cholestatic liver disease, platelet hyper-reactivity
contributes to a hypercoagulability.*®*° We did not investigate platelet
function. Decreases in a disintegrin and metalloproteinase with a throm-
bospondin type 1 motif, member 13 (ADAMTS-13) concentrations
accompany liver disease in people and predict high TEG G values and
the presence of portal thrombosis.>®>2 The decrease in ADAMTS-13, a
circulating protease that cleaves VWF, results in the formation of ultra
large VWF multimers that are capable of spontaneous thrombi forma-
tion.>® Increased concentrations of plasminogen activator inhibitor-1
occur in liver disease in humans and are associated with hypofibrinolysis
and thrombosis.>*>° Thus, there are several unexplored aspects of coag-
ulation that might contribute to hypercoagulability in dogs with GBM
that should be investigated in future studies.

Concurrent pro-thrombotic conditions likely influenced the coag-
ulation status of some dogs in our study. Inflammation is known to
promote a pro-thrombotic state.34*¢ Forty percent of the dogs in our
study had an increase in the acute phase protein and fibrinogen, and
52% had leukocytosis. Both clinicopathologic findings suggest the
presence of systemic inflammation. Seven of 23 dogs (30%) had
pro-thrombotic conditions including hyperadrenocorticism (n = 4),
congestive heart failure (n = 1), neoplasia (n = 1), and a history of
splenectomy (n = 1), which could have contributed to the hyper-
coagulable TEG findings. However, it is unlikely that these
predisposing conditions alone accounted for the hypercoagulability
because all 8 asymptomatic dogs without underlying conditions also
had high TEG G values.

Increases in total PC activity in 87% of the dogs with GBM was
an unexpected finding because decreases, rather than increases, in
total PC activity, have been reported in dogs with hepatobiliary disor-
ders.1”"174¢ The clinical relevance of these increases is unknown.
Increased activated PC activity is implicated in the pathogenesis of
trauma-induced coagulopathy and associated hemorrhage.>®°” The
bleeding tendencies are associated with activated PC-induced inhibi-
tion of factors V, VIII, and plasminogen activator inhibitor. No dogs in
our study had bleeding tendencies, and reports of hemorrhage in
patients with GBM are rare. It is noteworthy that we measured total
PC activity not total activated PC activity. Although studies in humans
suggest that increased total PC activity correlates with a concomitant
increase in activated PC activity, it is unknown if the same is true in
dogs.>®>? Future studies to examine if total activated PC activity is
increased in dogs with GBM are necessary.

Besides its role as an anticoagulant, PC also has anti-inflammatory
and cytoprotective properties.2” Increases in total PC activity occur as
a reaction to systemic inflammation. This observation might fit with
our finding that PC activity was higher in dogs that met the criteria for
SIRS. In humans, increases in total PC also accompany hyperlipid-
emia.2®?” Many dogs in our study were hypercholesterolemic and a
significant positive correlation was foud between PC activity and
serum cholesterol concentration. Because hyperlipidemia is known

risk factor for the development of GBM in dogs,*®° the role of

increased PC activity and its association with hypercholesterolemia in
the pathogenesis of GBD in dogs should be further explored.

Our study had several limitations. We evaluated a relatively small
heterogenous population of dogs with GBM that varied in whether or
not they had clinical signs, inflammation or necrosis of the gallbladder
wall, hyperlipidemia, or comorbid conditions. The small population lim-
ited our data analysis so that complex multivariate modeling such as
principal component analysis was not feasible. However, such analysis
will likely be necessary to clarify the nature of the complex
coagulopathy that accompanies GBM. One-third of the dogs had
missing data points for D-dimers because of hyperlipidemia and inter-
ference with the assay endpoint. Our study only evaluated kaolin-acti-
vated TEG and whole blood or tissue factor-activated TEG may have
yielded different results. We did not examine the relationship
between coagulation abnormalities and survival and thus there was
no stratification of iliness severity beyond classification based on SIRS
and ultrasound criteria. Coagulation parameters could be different in
dogs with more severe inflammation, sepsis, or multiple organ dam-
age. Although fibrinogen is an acute phase reactant in the dog, more
specific markers of inflammation, such as C-reactive protein, were not
investigated in our study. Last, we studied a diverse population of
older dogs that could have had undiagnosed diseases compatible with
hypercoagulability. For example, many dogs had proteinuria on pre-
sentation and whether it was transiently related to the acute inflam-
mation associated with the GBM or from chronic underlying protein-
losing nephropathy was not clarified. A recent study also reported on
the presence of proteinuria in dogs with GBM, suggesting that the
occurrence of renal lesions may represent part of the metabolic dis-
ease process in affected dogs.%?

In conclusion, dogs with GBM have a complex pattern of changes
in coagulation parameters. The pattern is most compatible with a
hypercoagulable state. This observation and emerging evidence that
both micro- and macrothrombi may promote disease progression,
complicate surgical management or both, suggest further investigation
into coagulation status in these dogs is warranted so that decisions on
the most appropriate perioperative antithrombotic treatment can
be made.
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