
S T AND A RD A R T I C L E

A multicenter retrospective study assessing progression of
biliary sludge in dogs using ultrasonography

Thomas Butler1 | Nick Bexfield1 | Cecile Dor2 | Nicoletta Fantaconi3 |

Iris Heinsoo4 | Darren Kelly5 | Andrew Kent6 | Matthew Pack7 |

Susanna J. Spence8 | Patricia M. Ward9 | Penny Watson1 | Katie E. McCallum1

1Queen's Veterinary School Hospital,

Cambridge, United Kingdom

2Pride Veterinary Centre and University of

Nottingham, Nottingham, United Kingdom

3Davies Veterinary Specialists, Hitchin,

United Kingdom

4Anderson Moores Veterinary Specialists,

Winchester, United Kingdom

5Southern Counties Veterinary Specialists,

Ringwood, United Kingdom

6Willows Veterinary Centre and Referral

Service, Solihull, United Kingdom

7Langford Small Animal Referral Hospital,

Bristol, United Kingdom

8North Downs Specialist Referrals,

Bletchingley, United Kingdom

9University of Glasgow Small Animal Hospital,

Glasgow, United Kingdom

Correspondence

Thomas Butler, 6 Elizabeth Way, Cambridge

CB4 1DF, UK.

Email: tmb69@cam.ac.uk

Abstract

Background: Biliary sludge (BS) frequently is identified on ultrasonographic examina-

tion and is described as incidental. It is hypothesized that biliary stasis and hyper-

secretion play a role in both BS and gallbladder mucocele (GBM) formation. Recent

studies have documented similarities in composition of BS and GBM, and there are

several examples of progression from BS to GBM in the veterinary literature.

Objectives: To assess the relationship between the presence of BS and later develop-

ment of GBM in dogs, over time periods >12 months.

Animals: A total of 154 dogs with BS and ultrasonographic follow-up >12 months.

Methods: Medical records were retrospectively collected from 9 UK-based referral

centers for all available time points. A semiobjective scoring system was used to track

volume of BS within the gall bladder (GB) over time.

Results: Twenty dogs developed GBM during the study period. Shetland Sheepdogs

(odds ratio [OR], 40.99; 95% confidence interval [CI], 3.61-465.95; P = .003) and

Border Terriers (OR, 11.66; 95% CI, 3.28-46.63; P < .001) were independent risk fac-

tors for the development of GBM. Non–gravity-dependent BS (NDBS) was noted to

form before GBM development in 9/20 dogs, and breeds at-risk for GBM were more

likely to have NDBS. Odds for the development of GBM increased with BS score.

Conclusions and Clinical Importance: Dogs with NDBS may be at risk for the devel-

opment of GBM and a stratified BS scoring system could allow for semiobjective

monitoring over time, particularly in at-risk breeds.

K E YWORD S

gallbladder mucocele, nondependent biliary sludge, observational retrospective, risk factors

1 | INTRODUCTION

Biliary sludge (BS) frequently is identified during abdominal ultraso-

nography, with prevalence in healthy dogs ranging from 35% to

67%.1-3 It is composed of precipitated crystals (primarily cholesterol

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate

aminotransferase; BS, biliary sludge; CI, confidence interval; DBS, dependent biliary sludge;

GBM, gallbladder mucocele; GGT, gamma glutamyltranspeptidase; HAC,

hyperadrenocorticism; NDBS, nondependent biliary sludge; OR, odds ratio; RR, reference

range; UDCA, ursodeoxycholic acid.
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monohydrate and calcium salts), glycoproteins, cellular debris, and

mucins within the gallbladder (GB).2 It has been described as inciden-

tal in dogs,4 but in humans it is considered abnormal, associated with

cholelith formation,5 and complications include biliary colic, cholecys-

titis, and pancreatitis.6 It is hypothesized that biliary stasis and mucus

hypersecretion play a role in BS formation1,7,8 and although not

reportedly associated with hepatobiliary disease in dogs,4 a previous

study suggested that dogs with larger volumes of BS were more likely

to have hepatobiliary disease than those with minimal GB contents,3

although the diagnosis of hepatobiliary disease was not definitively

established in all cases.

Gallbladder mucocele (GBM) is characterized as accumulation of

inspissated bile within the GB, causing pressure necrosis, extrahepatic

biliary duct obstruction, and GB rupture leading to bile peritonitis.9

Biliary stasis and mucosal hypersecretion have been hypothesized as

potential primary factors in GBM formation, in addition to BS forma-

tion.10 Suggested risk factors include hyperadrenocorticism

(HAC),11-13 hypothyroidism,11,13 dyslipidemias,14 increased serum lep-

tin concentration,15 and neonicotinoid administration.13 Known breed

predispositions include Shetland Sheepdogs13,16 and Border Terriers17

with Miniature Schnauzers, Chihuahuas, Pomeranians, and Cocker

Spaniels overrepresented in some studies.10,13,14,18

Infrared spectroscopy analyses found both BS and GBM contents

are primarily composed of mucins, with similar constituents and con-

cluded there may be a shared pathogenesis.9,19 Impaired GB emptying

occurs with both BS and GBM,3 with the most marked change seen

with GBM compared to controls,7 and it has been linked to non–grav-

ity-dependent BS.20 The veterinary literature contains examples of

progression of BS to GBM,19,21 and it has been hypothesized that the

presence of BS may be a risk factor for the development of GBM. Bili-

ary sludge has been prospectively assessed using ultrasonography

over 12 months in 45 dogs, with persistent BS in 88% cases, and 24%

developing nondependent BS but no GBM.1 To our knowledge, no

studies have assessed changes in BS over time periods >12 months.

Ursodeoxycholic acid (UDCA) is used in the medical management

of GBM and BS in dogs.18,21,22 It has hydrophilic properties that draw

water into bile, helping increase fluidity, and relieve biliary congestion,

while displacing cytotoxic hydrophobic bile acids.23,24 Mucins serve as

a mucoprotectant within the biliary tract in humans,25 and presumably

in dogs, and hypersecretion occurs in vitro in response to excessive

hydrophobic bile acid concentrations.26 We hypothesized that UDCA

might decrease mucin hypersecretion, and thus volume of BS, by dis-

placement of hydrophobic bile acids.

Our multicenter retrospective study aimed to assess the presence

of a relationship between BS and later development of GBM, over

time periods >12 months. A secondary aim was to assess the effec-

tiveness of UDCA in decreasing the volume of BS in dogs.

2 | MATERIALS AND METHODS

Cases were recruited from 9 tertiary-level veterinary hospitals in the

United Kingdom (Queen's Veterinary School Hospital, Davies

Veterinary Specialists, Langford Small Animal Referral Hospital,

Anderson Moores Veterinary Specialists, Willows Veterinary Centre

and Referral Service, Pride Veterinary Centre, University of Glasgow

Small Animal Hospital, Southern Counties Veterinary Specialists, and

North Downs Specialist Referrals). Retrospective evaluation of medi-

cal records was performed, with the primary inclusion criterion being

the presence of BS confirmed on ultrasonographic examination by a

board-certified radiologist, or resident under supervision of a board-

certified radiologist, with ultrasonographic follow-up examination at

least 12 months after the primary scan. For each case, data that were

retrospectively collected included breed, age, sex, neuter status, clini-

cal signs, presence of concurrent disease, serum biochemistry results

at first diagnosis and subsequent examinations, current, or past medi-

cations (including administration of UDCA), duration of follow-up, and

number of repeat ultrasonographic examinations and their dates.

Exclusion criteria were incomplete medical history or lack of ultraso-

nographic follow-up >12 months. A semiobjective scoring system was

utilized, using still ultrasonographic images of the GB where available,

to estimate the percentage of GB volume filled with BS. Images were

scored 0 for no BS, 1 for BS occupying <25% of GB area, 2 for 26% to

50% of GB area, 3 for 51% to 75% of GB area, 4 for >75% GB area,

and 5 for GBM, extrapolated from a similar system used previously.1,3

A diagnosis of GBM was made when confirmed on the radiology

report for each case. Change in sludge score was calculated as the net

overall change in sludge score for each individual dog across all time

points recorded.

Biliary sludge was defined as persistent (when present at all

recorded time points), resolved, or recurrent (initial resolution and

then recurrence at a subsequent time point). Biliary sludge was noted

as gravity dependent (DBS) or nongravity dependent (NDBS) based

on the radiology report for each time point where data had been

recorded.

Serum biochemistry analyses were recorded from all available

time points; variables included alanine aminotransferase (ALT), aspar-

tate aminotransferase (AST), alkaline phosphatase (ALP), and gamma

glutamyltranspeptidase (GGT) activities, and total bilirubin, resting bile

acids, cholesterol, and triglyceride concentrations.

2.1 | Statistical analysis

Statistical analysis was performed using commercial software (IBM

SPSS Statistics for Mac, version 26, IBM Corp, Armonk, New York).

All categorical variables were summarized as frequencies.

Shapiro-Wilk (n < 50) or Kolmogorov-Smirnov (n ≥ 50) tests were

used to evaluate the normality of data.

Continuous variables with non-normal distribution were summa-

rized by median values and range. Cases were grouped by sludge

score at BS diagnosis1-4 and by development of GBM compared to

cases without the evidence of GBM for statistical analysis and com-

parisons. Cases were split into DBS and NDBS groups for analysis.

Statistical significance was accepted at P < .05 (with a 95% confidence

interval [CI]).
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Univariate analysis was performed using the χ2 test (categorical

variables) or Mann-Whitney U test (continuous variables) to compare

differences between dogs that did and did not develop GBM, dogs with

DBS and those with NDBS, and those that did or did not receive UDCA

treatment. Kruskal-Wallis comparison was used to test differences

between different sludge score groups, and Wilcoxon signed-rank was

used to compare biochemical markers before and at the time of GBM

diagnosis. Correlations between serum biochemistry results and sludge

score at diagnosis were assessed using Spearman's rank. Odds ratios

(ORs) were calculated using binary logistic regression analysis, and

Mantel-Haenszel test of trends was used to assess for linear associa-

tions in ordinal variables (ie, for sludge score at diagnosis). Multivariate

analysis was performed for all variables with significance (P < .05) for

the development of GBM, using backward stepwise logistic regression.

2.2 | Ethical approval

The study protocol was approved by the University of Cambridge, Depart-

ment of Veterinary Medicine Ethics andWelfare Committee (CR421).

3 | RESULTS

A total of 154 dogs met the inclusion criteria. One-hundred thirty-four

dogs (87%; 95% CI, 80-92%) had BS only at all investigations. Twenty

dogs (13%; 95% CI, 8-19%) developed GBM. Median age was 8 years

(range, 0.5-13 years). There were 78 males (60 neutered, 18 intact) and

76 females (69 spayed, 7 intact). Median weight was 11.2 kg (range,

2.0-52.4 kg). Median number of follow-up ultrasound examinations was

2 (range, 1-10). Median length of follow-up was 19 months (range,

12-90 months). Represented breeds included Miniature Schnauzer

(n = 16), Border Terrier (n = 14), crossbreed (n = 14), Cocker Spaniel

(n = 10), and Labrador Retriever (n = 10) (Figure 1). Out of 154 dogs,

49 (32%) were from breeds considered at risk of development of GBM.

A total of 124 (80.5%) cases had concurrent disease diagnosed either at

or after BS diagnosis, and many cases without a concurrent disease

diagnosis (19.5%) had been referred for evaluation of increases in liver

enzyme activity or investigation of BS. Most diagnosed concurrent dis-

eases are presented in Table 1. Thirty-one dogs (20%) had hepatobiliary

disease and 29 (18.8%) had a concurrent endocrinopathy. Most encoun-

tered clinical signs at presentation were anorexia or lethargy (n = 72,

46.8%), vomiting (n = 59, 38.3%), and polyuria and polydipsia (n = 28,

18.2%; Table 2). Forty dogs (26%) had no clinical signs attributable to

hepatobiliary or systemic disease. At BS diagnosis, no clinical sign was

statistically more prevalent in the GBM group compared to dogs with

BS only. Dogs with NDBS (31%) were significantly more likely to have

polyuria and polydipsia compared to those with DBS (15%; χ2 = 3.967;

P = .05). No other clinical sign was more prevalent in dogs with NDBS

compared to the DBS group at BS diagnosis.

3.1 | Sludge score

Sludge scores were available for 137/154 (89%) cases. Median sludge

score at BS diagnosis was 2 (range, 1-4); 56 dogs (41%) scored

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Miniature Schnauzer*

Border Terrier*

Cross-breed

Cocker Spaniel*

Labrador Retriever

Cavalier King Charles Spaniel

Dachshund

Yorkshire Terrier

Jack Russel Terrier

Bichon Frise

Collie type

Shetland Sheepdog*

Frequency

BS GBM

F IGURE 1 Clustered bar chart showing the frequency of the 12 most commonly encountered dog breeds with biliary sludge (BS; solid bars)
alongside the frequency of progression to gallbladder mucocele (GBM) within those breeds (dotted bars). Breeds with a recognized predisposition
for GBM are marked with *
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1, 51 dogs (37%) scored 2, 16 dogs (12%) scored 3, and 14 dogs (10%)

scored 4. Biliary sludge was persistent in 134 dogs (87%), resolved in

15 dogs (9.7%), and recurrent in 5 dogs (3.3%). Three cases were

recorded in the imaging reports as having persistent BS without image

availability for sludge scoring. Fifty-six dogs (40.3%) had no net

change in sludge score over the study period. Fifty-seven dogs

(41.0%) had increased sludge score, and 26 dogs (18.7%) had

decreased sludge score. Sludge score at diagnosis was significantly

positively correlated with serum GGT activity (P = .03); no significant

correlation of sludge score was found with any other serum biochem-

istry result.

Thirty-three dogs (21.4%) received corticosteroid treatment dur-

ing the study period. No difference in change in sludge score was

found between dogs that did and did not receive corticosteroids. No

difference in change in sludge score was found between dogs with

and without concurrent endocrinopathies, between dogs considered

to be an at-risk breeds and those without known predispositions, or

between dogs with or without hepatobiliary disease.

TABLE 1 Frequencies of concurrent diseases for all cases, biliary sludge (BS) only cases, and cases that developed gallbladder
mucocele (GBM).

Concurrent disease

Total BS only (/134) Later developed GBM (/20)
OR for the development
of GBM (95% CI)# % # % # %

No concurrent disease 30 19.5 26 26.1 4 20 0.96 (0.30-3.12)

Nonhepatic neoplasia 35 22.7 33 24.6 2 10 0.34 (0.08-1.54)

Urogenital disease 23 14.9 21 15.7 2 10 0.60 (0.13-2.77)

Pancreatitis 23 14.9 22 16.4 1 5 0.27 (0.03-2.11)

Hyperadrenocorticism 18 11.7 14 10.4 4 20 2.14 (0.63-7.31)

Chronic enteropathy 18 11.7 14 10 4 20 2.14 (0.63-7.31)

Primary hyperlipaemia 12 7.8 11 8.2 1 5 0.59 (0.07-4.82)

Diabetes mellitus 11 8.2 10 7.5 1 5 0.65 (0.08-5.34)

Cholangiohepatitis 11 7.1 10 7.5 1 5 0.65 (0.08-5.34)

Cardiac disease 10 6.5 9 6.7 1 5 0.73 (0.09-6.10)

CNS disease 8 5.2 6 4.5 2 10 2.37 (0.44-12.65)

Hepatic neoplasia 6 3.9 5 3.7 1 5 1.36 (0.15-1.50)

Chronic hepatitis 5 3.2 3 2.2 2 10 4.86 (0.76-31.04)

Hypothyroidism 5 3.2 5 3.7 0 0

Extrahepatic biliary obstruction (secondary to pancreatitis) 3 1.9 2 1.5 1 5 3.47 (0.30-40.12)

Endocrinopathy 29 18.8 25 18.7 4 20 1.1 (0.3-3.5)

Hepatobiliary disease 31 20.1 27 20.1 4 20 1.0 (0.3-3.2)

TABLE 2 Frequencies of clinical signs across all groups and odds ratios (ORs) for the development of gallbladder mucocele (GBM) with 95%
confidence interval (CI). Frequency of clinical signs was not significantly different for any sign across biliary sludge (BS) and GBM groups via chi-
square test. Bold typeface indicates ORs with a 95% CI that does not cross 1

Clinical sign

Total BS only Later development of GBM
OR for the development
of GBM (95% CI)# % # % # %

None 40 26 35 87.5 5 12.5 1.1 (0.4-3.1)

Vomiting 59 38.3 50 37.3 9 45 1.3 (0.5-3.5)

Anorexia/lethargy 72 46.8 60 44.8 12 60 1.9 (0.7-4.8)

Polyuria/polydipsia 28 18.2 23 17.2 5 25 1.6 (0.5-4.9)

Pyrexia 13 8.4 12 9.0 1 5 0.5 (0.1-4.4)

Diarrhea 24 15.6 19 14.2 5 25 2.0 (0.7-6.2)

Weight loss 19 12.3 17 12.7 2 10 0.8 (0.2-3.6)

Abdominal pain 14 9.1 14 10.4 0 0

Other 27 17.5 23 17.2 4 20 1.2 (0.4-3.9)
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3.2 | Biochemistry

Increases in ≥1 hepatobiliary marker were found in 120 (77.9%) dogs.

No significant difference was found in any biochemical marker across

different sludge scores at BS diagnosis. At the time of BS diagnosis,

no significant difference was found between dogs that progressed to

GBM and those that did not, in any of the measured biochemical

markers (Table 3). For dogs later diagnosed with GBM, ALT, ALP, and

GGT activities, and cholesterol and total bilirubin concentrations were

significantly higher at diagnosis of GBM than results measured at BS

diagnosis (P ≤ .03). Activity of GGT was significantly higher in dogs

without concurrent disease compared to those with concurrent dis-

ease (P = .001), otherwise no significant difference was found

between dogs that did or did not have concurrent disease in any

other measured biochemical marker at the time of BS diagnosis.

3.3 | Gallbladder mucocele

Twenty dogs (13%; 95% CI, 8-19%) developed GBM during follow-

up. These consisted of 9 male neutered, 2 male intact, and 9 female

spayed dogs. Median age was 9 years old (range, 4-13 years) with

median weight of 11.9 kg (range, 3.3-27 kg). No significant differ-

ence was found in age or weight between dogs that did and did not

develop GBM. Median time from initial BS diagnosis to GBM devel-

opment was 19 months (range, 7-36 months). Median time from last

BS diagnosis to GBM development was 12 months (range,

3-36 months). Duration of follow-up was not associated with GBM

development. Most common breeds in this group were Border Ter-

rier (n = 7), crossbreed (n = 4), and Shetland Sheepdog (n = 3) with

1 case each of Miniature Schnauzer, Jack Russell Terrier, Chihuahua,

Cocker Spaniel, Shiba Inu, and Nova Scotia Duck Tolling Retriever

(Table 4). Shetland Sheepdogs were at increased risk of develop-

ment of GBM (OR, 23.47; 95% CI, 2.31-238.54) as were Border Ter-

riers (OR, 9.77; 95% CI, 2.96-32.21).

Of the 20 dogs that developed GBM, 15 (75%; 95% CI, 51-

91%) had ≥1 previously described predisposing factors for develop-

ment of GBM. Four dogs (20%; 95% CI, 6-44%) had concurrent

endocrinopathies (3 dogs with HAC, 1 dog with concurrent HAC

and diabetes mellitus), 13 dogs (65%; 95% CI, 41-85%) were consid-

ered at-risk breeds (Border Terrier, Shetland Sheepdog, Miniature

Schnauzer, Chihuahua, and Cocker Spaniel10,14,16,17), and 2 dogs

(10%; 95% CI, 1-31%) being treated with exogenous corticosteroids.

Four dogs had hepatopathy (cholangiohepatitis [n = 1], extrahepatic

portosystemic shunt and hepatitis [n = 1], biliary obstruction sec-

ondary to pancreatitis [n = 1], and vacuolar hepatopathy [n = 1]).

The presence of concurrent disease, including hepatobiliary disease

or corticosteroid treatment, was not found to be a risk factor for

development of GBM.

Median sludge score at BS diagnosis was 2 (range, 1-4). No sig-

nificant difference in sludge score at BS diagnosis was found

between cases that did and did not develop GBM. Binary logistic

regression analysis showed increasing OR for development of GBM T
A
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as sludge score at diagnosis increased (Table 5), with a linear associa-

tion between increasing sludge score at BS diagnosis and likelihood of

development of GBM (P = .05).

Twenty-nine dogs (18.8%; 95% CI, 13-26%) had NDBS at BS

diagnosis. Seven of 29 (24%; 95% CI, 10-44%) dogs later developed

GBM and were significantly more likely to develop GBM than were

dogs with DBS (10%; 95% CI 5-16%) at diagnosis (χ2 = 3.931;

P = .05), with OR 2.74 (95% CI, 0.98-7.65). Nondependent BS was

noted to develop before GBM in 9/20 dogs. Dogs from breeds at risk

of GBM were significantly more likely to have NDBS than those not

considered at risk (χ2 = 4.626; P = .03) with OR 2.46 (95% CI, 1.07-

5.69). In addition, 23 dogs (14.9%) with DBS progressed to NDBS dur-

ing the study period.

3.4 | Ursodeoxycholic acid

Sixty-two cases (40.9%; 95% CI, 32-48%) were treated with UDCA at

median dosage of 12.2 mg/kg (range, 4.8-21.7 mg/kg) with median

course duration of 17 months (range, 1.0-84.0 months). Dogs were

more likely to be treated with UDCA at sludge score 2 compared to

other scores (χ2 = 7.830; P = .05). No significant difference in change

in sludge volume between the UDCA treatment group and non-

treatment group was found, with both DBS and NDBS. Dogs that

were treated with UDCA were at increased risk of development of

GBM compared to untreated dogs (OR 3.12; 95% CI, 1.17-8.34).

3.5 | Multivariate analysis

Initial univariate analysis documented significant differences in the odds

of developing GBM for the variables “DBS vs NDBS,” “UDCA
treatment,” “Border Terrier,” and “Shetland Sheepdog,” as well as an

association between increasing sludge score at diagnosis and increasing

OR for the development of GBM. Multivariate logistic regression analy-

sis indicated that at-risk breeds, the Shetland Sheepdog (OR, 40.99;

95% CI, 3.61-465.95; P = .003) and Border Terrier (OR, 11.66; 95% CI,

3.28-46.63; P < .001), were independent risk factors for the develop-

ment of GBM. No confounding factors were identified.

4 | DISCUSSION

Previous studies have suggested that BS and GBM may represent a

disease continuum rather than separate entities.1,7,19 Our multicenter

retrospective observational study assessed risk factors for progression

from BS to GBM over time periods >12 months. We documented that

NDBS might be a risk factor for the development of GBM, although

future prospective studies are needed. Breed predisposition was the

predominant risk factor for development of GBM in our study.

Twenty dogs (13% cases) developed GBM in our study. Although

true prevalence data on GBM within the general canine population is

lacking, we consider this number to be a higher-than-expected pro-

portion of cases with BS, with 1 previous study assessing BS in

200 patients finding evidence of GBM in just 2% of cases.3 In our

study, median time from BS to GBM diagnosis was 19 months. Previ-

ous prospective research into the progression of BS has been limited

to time periods up to 12 months, which may have led to underestima-

tion of the number of dogs that developed GBM.1

Age and weight of dogs included in our study were consistent

with previous studies suggesting that GBM is more prevalent in small-

to middle-sized, older dogs.10,11,16,18 No significant differences in age

or weight were found between dogs that did and did not develop

GBM, which could help to support the hypothesis that BS and GBM

exist as part of a spectrum of disease. Interestingly, of the 12 most

encountered breeds in our study (Figure 1), all except the Labrador

Retriever (n = 10) and Collie-type dogs (n = 5) were small- to

medium-sized breeds. Median weight for crossbreed dogs in our study

was 13.3 kg (range, 5-34.5 kg), again showing similarities in weights of

dogs with BS and those that developed GBM. However, breed popu-

larity in the United Kingdom creates an important bias in these data,

and thus these results must be interpreted with caution.

TABLE 4 Odds ratio (OR) for each breed developing gallbladder
mucocele (GBM) with 95% confidence interval (CI). Bold typeface
indicates breeds where 95% CI does not cross 1.0 and are at
increased risk. OR for single cases were not run

Breed

GBM cases/

total in breed
included in
study

Odds ratio
(95% CI)

Border Terrier 7/14 9.77 (2.96-32.21)

Crossbreed 4/14 3.10 (0.87-11.05)

Shetland Sheepdog 3/4 23.47 (2.31-238.54)

Miniature Schnauzer 1/16 0.49 (0.06-3.96)

Jack Russel Terrier 1/7 1.12 (0.13-9.85)

Chihuahua 1/2 7.00 (0.42-116.64)

Cocker Spaniel 1/10 0.73 (0.09-6.10)

Shiba Inu 1/1

Nova Scotia Duck

Tolling Retriever

1/1

TABLE 5 Binary logistic regression analysis of sludge score
against the development of gallbladder mucocele (GBM). Significance

was set at P = .05. Seventeen cases (including 1 case that developed
GBM) did not have sludge score recorded and were excluded from
this analysis

Sludge score

at BS diagnosis

Development of
GBM/total

cases per group

% cases
developed

GBM Sig. OR (95% CI)

1 5/56 8.9 .29

2 7/51 13.7 .44 1.62 (0.48-5.48)

3 3/16 18.8 .28 2.35 (0.50-11.15)

4 4/14 28.6 .06 4.080 (0.93-17.91)

Abbreviations: BS, biliary sludge; CI, confidence interval; OR, odds ratio.
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Of the 5 most common breeds in our study, 3 are considered at

risk for the development of GBM (Miniature Schnauzer,10,14 Border

Terrier,17 and Cocker Spaniel10,14). In addition, 32% (49/154) of dogs

in the study population are from breeds considered either at increased

risk of GBM or overrepresented in some studies (Border Terrier, Shet-

land Sheepdog,13,14,16 Miniature Schnauzer, Chihuahua,14 and Cocker

Spaniel). United Kingdom breed prevalence data for the Border Terrier

found an annual birth proportion of 0.78% of all dogs,27 whereas the

Border Terrier makes up 9% of our study population. This finding sug-

gests that these breeds also have a higher incidence of BS and could

imply a link between the 2 conditions. It is possible, however, that

breeds with a known predisposition for GBM that are diagnosed with

BS are monitored more frequently, creating potential selection bias, in

addition to the popularity of many of these breeds in the UK popula-

tion. A study of the incidence of BS did not record the breed preva-

lence of dogs in the study,4 and further research is needed to assess

the prevalence of BS within these breeds.

Hyperadrenocorticism has been linked to both BS and

GBM.3,11,13 Biliary sludge was diagnosed with concurrent HAC in

11.7% cases in our study, with 20% of cases that later developed

GBM also having concurrent HAC. However, dogs with HAC did not

have increased OR for the development of GBM in our study, com-

pared to a 29 times increased risk in a previous study.11 Twice daily,

hydrocortisone administration in dogs has been shown to cause a

reversible shift in bile acid composition toward hydrophobic

unconjugated bile acids.28 These cytotoxic bile acids can cause mucin

hypersecretion26,29 and GBM.29 The presence of high rates of HAC in

our study could support the hypothesis that BS and GBM represent a

continuum of a single pathologic entity, although our results should

be interpreted with caution. Only 18 dogs in our study had HAC, and

these results could reflect type II statistical error. Iatrogenic hyper-

cortisolism did not lead to an increased prevalence of BS compared to

controls in 1 study,12 and corticosteroid treatment was not seen to

have an effect on sludge score in our study. In fact, no significant dif-

ference was found in sludge score between dogs that did and did not

have any recognized predisposing factors for GBM.

The wide variety of concurrent diseases identified in our study makes

the interpretation of clinical signs difficult. The most common clinical signs

were nonspecific (anorexia, lethargy, vomiting, polyuria, and polydipsia)

and therefore it is difficult to assess their clinical relevance. However,

40 dogs with BS had no clinical signs attributable to hepatobiliary or sys-

temic disease, making it less likely that BS was the cause of clinical signs

in the other cases, consistent with most previous research suggesting BS

is often subclinical.1 This observation is in contrast to BS in humans,

which often is linked to biliary colic, being the cause of unexplained biliary

pain in 83% of cases in a recent systematic review.6 Interestingly, 1 recent

study assessing NDBS noted clinical signs in 14/16 dogs included in the

study.20 These signs were also nonspecific (primarily diurnal inappetence

and exercise intolerance). In that study, no clinical sign was associated

with NDBS, compared to an association with polyuria and polydipsia in

our study, although small group size may have limited the power of those

analyses. The cause of polyuria and polydipsia in these cases remains

unclear, with undiagnosed HAC as a possible explanation.

Gamma-glutamyl transpeptidase is a liver enzyme activity induced

by cholestasis and is frequently measured as part of routine serum

biochemical analysis.30 In our study, sludge score was significantly

positively correlated with serum GGT activity, which suggests that BS

is not an entirely benign condition and supports previous research

suggesting BS is associated with GB dysmotility.7,10 This finding is in

contrast to a previous study1 that did not find an association between

GGT activity and increasing BS. However, that study had a smaller

population and thus could have been underpowered to detect statisti-

cal differences. In addition, GGT activity was significantly higher in

dogs without concurrent disease and the authors proposed that fur-

ther research would be required to ascertain the potential of GGT

activity as a biochemical monitoring tool for progression of BS.

Nondependent BS has been hypothesized as an intermediate

stage in progression of DBS to GBM.1,7,31 In a prospective study, DBS

progressed to NDBS in 24% dogs over 12 months,1 although no dog

developed GBM. To our knowledge, no studies have reported direct

progression of NDBS to GBM. In our study, of 20 dogs that later

developed GBM, 9 were noted to have NDBS before GBM formation,

at an intermediate ultrasonographic examination. In addition, breeds

predisposed to GBM were found to be twice as likely as other breeds

to have NDBS (OR, 2.46; 95% CI, 1.07-5.69). These findings add cre-

dence to the argument that NDBS could represent an intermediate

stage in the development of GBM. Limitations in group size limited

the power of these analyses, and these authors suggested that further

prospective research is required to ascertain the risk of GBM develop-

ment in these cases. However, these findings suggest that dogs with

NDBS should be monitored closely. Prospective research with serial

ultrasonographic examination of the GB may allow for more accurate

assessment of the natural course of this progression. In recent studies,

a grading system has been proposed and utilized for the classification

of GBM.10,31 Type I GBM, using this system, is defined as “echogenic
immobile bile occupying the GB” and thus allows for the early identifi-

cation of “pre” or “forming” GBM.32 Increasing severity of GBM type

(I-VI) was associated with increased mortality in 1 study,32 and thus

early identification is important for prognosis and management. Utiliz-

ing that system, NDBS noted in our study could be classified as an

early mucocele, although this system does not account for the propor-

tion of GB filled with BS. There is, therefore, a potential equivocal

zone between dogs with NDBS taking up <100% of the GB and dogs

with type I GBM. For the purposes of our study, we believe the classi-

fication system used here is more appropriate, because semiquantita-

tive assessment is more useful for tracking the progression of BS over

time. However, if evidence grows to support the hypothesis that BS is

a precursor to GBM, these classification systems will require combina-

tion, although this consideration is beyond the scope of our study.

Several breeds have been noted to be at increased risk for GBM;

these include the Border Terrier,17 Shetland Sheepdog,16 and Minia-

ture Schnauzer,10 although in the case of the Miniature Schnauzer,

this risk may be related to the increased risk of hyperlipemia in this

breed, a known predisposing factor for GBM.14 In our study, after

multivariate analysis, both Shetland Sheepdogs (OR, 40.99; P = .003;

95% C,I 3.61-465.95) and Border Terriers (OR, 11.66; P < .001; 95%
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CI, 3.28-46.63) were at increased risk of development of GBM, con-

sistent with previous findings in the veterinary literature. Given the

predisposition of these breeds to the development of GBM as docu-

mented here and in other studies,14,16,17 future, prospective study

should include breed-matched controls, to decrease the risk of con-

founding factors.

Although no significant difference was found in sludge score at

BS diagnosis between dogs that did and did not develop GBM, logistic

regression analysis found an increasing OR for the development of

GBM with increasing sludge score, with a linear association (Table 5).

Group sizes for sludge scores of 3 and 4 were small (16 and 14 cases,

respectively), making strong conclusions difficult to draw. This is an

area for further research in the future, with recruitment of higher

score BS cases (with BS taking up >50% GB area) for long-term moni-

toring. These findings suggest that a consistent sludge grading system

should be utilized in all routine ultrasonographic examinations, to

enable more accurate tracking of BS over time, as well as facilitating

decision-making on potential treatment of BS, and individual risk of

progression to GBM.

A secondary aim of our study was to assess the effects of

UDCA administration on the volume of BS within the GB over time.

No significant change in sludge volume score was observed

between dogs that were and were not treated with UDCA, with

both DBS and NDBS. This observation supports the findings of a

recent study in which there was no response to UDCA treatment in

16 dogs with NDBS.20 These results suggest that UDCA may not be

useful in the medical management of dogs with BS. However, many

of these dogs were being managed for concurrent diseases along

with their BS, and thus it is difficult to draw conclusions about the

effectiveness of this treatment. There might also have been poten-

tial selection bias as to which cases were treated with UDCA (dogs

with sludge score 2 were more likely to receive UDCA than dogs

with scores of 3 or 4, and dogs treated with UDCA had an increased

OR for progression to GBM), which may have affected results. Fur-

ther prospective research, utilizing a randomized controlled trial for-

mat, would be required to assess the effectiveness of UDCA

treatment in dogs with both DBS and NDBS. A recent study33 docu-

mented differences in the composition of bile acids between dogs

with GBM and NDBS vs dogs with DBS and healthy controls, with

lower compositional ratios of taurodeoxycholic acid and tau-

rolithocholic acid (both hydrophobic bile acids) in the control and

DBS groups. It is plausible to hypothesize that BS is not responsive

to UDCA, but GBM might be, because of differences in bile acid

constituents and additional studies are needed to elucidate this pos-

sibility. In addition, UDCA dosage varied from 4.8 to 21.7 mg/kg,

with highly variable course duration (1-84 months). This inconsis-

tency, in addition to variability of other treatments used in dogs in

our study, was a limitation of our study.

Our study had several other limitations. The multicenter nature

meant that there were center-by-center variations in how ultrasonog-

raphy reports were written, and images captured, because of exami-

nations being performed by various operators, and laboratory testing

was performed at different laboratories with minor differences in

reference ranges (RRs). This situation led to 17 cases that were

included in the study having to be excluded from sludge score analy-

sis, decreasing the potential power of these calculations. The retro-

spective nature of the study meant it was not possible to verify if

ultrasonographic GB images represented the maximal long axis view,

thus limiting the assessment of gallbladder volume (GBV) and creating

potential misinterpretation of percentage of actual GB area filled with

BS, thus preventing evaluation of the effects of GBV on risk of GBM

formation. Changes in GBV despite no change in the total volume of

sludge could have led to an artificial increase in sludge score. Fasting

status was unverified in many cases, preventing analysis, although we

believe that, in a tertiary referral setting, standard procedure requires

sedation for ultrasonography, necessitating fasting, which could not,

however, be confirmed. In addition, all cases in our study were rec-

ruited from tertiary level facilities and thus these findings are likely to

be subject to substantial selection bias, requiring cautious interpreta-

tion. Our study was retrospective, meaning there were occasional

inconsistencies in the data collected, as well as an absence of consis-

tent long-term follow-up. Consistent ultrasonographic follow-up at

defined time points would have enabled more accurate tracking of

sludge score and gravity dependency over time, which would have

helped to determine any intermediate changes in BS before develop-

ment of GBM in those cases. A further limitation was the lack of a

control group. A control group of dogs without BS followed over time

periods >12 months would have enabled direct comparison in the fre-

quency of GBM development, and the absence of this group limits the

ability of our study to accurately identify risk factors. Finally, a diagno-

sis of GBM was made in all cases using ultrasonography, without sur-

gical or histopathological confirmation. However, the

ultrasonographic appearance of GBM is diagnostic and highly spe-

cific10,31,34 and histopathology was not considered essential to the

findings of our study.

In conclusion, we assessed BS over time periods >12 months.

Several interesting findings merit further prospective research. Based

on our study, we suggest that a stratified sludge scoring system, simi-

lar to that used here and in other studies,1,3 should be utilized as part

of the routine ultrasonographic examination to allow more accurate

monitoring of BS over time. This system might require modification in

the future to incorporate both BS and GBM types. Our findings also

suggest that BS taking up >50% of the GB area, as well as NDBS, even

noted incidentally, should be monitored closely because these dogs

may be at increased risk of the development of GBM. In addition, we

hypothesize that NDBS may represent an intermediate stage in the

progression from BS to GBM. We suggest future prospective research

monitoring BS over time periods of at least 24 months to ascertain

whether our findings are repeatable in a controlled setting. It is likely

that GBM is a multifactorial disease, but our study suggests that BS is

not as benign as previously thought.

ACKNOWLEDGMENT

No funding was received for this study. The authors acknowledge Tim

Williams (Queen's Veterinary School Hospital, UK) for his help with

statistical analysis of these data.

BUTLER ET AL. 983



CONFLICT OF INTEREST DECLARATION

Authors declare no conflict of interest.

OFF-LABEL ANTIMICROBIAL DECLARATION

Authors declare no off-label use of antimicrobials.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE

(IACUC) OR OTHER APPROVAL DECLARATION

Approved by the University of Cambridge, Department of Veterinary

Medicine Ethics and Welfare Committee (CR421).

HUMAN ETHICS APPROVAL DECLARATION

Authors declare human ethics approval was not needed for this study.

ORCID

Thomas Butler https://orcid.org/0000-0002-6270-309X

Andrew Kent https://orcid.org/0000-0002-3680-5893

Katie E. McCallum https://orcid.org/0000-0001-6153-0687

REFERENCES

1. DeMonaco SM, Grant DC, Larson MM, Panciera DL, Leib MS. Sponta-

neous course of biliary sludge over 12 months in dogs with

ultrasonographically identified biliary sludge. J Vet Intern Med. 2016;

30(3):771-778.

2. Secchi P, Poppl AG, Ilha A, et al. Prevalence, risk factors, and bio-

chemical markers in dogs with ultrasound-diagnosed biliary sludge.

Res Vet Sci. 2012;93(3):1185-1189.

3. Cook AK, Jambhekar AV, Dylewski AM. Gallbladder sludge in dogs:

ultrasonographic and clinical findings in 200 patients. J Am Anim Hosp

Assoc. 2016;52(3):125-131.

4. Bromel C, Barthez PY, Leveille R, Scrivani PV. Prevalence of gallblad-

der sludge in dogs as assessed by ultrasonography. Vet Radiol Ultra-

sound. 1998;39(3):206-210.

5. Lee SP, Maher K, Nicholls JF. Origin and fate of biliary sludge. Gastro-

enterology. 1988;94(1):170-176.

6. Abeysuriya V, Deen KI, Navarathne NM. Biliary microlithiasis, sludge,

crystals, microcrystallization, and usefulness of assessment of nucle-

ation time. Hepatobiliary Pancreat Dis Int. 2010;9(3):248-253.

7. Tsukagoshi T, Ohno K, Tsukamoto A, et al. Decreased gallbladder

emptying in dogs with biliary sludge or gallbladder mucocele. Vet

Radiol Ultrasound. 2012;53(1):84-91.

8. Pike FS, Berg J, King NW, Penninck DG, Webster CR. Gallbladder

mucocele in dogs: 30 cases (2000-2002). J Am Vet Med Assoc. 2004;

224(10):1615-1622.

9. Aguirre AL. Diseases of the gallbladder and extrahepatic biliary sys-

tem. In: Ettinger SJFE, Cote E, eds. Textbook of Veterinary Internal

Medicine. 7th ed. St. Louis, MO: Elsevier; 2017:1674-1680.

10. Besso JG, Wrigley RH, Gliatto JM, Webster CR. Ultrasonographic

appearance and clinical findings in 14 dogs with gallbladder mucocele.

Vet Radiol Ultrasound. 2000;41(3):261-271.

11. Mesich ML, Mayhew PD, Paek M, Holt DE, Brown DC. Gall bladder

mucoceles and their association with endocrinopathies in dogs: a ret-

rospective case-control study. J Small Anim Pract. 2009;50(12):

630-635.

12. Kook PH, Schellenberg S, Rentsch KM, Reusch CE, Glaus TM. Effects of

iatrogenic hypercortisolism on gallbladder sludge formation and biochem-

ical bile constituents in dogs. Vet J. 2012;191(2):225-230.

13. Gookin JL, Correa MT, Peters A, et al. Association of gallbladder

mucocele histologic diagnosis with selected drug use in dogs: a

matched case-control study. J Vet Intern Med. 2015;29(6):1464-

1472.

14. Kutsunai M, Kanemoto H, Fukushima K, Fujino Y, Ohno K,

Tsujimoto H. The association between gall bladder mucoceles and

hyperlipidaemia in dogs: a retrospective case control study. Vet J.

2014;199(1):76-79.

15. Lee S, Kweon OK, Kim WH. Increased leptin and leptin receptor

expression in dogs with gallbladder mucocele. J Vet Intern Med. 2017;

31(1):36-42.

16. Aguirre AL, Center SA, Randolph JF, et al. Gallbladder disease in Shet-

land sheepdogs: 38 cases (1995-2005). J Am Vet Med Assoc. 2007;

231(1):79-88.

17. Allerton F, Swinbourne F, Barker L, et al. Gall bladder mucoceles in

Border terriers. J Vet Intern Med. 2018;32(5):1618-1628.

18. Norwich A. Gallbladder mucocele in a 12-year-old cocker spaniel. Can

Vet J. 2011;52(3):319-321.

19. Mizutani S, Torisu S, Kaneko Y, et al. Retrospective analysis of canine

gallbladder contents in biliary sludge and gallbladder mucoceles. J Vet

Med Sci. 2017;79(2):366-374.

20. Viljoen AD, Tamborini A, Watson PJ, Bexfield NH. Clinical character-

istics and histology of cholecystectomised dogs with nongravity-

dependent biliary sludge: 16 cases (2014-2019). J Small Anim Pract.

2021;62:478-488.

21. Saunders H, Thornton LA, Burchell R. Medical and surgical manage-

ment of gallbladder sludge and mucocoele development in a Minia-

ture Schnauzer. Int J Vet Sci Med. 2017;5(1):75-80.

22. Walter R, Dunn ME, d'Anjou MA, Lecuyer M. Nonsurgical resolution

of gallbladder mucocele in two dogs. J Am Vet Med Assoc. 2008;

232(11):1688-1693.

23. Yanaura S, Ishikawa S. Choleretic properties of ursodeoxycholic acid

and chenodeoxycholic acid in dogs. Jpn J Pharmacol. 1978;28(3):

383-389.

24. Paumgartner G, Beuers U. Ursodeoxycholic acid in cholestatic liver

disease: mechanisms of action and therapeutic use revisited.

Hepatology. 2002;36(3):525-531.

25. Beuers U. Drug insight: mechanisms and sites of action of

ursodeoxycholic acid in cholestasis. Nat Clin Pract Gastroenterol

Hepatol. 2006;3(6):318-328.

26. Klinkspoor JH, Kuver R, Savard CE, et al. Model bile and bile salts

accelerate mucin secretion by cultured dog gallbladder epithelial cells.

Gastroenterology. 1995;109(1):264-274.

27. O'Neill DG, Darwent EC, Church DB, Brodbelt DC. Border terriers

under primary veterinary care in England: demography and disorders.

Canine Genet Epidemiol. 2017;4:15.

28. Kook PH, Schellenberg S, Rentsch KM, Reusch CE, Glaus TM. Effect

of twice-daily oral administration of hydrocortisone on the bile acids

composition of gallbladder bile in dogs. Am J Vet Res. 2011;72(12):

1607-1612.

29. Kesimer M, Cullen J, Cao R, et al. Excess secretion of gel-forming

mucins and associated innate defense proteins with defective mucin

un-packaging underpin gallbladder mucocele formation in dogs. PLoS

One. 2015;10(9):e0138988.

30. Center SA, Slater MR, Manwarren T, Prymak K. Diagnostic effi-

cacy of serum alkaline phosphatase and gamma-glutamy-

ltransferase in dogs with histologically confirmed hepatobiliary

disease: 270 cases (1980-1990). J Am Vet Med Assoc. 1992;

201(8):1258-1264.

31. Choi J, Kim A, Keh S, Oh J, Kim H, Yoon J. Comparison between ultra-

sonographic and clinical findings in 43 dogs with gallbladder

mucoceles. Vet Radiol Ultrasound. 2014;55(2):202-207.

32. Parkanzky M, Grimes J, Schmiedt C, Secrest S, Bugbee A. Long-term

survival of dogs treated for gallbladder mucocele by cholecystectomy,

medical management, or both. J Vet Intern Med. 2019;33(5):2057-

2066.

984 BUTLER ET AL.

https://orcid.org/0000-0002-6270-309X
https://orcid.org/0000-0002-6270-309X
https://orcid.org/0000-0002-3680-5893
https://orcid.org/0000-0002-3680-5893
https://orcid.org/0000-0001-6153-0687
https://orcid.org/0000-0001-6153-0687


33. Kakimoto T, Kanemoto H, Fukushima K, Ohno K, Tsujimoto H. Bile

acid composition of gallbladder contents in dogs with gallbladder

mucocele and biliary sludge. Am J Vet Res. 2017;78(2):223-229.

34. Crews LJ, Feeney DA, Jessen CR, Rose ND, Matise I. Clinical, ultraso-

nographic, and laboratory findings associated with gallbladder disease

and rupture in dogs: 45 cases (1997-2007). J Am Vet Med Assoc.

2009;234(3):359-366.

How to cite this article: Butler T, Bexfield N, Dor C, et al. A

multicenter retrospective study assessing progression of

biliary sludge in dogs using ultrasonography. J Vet Intern Med.

2022;36(3):976‐985. doi:10.1111/jvim.16423

BUTLER ET AL. 985

info:doi/10.1111/jvim.16423

	A multicenter retrospective study assessing progression of biliary sludge in dogs using ultrasonography
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Statistical analysis
	2.2  Ethical approval

	3  RESULTS
	3.1  Sludge score
	3.2  Biochemistry
	3.3  Gallbladder mucocele
	3.4  Ursodeoxycholic acid
	3.5  Multivariate analysis

	4  DISCUSSION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST DECLARATION
	OFF-LABEL ANTIMICROBIAL DECLARATION
	INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION
	HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES


