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A B S T R A C T   

The aims of this retrospective study were to characterise the epidemiological, clinical, histopathological, and 
microbiological findings as well as surgical outcomes in dogs admitted to a specialist veterinary hospital in Hong 
Kong for surgical management of gallbladder mucocoele (GBM). Inclusion criteria were cases with histopatho-
logical diagnosis of GBM and accompanying abdominal imaging, serum biochemistry, bile culture, and liver 
biopsy histology results. Fifty-six cases met the inclusion criteria. The median age at diagnosis was 12 years 
(range, 5–16 years). Miniature or toy pure-breed dogs were most commonly affected, including Poodles, Pom-
eranians, Schnauzers, Bichon frises and Chihuahuas. However, no breed was over-represented compared with 
their expected proportions among annual hospital admissions. Histological evidence of cholecystitis was present 
in 84% of cases, including acute cholecystitis in 18%, chronic cholecystitis in 37.5%, acute on chronic chole-
cystitis in 28% and acute with necrosis in 6%. The most common liver lesions were cholestasis in 64%, along 
with portal fibrosis in 55%, oedema in 50% and bile duct hyperplasia in 50%. Bile culture was positive in 29.6% 
of cases. Escherichia coli and Enterobacter species were most commonly isolated. Stentrophomonas maltophili was 
cultured from one case. Of the 16 cases where bacteria were isolated from bile culture, 94% had evidence of 
chronic cholecystitis and 81% had evidence of cholangiohepatitis. Fifty dogs (89.3%) survived to discharge 
including 5/5 dogs with ruptured gallbladders. Of 34 dogs with follow-up data, 21/34 (61.8%) were still alive 12 
months later. Gallbladder mucocoeles were frequently associated with both acute and chronic inflammation. 
High survival rates to discharge were achieved.   

Introduction 

Gallbladder mucocoele (GBM) includes cystic mucinous hypertrophy 
of the mucosa (Kovatch et al., 1965) coupled with extreme mucin pro-
duction and distension of the gallbladder (van den Ingh et al., 2006). 
Abnormal accumulation of mucous and bile precipitates (Smalle et al., 
2015), can lead to biliary stasis or even gallbladder rupture. 

Different studies have reported a higher incidence of GBM formation 
in certain breeds of dogs including Shetland sheepdogs (Aguirre et al., 
2007), Miniature Schnauzers (Worley et al.,. 2004), Border terriers 
(Allerton et al., 2018), Cocker spaniels, Pomeranians, and Chihuahuas 
(Nagahara et al., 2018). 

Excess bile duct epithelium secretion of mucin forming into a gel 
with abnormal properties is also implicated as an instigating factor for 

GBM formation in dogs (Kesimer et al., 2015). Decreased bile flow and 
decreased gallbladder motility precedes the development of GBM 
(Mizutani et al., 2017). Metabolomic analysis of dogs with a GBM sug-
gests there may be significant metabolic changes in dogs forming 
mucocoeles (Gookin et al.,. 2018). In support of this, metabolic diseases 
associated with GBM in dogs include hyperadrenocorticism (Melián 
et al.,. 2006) and hypothyroidism (Mesich et al.,. 2009; Aicher et al., 
2019). In some studies, prednisolone administration (Nagahara et al., 
2018), imidacloprid use in Shetland sheepdogs (Aguirre et al., 2007), 
leptin concentrations (Lee et al.,. 2019), and hyperlipidaemia (Kutsunai 
et al., 2014) have also shown associations with GBM. 

Histopathological examination of significant numbers of gallblad-
ders with mucocoeles has been recommended as an important step in 
elucidating the pathophysiology of gallbladder mucocoeles (Mizutani 
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et al., 2017). 
The aims of this retrospective study were to characterise the clinical, 

epidemiological, histopathological, microbiological findings and surgi-
cal outcomes of an Asian population of dogs referred to a specialist 
veterinary medical centre for diagnosis and treatment of GBM. 

Materials and methods 

The laboratory database of the City University Veterinary Diagnostic 
Laboratory was searched for cases where gallbladder had been submit-
ted for histopathology by veterinarians at City University Veterinary 
Medical Centre (VMC), from August 2018 to March 2021. Criteria for 
inclusion were cases with a histopathological diagnosis of a GBM char-
acterised by mucosal hyperplasia and excess mucous production and 
where abdominal imaging, serum biochemistry, bile culture and histo-
pathology of liver biopsies had also been performed. 

Data were collected from the medical records including signalment 
(age, breed, sex, and desexing status), presenting signs, concurrent 
endocrinological disease diagnoses, serum biochemical parameters, re-
sults of bacterial culture of bile collected aseptically from the gall-
bladder at surgery, histopathological findings of resected gallbladder 
and liver biopsies, survival to discharge and to date of last follow-up. 

Surgery was performed via an open celiotomy in all cases. The biliary 
tree was isolated where possible from other abdominal organs. Once 
satisfied that the common bile duct was patent, the gallbladder was 
carefully dissected away from the hepatic fossa using a combination of 
blunt dissection and mono and bipolar cautery. Dissection was 
continued up to the point where hepatic ducts co-joined the cystic duct. 
Right-angled forceps were placed across the cystic duct, and the gall-
bladder was excised en bloc. The common bile duct was then repeatedly 
flushed anterograde and in some cases retrograde to ensure no solid 
biliary material remained within the common bile duct (Putterman 
et al., 2021). 

Antimicrobials were not routinely administered prior to collection of 
liver biopsies and bile samples. After these samples were collected, 
prophylactic perioperative cefazolin sodium (Stazolin, Standard Chem-
ical and Pharmaceutical Co.; 22 mg/kg) was administered IV. 

Entire gallbladders and liver biopsies were received fixed in 10% 
formalin with the bile duct ligated unless the gallbladder had ruptured. 
Once completely fixed, the gallbladders were typically transected at the 
cranial and caudal thirds, then cut longitudinally to prepare at least 
three representative sections of the gallbladder wall. Liver biopsies were 
cut along the longest access. 

Tissue samples were processed overnight by standard histopathology 
methods, embedded in paraffin wax before cutting at 4 µm thick and 
staining with haematoxylin and eosin, along with Gram staining of 
gallbladder sections. Specialist veterinary pathologists reviewed all 
stained slides. 

Cholecystitis was categorised into five subgroups; acute, chronic, 
acute on chronic, acute with necrosis and no inflammation based on 
previous published criteria (Rogers et al., 2020). The pathological def-
initions included acute cholecystitis (haemorrhage, neutrophil domi-
nant infiltrates, or fibrin precipitates), chronic cholecystitis (infiltration 
of the submucosa and/or muscularis mucosa by lymphocytes, plasma 
cells, and/or macrophages), acute on chronic cholecystitis (haemor-
rhage, neutrophil infiltrates, or fibrin precipitates superimposed on 
chronic inflammation), cholecystitis with necrosis, and no 
inflammation. 

Histopathological examination of the liver also assessed the type and 
degree of biliary and hepatic inflammation, portal fibrosis, oedema, 
cholestasis and/or bile duct hyperplasia. Cases were classified according 
to standardised histopathological criteria as acute or chronic neutro-
philic cholangitis (van den Ingh et al., 2006). Acute neutrophilic chol-
angiohepatitis included a component of oedema and/or neutrophilic 
infiltrates in portal areas. Chronic neutrophilic cholangiohepatitis 
included a mixed portal inflammatory infiltrate comprising neutrophils, 

plasma cells and lymphocytes, with variable presence of bile ductular 
proliferation and fibrosis. Reactive hepatitis was defined as reactive to 
diseases in the gallbladder and was characterised by inflammatory cells 
in hepatic sinusoids or periportal tissue without hepatocyte apoptosis or 
necrosis and no significant fibrosis. Non-reactive hepatitis was charac-
terised as primary liver pathology. 

Bile samples were cultured aerobically and anaerobically. For aero-
bic culture, bile was plated directly onto blood agar, MacConkey agar, 
chocolate agar, and cooked meat medium. The inoculated media were 
then incubated at 37 ◦C before evaluation for bacterial growth at 48 h 
and 72 h. For anaerobic culture, bile was directly plated onto com-
mercial anaerobic media before incubating at 37 ◦C for 4–7 days in an 
anaerobic environment produced by gas generation sachets (AnaeroGen 
2.5 L Atmosphere Generation Systems, Thermo Fisher Diagnostics). 
Identification of cultured bacteria was performed by Matrix-Assisted 
Laser Desorption Ionisation-Time of Flight (Randall et al., 2015; 
MALDI-ToF system, Biotyper, Bruker Daltronics). 

Antimicrobial susceptibility testing (AST) 

AST was undertaken on any bacteria grown using the Kirby Bauer 
disc diffusion method (21 antimicrobials; Supplementary Table S1) in 
six cases and by broth microdilution techniques in 10 cases. Broth 
microdilution testing used commercially available 96-well Gram- 
positive and Gram-negative plates (Sensititre Thermo Fisher Di-
agnostics; 26 antimicrobials; Supplementary Table S1). The microtiter 
plates were inoculated and incubated for 18–24 h at 34–36◦C, then 
analysed using automated fluorescence technology (Sensititre and 
OptiRead Thermo Fisher Diagnostics) and associated software (Sensi-
titre SWIN Thermo Fisher Diagnostics,) to determine minimum inhibi-
tory concentration of each antimicrobial tested. These categories were 
evaluated based on the veterinary breakpoints for each antibiotic 
determined by the Clinical and Laboratory Standards Institute (Clinical 
and Laboratory Standards Institute, 2020). 

Statistical methods 

To indirectly assess the potential association between breed and 
GBM, the proportion of the most common breeds of dogs in our dataset 
(n ≥ 5/56) were compared with the expected proportion of these breeds 
among all dogs admitted to VMC per year, using the one-sample test of 
proportion. The annual, expected admission proportions of common 
breeds were estimated by averaging the total number of admissions in 
2018 and 2019. In addition, the association between serum bilirubin 
with perioperative outcome of study cases (survival to discharge or not) 
was evaluated using an exact logistic regression with the survival as an 
outcome and bilirubin as the predictor. Statistical analyses were con-
ducted using Stata v17 (StataCorp). 

Results 

Clinical data 

Fifty-six cases met the inclusion criteria. There were 32 males (15 
entire, 17 desexed) and 24 females (six entire, 18 desexed). The median 
age at diagnosis was 12 years (Q1 range, 7.8, 13.0; Q3 range, 5.0–16.0 
years). The most common breeds affected were Miniature or Toy Poo-
dles (n = 16), Pomeranians (n = 6), Miniature Schnauzers (n = 6), and 
Chihuahuas (n = 5; Table 1). Other breeds included Bichon frise (n = 4), 
Terrier breeds (n = 4), Crossbreeds (n = 4), Shetland sheepdogs (n = 3), 
Pugs (n = 2), and one each of the following - Beagle, Border collie, 
Collie, Corgi, Pekingese, and Shih tzu. Despite Poodles representing 29% 
of cases, this was not significantly different to the expected proportion of 
hospital admissions of this breed based on hospital admission records 
(Table 1). Abdominal ultrasound examination identified findings 
consistent with GBM in all dogs. The most common clinical signs at 
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presentation were emesis in 41% (n = 23), diarrhoea in 14% (n = 8), 
anorexia in 13% (n = 7), and jaundice in 2% (n = 1). Abnormalities in 
hepatic biomarkers included elevations in alkaline transaminase in 88% 
(n = 49), alkaline phosphatase in 86% (n = 48), gamma-glutamyl 
transferase in 64% (n = 36), bilirubin in 52% (n = 29) and cholesterol 
in 38% (n = 21; Supplementary Table S2). Twenty-one dogs underwent 
endocrine testing due to clinical suspicion of an underlying endocrin-
opathy. Concurrent endocrinopathies were diagnosed in 10 dogs, 
including diabetes mellitus (n = 3), central diabetes insipidus (n = 1), 
hypothyroidism (n = 4), hyperadrenocorticism (n = 1), and atypical 
hypoadrenocorticism (n = 1). Other recorded co-morbidities including 
hypertriglyceridaemia (n = 1), cystic urolithiasis (n = 10; struvite- 
calcium phosphate-ammonium urate [n = 1]; calcium-oxalate [n = 6]; 
uncharacterised [n = 3]), renolithiasis (n = 10), pancreatitis (n = 13), 
and neoplasia (n = 8; Sertoli cell tumour [n = 1]; hepatocellular carci-
noma [n = 2]; hepatic adenoma [n = 2]; hepatic lymphoma [n = 1]; 
duodenal gastrointestinal stromal tumour [n = 1]; and duodenal 
adenocarcinoma [n = 1]). 

Pathology and histopathology 

Grossly, the excised gallbladders were often turgid and firm with 
visible haemorrhage (Fig. 1). Five gallbladders (9%) were ruptured. 

On sectioning, gallbladders were expanded by firm, grey material 
with radial striations associated with granular bile precipitates (Fig. 2). 
In addition to mucosal hyperplasia and evidence of excess mucous 
production, other typical histological features included tendrils of hy-
perplastic mucosa forming cysts filled with lightly basophilic, precipi-
tated mucoid material and a precipitate of bile debris among the mucous 
(Fig. 3). There was evidence of cholecystitis in 84% (n = 47) of cases, 
including 20% (n = 11) with acute cholecystitis, 38% (n = 21) with 
chronic cholecystitis, 29% (n = 16) with acute on chronic cholecystitis, 
and 18% (n = 10) with necrosis (Table 3). The latter included mucosal 

necrosis and ulceration or erosion associated with haemorrhage, fibrin 
precipitates, and dense neutrophil infiltrates into the mucosa and sub-
mucosa (Fig. 4). Sometimes inflammation also involved the muscle 
layers and serosa. Evidence of chronic cholecystitis included infiltration 
of the submucosa and sometimes the muscularis layers by lymphocytes, 
plasma cells, and/or macrophages (Fig. 5). 

Nine gallbladders (16%) had GBM but no inflammation on histopa-
thology. Dogs with this diagnosis included one presenting with vomit-
ing, three with increased liver enzymes, one with diarrhoea, and five 
where the GBM was an incidental finding on abdominal ultrasound. 

Reactive histopathological lesions in the liver in response to extra-
hepatic cholestasis of the GBM included acute neutrophilic chol-
angiohepatitis in 5% (n = 3), chronic neutrophilic cholangiohepatitis in 
84% (n = 47), periportal fibrosis in 55% (n = 32), oedema in 50% 
(n = 29), bile duct hyperplasia in 50% (n = 29), and bile duct or 
canaliculi cholestasis in 64% (n = 36). Non-reactive primary histopa-
thology lesions in the liver included hepatocellular carcinoma (n = 2), 

Table 1 
Comparison of the observed proportions of breeds most frequently diagnosed 
with gallbladder mucocoeles in this study compared to breed percentage of 
admissions to the City University Veterinary Medical Centre.  

Breed n (%) Expected percentagea P 

Poodle (Miniature or Toy) 16 (28.6%)  21.9%  0.227 
Pomeranian 6 (10.7%)  9.7%  0.797 
Miniature Schnauzer 6 (10.7%)  6.4%  0.187 
Chihuahua 5 (8.9%)  5.1%  0.192  

a Proportion of admitted breeds to VMC, based on 2018 and 2019 weighted 
average data. 

Fig. 1. Gallbladder surgically removed from a dog presenting with a history of 
vomiting and increased liver and biliary enzyme activities. Bar = 10 mm. 

Fig. 2. Cut surface of a gallbladder mucocoele showing a firm precipitate of 
white to brown staining mucoid precipitate dilating the gallbladder, with radial 
striations, and centrally located, black, granular material consistent with bile 
precipitates. Bar = 10 mm. 

Fig. 3. Histopathology of a gallbladder surgically removed from a dog with a 
diagnosis of gallbladder mucocoele but no inflammation: hyperplastic tendrils 
of mucosa forming cysts along with a dense golden-brown, laminated bile 
precipitate (P) within the gallbladder lumen. No inflammation is present in the 
mucosa and submucosa. Haematoxylin and eosin. Bar = 400 µm. 
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hepatic adenoma (n = 2), hepatic lymphoma (n = 1), metastatic 
duodenal gastrointestinal stromal tumour (n = 1), hepatic abscess 
(n = 1), excess copper accumulation (n = 1) and portal plate abnor-
mality (n = 1). Bile culture was positive in 30% (n = 16) of cases; while 
in the 50 cases with acute or chronic cholangiohepatitis, bacteria were 
cultured 13 (26%). 

Twenty organisms were cultured, with 14 samples yielded one 
isolate, one sample yielded two isolates (Escherichia coli and Enterococcus 
faecalis), and one sample yielded three isolates (E. coli, Klebsiella pneu-
monia, and Bacteroides fragilis; Table 2). Of the culture positive cases, 
two dogs had evidence of acute cholecystitis, eight dogs had chronic 
cholecystitis, 11 dogs had chronic cholangiohepatitis, and one dog had 
no evidence of cholangiohepatitis or cholecystitis (Table 3). Gram- 
stained histological sections revealed the presence of Gram-negative 
bacteria in only one gallbladder, from which case E. coli was isolated 
from bile. No bacteria were identified in Gram-stained sections of gall-
bladder from the remaining 55 cases. 

Antimicrobial resistance was pronounced among the seven isolates 
of E. coli with six resistant to beta-lactams and five resistant to 

sulphonamides (Supplementary Table S1). 

Treatment and outcome 

All dogs survived surgery. There was no significant association be-
tween presence or absence of a ruptured gallbladder or serum bilirubin 
concentration and perioperative survival, respectively. Fifty dogs (89%) 
survived to discharge including all five dogs with ruptured gallbladders 
diagnosed by abdominal ultrasonography pre-operatively. Six dogs died 
peri-operatively including three that died the day after surgery and three 
that were euthanised from two to six days after surgery. Two of the 
euthanised dogs had concurrent neoplasia (one each of hepatic lym-
phoma and gastrointestinal stromal tumour). Of the 34 dogs for which at 
least 12-months follow-up data were available, 21 dogs (62%) were 
alive one year after surgery. 

Discussion 

The majority (84%) of dogs with GBM in this population had histo-
pathological evidence of acute or chronic cholecystitis. By contrast, 
other studies have reported cholecystitis associated with GBM much less 
frequently in 28.8% (Rogers et al., 2020), 16.6% (Pike et al.,. 2004), and 
9.9% (Malek et al., 2013) of cases. One study reported higher rates of 
necrosis (25.6% cf. 16% in this study) in the gallbladder wall but a much 
higher rate of perforation or rupture (23% cf. 9% in this study; Malek 
et al., 2013), perhaps reflecting earlier diagnosis of cases in our study. 

The frequency of positive bile culture (30%) in our study is the 
highest reported to date among cases of GBM. In previous reviews, 3% 
(Malek et al., 2013), 13.5% (Smalle et al., 2015), 13.9% (Harrison et al.,. 
2018), 14.2% (Rogers et al., 2020), 14.3% (Mizutani et al., 2017), and 
22% (Jaffey et al., 2018) of GBM had evidence of concurrent bacterial 
colonisation. The high rate of positive cultures in our study could be due 
to the microbiological sampling technique used, where no antimicro-
bials were administered until after the gallbladder had been removed at 
surgery and the use of a comprehensive array of culture media to opti-
mise the conditions for bacterial growth. 

The use of Gram stains on formalin fixed paraffin embedded (FFPE) 
preparations of gallbladder was ineffective at demonstrating the pres-
ence of bacteria, since bacteria were identified in only one of the 16 
cases with positive bile culture in a case where E. coli was isolated. Based 
on the results of this study, Gram staining of FFPE is insensitive as an 
effective test for identifying the presence of bacteria and only bacterial 
culture would be recommended. 

Bacteria can reach the gallbladder by translocation from the duo-
denum or by bloodborne entry into the liver followed by bile secretion 
into the gallbladder (Grigor’eva and Romanova, 2020). Previous studies 
in humans have shown the presence of the biofilm-forming bacteria 
Pseudomonas aeruginosa, E. coli, K. pneumoniae, Enterococcus spp., and 

Fig. 4. Histopathology of acute inflammation in a gallbladder surgically 
removed from dog with a diagnosis of gallbladder mucocoele and inflammation 
(including haemorrhage (H) and necrosis (N) in the mucosa, along with 
neutrophil infiltrates and fibrin precipitates (Ne + F) in the submucosa, mus-
cularis mucosa and serosa). Haematoxylin and eosin. Bar = 100 µm. 

Fig. 5. Histopathology of chronic inflammation in a gallbladder surgically 
removed from dog with a diagnosis of gallbladder mucocoele and inflammation 
associated with a dense focal infiltrate of lymphocytes (L), plasma cells, and 
macrophages into the submucosa. Haematoxylin and eosin. Bar = 100 µm. 

Table 2 
Bacteria culture results from bile samples collected at 
surgery from 56 dogs with gallbladder mucocoeles.  

Culture result n 

No growth  40 
Aerobic bacteria isolated  19 
Escherichia coli  7 
Enterococcus faecalis  2 
Klebsiella pneumoniae  2 
Enterococcus hirae  2 
Actinomyces spp.  1 
Enterococcus cloacae  1 
Enterococcus spp.  1 
Micrococcus luteus  1 
Pseudomonas aeruginosa  1 
Stentrophomonas maltophilia  1 
Anaerobic bacteria isolated  1 
Bacteroides fragilis  1  

F.I. Hill et al.                                                                                                                                                                                                                                    



The Veterinary Journal 287 (2022) 105881

5

Acinetobacter spp. in bile and gallbladders (Tajeddin et al., 2016). 
However, the finding of bacteria in bile in isolation is not indicative of a 
pathogenic role. Bile from healthy dogs was previously thought to be 
sterile, but bile collected aseptically and percutaneously has been found 
to contain bacteria (Kook et al., 2010) and the gallbladder has a complex 
microbiota even without pathology (Grigor’eva and Romanova, 2020). 
Despite healthy bile not being sterile, in 14/16 cases in this study with 
bacteria cultured from bile, there was histological evidence of neutro-
philic cholecystitis and/or cholangiohepatitis, suggesting their presence 
was clinically significant. 

Micrococcus luteus was cultured from one isolate and was likely a 

contaminant, as it is commonly found on human skin. Stentrophomonas 
maltophili, an environmental bacterial species, has emerged as a noso-
comial pathogen, often associated with respiratory infection in humans 
in conjunction with P. aeruginosa, and has also been isolated from pa-
tients with biliary sepsis (Brooke, 2012). It may have been a primary 
pathogen here, as it was associated with acute cholangiohepatitis. 

Only one anaerobe was cultured, identified as Bacteroides fragilis. 
This organism is a normal constituent of the colonic flora (Hedberg and 
Nord, 2003) and most likely translocated from the intestine into the 
gallbladder. The dog from which B. fragilis was isolated presented with 
emesis and lethargy, had evidence of acute cholecystitis and 

Table 3 
Bacterial culture results from bile and histopathological characteristics of the gallbladder and liver in 56 cases of canine gallbladder mucocoele.   

Cholecystitis Hepatitis Cholangiohepatitis 
Case Bacteria isolated from bile Acute Chronic Acute on 

chronic 
With 
necrosis 

None Reactive Non- reactive/ other 
pathology 

Acute 
neutrophilic 

Chronic 
neutrophilic 

1 Micrococcus luteus – + – – – + – – +

2 – + – – + – + – – +

3 – – + – – – + – – +

4 Escherichia coli – + – – – + – – +

5 E. coli – – + – – + – – +

6 – – + – – – + – – +

7 – – + – – – + – – +

8 – – + – – – + – – +

9 – – + – – – + – – +

10 – – + – – – + – – +

11 – – + – – – + – – +

12 Stentrophomonas maltophilia + – – + – + – – +

13 E. coli – + – – – + – – +

14 – + – – + – + – – +

15 – – – – – + + – – +

16 Enterococcus faecalis – – + – – – HCC – – 
17 E. coli, Klebsiella pneumoniae, and 

Bacteroides fragilis 
– – + + – + – – +

18 – + – – + – + – – +

19 – – – + – – – HCC – – 
20 Enterococcus spp. – – – – + – Lipidosis – – 
21 – + – – + – + – – +

22 Enterobacter cloacae – – + – – + – – +

23 – + – – – – + – – +

24 – – – + – – + – + – 
25 – + – – – – + – – +

26 E. coli, K. pneumoniae – + – – – + – – +

27 – – – – – + + – + – 
28 – – – – – + + – – +

29 E. coli – + – – – + – – +

30 – – – + + – + – + – 
31 – – – + – – + – – +

32 – – + – – – + – – +

33 E. coli, E. faecalis – + – – – + – – +

34 Pseudomonas aeruginosa + – – + – + – – +

35 – + – – + – – Lymphoma – – 
36 – – – + – – + – – +

37 – – + – – – + – – +

38 – – – + – – – HAD – – 
39 – – – – – + + – – +

40 – – – – – + + – – +

41 Enterococcus hirae – – + – – + – – +

42 Actinomyces spp. – + – – – – Copper hepatopathy – +

43 – – – + – – + HAD – +

44 – – – – – + + – – +

45 – – + – – – + – – +

46 – – – – – + – – – – 
47 – – – + – – + GITAC – +

48 – – – – – + + – – +

49 – – + – – – + GIST – +

50 – – + – – – + – – +

51 – – – + – – + – – +

52 Enterococcus hirae – + – – – + – – +

53 – – + – – – – Abscess – +

54 – – – + – – + – – +

55 – + – – + – + – – +

56 – + – + – – + – – +

HCC, hepatocellular carcinoma. HAD, hepatic adenoma. GITAC, gastrointestinal adenocarcinoma. GIST, gastrointestinal stromal tumour. 
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cholangiohepatitis, survived surgery and was discharged. 
There were epidemiological differences in the cohort studied here, 

compared to other investigations of GBM. The median age at the time of 
surgery of 12 years, was older than previous studies where the median 
age at diagnosis was between 9 and 10 years (Pike et al., 2004; Cornejo 
and Webster, 2005; Malek et al., 2013; Smalle et al., 2015; Mizutani 
et al., 2017; Harrison et al., 2018; Rogers et al., 2020). However, the age 
range of dogs in our study (5–16 years) was similar to other studies (Pike 
et al., 2004; Cornejo and Webster, 2005). 

Slightly more males (59%) than females (41%) were presented for 
surgery for GBM, a sex ratio of 1.43. In other studies, a wide variation in 
the ratio of females to males affected has been reported, ranging from 
0.82 to 1.7, and there is no evidence that sex is related to the develop-
ment of GBM (Aguirre et al., 2007; Malek et al., 2013; Kutsunai et al., 
2014; Gookin et al., 2015; Harrison et al., 2018). 

Nearly a third of all cases in our study were Poodles but this breed is 
also the most popular canine breed in Hong Kong and no breed predis-
position was identified. Similarly, although Pomeranians, Miniature 
Schnauzers, and Chihuahuas were over-represented in other studies of 
GBM and were among the most common breeds affected in our study, 
they were not over-represented compared to annual hospital admissions. 

A previous study found that increases of serum bilirubin greater than 
4.3 times the upper limit of the reference range was associated with 
increased odds of death (Jaffey et al., 2019). In our study, the proportion 
of dogs not surviving to discharge was not associated with serum bili-
rubin concentration. One explanation for this finding could be the lim-
itation of our data due to the low number of only six deaths among a 
total of 56 cases. 

Elective cholecystectomy is recommended as the best treatment 
option for canine GBM and should be undertaken in dogs with early 
signs of gallbladder disease to avoid greater mortality associated with 
gallbladder rupture (Youn et al., 2018). In contrast to a previous study 
where gallbladder rupture found at surgery was related to a 2.7 times 
increase in the risk of death and 41.7% of dogs with ruptured gall-
bladders died (Jaffey et al., 2018), none of the five dogs with a ruptured 
gallbladder in our study died. The survival rate to discharge in this study 
was 89% and compares favourably to other studies where survival rates 
vary from 59% to 91% (Harrison et al., 2018; Youn et al., 2018; Jaffey 
et al., 2019). 

Conclusions 

Cholecystitis was present in the majority of the gallbladders in this 
study with reactive lesions of cholangiohepatitis also common. Hepatic 
pathology unrelated to GBM was present in 16% of cases, highlighting 
the importance of hepatic biopsy at surgery. Gallbladder rupture was not 
associated with peri-operative mortality. 
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