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Background: Biliary sludge is associated with gallbladder (GB) dysmotility and mucus hypersecretion suggesting a link

between biliary sludge and the formation of GB mucoceles (GBM). If biliary sludge progresses to GBM, treatment to reduce

the production and progression of sludge is warranted.

Hypothesis/Objectives: The objective of this study was to determine the course of biliary sludge in dogs.

Animals: Seventy-seven healthy, client-owned dogs ≥4 years of age screened for biliary sludge; 45 affected dogs identified.

Methods: Prospective, observational design. Serial ultrasound examinations were evaluated at 3, 6, 9, and 12 months to

monitor degree of sludge based on proportion of GB filled with sludge (mild [0.01–24.4%], moderate [24.5–49.4%], moderate

to severe [49.5–74.4%], severe [74.5–100%]), gravity dependency of sludge, and GB dimensions.

Results: After 1 year of follow-up, the degree of sludge was mild (34%), moderate (47%), moderate to severe (13%), sev-

ere (3%), or absent (3%). There was no significant difference in median degree of sludge over 1 year (P = .36). There were

no significant changes in the gravity dependency of sludge over 1 year. A subset of dogs, 24%, with initial gravity-dependent

sludge developed a combination of nondependent and dependent sludge. Dogs had resolved (2%), decreased (19%), static

(40%), increased (29%), or recurrent (10%) sludge at the conclusion of the study.

Conclusions and Clinical Importance: Biliary sludge was prevalent, affected dogs remained asymptomatic, and it rarely

resolves in healthy dogs over a period of 1 year. Some dogs developed nongravity-dependent sludge within 1 year, which

might indicate changes in consistency of sludge.
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Sludge within the gallbladder (GB) is commonly seen
during ultrasonographic examination and is defined

as the presence of gravity-dependent, nonshadowing,
echogenic material within the lumen of the GB.1–3 The
prevalence is not different among healthy dogs, dogs
with hepatobiliary disease, or dogs with other diseases.1

However, dogs with sludge have decreased GB motility
when compared to dogs without biliary sludge, suggest-
ing that biliary sludge might not be a benign process.4

Biliary stasis and modifications to bile within the GB
promote the formation of biliary sludge,5,6 and it is
associated with mucus hypersecretion.7,8 Hydrophobic
bile acids stimulate mucus secretion from the GB
epithelium.9 Mucus accumulation within crypts and
increased secretory vesicles developed within the GB
epithelium of dogs with sludge and gallstones.10–12 This
suggests that prolonged exposure to concentrated bile,

biliary sludge, or both might potentiate cystic mucinous
hyperplasia (CMH). The pathogenesis of gallbladder
mucocele (GBM) formation is unknown, but GBMs are
associated with CMH and GB dysmotility suggesting a
possible association with biliary sludge.2,4,13,14 Dogs
with biliary sludge were more likely to have hep-
atomegaly, cardiopathies, and systemic drug use,4 and
had higher plasma cholesterol concentrations than dogs
without sludge.15 Hyperlipidemia and endocrinopathies
are associated with GBM4,13,16–19 and are speculated to
promote biliary sludge.13 However, iatrogenic hypercor-
tisolism for 3 months did not result in sludge forma-
tion.20 Biliary sludge is prevalent in Poodles, Beagles,
and Cocker Spaniels.15 Although, a higher prevalence
of sludge has not been found in other breeds predis-
posed to GBM, Cocker spaniels have an increased risk
of GBM supporting the potential for sludge to muco-
cele.2,14,18,19,21 Biliary stasis and GB dysmotility, mucus
hypersecretion, biliary sludge formation, and CMH
may represent a continuum with formation of GBM as
the end stage of the disease process.

Dogs with GBMs can develop cholecystitis (bacterial
or sterile), and GB necrosis and rupture, which are
life-threatening and require emergent surgical
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intervention.2,14,21 Thus, it is important to identify dogs
with GB dysfunction earlier in the course of disease to
avoid potentially serious complications. Studies evaluat-
ing the spontaneous course of biliary sludge in dogs are
lacking. The presence of biliary sludge varied between
33–50% in six healthy dogs over 6 months, but changes
in volume and character of sludge were not evaluated.20

In addition, the authors are not aware of any studies
that have identified risk factors for developing serious
GB diseases such as cholecystitis and GBM in dogs
with biliary sludge. If biliary sludge is linked to GBM
formation or cholecystitis, biliary sludge should be con-
sidered clinically important and treatments should be
developed to reduce the production and progression of
sludge formation.

The aim of this study was to determine the course of
biliary sludge in apparently healthy dogs using serial
ultrasonographic examinations during 1 year. Serial
serum biochemistries were performed to evaluate
changes in biochemical markers of cholestasis. We
hypothesized that biliary sludge would increase over
time and, in some dogs, become solid and immobile.
We also hypothesized that dogs with progressive sludge
would have increasing GB volumes and biochemical
cholestasis.

Materials and Methods

Study Population

Seventy-seven healthy, student and staff-owned dogs ≥4 years

of age were screened for biliary sludge via transabdominal ultra-

sonography at the Virginia-Maryland College of Veterinary Medi-

cine. Institutional Animal Care and Use Committee approval and

informed owner consent were obtained. An age of 4 years or older

was chosen to increase the likelihood of identifying dogs with bil-

iary sludge as it has a higher prevalence in older dogs.1,15 Healthy

was defined as the absence of illness within the preceding

3 months, lack of chronic drug administration, and an unremark-

able physical examination. Dogs were not excluded if they received

flea, tick, or heartworm preventative, supplements for osteoarthri-

tis, or short duration (<4 weeks) of systemic drug administration

during the study. Biliary sludge was defined as gravity dependent,

echogenic material without acoustic shadowing within the GB.

Forty-five (58.4%) dogs with biliary sludge were identified and

evaluated every 3 months for 1 year. Three dogs with biliary

sludge were ultimately excluded from final analyses because of

chronic medication administration or the development of serious

disease not associated with the biliary tract. Each evaluation

included a physical examination, serum biochemistry, and hepato-

biliary (liver, pancreas, GB) ultrasound. Dogs were fasted for at

least 12 hours before ultrasound examination.

Ultrasound Analysis

Ultrasound examinations were performed or supervised by a

board-certified radiologist using an ultrasound machinea

equipped with a preset broad bandwidth operating frequency

transducer (8–5 mHz microconvex). Transverse and longitudinal

images of the GB were obtained with dogs in dorsal and/or lat-

eral recumbency via subcostal and/or right-sided intercostal

approaches. Gallbladder dimensions included length (L) obtained

from longitudinal images and width (W) and depth (D) obtained

from the transverse images. Gallbladder dimensions were

determined from 3 transverse and 3 longitudinal images and the

mean measurements were recorded. Gallbladder volumes (GBV)

were calculated using the ellipsoid method (Volume = 0.53

9 L 9 W 9 D).22 Relative GBV was calculated by dividing the

GBV by kilograms of body weight (GBV/kg).23 Gallbladder wall

(GBW) thickness was measured in a standard location of the

body of the GB1 and any abnormalities in the structure of the

GB were documented. In dogs where the GBW was too thin to

accurately measure, a measurement of 1 mm was recorded. Rela-

tive sludge (percentage of biliary sludge filling the GB) was

assessed using images with maximum GB area on the longitudi-

nal image. Biliary sludge area and GB area were determined

using imaging software.b Relative sludge was calculated as fol-

lows: (sludge area/GB area) 9 100. Degree of biliary sludge was

scaled using a score of 0–4: 0 = absence of sludge (0%),

1 = mild (0.01–24.4%), 2 = moderate (24.5–49.4%), 3 = moderate

to severe (49.5–74.4%), 4 = severe (74.5–100%) (Fig 1). Gallblad-

der contents were categorized based on gravity dependency as:

0 = dependent sludge, 1 = dependent and nondependent sludge

(sludge adhered to nondependent GB wall), 2 = nondependent

sludge, 3 = dependent and suspended sludge, 4 = suspended

sludge (sludge that is not adjacent to the GB wall), 5 = sus-

pended, dependent, nondependent sludge (Fig 2). At the end of

the study dogs were classified as having persistent (sludge present

at each examination whether decreased, static, or increased),

resolved (absence of sludge at all subsequent examinations), or

recurrent sludge (disappearance and reappearance of sludge at

various examinations). Degree of biliary sludge was compared at

initial and final examinations to categorize dogs as having

decreased, static, or increased biliary sludge.

Biochemical Analysis

Blood was collected from each dog after each examination, and

activities of alanine aminotransferase (ALT), alkaline phosphatase

(ALP), gamma-glutamyltransferase (GGT), and concentrations of

total bilirubin, cholesterol, triglycerides, albumin, and total cal-

cium measured. These variables were chosen to evaluate markers

of hepatobiliary disease and hyperlipidemias, to evaluate serum

biochemical variables that may affect bile constituents implicated

in the formation of biliary sludge,5 and maintain consistency with

previous studies of biliary sludge in dogs.1,4,15

Statistical Analysis

Normal probability plots were used to evaluate data distribu-

tion. The mean and standard deviation were listed for normally

distributed data, and the median and range were listed for skewed

data. Mixed model ANOVA and Friedman chi-square tests were

performed to detect changes in degree of sludge, relative sludge,

GBV, GBV/kg, and biochemical indices over time. Mantel–Haen-

zsel chi-square tests were used to assess significant differences in

GB contents over time. Kruskal–Wallis test was performed to

determine significant differences in biochemical indices, GBW

thickness, and GBV among dogs with decreased, static, increased,

or recurrent biliary sludge. Associations between variables and

increased sludge were tested using the Wilcoxon rank-sum test

(age) and the Fisher’s exact test (breed, sex, structural liver abnor-

malities, presences of heart murmurs, use of flea, tick and heart-

worm preventatives, and use of systemic drugs). Particular flea/

tick, heart worm, and systemic drugs that were used and evaluated

included ivermectin, selamectin, fipronil, lufenuron, spinosad, imi-

dacloprid, milbemycin oxime, antibiotics, nonsteroidal anti-inflam-

matories, and prednisone. All statistical analyses were performed

using commercial software.c Significance was determined at

P < .05.
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Fig 1. Representative ultrasound images of the gallbladder (GB) in dogs with (A) absence of biliary sludge—score 0, (B) mild biliary

sludge—score 1, (C) moderate biliary sludge—score 2, (D) moderate to severe biliary sludge—score 3, (E) severe biliary sludge—score 4.
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Fig 2. Representative ultrasound images of the gallbladder (GB) in dogs with (A) dependent biliary sludge only—GB content 0, (B)

dependent and nondependent sludge—GB content 1, (C) nondependent sludge only—GB content 2, (D), dependent and suspended sludge

—GB content 3, (E), suspended sludge only—GB content 4, and (F) suspended, dependent, and nondependent sludge—GB content 5.
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Results

Population Data

Forty-two dogs with biliary sludge were evaluated
every 3 months for 1 year. All 42 dogs completed evalu-
ations at 0, 3, and 6 months. Forty-one dogs were
available at 9 months, and 38 dogs at 12 months. Four
dogs did not complete the study because they were
unavailable for scheduled re-examinations. The mean
age of dogs with biliary sludge was 6.4 years
(�2.4 years). Twenty dogs were neutered males, 21 dogs
were spayed female, and 1 dog was an intact male. The
most frequently represented breeds included mixed-
breed (n = 21), Pit bull Terrier (n = 3), Dachshund
(n = 3), Boston Terrier (n = 2), Boxer (n = 2), Great
Dane (n = 2), and Chihuahua (n = 2). There was 1 dog
of each of the following breeds: Jack Russell Terrier,
Labrador Retriever, Cocker Spaniel, Toy Poodle, Aus-
tralian Shepherd, Maltese, and Rottweiler. None of the
dogs developed clinical signs attributable to hepatobil-
iary disease during the study period. Heart murmurs
were detected in 16% (7/42) of dogs at either at initial
examination (n = 2) or at a later examination (n = 5).
Four of these dogs had an echocardiogram performed
which showed early mitral-valve degeneration. Use of
flea and tick preventative occurred in 86% (34/42) of
dogs, and use of heartworm preventative occurred in
90% (38/42). Use of glucosamine/chondroitin or fish oil
supplementation occurred in 10% (4/42) of dogs. Short
or intermittent (<4 weeks) use of systemic drugs
occurred in 24% (10/42) dogs. Drugs administered sys-
temically included nonsteroidal anti-inflammatories
(n = 4), prednisone (n = 2), antihistamines (n = 1), and
antibiotics (n = 8).

Degree of Biliary Sludge

Initially, the degree of biliary sludge was mild, mod-
erate, moderate to severe, and severe in 50% (21/42),
36% (15/42), 9% (4/42), and 5% (2/42) of dogs, respec-
tively. Upon conclusion of the study, biliary sludge was
absent, mild, moderate, moderate to severe, and severe
in 3% (1/38), 34% (13/38), 47% (18/38), 13% (5/38),
and 3% (1/38) of dogs, respectively. The median degree
of biliary sludge did not change significantly over time
(P = .36) (Table 1). When analyzed as a continuous
variable, mean relative sludge was also not significantly
different over time (P = .45) (Table 1).

Biliary sludge was persistent, resolved, and recurrent
in 88% (37/42), 2% (1/42), and 10% (4/42) of dogs,
respectively. Biliary sludge decreased, increased, or was
static in 19% (8/42), 29%(12/42), and 40% (17/42) of
dogs, respectively.

Dogs with increased degree of biliary sludge (12/42,
29%) were compared to dog without increased degree
of biliary sludge (30/42, 71%). The median age was not
significantly different between dogs with increased bil-
iary sludge (5.5 years, range 4–10 years) and without
increased biliary sludge (5.5 years, range 4–12 years)
(P = .99). Prevalence of breed (P = 1) and sex (P = .73)
were also not significantly different. There was no

significant difference pertaining to presence of a heart
murmur, presence of liver abnormalities as detected by
ultrasound, use of flea/tick preventative, use of heart-
worm preventative, or use systemic medications
(Table 2). In addition, there were no significant differ-
ences between dogs with or without increased biliary
sludge in regards to use of imidacloprid, fipronil, lufe-
nuron, spinosad, milbemycin oxime, selamectin, nons-
teroidal anti-inflammatories, antibiotics, or prednisone
(Table 2). Dogs with increased biliary sludge were 4.6
times more likely to be exposed to ivermectin (OR 4.6,
95% CI 1.1–19.5) (P = .04).

Gallbladder Content

The prevalence of biliary sludge in the 74 dogs evalu-
ated in this study was 57%. At initial examination, GB
contents were 0, 1, 3, and 5 in 64% (27/42), 2% (1/42),
24% (10/42), and 10% (4/42) of dogs, respectively.
Upon conclusion of the study, GB contents were 0, 1,
3, 4, and 5 in 32% (12/37), 3% (1/37), 31% (11/37), 3%
(1/37), and 32% (12/37) of dogs, respectively. Fre-
quency of GB contents in each category did not change
significantly over time (P = .25, data not shown). Only
2 dogs with initial nondependent sludge (GB content
score 5) had gravity-dependent sludge (GB content
score 0 or 3) at the end of the study. Three dogs with
initial nondependent sludge (GB content of 1 or 5) con-
tinued to have similar GB contents at the end of the
study. Ten dogs with an initial gravity-dependent sludge
(GB content of 0 or 3) developed some form of nonde-
pendent sludge (GB content of 5) by the end of the
study. Of the 10 dogs that developed nondependent
sludge (GB content score of 5) at the end of the study,
1 dog had decreased degree of biliary sludge, 5 had a
static degree of biliary sludge, 2 had an increased degree
of biliary sludge, and 2 dogs had recurrent biliary
sludge. Of the 12 dogs that had an increased degree of
biliary sludge at the end of the study, 3 dogs developed
nondependent sludge (GB content of 5) and the remain-
ing 9 dogs continued to have a dependent biliary sludge
(GB content of 0 or 3).

Gallbladder Measurements

Initial and 12-month mean GBV/kg were 1.03 � 0.59
and 1.20 � 0.73 mL/kg respectively (Table 1). The mean
GBV/kg was not significantly different over time
(P = .19). The mean GBV was also not significantly dif-
ferent over time (P = .54). Gallbladder wall was too thin
to accurately measure in 47% (20/42), 64% (27/42), 62%
(26/42), 63% (26/41), 63% (28/38) of dogs at 0, 3, 6, 9,
and 12 months, respectively. Thus, those dogs were given
a standard measurement of 1 mm. Initial and 12-month
median GBW thickness was 1 mm (range, 0.44–
1.53 mm) and 1 mm (range, 0.9–1.35 mm) respectively,
and was not significantly different (P = .81) (Table 1).
However, GBW thickness was significantly different
(P = .015) when comparing initial examination to 6 and
9 months examinations (Table 1). GBV and GBW thick-
ness were not significantly different among dogs with
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recurrent, persistent, decreased, or increased degree of
biliary sludge (Table 3).

Biochemical Markers of Hepatobiliary Disease

There were no significant differences in serum activi-
ties of ALT, ALP, GGT, and concentration of total cal-
cium, cholesterol, and triglycerides over time (Table 1).
There was a significant difference in median concentra-
tion of total bilirubin (P = .0026) and albumin
(P = .0055); however, the median values were still
within reference range (Table 1). Only 1 dog had
consistently low serum albumin concentrations. When

comparing biochemical markers of hepatobiliary disease
among dogs categorized as having recurrent, static,
decreased or increased degree of biliary sludge, there
was only a significant difference in median total calcium
concentration. Dogs with increased degree of biliary
sludge had lower median total calcium concentrations
compared to dogs with decreased or static sludge
(P = .024) (Table 3). The median total calcium concen-
trations for all groups were within reference range.

Ultrasonography of the Gallbladder, Liver, and
Pancreas

There were no ultrasonographic abnormalities
detected in the GB of dogs with biliary sludge. In addi-
tion, ultrasound did not identify any abnormalities
within the pancreas. Ultrasonography of the liver-
revealed abnormalities in 4 dogs. These findings
included rounded liver margins with mottled parench-
yma (n = 1) and hyperechoic nodules (n = 3). The liver
was normal in size in all dogs.

Discussion

Biliary sludge is currently regarded as an incidental
finding with a high prevalence in healthy dogs.1 The
findings of this study corroborate that a high prevalence
of biliary sludge (57%) occurs in healthy dogs ≥4 years.
To the authors’ knowledge, the spontaneous course of
biliary sludge in individual dogs has not been systemi-
cally evaluated. This study found that biliary sludge
persists in 88% of healthy dogs and did not significantly
increase or become more organized. By the end of the
study, 29% of dogs had more sludge filling their GB
and 24% developed some form of nondependent sludge.
The persistence of sludge suggests it has the potential to
develop into or contribute to GB disease. This may be
evident in the two subsets of dogs that had sludge pro-
gression, particularly if they were to be followed over a

Table 1. Summary of laboratory and GB variables in dogs with biliary sludge over time.

Variable 0 Month (n = 42) 3 Month (n = 42) 6 Month (n = 42) 9 Month (n = 41) 12 Month (n = 38) P-Value

ALT (U/L)* 38 (14–450) 40 (14–367) 36 (16–141) 42 (15–172) 41.5 (17–131) .14

ALP (U/L)* 29 (6–225) 30.5 (7–215) 30 (6–164) 30 (9–348) 27 (11–103) .58

GGT (U/L)* 3.5 (0–18) 3 (0–11) 3 (0–8) 3 (0–12) 3 (0–7) .48

Tbili (mg/dL)* 0.2 (0.1–0.5)a,b,c 0.2 (0.1–0.5) 0.2 (0.1–0.4)a 0.2 (0.1–0.4)b 0.2 (0.1–0.3)c .0026

Trig (mg/dL)* 46 (24–493) 52 (24–84) 51 (30–135) 53 (33–101) 53.5 (23–170) .15

Chol (mg/dL)** 207 (�53) 207 (�54) 209 (�52) 204 (�48) 208 (�53) .70

tCa (mg/dL)** 9.7 (�0.5) 9.7 (�0.4) 9.8 (�0.5) 9.7 (�0.4) 9.8 (�0.2) .055

Alb (g/dL)* 3.3 (2.1–3.7)a,b 3.2 (2.2–3.7)a 3.25 (2.3–3.8) 3.2 (2.2–3.7)b 3.2 (2.1–3.7) .0055

Rel sludge (%)** 27 (�20) 28 (�18) 29 (�20) 30 (�17) 33 (�21) .45

Deg sludge* 1.5 (1–4) 1 (0–4) 1 (0–4) 2 (0–4) 2 (0–4) .36

GBV (mL/kg)** 1.03 (�0.59) 1.22 (�0.74) 1.19 (�0.70) 1.18 (�0.88) 1.20 (�0.73) .19

GBV (mL)** 17.0 (� 12.2) 18.7 (�12.2) 18.7 (� 13.7) 17.4 (�13.8) 16.3 (�11.2) .54

GBW (mm)* 1 (0.44–1.53)a,b 1 (0.66–1.62) 1 (0.92–2.89)a 1 (0.94–1.97)b 1 (0.90–1.35) .015

ALT, alkaline aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase; Tbili, total bilirubin; Trig, triglycerides;

Chol, cholesterol; tCa, total calcium; Alb, albumin; Rel, relative sludge; Deg, degree of sludge; GBV/kg, gallbladder volume per kilogram;

GB, gallbladder volume; GBW, gallbladder wall.

*Median (range), **Mean (standard deviation), n = number, P < .05 denotes statistical significance, significant differences are denoted

by different superscript letters within columns.

Table 2. Prevalence of heart murmurs, liver abnormal-
ities, and medication exposure in dogs with or without
increased biliary sludge.

Variable

Increased

Sludge (n = 12)

Other

(n = 30) P-Value

Heart murmur 2 (17) 5 (17) 1.00

Liver abnormalities 1 (8) 3 (10) 1.00

Systemic medications 3 (25) 7 (23) 1.00

Flea/tick 8 (67) 26 (86) .20

Heartworm 10 (83) 28 (93) .56

Ivermectin 8 (67) 9 (30) .04

Imidacloprid 4 (33) 6 (20) .43

Milbemycin oxime 3 (25) 12 (40) .48

Selamectin 1 (8) 6 (20) .65

Fipronil 1 (8) 8 (26) .25

Lufenuron 2 (17) 4 (13) 1.00

Spinosad 1 (8) 9 (30) .23

Antibiotics 2 (17) 6 (20) 1.00

NSAIDs 1 (8) 3 (10) 1.00

Prednisone 1 (8) 2 (7) 1.00

n = number; number (%); increased sludge—dogs with increased

degree of biliary sludge; other—dogs with decreased, static, recur-

rent, or resolved biliary sludge; NSAIDs—nonsteroidal anti-

inflammatories. P < 0.05 denotes statistical significance.
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longer duration. However, biliary sludge does not seem
to develop into clinically apparent GB disease, at least
over the course of 1 year, in healthy dogs.

The majority of dogs had persistent sludge and all
remained asymptomatic. The degree of biliary sludge at
each examination was not significantly different, but it
increased in 29% of all dogs. The reason for this find-
ing is uncertain but may be a reflection of cholestasis
and/or poor GB motility in those dogs. These findings
are in contrast to those in people with biliary sludge.
A study following humans for 3 years found that biliary
sludge resolved in 17.7%, and was recurrent in 60.4%.
Of those same patients, 8.3% had persistent sludge with
asymptomatic gallstone formation, and 12.6% devel-
oped clinical signs related to gallstone formation and
biliary colic.3

Risk factors for the progression of increased biliary
sludge in dogs were not found with the exception of a
modest association between the use of ivermectin and
increased degree of biliary sludge. This finding should
be interpreted with caution and does not indicate that
ivermectin leads to increased biliary sludge in dogs.
Ivermectin is a commonly used microflilaricide. It
undergoes minimal hepatic metabolism and is excreted
largely unchanged into the bile.24 The mechanism of
how ivermectin could lead to increased biliary sludge in
dogs is unclear as the effects of ivermectin on the muco-
sal function of the GB epithelium, GB motility, or bile
lithogenicity are unknown. Ivermectin has been shown
to have anti-inflammatory properties and reduces mucus
hypersecretion in the airways of mice making ivermectin
induced mucus hypersecretion of the GB an unlikely
mechanism.25 It is doubtful that use of ivermectin is a
risk factor for the progression of biliary sludge to GBM
formation as use of ivermectin was not a risk factor for
GBM formation.19 Further studies would be necessary
to evaluate the role of ivermectin in formation of pro-
gressive biliary sludge.

Increased biliary calcium (total and ionized) can
lead to calcium salt precipitation and biliary sludge

formation.26,27 If serum total calcium is related to
increased biliary sludge formation, it would be expected
that total serum calcium would be higher in those dogs
as a result of increased calcium excretion into the bile.
In this study, dogs with increased biliary sludge had
lower serum total calcium concentrations. Measurement
of ionized calcium would be a better determination of
serum calcium in these dogs. Further evaluation of
serum ionized calcium concentrations, biliary calcium
concentrations, and perhaps, diet and serum vitamin D
concentrations in dogs with biliary sludge would be
needed to conclude further on the importance of cal-
cium with progressive biliary sludge.

Nondependent or organized sludge would be expected
in dogs before development of a GBM and dogs with
GB content of 1, 2, or 5 might represent dogs that are
developing immobile sludge, organized sludge, or both.
Despite that the majority of dogs had persistent biliary
sludge, there were no significant changes in the fre-
quency of GB contents over time. However, a subset of
dogs, 24%, that initially had dependent biliary sludge
developed a combination nondependent and dependent
sludge by the end of 1 year. These dogs were not neces-
sarily the same dogs with increased degree of biliary
sludge. The development of nondependent biliary sludge
might have been because of changes in viscosity of bil-
iary sludge, potentially because of increased mucin,28

affecting how rapidly biliary sludge moves away from
the nondependent to the dependent GB wall. Studies
evaluating the composition of biliary sludge in dogs
could help elucidate whether increased mucin is a fea-
ture of nondependent biliary sludge.

Most biochemical indices and GB measurements were
not significantly different overtime in dogs. The clinical
importance of the significant changes in albumin, total
bilirubin, and GBW thickness are unknown, but could
become more apparent if followed over a longer period
of time. There was a significant difference in median
GBW thickness at 6 and 9 months compared to the
GBW thickness at 0 months, but most of the dogs had

Table 3. Association of biochemical indices and gallbladder measurements with spontaneous course of biliary
sludge in dogs.

Variable Static (n = 17) Increased (n = 12) Decreased (n = 8) Recurrent (n = 4) P-Value

ALT (U/L) 47 (15–141) 40 (27–112) 46 (20–131) 29 (26–54) .36

ALP (U/L) 21 (11–100) 29 (13–107) 29 (17–103) 26 (14–78) .78

GGT (U/L) 4 (2–6) 2.5 (0–6) 4 (2–7) 3 (2–3) .55

Chol (mg/dL) 216 (135–359) 167 (144–266) 202 (167–263) 202 (156–223) .38

Trig (mg/dL) 53 (35–101) 48 (31–170) 76 (23–107) 58 (35–71) .47

Tbili (mg/dL) 0.2 (0.2–0.3) 0.2 (0.1–0.3) 0.2 (0.2–0.3) 0.2 (0.2–0.3) .16

tCa (mg/dL) 9.9a (9.3–10.6) 9.5a,b (9.2–10.2) 10.2b (9.6–10.8) 9.9 (9.4–10.0) .024

Alb (g/dL) 3.3 (2.1—3.7) 3.0 (2.2–3.5) 3.3 (3.1–3.7) 3.3 (3.1–3.5) .12

GBV (mL) 15 (5.4–59) 9.7 (3.4–30) 14.5 (5.5–59.7) 14.1 (7.5–21.6) .38

GBW (mm) 1 (0.9–1.9) 1 (0.9–1.1) 1 (1–1.2) 1 (1–1.5) .39

ALT, alkaline aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase; Tbili, total bilirubin; Trig, triglycerides;

Chol, cholesterol; tCa, total calcium; Alb, albumin; GBV, gallbladder volume; GBW, gallbladder wall.

Median (range), n = number; P < .05 denotes statistical significance; significant differences are denoted by different superscript letters

within columns. Determination of static, increased, decreased, and recurrent sludge is based on changes in degree of biliary sludge by com-

paring the degree of sludge at initial examination to the available last examination. The 1 dog with resolved biliary sludge was excluded

from analysis.
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normal GBW thickness (<2 mm) at each examination.
In dogs, the normal GBW is either poorly visualized or
appears as thin hyperechoic line, and the ability to
accurately measure GBW depends on the angulation of
the sound beam and degree of GB distension.29 Exact
wall measurements in some dogs were difficult because
of the very thin nature of the wall, and were assumed
to be <1 mm. This occurred in approximately half the
dogs in this study at each examination period. There-
fore, the significant difference in GBW thickness in dogs
at 6 and 9 months may not be a reflection of variation
in GBW thickness, but rather variability in accuracy of
measuring GBW thickness with ultrasound. Regardless,
the changes in GBW thickness were minimal and within
normal limits, and GBW thickness was not significantly
different at the 12-month examination, making changes
at 6 and 9 of uncertain importance.

The mean GBV/kg in dogs at the end of this study
was 1.2 mL/kg (�0.73 mL/kg), and a significant change
in GBV/kg was not found. Typically, fasting GBVs are
≤1 mL/kg in normal dogs.23 Further assessment of GB
motility in dogs with GBV >1 mL/kg requires calcula-
tion of an ejection fraction where normal is considered
to be ≥25%.23 Dogs with biliary sludge and GBM had
larger GBV and decreased GB emptying compared to
controls in a previous study.4 Whether the dogs in this
study with a GBV >1 mL/kg had decreased GB empty-
ing cannot be determined as ejection fractions were not
calculated. Further studies assessing GB motility in
dogs with progressive biliary sludge are warranted to
see if it is associated with GB dysmotility in otherwise
asymptomatic dogs. If progressive biliary sludge is
found to be associated with GB dysmotility, evaluation
of GB motility could potentially be utilized to assess
the risk for progressive sludge or GBM formation.

The 1 year duration of this study could be a limitation
since it is possible that clinically important change in bil-
iary sludge might take longer than 1 year to manifest.
When dogs were separated into groups based on the pro-
gression of biliary sludge, the numbers of dogs in each
group were small; thus, a larger study population might
be necessary to detect differences in dogs with persistent
or progressive biliary sludge versus dogs where biliary
sludge resolves. Dogs were not rotated in position during
ultrasound examinations to assess for mobility of sludge.
This could have led to misidentification of nondependent
or dependent biliary sludge in some dogs. However, in
most cases, biliary sludge was visualized gravitating to
the dependent portion of the GB at the beginning of the
ultrasound examination. To allow for better visualization
of the GB and presence of sludge, the position and place-
ment of the ultrasound probe varied depending on body
conformation. This may have led to variability in GB
measurement and assessment of relative sludge area. In
addition, changes in GBV could affect relative sludge
independent of biliary sludge area as both GB area and
sludge area were used in the calculation. However,
changes in GBV did not appear to influence the outcome
of relative sludge in this study.

Biliary sludge did not significantly increase or become
immobile over time in healthy dogs over the period of

1 year. It is possible that dogs in which biliary sludge
persists could go on to form GBM if other risk factors
associated with GBM are present, such as breed, GB dys-
motility, hyperlipidemias, or endocrinopathies.4,13,16–19 It
is also possible that the progression of biliary sludge to
GBM is insidious, taking longer than 1 year to cause sig-
nificant changes in the relative amount or gravity depen-
dency of biliary sludge. When considering the presence of
biliary sludge in healthy dogs over the course of 1 year, it
does not appear to be associated with significant bio-
chemical or ultrasonographic GB abnormalities.
Increased percentage of biliary sludge occurred in 29% of
dogs, and 24% of dogs went on to develop nongravity
dependent GB contents. These 2 groups might represent
dogs that develop GBM perhaps due to changes in bile
composition or GB dysmotility, and require further
investigation over a longer period of time to assess the
progression of biliary sludge volume and character.

In conclusion, biliary sludge has a high prevalence
and persists in healthy dogs. Additional studies assess-
ing GB motility as well as the composition of sponta-
neously occurring biliary sludge in dogs are warranted
and may provide information on pathophysiology of
biliary sludge in dogs and its potential relationship with
GBM formation.
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