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Abstract

Objective: To report demographics, clinical signs, physical examination, diag-

nostic test results, surgical findings, and prognostic factors for in-hospital post-

operative mortality following biliary peritonitis surgery in dogs.

Study design: Retrospective, multi-institutional cohort study.

Animals: Thirty-three client-owned dogs.

Methods: The medical records of dogs that underwent surgery for biliary peri-

tonitis between 2015 and 2021 were reviewed. Dogs were included if they had

a definitive diagnosis of biliary peritonitis and a surgery report. Information on

demographics, clinical signs and duration, physical examination findings, labo-

ratory and diagnostic imaging results, surgery, perioperative medical treat-

ment, and complications for each patient was obtained. Statistical analyses

were performed to identify risk factors that affected survival.

Results: Cholecystectomy was the procedure most frequently performed

(31/33, 94%). The overall mortality rate was 36% (12/33). Survival was affected

negatively by hyperbilirubinemia (p = .049), administration of vasopressors

(p = .002), renal dysfunction (p = .008), and number of postoperative compli-

cations (p = .005). A mortality rate of 50% was observed in dogs with a total

bilirubin level greater than 60.5 μmol/L. There was no difference in mortality

rate between septic and nonseptic biliary effusions.

Conclusion: New prognostic factors associated with in-hospital postoperative

mortality in dogs treated surgically for biliary peritonitis were identified, while

Abbreviations: ALP, Alkaline phosphatase; ALT, Alanine aminotransferase; aPTT, Activated partial thromboplastin time; CT, Computed
tomography; GBM, Gallbladder mucocele; GGT, Gamma-glutamyl transferase; PaO2, Partial pressure of oxygen; PCV, Packed cell volume;
PT, Prothrombin time; USG, Urine specific gravity.
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others that had been reported previously were confirmed. A preoperative bili-

rubin threshold value associated with a 50% mortality was identified.

Clinical significance: Additional information that could help to predict sur-

vival in dogs with biliary peritonitis has been provided. However, further

research is warranted.

1 | INTRODUCTION

Biliary peritonitis is an inflammatory response to a local-
ized or diffuse leakage of bile into the abdomen. Rupture
of the gallbladder or any portion of the biliary system can
result from blunt or penetrating abdominal trauma, biliary
tract obstruction from choledocholithiasis or neoplasia,
iatrogenic injury during surgery, or inflammation and/or
infection. Bile salts are hyperosmolar and cytotoxic to the
peritoneal mesothelial cells, resulting in increased vascular
permeability, third-spacing of fluid into the abdomen,
inflammation, hemolysis, and tissue necrosis.1,2

Biliary peritonitis is a life-threatening condition as it
can lead to hypovolemic shock, systemic inflammatory
response syndrome, multiple organ dysfunction, and
death if prompt treatment is not provided quickly. Sur-
gery is always indicated, and the specific treatment
depends on the underlying disease process. Surgical treat-
ment options include cholecystectomy, primary repair of
the extrahepatic biliary tract, and biliary diversion.1–3

Information regarding clinical outcomes and mortal-
ity rates of dogs treated surgically for biliary peritonitis is
scarce in the veterinary literature. Mehler et al. reported
that 43% of dogs (26/60) undergoing extrahepatic biliary
surgery had biliary peritonitis at the time of surgery, and
the most common causes were necrotizing cholecystitis,
blunt trauma, and extrahepatic biliary tract obstruction
secondary to cholelithiasis.4 Jaffrey et al. reported a
cohort of 219 dogs diagnosed with a gallbladder mucocele
(GBM) and found that dogs with biliary peritonitis fol-
lowing gallbladder rupture were 2.7 times more likely to
die than those without biliary peritonitis.5 A significant
difference in survival was found when comparing septic
biliary peritonitis (25% to 45%) versus nonseptic biliary
peritonitis (87% to 100%) in dogs.4,6 However, the correla-
tion between survival and the presence of septic or non-
septic biliary peritonitis remains controversial, as other
more recent studies did not find a significant difference
between these two subpopulations.5,7 Hyperlactatemia,
hyperbilirubinemia, biliary peritonitis, sepsis, immediate
postoperative hypotension, and prolongation of activated
partial thromboplastin time (aPTT) have also been associ-
ated with decreased survival in dogs undergoing extrahe-
patic biliary surgery in various studies.2,4,5,8–10 However,

there is currently a lack of information regarding the out-
comes of dogs undergoing surgery for biliary peritonitis
specifically, and predictors of survival are largely
unknown.

The aim of this study was to report demographics,
clinical signs, physical examination, laboratory and diag-
nostic imaging results, and surgical findings of dogs trea-
ted surgically for biliary peritonitis, and to identify
prognostic factors that affect survival in the immediate
postoperative period. The hypothesis was that dogs with
septic biliary peritonitis would not have a worse progno-
sis than dogs with nonseptic biliary effusion.

2 | MATERIALS AND METHODS

2.1 | Study population

This was a multi-institutional retrospective cohort study
of dogs that underwent surgery for the treatment of bili-
ary peritonitis between January 2015 and December
2021, at one academic and three private practice institu-
tions. Medical records were reviewed, and dogs were
included if they had a definitive diagnosis of biliary peri-
tonitis confirmed intraoperatively, based on a surgery
report. The study excluded dogs with biliary peritonitis
that did not survive prior to surgical intervention, as well
as those that did not undergo surgery or had peritonitis
of other etiologies.

2.2 | Data collection

Information was extracted from medical records when
available. Complete data could not be obtained for each
dog as the diagnostic tests and treatments provided were
performed at the discretion of the veterinarians in charge
of each case.

2.2.1 | Demographics

Demographic data (age, breed, sex, and body weight)
were recorded for each dog.
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2.2.2 | Clinicopathological parameters

Clinical signs and physical examination
The presenting complaint, clinical signs (lethargy,
anorexia, nausea, vomiting and diarrhea) and duration,
vital parameters (temperature, heart rate, respiratory
rate and systolic blood pressure), and physical examination
findings (icterus and abdominal pain) were documented.

Laboratory
The laboratory data collected at presentation included
results of serum lactate levels, complete blood count
(packed cell volume or PCV; absolute neutrophil count;
band neutrophil count, and platelet count), serum bio-
chemistry profile (creatinine, albumin, total bilirubin,
and liver enzymes, including alkaline phosphatase or
ALP; alanine aminotransferase or ALT; and gamma-
glutamyl transferase or GGT), urinary sediment analysis
(urine specific gravity or USG, and bilirubinuria), and
coagulation profile (prothrombin time or PT; aPTT).

Abdominocentesis fluid sample analysis
Data from the preoperative analysis of the recorded abdo-
minocentesis fluid samples included results of cytology,
bacterial culture and susceptibility testing (aerobic and
anaerobic), and the measurement of glucose, lactate
and bilirubin concentrations in the peritoneal effusion.

2.2.3 | Diagnostic imaging

Diagnostic imaging results, detailing the findings of
abdominal radiography, ultrasound and/or computed
tomography, were collected.

2.2.4 | Surgery

Surgical findings were recorded (site of biliary tract perfo-
ration and leakage, surgical treatment performed, results of
aerobic and anaerobic intraoperative bacterial culture and
susceptibility testing before and/or after abdominal lavage,
number of closed suction drains placed before closure, and
the duration in days of active drainage). Septic biliary peri-
tonitis was defined as a positive bacterial culture when
samples were collected intraoperatively. All bacterial cul-
tures were submitted to a reference laboratory for analysis.

2.2.5 | Perioperative medical treatments

Perioperative medical treatments (oxygen therapy, anti-
microbials, vasopressors, fluid therapy with isotonic

crystalloids and/or colloids and transfusions with blood
products) administered to each patient were also
documented.

2.2.6 | Complications

Perioperative complications were categorized into two
groups: intraoperative and postoperative. Intraoperative
complications included events that occurred between
skin incision and closure, whereas postoperative compli-
cations were those that occurred between recovery from
general anesthesia and discharge or death of the dog.

Intraoperative complications
The following intraoperative complications were defined
a priori: hemorrhage—more than10% blood loss requir-
ing one or more transfusions of blood product;
hypotension—systolic blood pressure below 90 mmHg;
hypothermia—body temperature below 36.5�C; and car-
diopulmonary arrest—cardiac and respiratory arrest
requiring resuscitation therapy. The number of intrao-
perative complications was recorded for each dog.

Postoperative complications
The following postoperative complications were defined
a priori and characterized to reflect substantial dysfunc-
tion of major body systems: cardiovascular—systolic
blood pressure below 90 mmHg requiring treatment with
vasopressors; coagulation—platelet count below
100 � 109/L confirmed by a blood smear and/or pro-
longed coagulation time with PT and aPTT more than
25% of the upper normal reference limit, which required
one or more transfusions with plasma and/or platelet-
rich plasma; hematologic—PCV below 25% requiring
transfusions of red blood cells; renal—creatinine
above140 mmol/L or an increase of more than
26.4 mmol/L within 48 h of presentation despite medical
treatment; and respiratory dysfunction —oxygen support
of any type required if oxygen saturation was below 95%
on pulse oximetry or arterial partial pressure of oxygen
(PaO2) was below 80 mm Hg. The number of postopera-
tive complications was recorded for each dog.

2.2.7 | Duration of hospitalization and
outcomes

The total duration (in days) of hospitalization, the dog's
status following surgery (whether it was dead or alive
and whether death was due to humane euthanasia), and
the findings of the postmortem examination, if applica-
ble, were also documented.
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2.3 | Statistical analysis

R software, version 4.0.3, was used to perform all statisti-
cal analyses.11 Data were analyzed to identify risk factors
affecting the survival of dogs surgically treated for bili-
ary peritonitis. The dependent variable was binomial
(survival or not), so statistical results were provided
using generalized linear models, specifying that data
followed a binomial distribution. The results were used
to determine the estimate, standard error, z-value, and
p-value. Significance was set as p < .05. Descriptive sta-
tistics were generated and presented in tables, describ-
ing medians and ranges (from minimum to maximum)
as well as estimates, standard errors, z-values and p-
values for the explanatory variables. The survival pack-
age was used to construct Cox proportional hazard
models. The proportional hazard assumption was con-
firmed by nonsignificant, independent scaled Schoen-
feld residuals.

3 | RESULTS

3.1 | Demographics

Thirty-three dogs met the inclusion criteria. Age, body
weight, clinical signs, and duration were documented for
each dog at the time of presentation. Seventeen dogs
(17/33, 52%) were females, of which 16 (94%) were
spayed and one (6%) was intact. Sixteen dogs (16/33,
48%) were males, of which 13 (81%) were neutered and
three (19%) were intact. There were 16 purebreds
and two mixed-breed dogs. Purebreds represented were
Chihuahua (6/33, 18%), pug (4/33, 12%), Yorkshire terrier
(4/33, 12%), schapendoes (2/33, 6%), American Cocker
spaniel (2/33, 6%), miniature poodle (2/33, 6%), minia-
ture schnauzer (2/33, 6%) and one of each breed (1/33,
3%) Bernese mountain dog, dachshund, English bull ter-
rier, French spaniel, Jack Russell terrier, keeshond, Por-
tuguese water dog, shih tzu and standard poodle. In this
study population, survival in dogs was not affected by
demographics (Table 1).

3.2 | Clinicopathological parameters

3.2.1 | Clinical signs and physical
examination

The most common clinical signs were lethargy (29/33,
88%) and anorexia (29/33, 88%), followed by vomiting
(26/33, 79%), abdominal pain (26/33, 79%), and nausea
(25/33, 76%). Approximately one-fifth of the dogs had

jaundice (7/33, 21%) and diarrhea (7/33, 21%). Other clin-
ical signs documented were dehydration, dyspnea,
abdominal distension, and polyuria/polydipsia. Sixteen
dogs (16/33, 48%) had one or more concomitant health
problems such as tracheal collapse, diabetes mellitus,
urolithiasis, extrahepatic portosystemic shunt, chronic
kidney disease, cholelithiasis, heart murmur, and hypo-
thyroidism. All dogs had their vital parameters recorded
upon physical examination. Seven dogs (7/33, 21%) had
hyperthermia with a rectal body temperature >39.5�C
and two (2/33, 6%) had hypothermia with a temperature
<37.5�C. Four dogs (4/40, 20%) that had their blood pres-
sure recorded on admission had systemic hypertension
with a systolic blood pressure >160 mmHg, and five
(5/20, 25%) had hypotension with a systolic blood pres-
sure <80 mmHg. Survival in dogs was not affected by
clinical signs, their duration, or the vital parameters
(Table 1).

3.2.2 | Laboratory

Thirty-two dogs (32/33, 97%) had a complete blood count
and serum biochemistry profile performed. Two dogs
(2/32, 6%) were anemic with a PCV < 35%; 27 (27/32,
84%) had a mature neutrophilia with an absolute seg-
mented neutrophil count >9.80 � 109/L; two (2/32, 6%)
were neutropenic with an absolute segmented neutrophil
count <2.7 � 109/L; seven (7/32, 22%) had a mature left
shift with an absolute nonsegmented or band neutrophil
count >0.3 � 109/L and four dogs (4/32, 13%) were
thrombocytopenic with an absolute platelet count
<153 � 109/L. Four dogs (4/32, 13%) had elevated creati-
nine concentrations with creatinine levels >140 μmol/L;
11 dogs (11/32, 34%) had hypoalbuminemia with albu-
min levels <25 g/L; and 25 dogs (25/32, 78%) had hyper-
bilirubinemia with bilirubin levels >8.8 μmol/L. A
threefold increase in normal serum hepatic enzyme activ-
ity was documented in 21 dogs (21/32, 65%) for ALP, in
17 dogs (17/32, 53%) for ALT and in one dog (1/32, 3%)
for GGT. Serum lactate levels were analyzed in 27 dogs
(27/32, 84%), and seven (7/27, 26%) had elevated lactate
>2.5 mmol/L. Ten dogs (10/33, 30%) had a urinalysis per-
formed and bilirubinuria was documented in four of
them (4/10, 40%). A coagulation profile (PT/aPTT) was
performed in 16 dogs (16/33, 48%). Activated partial
thromboplastin time was increased in 11 dogs (11/16,
69%), and PT was increased in three dogs (3/16, 19%).
Serum bilirubin levels (p = .049) had an impact on sur-
vival (Table 1). The predictive value was calculated using
a linear regression model and a threshold value associ-
ated with a 50% probability of survival was determined.
Specifically, the threshold value for hyperbilirubinemia,
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TABLE 1 Descriptive and inferential statistics for the explanatory variables associated with survival. The values of the explanatory

variables for surviving and deceased dogs are given, along with the number of dogs considered for each variable. The results of univariate

Cox models testing the effect of these explanatory variables on the probability of survival are reported.

Explanatory variable n Mean deceased (±SE) Mean surviving (±SE) LR test Df p

Demographics

Age (year) 33 9.0 (1.0) 8.9 (0.7) 0.00 1 .959

BCS 24 5.0 (0.6) 5.0 (0.5) 0.00 1 1.000

Body mass (kg) 33 8.3 (1.7) 12.4 (2.3) 0.46 1 .498

Sex 33 F: 0% F: 5% 1.13 3 .763

FS: 58% FS: 43%

M: 16% M: 5%

MC: 25% MC: 47%

Clinical signs

Duration (days) 33 8.8 (6.5) 3.3 (0.5) 1.10 1 .295

Lethargy 33 100.0% (0.0) 81.0%(8.8) 0.73 1 .394

Icterus 33 33.3%(14.2) 14.3% (7.8) 0.66 1 .416

Abdominal pain 33 75.0% (13.1) 81.0% (8.8) 0.06 1 .810

Anorexia 32 90.9% (9.1) 90.5% (6.6) 0.00 1 .982

Nausea 33 75.0% (13.1) 76.2% (9.5) 0.00 1 .964

Vomiting 33 75.0% (13.1) 81.0% (8.8) 0.06 1 .810

Diarrhea 33 8.3% (8.3) 28.6% (10.1) 0.58 1 .448

Vital parameters

Temperature (�C) 33 38.2 (0.4) 39.0 (0.2) 1.93 1 .165

Heart rate (bpm) 32 150.9 (10.5) 139.8 (8.9) 0.22 1 .641

Respiratory rate (rpm) 27 38.6 (2.9) 41.2 (4.2) 0.07 1 .788

Systolic blood pressure (mmHg) 17 138.0 (14.2) 142.0 (8.2) 0.03 1 .853

Blood work

Packed cell volume 33 48.5 (2.6) 47.0 (2.0) 0.07 1 .790

Neutrophils 31 18.4 (4.2) 16.2 (1.3) 0.26 1 .610

Bands 33 A: 75% A: 67% 0.53 2 .766

P: 25% P: 19%

Suspect: 0% Suspect: 14%

Platelets 29 388.0 (54.4) 326.0 (44.4) 0.23 1 .634

Creatinine 31 172.8 (70.2) 69.7 (8.3) 2.53 1 .112

Lactatemia 27 2.77 (0.48) 1.78 (0.27) 1.53 1 .216

Albumin 30 24.4 (1.9) 29.9 (1.5) 1.46 1 .228

Total bilirubin 31 66.8 (13.3) 26.0 (5.5) 4.53 1 .049a

Alkaline phosphatase (ALP) 32 1596 (358) 1207 (374) 0.15 1 .700

Alanine aminotransferase (ALT) 32 669.2 (207.0) 392.3 (83.7) 1.12 1 .289

Gamma-glutamyl transferase (GGT) 27 41.3 (17.9) 12.7 (2.8) 2.82 1 .093

Prothrombin time (PT) 16 23.6 (9.2) 11.6 (1.1) 1.38 1 .240

Activated partial thromboplastin time (aPTT) 16 99.6 (40.0) 103.3 (33.6) 0.00 1 .955

Abdominocentesis fluid sample

Bilirubin concentration 6 216.6 (93.7) 183.7 (127.0) 0.02 1 .886
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at which 50% of dogs survived postoperatively, was
found to be 60.5 μmol/L. Survival was otherwise not
affected by the other clinicopathologic parameters
assessed (Table 1).

3.2.3 | Abdominocentesis fluid sample
analysis

Fourteen dogs underwent diagnostic abdominocentesis
before surgery for various analyses (14/33, 42%). Cytology
was performed in 13 of them (13/14, 93%). All samples
were interpreted by a board-certified clinical pathologist.
A cytological diagnosis of biliary peritonitis was obtained
in four dogs (4/13, 31%) by direct visualization of bile

pigments, while septic suppurative inflammation was
observed in seven dogs (7/13, 54%). Bacterial culture and
susceptibility testing from peritoneal effusion was per-
formed in eight dogs (8/33, 57%), and four of them (4/8,
50%) were positive. The microorganisms isolated were
Escherichia coli (2/4, 50%), Klebsiella pneumoniae (1/4,
25%), and Staphylococcus intermedius (1/4, 25%). Three
dogs (3/14, 21%) had their glucose and lactate concentra-
tions quantified on peritoneal effusion, and six dogs
(6/14, 43%) had their bilirubin concentrations compared
with serum. Four dogs (4/14, 29%) had a diagnosis of bili-
ary peritonitis based on twice the concentration of biliru-
bin in the peritoneal effusion as in the serum. Survival in
dogs was not affected by peritoneal bilirubin concentra-
tion (Table 1).

TABLE 1 (Continued)

Explanatory variable n Mean deceased (±SE) Mean surviving (±SE) LR test Df p

Surgery

Bacterial culture 28 14.3% (14.3) 43.9% (11.1) 1.28 1 .258

Closed suction drain 33 75.0% (13.1) 71.4% (10.1) 0.02 1 .897

Duration of active drainage (days) 23 3.89 (2.13) 3.79 (0.32) 0.00 1 .947

Perioperative medical treatment

Antimicrobials 32 91.7% (8.3) 100% (0.0) 0.60 1 .437

Oxygen therapy 32 36.4% (15.2) 9.5% (6.6) 1.61 1 .205

Vasopressors 32 90.9% (9.1) 23.8% (9.5) 9.59 1 .002a

Fluid boluses with isotonic crystalloids 32 90.9% (9.1) 52.4% (11.2) 3.49 1 .062

Fluid boluses with colloids 32 36.4% (15.2) 23.8% (9.5) 0.39 1 .583

Blood products 32 72.7% (14.1) 33.3% (10.5) 1.54 1 .214

Type of blood products 14 Plasma: 63% Plasma: 83% 0.26 1 .612

RBC: 37% RBC: 17%

Hospitalization

Duration (days) 33 4.2 (1.8) 5.1 (0.5) 0.14 1 .699

Intraoperative complications

Hemorrhage 33 16.7% (11.2) 14.3% (7.8) 0.01 1 .913

Hypotension 33 83.3% (11.2) 61.9% (10.9) 0.54 1 .464

Hypothermia 33 66.7% (14.2) 52.4% (11.2) 0.22 1 .641

Cardiopulmonary arrest 33 58.3% (14.9) 38.1% (10.9) 0.44 1 .505

Number of complications 33 1.8 (0.2) 1.3 (0.3) 0.32 1 .569

Postoperative complications

Cardiovascular dysfunction 33 33.3% (14.2) 14.3% (7.8) 0.82 1 .367

Coagulation dysfunction 33 33.3% (14.2) 4.8% (4.8) 2.09 1 .149

Hematologic dysfunction 33 8.3% (8.3) 19.0% (8.8) 0.45 1 .504

Renal dysfunction 33 58.3% (14.9) 0.0% (0.0) 6.97 1 .008a

Respiratory dysfunction 33 33.3% (14.2) 28.6% (10.1) 0.03 1 .865

Number of complications 33 2.5 (0.4) 0.6 (0.2) 7.88 1 .005a

Abbreviations: bpm, beats per minute; rpm, respirations per minute.
aThis explanatory variable was related to decreased survival in dogs. A p < .05 was considered significant (in bold).
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3.3 | Diagnostic imaging

All dogs underwent diagnostic imaging of the abdomen
prior to surgery. Thirty-two dogs (32/33, 97%) had an
ultrasound performed and 13 (13/33, 39%) had radio-
graphs. The dog that had only abdominal radiographs
had evidence of effusion, and cytology confirmed the
presence of bile pigments. Peritoneal effusion was
the most common finding observed in 28 abdominal
ultrasounds (28/32, 88%) and in six radiographic studies
(6/13, 46%). No abnormalities specifically related to the
biliary system were identified in any of the dogs that
underwent radiographs. On abdominal ultrasound, GBM
was diagnosed in 20 dogs (20/32, 63%) and cholelithiasis
was reported in five (5/32, 16%). Ultrasound findings con-
sistent with extrahepatic biliary tract rupture—
characterized by gallbladder wall discontinuity, distortion
of its oval shape, and surrounding free fluid, along with
secondary biliary peritonitis—were identified in 12 of
32 dogs (38%). Of these, 10 dogs (10/12, 83%) had a GBM,
and two had cholelithiasis (2/12, 17%). Abdominal ultra-
sonography had a sensitivity of 38% in accurately identi-
fying cases of extrahepatic biliary tract rupture.

3.4 | Surgery

For the dogs without a definitive preoperative diagnosis,
surgery was recommended based on clinical signs, physi-
cal examination findings, and diagnostic results. All sur-
gical procedures were performed by a board-certified
veterinary surgeon or resident under direct supervision.
Each dog was confirmed to have biliary peritonitis at the
time of surgery either through visualization of a bile-like
effusion in the peritoneal cavity and/or identification of a
defect in the extrahepatic biliary system.

A detailed description of the surgical procedure,
including the specific site of biliary tract perforation, was
available in 32 surgery reports (32/33, 97%). Twenty-four
perforations were located to the gallbladder wall (24/32,
75%), six to the cystic duct (6/32, 19%), and two to the
common bile duct (2/32, 6%). Twenty dogs (20/32, 63%)
had GBM confirmed macroscopically as suspected on
abdominal ultrasound. The type of surgical procedure
performed was specifically documented for all 33 dogs.
Cholecystectomy was the most common (31/33; 94%).
Two dogs (2/33, 6%) underwent choledochal stenting via
duodenotomy in addition to cholecystectomy; one dog
(1/33, 3%) had a cholecystoduodenostomy performed,
and another dog (1/33, 3%) required revision surgery to
ligate a leaking cystic duct from a previous cholecystec-
tomy. Bacterial culture and susceptibility testing were
performed on peritoneal effusion in 27 dogs (27/33, 82%)

intraoperatively, with 15 samples (15/27, 56%) collected
before abdominal lavage at the beginning of surgery, and
12 (12/27, 44%) collected after the final lavage at the end
of surgery. None of the dogs had bacterial culture per-
formed both before and after abdominal lavage during
surgery. Intraoperatively, bacterial culture was positive in
nine dogs (9/27, 33%); six samples (6/9, 67%) were taken
before abdominal lavage and three (3/9, 33%) were per-
formed after lavage. Out of the eight dogs that had a bac-
terial culture performed preoperatively, seven (7/8, 88%)
also had another bacterial culture performed during the
surgical procedure. Only one of these dogs (1/7, 14%) had
a negative preoperative bacterial culture that was positive
when cultured again at the time of surgery, the remain-
ing dogs showed consistent microbial results and antimi-
crobial susceptibility. The dog that only had preoperative
bacterial culture performed tested negative.

Overall, 10 of the 28 dogs (36%) that had perioperative
bacterial cultures performed on their peritoneal effusion
were septic. Of these dogs, one (1/7, 14%) died postopera-
tively, and 9/21 (43%) survived. The microorganism most
cultured was E. coli identified in eight dogs (8/10, 80%). A
closed suction drain was placed in 24 dogs (24/33, 73%)
before abdominal closure. The median number of days
the drain was in left in situ was 3.8 days (range, 1–
7 days). There was no difference in the mortality rate
between septic and nonseptic biliary effusions in this
study population, between dogs that had a closed abdom-
inal drain and those that did not, or in the duration of
active drainage (Table 1).

3.5 | Perioperative medical treatments

Overall, during surgery and hospitalization, 32 dogs
(32/33, 97%) received broad-spectrum prophylactic anti-
microbial treatment intravenously. One dog (1/33, 3%)
did not receive it because of severe hypotension at the
time of surgery. The antimicrobials most commonly
administered were ampicillin (28/32, 88%), enrofloxacin
(22/32, 69%), and metronidazole (8/32, 25%). Twenty-four
dogs (24/32, 75%) received more than one antimicrobial
simultaneously. Twenty-one dogs (21/33, 64%) received
fluid boluses with isotonic crystalloids and nine (9/33,
27%) received colloids. Fifteen dogs (15/33, 45%) required
vasopressors and nine (9/33, 60%) received more than
one type of vasopressors. Norepinephrine was the most
commonly administered molecule (13/15, 87%). Dopa-
mine (n = 4), dobutamine (n = 3), phenylephrine
(n = 3), ephedrine (n = 2), epinephrine (n = 1), and
vasopressin (n = 1) were also used. Except for epineph-
rine, all vasopressors were use intraoperatively and post-
operatively. Fourteen dogs (14/33, 42%) were transfused
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with blood products, nine of which (9/14, 64%) received
plasma and the remaining five (5/14, 36%)
received plasma combined with packed red blood cells.
Six dogs (6/33, 18%) required oxygen therapy. The use of
vasopressors was associated (p = .002) with decreased
survival in dogs (Table 1). Other perioperative medical
treatments administered did not have an impact on the
dogs' outomes (Table 1).

3.6 | Complications

3.6.1 | Intraoperative complications

Intraoperative complications reported included hypoten-
sion (19/33, 58%), hemorrhage (14/33, 42%), hypothermia
(5/33, 15%) and cardiopulmonary arrest (1/33, 3%). Nine
dogs (9/33, 27%) had no intraoperative complications but
most dogs (24/33, 73%) experienced at least one intrao-
perative complication. Four dogs (4/24, 17%) had one
complication, 16 (16/24, 67%) had two complications,
and four (4/24, 17%) had three complications. The dog
that was severely hypotensive and did not receive broad-
spectrum prophylactic antimicrobial treatment was
euthanized intraoperatively. The type and number of
intraoperative complications did not have an impact on
survival (Table 1).

3.6.2 | Postoperative complications

Postoperative complications reported included cardiovas-
cular dysfunction (13/32, 41%), respiratory dysfunction
(6/32, 19%), hematologic dysfunction (4/32, 13%), coagula-
tion dysfunction (4/32, 13%) and renal dysfunction (4/32,
13%). One dog (1/33, 3%) had no information on the post-
operative complications evaluated. Fifteen dogs (15/32,
47%) had no postoperative complications, 17 (17/32, 53%)
had at least one recorded. Seven dogs (7/17, 41%) had one
complication; one dog (1/17, 6%) had two complications;
seven (7/17, 41%) had three complications, and two dogs

(2/17, 12%) had four complications. Eleven dogs (11/32,
34%) died postoperatively, seven of which (7/11, 64%)
were euthanized. The type of complication was associated
with decreased survival, specifically renal dysfunction
(p = .008) and an increase in the number of postoperative
complications (p = .005) (Table 1).

3.7 | Duration of hospitalization and
outcomes

The overall perioperative mortality rate was 36% (12/33).
Eight dogs (8/12, 67%) were euthanized and the other
four (4/12, 33%) died. One dog was euthanized during
the intraoperative period, and the remaining seven were
euthanized postoperatively due to clinical deterioration
despite medical management (respiratory distress
(n = 2), acute kidney failure (n = 2), sepsis (n = 2),
severe hypotension (n = 1)). Of the four dogs that died,
two died from sepsis and two from cardiopulmonary
arrest. There were no pre-incision complications. The
duration of hospitalization did not have an effect on sur-
vival (Table 1).

3.8 | Global effects of explanatory
variables on individual survival
probabilities

In univariate models, preoperative hyperbilirubinemia,
the use of perioperative vasopressors, renal dysfunction,
and the number of postoperative complications were
associated with survival in dogs (Table 2). The hazard
ratios of these four variables are significantly less than 1,
indicating that an increase in these variables would
reduce the probability of survival. For instance, an
increase of 1 μmol/L in bilirubin would lead to a 1%
reduction in the probability of survival (Figure 1A). The
presence of vasopressors and renal dysfunction would
lead to a 71% and 66% reduction in the probability of sur-
vival, respectively. Finally, each additional complication

TABLE 2 Detailed univariate Cox proportional hazard model results for the four significant explanatory variables related to the survival

probabilities of dogs.

Factor Regression coefficient HR HR 95% CI p

Total bilirubin �0.01 0.99 [0.98; 0.99] .049a

Vasopressors �1.23 0.29 [0.14; 0.64] .002a

Renal dysfunction �1.07 0.34 [0.15; 0.81] .008a

Number of postoperative complications �0.36 0.70 [0.54; 0.91] .005a

Abbreviation: HR, hazard ratio.
aThis explanatory variable was related to decreased survival in dogs.
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would result in a reduction of approximately 30% in the
probability of survival per complication (Figure 1B).

To achieve a more comprehensive explanatory model
for survival, these four explanatory variables were com-
bined in a multivariate model. Following a stepwise
model selection, it was found that preoperative hyperbi-
lirubinemia and the number of postoperative complica-
tions together provided a better explanation for the
probability of survival of dogs (Table 3). Hyperbilirubine-
mia and the number of postoperative complications may
be redundant with the presence of vasopressors and renal
dysfunction, which have shown better explanatory power
for dogs' survival. It is therefore suggested that the latter
variables be excluded within a global model.

4 | DISCUSSION

Biliary peritonitis is a surgical emergency associated with
a high mortality rate in dogs, ranging between 28% and
50%.4–7 In our study, a perioperative mortality rate of 36%

was reported. The most common surgical finding leading
to biliary peritonitis was gallbladder rupture secondary to
GBM. Gallbladder mucocele is a well known risk factor
for biliary peritonitis and surgery is generally recom-
mended in most cases to prevent and avoid this life-
threatening complication. The incidence of gallbladder
rupture associated with GBM in dogs has been previously
reported, ranging from 21% to 61%.5,7,9,12–14 The risk of
death was 2.7 times higher in dogs with biliary peritonitis
than in those without gallbladder rupture in a large
cohort of 219 dogs diagnosed with GBM.5 The high mor-
tality associated with surgery of the extrahepatic biliary
tract in general, and sustained in our study, is likely
related to the complex pathophysiology of hepatobiliary
disease, impacting wound healing, hemostasis, and sep-
sis.1,15 Bile salts and constituents of the bile are cytotoxic
to the organs of the abdominal cavity and cause extrava-
sation of fluids, loss of protein, and bacterial transloca-
tion. This highly inflammatory state can then lead to
shock, severe hypotension, and death if adequate treat-
ment is not provided.1,2,15

FIGURE 1 Prediction of the survival probability of dogs (± 95% confidence interval in gray). On (A) total bilirubin and (B) the number

of postoperative complications. In the graph of postoperative complications, the size of each point represents the number of cases per

complication.

TABLE 3 Multivariate Cox proportional hazard model results after stepwise selection.

Factor Regression coefficient HR HR 95% CI p

Total bilirubin �0.01 0.99 [0.98; 0.99] .015a

Vasopressors �0.36 0.70 [0.24; 2.05] .514

Renal dysfunction 0.08 1.09 [0.24; 4.85] .911

Number of postoperative complications �0.43 0.65 [0.49; 0.86] .002a

Abbreviation: HR, hazard ratio.
aThis explanatory variable was related to decreased survival in dogs.
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The most widely used imaging diagnostic tool for
determining the location of the biliary tract rupture and
origin of the biliary peritonitis before surgery is abdomi-
nal ultrasound. Reported sensitivity and specificity of
abdominal ultrasound to document such findings range
from 56% to 86% and 81% to 100%, respectively.5,7,10,12–
14,16–18 In this cohort of dogs, abdominal ultrasonography
had a sensitivity of 38% to identify extrahepatic biliary
tract rupture specifically preoperatively, which is lower
than previously reported. Several factors, including
patient populations, imaging protocols, and the sonogra-
pher's level of experience, could have contributed to this
lower sensitivity. Advances in imaging technology,
including contrast-enhanced ultrasound and computed
tomography (CT), have improved the accuracy of
diagnosing bile leakage and assessing the severity of peri-
tonitis. Bargellini et al. found contrast-enhanced ultraso-
nography to be 100% sensitive and specific in identifying
gallbladder wall necrosis and rupture in dogs.16

Cytologically, bile peritonitis is characterized by the
presence of green, gold, or black-brown pigments sur-
rounded or phagocytized by macrophages, and some-
times bacterial microorganisms.19,20 A peritoneal fluid
bilirubin concentration that is more than twice the serum
bilirubin concentration confirms a diagnosis of biliary
peritonitis. Thirty-one percent of the dogs that had cyto-
logical analysis of peritoneal effusion prior to surgery
were diagnosed with biliary peritonitis, and 12% were
diagnosed using the peritoneal bilirubin to serum biliru-
bin ratio. In all these cases, the diagnosis of biliary perito-
nitis was also suspected based on abdominal ultrasound.

There are few reports that address prognostic
factors associated with survival from biliary peritonitis in
dogs specifically. Hyperlactactemia, hyperbilirubinemia,
increased serum creatinine concentration, alkaline phos-
phatase activity, hyperphosphatemia, sepsis, immediate
postoperative hypotension, and prolonged aPTT have
been described as prognostic factors associated with
decreased survival in dogs undergoing extrahepatic
biliary surgery.2,4–6,8–10 In our study population,
preoperative hyperbilirubinemia, the need for periopera-
tive vasopressors, postoperative renal dysfunction, and a
higher number of postoperative complications were asso-
ciated with a poorer prognosis. The threshold value for
hyperbilirubinemia at which 50% of dogs survived post-
operatively was determined; hyperbilirubinemia, with
total bilirubin levels greater than 60.5 μmol/L, was asso-
ciated with decreased survival.

Information regarding the status of septic or nonseptic
biliary peritonitis on survival is controversial in dogs. Septic
biliary effusion was previously associated with a poorer
outcome.4,6 In 1997, Ludwig et al. reported a survival rate
of 100% for dogs with nonseptic biliary peritonitis,

compared with 27% for those with septic biliary peritoni-
tis.6 In our study, 36% of dogs had a septic effusion yet we
did not find a difference in survival between dogs with sep-
tic and nonseptic biliary peritonitis. Among the deceased
dogs, only a minority had septic effusion in comparison
with those that survived. Specifically, 14.3% of the dogs that
died had a positive culture, compared to 43.9% of the survi-
vors. This finding is consistent with the results of two
recent retrospective studies.5,7 As mentioned in these stud-
ies, the increased survival rate over the years is most likely
secondary to a combination of improved diagnostic imag-
ing, emergency care, and perioperative management of
these dogs. The microorganism most commonly cultured
from peritoneal effusion was E. coli, identified in 80% of
the dogs for which bacterial culture was performed. E. coli
and Enterococcus spp. are the bacteria most frequently
found in dogs with extrahepatic biliary tract disease, as
they are naturally present in the intestinal microbiota.3,21,22

Antimicrobials selected based on bacterial culture and sus-
ceptibility testing are often used in the treatment of biliary
peritonitis, and their appropriate application is essential to
achieve an effective therapeutic outcome and prevent the
development of antimicrobial resistance.

In this study, although valuable insights were
obtained regarding biliary peritonitis in dogs, it is impor-
tant to acknowledge—in addition to the inherent limita-
tions associated with a retrospective study—that the
small sample size of 33 dogs represents an important lim-
itation. Indeed, the restricted number of cases reduced
the statistical power of our analysis, making it challeng-
ing to detect important relationships or assess accurately
the impact of various factors on the prognosis of biliary
peritonitis in dogs. The small sample size also increased
the potential for selection bias, as the characteristics of
the dogs may not be representative of the entire popula-
tion of dogs with biliary peritonitis, limiting the validity
of our findings. Consequently, our results should be
interpreted with caution and consideration.

In conclusion, despite advancements in veterinary
medicine, biliary peritonitis remains a serious condition
with a substantial risk of complications and mortality in
dogs. Early diagnosis and appropriate surgical and medi-
cal intervention improve the chances of a positive out-
come. New factors associated with in-hospital
postoperative mortality in dogs treated surgically for bili-
ary peritonitis were identified, whereas others that had
been reported previously were confirmed. A preoperative
bilirubin threshold value associated with 50% mortality
has been identified, providing valuable insights into the
prognosis of this pathology. Hyperbilirubinemia, with
total bilirubin levels greater than 60.5 μmol/L, was asso-
ciated with decreased survival in dogs. Further investiga-
tion of biliary peritonitis in dogs with a larger sample size
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and considering alternative study designs could help
address the limitations identified.
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