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Abstract

The purpose of this study is to emphasize the imaging features of complications of gallstones beyond the cystic duct on
ultrasound (US), enhanced and nonenhanced computed tomography (CECT and NECT), magnetic resonance imaging (MRI),
magnetic resonance cholangiopancreatography (MRCP), and endoscopic retrograde cholangiopancreatography (ERCP). This
article includes a brief overview of gallstone imaging and emerging trends in the detection of gallstones. This review article
will highlight complications of gallstones, including choledocholithiasis, gallstone pancreatitis, acute cholangitis, Mirizzi
syndrome, cholecystobiliary and cholecystoenteric fistulas, and gallstone ileus. Imaging findings and limitations of US, CT,
MRI, and ERCP will be discussed. The review article will also briefly discuss the management of each disease. The presence
of gallstones beyond the level of the cystic duct can lead to a spectrum of diseases, and emergency radiologists play a critical
role in disease management by providing a timely diagnosis. Documenting the location of a gallstone within the common
bile duct (CBD) in symptomatic cholelithiasis and the presence of acute interstitial edematous pancreatitis and/or ascending
cholangitis plays a pivotal role in disease management. Establishing the presence of ectopic gallstones and biliary-enteric
fistulae has a significant role in directing patient management.
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Both acute and chronic gallbladder pathologies are com-
monly encountered in the emergency department (ED).
Obstruction of the cystic duct by a gallstone accounts for
most cases of acute cholecystitis and can lead to further
complications including ischemia, hemorrhage, and/or trans-
mural necrosis of the gallbladder wall. Apart from causing
cholecystitis and cholecystitis-related complications, gall-
stones are also implicated in additional acute pathologies.
Although a prior episode of acute, acute-on-chronic, or
chronic cholecystitis is the precursor for most of the gall-
stone-related acute pathologies, the migration of gallstones
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and rarely bowel perforation can cause challenging clinical
and radiological scenarios in the emergent setting.

Our review article delineates the spectrum of diseases
related to acute pathologies caused by the presence of gall-
stones beyond the gallbladder and cystic duct. We discuss
the recent advances of imaging in the identification of gall-
stones. The critical disease entities due to gallstones beyond
the cystic duct are choledocholithiasis, Mirizzi’s syndrome,
cholecystobiliary and cholecystoenteric fistulas, gallstone
pancreatitis, ascending cholangitis, and gallstone ileus/
coleus. Ascending cholangitis and gallstone ileus are asso-
ciated with significant morbidity and mortality when not
diagnosed promptly and often warrant radiological evalua-
tion [1, 2]. Radiological evaluation also plays a critical role
in identifying ectopic gallstones and associated pathologies
and related complications. Ultrasound (US) is the preferred
imaging modality in cases of right upper quadrant (RUQ)
pain and in demonstrating gallstones within the gallbladder.
However, for acute entities related to gallstones beyond the
cystic duct, the presenting clinical symptom determines the
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initial imaging modality. CECT is the most utilized imaging
modality when abdominal pain is diffuse and when patients
present with symptoms of bowel obstruction or peritonitis.

We describe clinical signs and symptoms, illustrate per-
tinent imaging findings, and address the implication of the
imaging findings in the management of the patients present-
ing with acute pathologies secondary to the presence of gall-
stones beyond the vesicular infundibulum.

Overview of cholelithiasis

Cholelithiasis is the general term for gallstone formation,
composed of cholesterol or bilirubin and calcium salts, at
any location in the biliary tree. Cholecystolithiasis refers to
stones in the gallbladder, and choledocholithiasis refers to
stones in the common bile duct. The prevalence of gallstones
ranges from 5 to 25% with greater prevalence in Western
countries and older-aged women [3]. Nearly 80% of gall-
stones are “silent” and found incidentally on imaging when
patients are worked up for another reason [4]. The risk of
cholelithiasis becoming symptomatic and requiring treat-
ment is 10% at 5 years [5]. When symptomatic, patients
experience characteristic episodic, severe, or crampy right
upper quadrant pain with other features including nausea,
vomiting, or pain radiating to the back [6]. Biliary colic is
defined as abdominal pain related to gallstones that obstruct
the cystic duct or common bile duct. Meals, especially
with high-fat content, stimulate the release of cholecysto-
kinin, which causes gallbladder contraction. Gallstones can
obstruct the cystic duct during contraction, causing signature
intermittent postprandial RUQ pain. Patients with uncompli-
cated biliary colic generally have vital signs within normal
limits and typically present with RUQ pain. Patients may
also present with jaundice if the stone obstructs the com-
mon bile duct.

US accuracy in diagnosing cholelithiasis has been
reported to be over 95%, proving to be an efficient tool to
visualize gallstones [7]. Characteristic US findings of gall-
stones include a reflective echo from the gallstone’s anterior
surface and posterior acoustic shadowing, differentiating it
from non-shadowing structures like sludge, polyp, hemor-
rhage, or tumor [8]. Another specific sign of cholecysto-
lithiasis is the “wall-echo-shadow sign,” or the “WES” triad,
which represents the gallbladder wall, the stone’s echogenic-
ity, and the acoustic shadow seen on the ultrasound [9].

Multidetector computed tomography (MDCT) is fre-
quently utilized in the emergency department for diagnosing
cholecystitis and complications while ruling out alternative
diagnoses. Both CT and US have high specificity (93% and
95%, respectively) in identifying stones within the gallblad-
der; however, CT has lower sensitivity compared to US
(81% vs. more than 95%, respectively) [10, 11]. Calcified
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(high calcium, low cholesterol) gallstones can easily be seen
on CT, while noncalcified (low calcium, high cholesterol)
gallstones are less visible because they are iso-dense to the
surrounding bile [10]. Noncalcified stones can carry nitro-
gen gas, giving the “Mercedes-Benz sign” on MDCT [12].
Recent technological advances in dual-energy CT, includ-
ing iodine-selective postprocessing techniques and virtual
monochromatic imaging, help improve the efficiency of CT
in detecting gallstones that are iso-dense to bile on conven-
tional 120-kVp CT images [10, 13]. Dual-energy CT acqui-
sition with virtual monochromatic imaging postprocessing
both at low (around 40 keV) and high (around 190 keV)
monoenergetic levels are performed to overcome the limita-
tion of conventional CT imaging [10]. The energy-dependent
X-ray attenuation curve of cholesterol-containing stones
(which are usually radiolucent) is different from that of bile,
and this phenomenon makes them distinctly identified on
lower and higher keV virtual monochromatic images [14].
In a recent retrospective analysis, Bae et al. demonstrated
a comparable efficacy in detection of gallstones and CBD
stones by virtual non-contrast (VNC) images derived from
dual-source DECT to true non-contrast (TNC) CT images
[15]. One of the significant roles of DECT in evaluation
of biliary stones is enabling the differentiation between the
enhancing bile duct wall and hyperdense biliary stones such
as gallbladder and /or CBD stones [15].

Magnetic resonance imaging (MRI)/magnetic resonance
cholangiopancreaticography (MRCP) has high sensitivity of
90-94% and specificity of 95-99% in detecting gallstones
[16]. On T2-weighted MR images and sequences, gallstones
are hypointense surrounded by hyperintense bile. MR also
has an added advantage in differentiating cholesterol stones
and pigmented stones, as on T1-weighted images they
appear hypointense and typically hyperintense, respectively.
MRCP is limited in demonstrating gallstones smaller than
3 mm, with sensitivity of detecting these small gallstones
decreasing to 64% [17].

Treatment for gallstones is generally for symptomatic
patients and includes a low-fat diet, pain control, anti-emet-
ics, and possibly outpatient laparoscopic cholecystectomy,
depending on patient presentation. However, if symptoms
are acute or suggest complication, alternative diagnostic and
treatment modalities must be considered [18].

Choledocholithiasis

The presence of choledocholithiasis, stones in the common
bile duct (CBD), is one of the most common abnormalities
of the biliary tract. Gallstones are usually asymptomatic,
but 10-15% of symptomatic patients with gallstones and
biliary colic are estimated to have choledocholithiasis, with
a reported incidence of 5.1/1000 patients in a community
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setting in 2006 [19, 20]. Furthermore, 10 to 20% of patients
who undergo cholecystectomy can present with choledocho-
lithiasis [21]. Extensive discussion on post cholecystectomy
choledocholithiasis is beyond the scope of this article. How-
ever, identifying CBD stones in acute cholecystitis preop-
eratively is vital given the increasing use of laparoscopic
approach compared to open cholecystectomy.

Contrary to gallbladder stones, a significant proportion of
CBD stones cause symptoms such as RUQ pain, nausea, and
vomiting [22]. Symptoms of choledocholithiasis arise when
a stone obstructs the CBD and are mostly determined by the
size of the stone. Smaller stones less than 5 mm in size can
be clinically silent or cause transient pain and eventually
pass into the duodenum via the ampulla of Vater [10]. Stones
larger than 5 mm are less likely to pass and may obstruct
the CBD. Patient presentation is similar to biliary colic and
includes intermittent RUQ pain generally associated with
nausea and vomiting, often lasting for several hours [23].
Patients have also reported episodes of jaundice that are
associated with abdominal pain, and elevated bilirubin lev-
els higher than 4 mg/dL [24].

The CBD caliber and location of stones in the CBD both
play a significant role in the detection of choledocholithiasis
in the ED, especially on the US. In one study, the estimated
normal diameter of the CBD by ultrasound is 3.6 +0.26 mm
for patients in the 60-85 age range, and 4.0+0.25 mm for
patients older than 85 years of age, which was below the
accepted upper range of normal, 67 mm [25]. For chole-
docholithiasis, the sensitivity of ultrasound is very low and
reported to be 22% [26]. Factors that decrease sensitivity

Fig.1 CBD stones and no
obstruction. 30-year-old female
with recurrent episodes of
biliary colic and normal serum
bilirubin. Transverse US image
of RUQ (a) shows stone in the
gallbladder (arrow) and also
stone with acoustic shadowing
within the CBD (arrowhead).
Longitudinal US image of RUQ
(b) illustrates multiple gall-
stones along the CBD (arrow-
heads). HIDA scan (¢) shows
visualization of gallbladder
and normal flow of radiotracer
into small bowel without CBD
obstruction

include bowel gas artifact that may obscure an ampullary
stone in the distal duct. A significant amount of bile may
also be needed to differentiate the duct wall from adjacent
structures (Fig. 1a and b) [26]. Hepatobiliary iminodiacetic
acid is not usually indicated in the evaluation of choledocho-
lithiasis. However, when performed to exclude underlying
acute cholecystitis, normal flow into the bowel mitigates the
likelihood of obstruction of the CBD (Fig. 1c).

Advantages of CT imaging in the evaluation of choledo-
cholithiasis include thin slices and multiplanar reconstruc-
tions, which improve detection of the attenuation differences
between gallstones and the surrounding bile and soft tissue
(Fig. 2a and ¢) [27]. MDCT has a reported sensitivity of
69-87% and specificity of 83-92% [10]. CT also aids in
diagnosing the simultaneous occurrence of acute cholecys-
titis with choledocholithiasis (Fig. 2b) with one study dem-
onstrating greater sensitivity of CT over US when detecting
acute cholecystitis in patients who presented with additional
pathologic findings like choledocholithiasis (85% vs. 68%,
respectively, p =0.043) [28]. Most modern emergency radi-
ology departments utilize MDCT; unenhanced and contrast-
enhanced MDCT can diagnose choledocholithiasis with an
accuracy of 84-88% [29]. CT evaluation also helps in recog-
nizing intrahepatic biliary ductal dilatation which suggests
possible biliary obstruction secondary to choledocholithiasis
(Fig. 2d). MRCP is an additional diagnostic tool in evalu-
ating choledocholithiasis, with sensitivity and specificity
up to 85% and 93%, respectively [30]. Generally, if US is
unable to detect choledocholithiasis and clinical suspicion
remains high, patients are treated with endoscopic retrograde
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Fig.2 Distal CBD stone and acute cholecystitis. 81-year-old female
with diffuse abdominal pain. Coronal CECT image (a) shows likely
obstructing gallstone in distal CBD (arrowhead) and upstream dilata-
tion of CBD (arrows). Axial CECT image (b) demonstrates distended
gallbladder with enhancing wall (arrow) and trace pericholecys-

cholangiopancreatography (ERCP), due to its high diagnos-
tic and therapeutic capabilities [23]. Identification of CBD
stones prior to cholecystectomy helps in preoperative assess-
ment of patients and can determine who may benefit from
ERCEP prior to surgery and the optimal approach for chol-
ecystectomy [21].

ERCP is considered the gold standard (sensitivity 83%
and specificity 99%) for diagnosing choledocholithiasis,
although drawbacks include an 8—12% operator-depend-
ent complication rate including pancreatitis, bleeding,
cholangitis, and perforation [31, 32]. ERCP is performed
for treatment of choledocholithiasis by injecting contrast
under fluoroscopy to visualize the obstruction, performing
a sphincterotomy, and using papillary balloon dilation to
aid in endoscopically removing the stone [22]. If endoscopy
fails, alternative therapeutic measures include percutane-
ous treatment performed by interventional radiology (IR).
Percutaneous treatment may be indicated for patients who
have failed previous therapy, demonstrate heavy stone bur-
den, and are not candidates for surgery or ERCP. Examples
of percutaneous treatment include placement of a T-tube,
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tic stranding (arrowhead), representing acute cholecystitis (proven
pathologically). Axial CECT image more caudally (c¢) shows addi-
tional dependent hyperdense stones in distal CBD (arrowhead). Axial
CECT image more cranially (d) shows central intrahepatic biliary
ductal dilatation (arrowheads), indicating the CBD obstruction

cholecystostomy tube, and more recently, placement of a
transhepatic tube that allows biliary stones to be extracted or
expelled into the bowel [33]. A recent study investigated the
safety and efficacy of percutaneous transcholecystic removal
of common bile duct stones in 114 patients with choledo-
cholithiasis and demonstrated a success rate of 84.2% with
no major complications [34].

Gallstone pancreatitis

Gallstone/biliary pancreatitis is the second most common
acute manifestation of gallstones after acute cholecystitis
[35]. The incidence of interstitial edematous pancreatitis
(IEP) ranges from 5 to 80 per 100,000 people [36]. Gall-
stones are the most common etiology of IEP across various
populations, accounting for 40-60% of IEP diagnoses [37].
Men have an increased risk of developing acute gallstone
pancreatitis; however, more women develop gallstones, so
gallstone pancreatitis is more commonly observed in women
[35].
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Although not fully understood, the theorized pathophysi-
ology of IEP from gallstones involves gallstone obstruction
of the ampulla and reflux of bile into the pancreatic duct,
resulting in increased pancreatic ductal pressure and unregu-
lated pancreatic enzyme activity [16].

The classic clinical presentation of IEP is epigastric pain
with radiation to the back with laboratory values demonstrat-
ing elevated serum amylase and serum lipase levels. Accu-
rate diagnosis of IEP secondary to gallstones is important
because it indicates intervention is needed for management/
clearance of the obstructing calculus and preventing recur-
rence of pancreatitis. Coexistence of acute cholecystitis and
IEP is rare but well documented in the literature [35]. Stud-
ies show that 30 to 50% of patients develop recurrent IEP
after discharge, often with a more severe disease course on
recurrence [37]. Imaging plays an important role in confirm-
ing the clinical diagnosis of IEP, determining the etiology,
excluding alternative causes, demonstrating complications,
and grading disease extent and severity.

Trans-abdominal US is the most common initial imag-
ing modality for patients presenting with symptoms of IEP,

given the underlying etiology of 50% of cases is gallstone
disease. Trans-abdominal US can detect gallstones with over
a 90% sensitivity in uncomplicated cases [38]. However,
sensitivity drops to 67-78% in the setting of IEP secondary
to gallstones, secondary to difficulty visualizing the retro-
peritoneal pancreas, bowel gas artifact, and when imaging
patients with a large body habitus [39]. IEP is identified
as an enlarged hypoechoic pancreas along with peripancre-
atic fluid (Fig. 3a—c). Diameter of the CBD is an important
parameter for diagnosis, with studies showing a distended
CBD of 9 mm or more almost always associated with the
presence of gallstones [37]. Trans-abdominal US demon-
strating a distended CBD with classic clinical manifestations
is highly suggestive of a clinical diagnosis of IEP from gall-
stones. Pereira et al. observed that US findings alone cannot
be used accurately to diagnose acute cholecystitis in the set-
ting of IEP presumably due to accompanying local changes
in pancreatitis including peritoneal free fluid and gallbladder
wall edema, which alter the regular anatomy [35].
Contrast-enhanced CT is considered the gold standard
for the diagnosis and staging of acute pancreatitis (both

Fig.3 Gallstone pancreatitis. 41-year-old male with diffuse epigas-
tric pain. US image of mid abdomen (a) shows diffuse hypoechoic
pancreas (P) suggesting edematous pancreatitis. US image of GB
(b) demonstrates multiple dependent gallstones (arrowheads). Axial
CECT image (c) shows dependent calcified gallstones and interstitial

edema of the pancreas with peripancreatic fluid (arrows). Coronal
CECT image (d) shows tiny impacted gallstone in ampulla of Vater/
sphincter of Oddi (arrowhead). ERCP image (e) outlines the biliary
tract; sphincterotomy was performed
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interstitial edematous and necrotizing pancreatitis). The
pancreas may enhance uniformly in mild acute IEP, with
the presence of increased attenuation in adjacent fat, referred
to as “stranding” (Fig. 3c). CT may aid in localization of
CBD stones with a sensitivity as high as 80% (Fig. 3d) [40].
Patient with persistent obstruction (more than 48 h) of the
ampulla of Vater due to choledocholithiasis and biliary
obstruction usually benefit from early ERCP (24 to 72 h)
followed by sphincterotomy and extraction of biliary stones
(Fig. 3e) [41]. Fluid and stranding are also commonly visual-
ized along the mesentery, mesocolon, hepatoduodenal liga-
ment, and in the peritoneal space (Fig. 4a and b). Pancreatic
parenchymal necrosis and fluid collections are considered
the most important imaging findings in necrotizing pan-
creatitis due to their prognostic relevance and indication for
intervention. Nonenhancement of any portion of the gland
is considered “necrosis.” CT is considered 100% specific
for necrosis if over 30% of the gland is non-enhancing [42].

Acute IEP can be treated with conservative management.
However, if imaging suggests a gallstone etiology of the
acute pancreatitis, accepted protocol suggests performing
a laparoscopic cholecystectomy, as these patients run a
30-50% risk of recurrence within weeks of the first episode
[43]. Simultaneous occurrence of acute cholecystitis and IEP
(Fig. 4a and b) suggests the need for early administration of
antibiotics, affects the choice of antibiotic, and indicates the
need for early cholecystectomy [35, 44]. ERCP with biliary
sphincterotomy and extraction of biliary stones is warranted

as an urgent/emergent biliary drainage procedure in patients
with gallstone pancreatitis complicated by persistent chole-
docholithiasis and biliary obstruction and particularly in
patients presenting with acute cholangitis [41].

Acute cholangitis (ascending cholangitis)
due to gallstones

Acute cholangitis is a potentially life-threatening emergency
caused by acute inflammation and infection of the biliary
system, usually secondary to partial or complete obstruction
of bile ducts. Approximately 0.2% of cases of choledocho-
lithiasis are at risk of acute cholangitis [45]. Obstruction
of the CBD due to gallstones remains the leading cause of
acute cholangitis accounting for up to 80% of cases [46].
Other causes of acute cholangitis include instrumentation of
the biliary tree, stricture, malignant disease, and sclerosing
cholangitis [46]. Bile is a sterile fluid, and continuous ante-
grade flow toward the duodenum, the protective effect of the
sphincter of Oddi, the presence of bacteriostatic biliary salts,
and the very low bacterial burden of the proximal jejunum
and duodenum, generally protect against secondary infection
of bile. Therefore, development of acute cholangitis requires
stagnation of bile, increased intra-biliary pressure, and sec-
ondary bacterial contamination [1].

Known risk factors of cholangitis in patients with gall-
stones include patient age > 70 years, neurological disease,

Fig.4 Coexistent acute cholecystitis and IEP. 52-year-old-female
with diffuse abdominal pain. Axial CECT (a) shows distended gall-
bladder, gallbladder wall enhancement, and pericholecystic fluid
(large arrow), represents acute cholecystitis. Also note dependent
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gallstone (small arrow). The pancreas is edematous (arrowhead) with
peripancreatic fluid and inflammatory stranding (*) representing IEP.
Coronal CECT image (b) shows a gallstone in proximal common bile
duct (arrow). Note scattered fluid in the abdominal cavity (¥)
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diabetes mellitus, and periampullary diverticula [1, 46].
Charcot’s triad was initially described in 1887 which con-
stitutes intermittent fever, RUQ pain, and jaundice (“hepatic
fever” as by Dr. Jean-Martin Charcot) [1]. In 1959, Rey-
nold added two additional features, lethargy/mental con-
fusion and shock, thus referring to Reynold’s pentad [47].
Despite historic description of clinical symptoms of acute
cholangitis, clinical diagnosis is challenging as Charcot’s
triad exhibits a high specificity and very low sensitivity.
Charcot’s triad occurs in fewer than 75% of patients and
blood cultures are positive in only 20 to 30% of cases [46].
Patients may be asymptomatic or present with pain, particu-
larly in the elderly population, causing a delay in diagnosis
or potentially misdiagnosis. Complications of acute cholan-
gitis develop rapidly and include sepsis, hepatic abscesses,
portal vein thrombosis, and bile peritonitis.

Imaging findings of acute cholangitis include both biliary
and parenchymal pathologic changes (Fig. 5a and b). Biliary
findings include ductal dilatation in the setting of obstruc-
tion. Cross-sectional imaging with CT or MR is also useful
for identifying the underlying cause of obstruction (Fig. 5a
and b). Intrahepatic biliary ductal dilatation may involve a
segment of the biliary tree or diffuse involvement of the
entire biliary tree. Extrahepatic biliary ductal dilatation
and CBD wall thickening and enhancement are recognized

imaging findings in a majority of patients (Fig. 5a) [46].
Bader et al. reported enhancement of intrahepatic bile duct
walls in 92% of cases on MRI [48]. Parenchymal findings
are secondary to extension of the inflammatory process to
the periportal tissues and adjacent hepatic tissue. Parenchy-
mal changes are better demonstrated by MRI and include
increased T2-weighted signal in a peribiliary distribution.
Liver abscesses occur in 24% of cases of acute cholangi-
tis (Fig. 5b) [48]. Biliary sepsis and liver abscess indicate
increased permeability of the acutely inflamed biliary
epithelium.

Acute cholangitis is a critical condition and patients
should be resuscitated first. The disease is a manifestation
of infection and obstruction of the biliary system and the
management needs to address both aspects. Intravenous flu-
ids and antibiotics should be started as early as possible.
Biliary drainage is equally important as biliary secretion of
antibiotics is impaired due to high biliary ductal pressure
in cholangitis. In cases of ascending cholangitis secondary
to gallstones, sphincterotomy and stone extraction with or
without trans-papillary biliary stent placement are recom-
mended [49]. Concurrent acute bacterial cholangitis with
acute cholecystitis is also reported and considered a gas-
trointestinal emergency that warrants immediate treatment
initiation [50].

Fig.5 Ascending cholangitis. Coronal CT image (a) shows hyper-
dense gallstones within the contracted gallbladder (large arrow) and
another hyperdense gallstone in the distal CBD (arrowhead) causing
upstream dilatation of CBD with enhancing walls (small arrows).
Large-sized simple cyst noted in the right kidney (RC). Axial CT

image (b) shows dilated intrahepatic bile ducts with irregular wall
thickening (arrowheads) and well-circumscribed hypodense collec-
tion in anterior central hepatic region with enhancing rim (arrow)
suggestive of liver abscess
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Mirizzi syndrome, cholecystobiliary
and cholecystoenteric fistulas, and gallstone
ileus

Mirizzi syndrome is characterized by extrinsic compres-
sion of the CBD due to a gallstone in the gallbladder neck,
infundibulum, or cystic duct with surrounding inflamma-
tion and concurrent cholangitis [51]. Persistent obstruc-
tion can lead to recurrent inflammation, eventual mural
thinning with necrosis and fibrosis, fusion to the adjacent
CBD, and the formation of pressure ulcers leading to fis-
tulous communications with the common bile or hepatic
ducts, bowel, or rarely adjacent viscera [51-55]. Anatomic
variants such as low cystic duct insertion, cystic duct in
a parallel course with the CBD, and short cystic duct can
predispose to this condition [52, 56, 57]. A 1963 study by
Dietrich demonstrated a low insertion resulting in a paral-
lel course in 18% of patients [58, 59].

The reported incidence of Mirizzi syndrome ranges
from less than 1 to 5.7%, with higher incidence in devel-
oping countries [51, 52, 54]. Mirizzi syndrome typically
occurs after long-standing gallstone disease with a mean
duration of 29.6 years in one study with an average patient
age of 59; over two-thirds of the cases in this series were
in women [54]. Mirizzi syndrome has been associated with
gallbladder cancer, possibly due to chronic inflammation
and biliary stasis with the first report identifying cancer in
27.8% of Mirizzi syndrome patients [60].

In the most current Mirizzi classification system, type
I refers to extrinsic compression of the common bile duct
by an impacted gallstone, types II-1V refer to a cholecys-
tocholedochal fistula secondary to an eroded gallstone
involving one-third, two-thirds, and the entire circum-
ference of the common bile duct, respectively, and type
V refers to any type in the presence of cholecystoenteric
fistula without (Va) or with (Vb) gallstone ileus [54, 61].
An additional study confirmed the association of Mirizzi
syndrome and the development of cholecystoenteric fistula
suggesting this is a disease spectrum rather than separate
entities [54]. A simplified classification scheme has been
suggested by Beltran based on earlier work by Solis-Caxaj
and further linked to surgical approach [52]. Type 1 is
external compression of the bile ducts only and treated
with open or laparoscopic total or subtotal cholecystec-
tomy. Type II includes the presence of a cholecystobil-
iary fistula with treatment being open total or subtotal
cholecystectomy when less than 50% of the bile duct is
involved (Ila) and open subtotal colectomy with bilioen-
teric diversion if greater than 50% of the bile duct diam-
eter is involved (IIb). Type 3 includes a cholecystoenteric
fistula with (IIla) or without (IIIb) gallstone ileus and
is treated with closure of the fistula or treatment of the
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gallstone ileus and the gallbladder according to primary
subtype [52, 62].

Mirizzi syndrome remains a difficult clinical and imag-
ing diagnosis to make but is important for surgical planning
given the risk of intraoperative bile duct injury. In a case
series by Shirah et al., US demonstrated gallstones in 100%
of patients but only detected Mirizzi syndrome in 20.3% of
patients, while ERCP and CT were diagnostic for Mirizzi
syndrome in 26.6% and 21.9% of patients, respectively [63].
Mirizzi syndrome was only diagnosed at the time of surgery
in 53.1% of patients [63]. While all patients diagnosed with
US or intraoperatively were Csendes type 1, the patients ini-
tially diagnosed by US had shorter hospital stays, decreased
morbidity, and had no conversions to open procedures [63].
Furthermore, a case series by Tan et al. demonstrated intra-
operative bile duct injuries in 4 out of 24 patients (16.7%),
all of whom did not have a preoperative diagnosis [64].

Sonographic findings may demonstrate an atrophic gall-
bladder and obstructing gallstone in the gallbladder neck
or cystic duct causing extrinsic compression of the com-
mon hepatic duct, dilatation of the ducts proximal to the
obstruction, and normal caliber CBD distal to the obstruc-
tion. While CT can identify the location and cause of the
obstruction as well as assess the gallbladder wall and
periductal inflammation, it is most useful in excluding an
obstructing mass in the porta hepatis as the cause of biliary
ductal dilatation (Fig. 6a) [52]. MRI/MRCP demonstrates
similar findings and identifies the associated inflammation
(Fig. 6b—d) [51]. MRI/MRCEP is also useful in the exclu-
sion of malignancy as well as identifying the presence of a
cholecystobiliary fistula (Fig. 6d) [65]. ERCP is considered
the gold standard for diagnosis and can easily demonstrate
extrinsic compression by the impacted gallstones, visual-
ize dilated proximal ducts and extrahepatic bile ducts, and
accurately identify fistulae [66]. ERCP is also therapeutic
with options including biliary drainage, stone removal, and
stent placement often performed concurrently, although the
procedure is invasive and has known complications [52]. In
a 2018 literature review by Chen et al., a combination of two
or more modalities were frequently used for diagnosis [66].

Choledochoenteric fistulae allow passage of stones into
the gastrointestinal (GI) tract and usually involve the duode-
num (Fig. 7a and b) but the colon, stomach, and other por-
tions of adjacent small bowel can be affected. Symptoms can
be intermittent with jaundice and right upper quadrant pain
absent in 1/3 of patients [56]. CT is instrumental in diagnos-
ing biliary-enteric fistulas (Fig. 7a and b and Fig. 9b). Chol-
ecystocolonic fistulas are usually secondary to cholecystitis,
but they are very infrequent and typically form between the
gallbladder and the hepatic flexure of the colon due to their
proximity (Fig. 8a—d) [67]. MRI and MRCP are used exten-
sively in the evaluation of biliary disease, particularly as
newer techniques evolve with one series comparing MRI and
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Fig.6 Mirizzi syndrome. Coronal CECT image (a) shows heteroge-
neously dense gallstone in the porta hepatis region (arrow) with air
in the adjacent extrahepatic bile duct and in intrahepatic bile ducts
(arrowheads). Coronal T2-weighted MR image (b) shows hypoin-
tense gallstone causing mass effect on hepatic duct (arrow). Coronal

MRCP image (c¢) depicts narrowing of common hepatic and common
bile duct (arrow) with upstream intrahepatic biliary ductal dilatation
(arrowheads). Coronal delayed post contrast MR image (d) shows
duodenal wall adherent to gallbladder wall (arrow), choledochoduo-
denal fistula was identified at surgery

Fig.7 Cholecystoenteric fistula. Axial CECT image (a) shows large
pocket of air within the contracted gallbladder (arrow) and fistulous
tract (arrowhead) communicating with the first part of the duode-
num (D). Coronal CECT image (b) shows fistulous communica-

MDCT demonstrating 100% identification of cholecystoen-
teric fistulae and small bowel obstructions with MRI [68].
The passage of larger gallstones into the GI tract via fis-
tulae can lead to gallstone ileus. However, some authors
argue the term gallstone “ileus” is a misnomer as the bowel
obstruction is mechanical rather than an adynamic ileus as
the name suggests [2]. Stones less than 2-2.5 cm usually
pass through the bowel whereas stones>5 cm are more
likely to become impacted and result in mechanical small
bowel obstruction [56]. The most common sites of impac-
tion include the terminal ileum and ileocecal valve [56, 69,
70]. More than 50% of cases are due to choledochoduodenal

tion between gallbladder and duodenum (arrowheads) with minimal
stranding in the porta hepatis. No gallstones were identified in the
gallbladder; an ectopic gallstone was present in the distal ileum (not
shown) causing bowel obstruction

fistulas; however, cholecystocolonic and cholecystogastric
fistulas can also result in bowel obstruction secondary to
gallstones. Rare variations such as an inspissated mass
formed by smaller gallstones causing bowel obstruction,
mechanical large bowel obstruction caused by gallstones
(gallstone coleus), and gastric outlet obstruction due to
impacted gallstone in duodenum (Bouveret’s syndrome)
have all been reported [71]. Historically, gallstone ileus was
responsible for 1 to 5% of mechanical small bowel obstruc-
tions; however, in one study, the proportion of gallstone ileus
causing mechanical bowel obstruction was less than 1%
[72]. Overall, 0.3 to 0.5% of cholelithiasis patients develop
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Fig.8 Cholecystocolonic fistula: 65-year-old female presents with
recurrent right upper quadrant pain. Axial CECT (a) image shows
contracted gallbladder with wall enhancement and pericholecystic
inflammatory stranding (arrow). Coronal CECT image (b) shows
close proximity of hepatic flexure to the inferior pole of the gall-
bladder wall. Exam is limited due to motion and streak artifact
from residual contrast in adjacent colon. Axial T2 Fat Sat image of
upper abdomen (c) reveals gallbladder wall thickening with hyperin-

tense pericholecystic fluid (arrow) as well as intraluminal gallstones
(arrowhead). Coronal post contrast TIWI (d) shows gallbladder wall
adherent hepatic flexure (arrow) raising possibility of choelcystoco-
lonic fistula. Chronic cholecystitis and cholecystocolic (hepatic flex-
ure) fistula were identified during surgery and subsequently open
partial cholecystectomy with closure of cholecystocolonic fistula was
performed

Fig.9 Rigler’s triad: small bowel obstruction. CT topogram (a)
shows gaseous distention of small bowel loops (*). Axial CECT
image (b) demonstrates a thick-walled contracted gallbladder con-
taining air (arrow) and fistulous tract connecting gallbladder lumen
with duodenal lumen representing cholecystoduodenal fistula. Coro-

@ Springer

nal CECT images (¢ and d) show dilated small bowel loops (* in c¢),
pneumobilia (arrowhead in ¢) and gallstone (arrow in d) obstructing
the ileal loops. Rigler’s triad includes gas in the biliary tract, small
bowel obstruction, and ectopic gallstone
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Fig. 10 Gallstone coleus. CT topogram (a) shows significantly dilated
and gas distended large bowel (*) representing large bowel obstruc-
tion. Coronal CECT image (b) shows dilated large bowel loops in the
periphery of the abdominal cavity and contracted gallbladder with

gallstone ileus and 2 to 3% (when associated with cholecys-
titis episodes) develop biliary-enteric fistulas [73, 74]. The
average age of presentation of gallstone ileus is 74 years and
patients usually present with signs and symptoms of bowel
obstruction, commonly preceded by biliary complaints [2,
71]. Late presentation from the onset of symptoms (average
4-8 days) and median delay between admission and surgi-
cal intervention of 2-37 days are the key challenges in the
management of gallstone ileus patients [2, 72].

Abdominal radiographs are often the first-line imaging
investigation when bowel obstruction is suspected and the
sensitivity of abdominal radiographs for the diagnosis of
gallstone ileus is between 40 and 70% [75] and may dem-
onstrate Rigler’s triad, which includes air within the biliary
tree (pneumobilia), evidence of small bowel obstruction, and
ectopic radio-opaque gallstones [2]. On abdominal films, all
three criteria of Rigler’s triad are observed only in 14-53%
of cases of biliary ileus [76]. Rigler’s tetrad includes a
change in location of the previously identified gallstone and
Rigler’s pentad includes a dual air-fluid level in the right
upper quadrant [2, 77]. Though sonography is often used in
the evaluation of gallbladder pathology, it remains of limited
use for bowel obstruction.

CT is universally accepted as the study of choice in
bowel obstruction and in gallstone ileus. Yu et al. first
described the CT diagnostic signs of gallstone ileus which
include signs of small bowel obstruction, ectopic gallstone,
and abnormal gallbladder (Fig. 9a—d) [78]. Although a
frank fistulous communication between biliary tract and
bowel can be occult, our experience suggests inflammation

wall thickening and containing a gallstone (arrow). Sagittal CECT
image (c) shows impacted gallstone in the sigmoid colon (arrow) with
decompressed distal segment of large bowel (arrowheads)

in the porta hepatis region in the setting of bowel obstruc-
tion related to gallstones should raise concern for occult
biliary-enteric fistula. However, gallstone ileus in patients
with no biliary-enteric fistula or gallbladder also has been
reported [79]. Furthermore, CT has the advantage of deter-
mining the exact site of obstruction to guide surgical man-
agement, the size of the stone, resultant bowel wall edema,
inflammation (Fig. 9b and c), and ischemia, can assess the
biliary system, and identify other causes of pain [2, 68].
The radiologist should search for additional stones within
the gallbladder lumen as well as dilated small bowel proxi-
mal to the location of the obstructing ectopic gallstone
in order to identify and prevent recurrence of gallstone
ileus. Contrast-enhanced CT has a sensitivity of 90-93%,
specificity of 100%, and accuracy of 99% [2, 78] for gall-
stone ileus. Gallstones causing large bowel obstruction
are a less frequent phenomenon and imaging demonstrates
large bowel dilatation, with small bowel caliber depend-
ing on the competency of the ileocecal valve (Fig. 10a—c).

There are many therapeutic options for treatment of
bowel obstruction due to impacted ectopic gallstones.
Shock wave lithotripsy, endoscopic EHL (electrohydraulic
lithotripsy), and endoscopic mechanical lithotripsy have
been successful in treating the impacted gallstone but may
be limited by availability and ability to reach the stone
endoscopically; enterolithotomy remains the most com-
monly performed operative method with ongoing debate
if the biliary repair should be performed simultaneously
or in a delayed manner [79]. Spontaneous fistula closure
is not uncommon eliminating the need for fistula closure
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and recurrence of gallstone ileus after enterolithotomy is
around 5 to 9% [79].

Conclusion

Gallstones cause various complications in addition to
acute cholecystitis, ranging from biliary colic to infec-
tious processes and bowel obstruction. Given emergency
radiologists have an important role in providing a timely
diagnosis, they should be familiar with the multimodal-
ity imaging findings and modality limitations in diagnos-
ing complications of gallstones beyond the cystic duct to
facilitate appropriate treatment and management. While
US is generally considered first-line imaging for RUQ
pain and the evaluation of gallstones and acute cholecys-
titis, it is limited in ability to detect common duct stones.
MRCP and ERCP have been shown to have higher sen-
sitivity for detection of CBD stones and biliary-enteric
fistulae, with ERCP having the advantage of also being
therapeutic. While CT is not as sensitive for the detection
of gallstones, it is often the first imaging performed in
the ED setting and can diagnose or suggest CBD stones
due to biliary ductal dilatation and can demonstrate acute
interstitial edematous pancreatitis and bowel obstruction
from ectopic gallstone. Mirizzi syndrome remains a dif-
ficult diagnosis to make preoperatively and requires extra
vigilance by the radiologist to suggest the diagnosis or
recommend further imaging.
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