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Background: Gallbladder mucocele (GBM) is an increasingly recognized extrahepatic biliary disease in dogs.
Objectives: To investigate cases of GBM and identify variables associated with survival and the sensitivity and specificity

of ultrasonography to identify gallbladder rupture.
Animals: Two hundred and nineteen client-owned dogs with GBM.
Methods: Multicenter, retrospective study of dogs with GBM, presented from January 2007 to November 2016 to 6 aca-

demic veterinary hospitals in the United States. Interrogation of hospital databases identified all cases with the inclusion cri-
teria of a gross and histopathologic diagnosis of GBM after cholecystectomy and intraoperative bacteriologic cultures of at
least 1 of the following: gallbladder wall, gallbladder contents, or abdominal effusion.

Results: Two hundred and nineteen dogs fulfilled the inclusion criteria. Dogs with GBM and gallbladder rupture with bile
peritonitis at the time of surgery were 2.7 times more likely to die than dogs without gallbladder rupture and bile peritonitis
(P = 0.001; 95% confidence interval [CI], 1.50–4.68; n = 41). No significant associations were identified between survival and
positive bacteriologic cultures, antibiotic administration, or time (days) from ultrasonographic identification of GBM to the
time of surgery. The sensitivity, specificity, positive, and negative likelihood ratios for ultrasonographic identification of gall-
bladder rupture were 56.1% (95% CI, 39.9–71.2), 91.7% (95% CI, 85.3–95.6), 6.74, and 0.44, respectively.

Conclusion and Clinical Importance: Dogs in our study with GBM and intraoperative evidence of gallbladder rupture and
bile peritonitis had a significantly higher risk of death. Additionally, abdominal ultrasonography had low sensitivity for iden-
tification of gallbladder rupture.
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Gallbladder mucocele (GBM) is an increasingly rec-
ognized extrahepatic biliary disease in dogs, but

the pathogenesis remains unclear. Anecdotally, the clini-
cal importance of GBM is thought to be primarily
related to risks of gallbladder rupture, infection, extra-
hepatic biliary duct obstruction, and systemic inflamma-
tory response syndrome that can occur secondary to
gallbladder necrosis or infarction. Gallbladder rupture

has been identified in 60.9 (14/23),1 23.3 (10/43),2 or
22.7% (5/22)3 of dogs with GBM. However, preopera-
tive identification of rupture is often challenging. This is
evidenced by the imperfection of abdominal ultrasonog-
raphy to detect gallbladder rupture preoperatively. The
sensitivity of high-resolution ultrasound scanners used
to identify gallbladder wall defects in people is 70%4

and as high as 85.7%1 in dogs with GBM.
The incidence of positive bacteriologic culture of gall-

bladder wall or contents in dogs with GBM at the time
of surgery is inconsistent and approximately 22%.1,2,5,6

A lack of sensitive diagnostic tests to identify gallblad-
der rupture and concern for septic bile peritonitis, extra-
hepatic biliary duct obstruction, and systemic
inflammatory response syndrome secondary to gallblad-
der inflammation, necrosis, and thrombosis have led to
anecdotal recommendations of earlier, elective cholecys-
tectomy in dogs with GBM to avoid complications
associated with bile or septic peritonitis.1,3,6

Considering the limited and variable information per-
taining to GBM, the few definitive criteria for determin-
ing the need for surgical intervention and perioperative
mortality rates of approximately 27%,1–3,5 larger obser-
vational studies are needed to describe prognostic indi-
cators. The primary aim of our study was to determine
whether antibiotic administration, timing of surgery,
bacteriologic culture positivity, or gallbladder rupture
with bile peritonitis were associated with survival after
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【背景】犬における胆嚢粘液嚢腫(GBM)は多く認識されているが病態は不明である。 
        GBMの周術期の死亡率は 27%と報告されている。 
        現状、外科介入や死亡率の要因になる因子の報告が少ない。 
【目的】○下の４項目が胆嚢切除後の生存率に関連しているかどうか。 
	 ・外科介入のタイミング ・胆汁性腹膜炎を併発した胆嚢破裂 ・細菌培養陽性 ・抗生剤の投与	  
	 	 	 	 ○超音波検査による胆嚢破裂の感度と特異度を調べる。 
【組み入れ基準】 
・2007年 1月〜2016年 11月に二次診療施設(6施設)で受診した症例。 
・胆嚢壁、内容物、腹水のどれかで培養検査を行なったもの。 
・胆嚢切除を行なった肉眼的、病理学的に GBMであったもの。 
【方法】回顧的研究 
・胆嚢病理、腹部超音波、胆嚢破裂と胆汁性腹膜炎、48時間以内の抗生剤の投与、細菌培養検査、
超音波検査から手術までの期間、生死、死の原因を記録。 
・各診療施設の超音波専門医が腹部超音波を評価した。 
・胆嚢破裂の診断は術中の肉眼所見と胆汁のリークと腹膜炎で行なった。 
【結果】 
・219頭が組み入れ基準に合致。 
・犬種	 シェルティー(10)、コッカー・スパニエル(17)、ビション・フリーゼ(12)他。 
・年齢 10 (1.5-17)歳	 ・性別	 避妊メス(127)、去勢オス(85)、メス(3)、オス(4)頭。 
・胆嚢破裂は 198匹中 42匹（21.2％）の犬で認められ、残りの胆嚢は完全な胆嚢を有していた。 
・抗生剤投与、細菌培養結果、死亡原因、超音波所見は裏のページで説明 
・GBM破裂あり(1日)と破裂なし(1日)のそれぞれで外科介入のタイミングに有意差はなかった。 
	  
 
 
 
 
【ディスカッション】 
1胆汁性腹膜炎をもった胆嚢破裂は 2.7倍の死亡リスクがあった。 
・以前の報告では胆嚢破裂の有無で有意差はなかった。 
・症状の発生から手術までのタイミングが超音波を実施した時からではなかった可能性。 
・ヒトにおいて胆嚢穿孔から 72時間以上経過すると死亡率が上昇。 
2細菌培養結果、抗生物質投与は生存に関与しなかった。 
・過去の報告でも細菌陽性率は 22%と低い。死亡した症例の培養検査が取り止められたりするこ
とが影響した可能性がある。また、採取する部位や技術の問題かもれない。 
・抗生剤投与しなかった 3/7で陽性だったことと敗血症を考え抗生剤の投与はするべきである。 
3超音波の感度は低く、特異度は高かった。 
・尤度比が高いので、比較的信頼のできる検査である。 
・腹水中の胆汁酸濃度を調べることは胆嚢破裂の診断に役立つ。 
4外科介入の生存期間に差がなかった。 
・１番と同様に本来の症状発症からの期間に違いが存在した可能性が考えられる。 
【批評】 
・胆嚢破裂が疑われる症例にたいするインフォームドの１つとして活用できる。 
・基礎疾患や血液検査の情報も合わせて多変量解析にできればよかったのではないか。 
・2次診療施設では症状を呈してからの治療介入が難しいため 1次診療での研究が望ましい。 

significant association between survival and time (days)
from ultrasonographic identification of gallbladder rup-
ture to the time of surgery was not identified
(P = 0.784; rs = !0.0483; n = 34).

Discussion

Dogs with GBM and gallbladder wall rupture and
bile peritonitis identified at the time of surgery had a
significantly higher risk of death than those that did not
in our study. No association was found between sur-
vival and bacteriologic culture or antibiotic administra-
tion nor was an association found between survival and
time (days) from ultrasonographic identification of
GBM gallbladder to the time of surgery. Abdominal
ultrasonography had poor sensitivity (56.1%) but good
specificity (91.7%) for identification of gallbladder rup-
ture in our study.

Gallbladder perforation is a life-threatening complica-
tion of nontraumatic acute cholecystitis in people, with
survival as low as 58% and incidence as high as
11%.10–13 The incidence of gallbladder wall rupture
associated with GBM in dogs is not known, owing to a
limited number of reports, small study populations, and
short evaluation periods. However, the prevalence
ranges from 22.7 (5/22)3 to 60.9% (14/23).1 The preva-
lence of gallbladder wall rupture identified intraopera-
tively in our study was 21.4%.

We found that 21.2% of dogs had gallbladder rup-
ture and bile peritonitis, and the risk of death in these
dogs was significantly higher than in dogs without rup-
ture and bile peritonitis. This finding is in contrast to
previous reports in which no significant difference in
survival was found in dogs with or without intraopera-
tive identification of gallbladder rupture.2,3 One reason
for this difference is that the aforementioned reports
may not have been sufficiently powered to detect a dif-
ference if 1 had been present. The frequency of gall-
bladder wall rupture confirmed at the time of surgery in
those reports was 22.7 (5/22)3 and 60.8% (14/23).2

Another variable that may have influenced survival is
the time from initial onset of clinical signs to surgical
intervention. In people with acute cholecystitis, morbid-
ity and mortality are significantly increased when surgi-
cal intervention occurs >72 hours after the onset of
clinical signs.14 The association between time from
onset of clinical signs in dogs with GBM and surgical
intervention on morbidity and mortality in dogs has not
been evaluated. However, it is reasonable to extrapolate
the pathophysiologic consequences of prolonged bile
peritonitis secondary to gallbladder perforation from

people. Bile constituents are toxic to tissues, causing
alterations in permeability and necrosis.15 Altered vas-
cular permeability promotes transudation of fluid and
translocation of endogenous anaerobic bacteria from
the liver, intestines, and blood into the peritoneum.15

Furthermore, bile in the peritoneal cavity impairs host
defense mechanisms against bacteria.16 These sequelae
likely augment the systemic inflammatory response as
well increase susceptibility to sepsis and multiple organ
dysfunctions.

Abdominal ultrasonography had a sensitivity of 56%
to identify gallbladder wall rupture before surgery in
our study. This result is lower than the sensitivity
(70%) of high-resolution ultrasound scanners used to
identify gallbladder wall defects in people4 and lower
than previously reported sensitivities (75–85.7%)1,8,17 of
conventional ultrasonography to identify gallbladder
rupture in dogs with GBM. In contrast to its poor sen-
sitivity, ultrasonography had good specificity (91.7%)
for identification of gallbladder rupture before surgery
in our study. Our findings are similar to previously
reported specificities (81–100%).1,8,17 The high speci-
ficity for ultrasonography to detect gallbladder rupture
highlights its clinical utility in guiding therapeutic inter-
vention in dogs with GBM. If ultrasonography indicates
the presence of gallbladder rupture, the probability of a
false-positive result is low (0–19%).1,8,17 Likelihood
ratios allow quantitation of probability of disease for
an individual patient with a positive or negative test
result and are independent of prevalence.18 The farther
the likelihood ratio is from 1.0, the greater its effect is
on the probability that the target disorder is present.18

Our study yielded positive and negative likelihood
ratios of 6.74 and 0.44, respectively. These findings indi-
cate that ultrasonographic identification of gallbladder
rupture is 6.74 times more likely in dogs with GBM
and gallbladder rupture than in dogs without rupture.
Likewise, a lack of ultrasonographic evidence of gall-
bladder rupture is 0.44 as likely in a dog with GBM
and gallbladder rupture than in a dog without.

Because of the common occurrence of gallbladder
rupture in dogs with GBM and its significant associa-
tion with survival, a more sensitive imaging modality is
needed. Recently, the effectiveness of contrast-enhanced
ultrasonography to identify gallbladder wall necrosis or
rupture in dogs was evaluated.8 This diagnostic modal-
ity was 100% sensitive and specific in the identification
gallbladder wall necrosis or rupture in dogs.8 Computed
tomography (CT) is superior to ultrasonography in
identifying gallbladder wall defects in people.19 Further-
more, when advanced imaging is inconclusive,

Table 1. Categorical variables associated with survival based on chi-square test and relative risk

Variable Survivor Nonsurvivor P Value RR 95% CI

Gallbladder rupture and bile peritonitis 26/161 (16.1%) 15/36 (41.7%) 0.001 2.7 1.50, 4.68
Pre- and intraoperative antibiotic administration 118/124 (95.1%) 27/28 (96.4%) 0.834
Intraoperative antibiotic administration 160/179 (89.4%) 30/35 (85.7%) 0.736
Bacteriologic culture positivity 22/181 (12.2%) 9/29 (31.0%) 0.11

RR, relative risk; CI, confidence interval.
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抗生剤の使用状況 
48時間以内抗生剤投与を受けていない	 	 71/153 
術中に抗生剤投与を受けた	 	 	 	 	 	 	  24/214 
抗生剤投与を受けていない	 	 	 	 	 	 	 	 7/152 
術前と術中に抗生剤投与を受けた	 	 	 	 145/152 
細菌培養の材料 255検体 
胆嚢内容物(57)	 胆嚢組織(127)	 腹水(3)	 胆嚢組織と胆嚢内容物(14)	 腹水と胆嚢内容(2) 
胆嚢組織と肝臓(5)	 腹水と肝臓(2)	 胆嚢内容物と肝臓(2)	 ３検体(4) 
培養検査結果 
培養陰性	 188/219 (85.8%) 
抗生剤投与あり	 166/188 
 
 

培養陽性	 31/219 (14.2%) 
抗生剤投与受けた陽性	 28/31 
抗生剤投与なし	 3/7 
Escherichia coli (5), Enterococcus sp (5)他

死亡原因	 38/219 (17.4%) 
	 安楽死(18)	 敗血症(5)	 胆汁性腹膜炎(4)	 不明(4)	 急性呼吸器症候群(3) 
	 多臓器不全(2)	 DIC(1) ショック(1) 
超音波検査 

	 感度 56.1%(23/41)	  
	 特異度 91.7%(122/133) 
	 陽性尤度比 6.74 陰性尤度比 0.44 

 

 
術中破裂あり 術中破裂なし 

超音波検査 破裂あり 23 11 

超音波検査 破裂なし 18 122 


