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            Introduction 

 Diseases of the gallbladder and biliary tree are 
frequently encountered problems in the medical 
community. Acute calculous and acalculous cho-
lecystitis, symptomatic cholelithiasis, choledo-
cholithiasis, gallbladder polyps, gallbladder wall 
calcifi cations, and gallbladder malignancies can 
all present unique diagnostic and treatment 
dilemmas. 

 In the United States, gallstones affect approx-
imately 20–25 million adults [ 1 ]. Fortunately, 
most individuals do not become symptomatic 
from their cholelithiasis [ 2 ]. Despite this fact, 
gallstones are one of the most expensive diges-
tive disorders with an estimated annual cost of 
approximately $6 billion [ 3 ]. Due to the preva-
lence of gallstones and the advent of laparos-
copy, cholecystectomies have become one of the 
most commonly performed abdominal opera-
tions with over 750,000 completed annually [ 4 ]. 
It is notable that only 15–17 % of laparoscopic 
cholecystectomies are performed for acute cho-
lecystitis [ 5 ,  6 ]. 

 Like many of the aforementioned conditions, 
acute cholecystitis can present many diagnostic 
diffi culties for physicians, and there is an array of 
imaging modalities to help to confi rm the fi nd-
ings of the history and physical exam. As it is not 
always clear which radiographic test is best for a 
particular clinical situation, the recently pub-
lished Tokyo Guidelines have outlined severity 
criteria for acute cholecystitis and key imaging 
fi ndings across different modalities to confi rm 
the diagnosis [ 7 ].  

    Ultrasound 

 The initial test for the diagnosis of acute chole-
cystitis is currently abdominal ultrasound. This 
study has the advantage of being an inexpen-
sive, widely available imaging modality that 
does not deliver any ionizing radiation. 
Structures of varying depth can be analyzed 
depending on the frequency of probe that is 
used. Additionally, its Doppler technology can 
provide information on vascular fl ow in the area 
of interest. Ultrasound’s accuracy in diagnosing 
the presence of gallstones (Fig.  4.1 ) has been 
consistently reported to be greater than 90 % 
[ 8 ]. Imaging fi ndings that suggest acute chole-
cystitis include: gallbladder wall thickening 
greater than 4 mm, pericholecystic fl uid, chole-
lithiasis, sludge, and a sonographic Murphy’s 
sign (Fig.  4.2 ).
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    Despite all of these advantages, there are still 
some drawbacks to using ultrasound as a diagnos-
tic imaging technique. Importantly, the acquisition 
of images is operator dependent. Moreover, a num-
ber of patient and anatomical factors can obscure 
the signal and result in poor image quality. Two 
main issues are obesity and bowel/bone between 
the gallbladder and the transducer on abdominal 
wall. As with all imaging, fi ndings must be placed 
in the appropriate clinical context. For example, 
gallbladder wall thickening is not unique to acute 
cholecystitis and can be seen in cases of cirrhosis 
and hepatitis [ 9 ]. Furthermore, gallstones can 
have a similar appearance to gallbladder polyps 
(Fig.  4.3 ). However, gallstones are mobile, whereas 
polyps are fi xed structures. By simply rotating the 
patient and acquiring additional images, important 
clinical information can be obtained.

   Depending on the series, the reported sensitiv-
ity and specifi city of ultrasound for the diagnosis 
of acute cholecystitis have varied greatly [ 10 –
 14 ]. However, a recent systematic review and 
meta-analysis reported them to be 81 % (95 % 
Confi dence Interval (CI): 75–87 %) and 83 % 
(95 % CI: 74–89 %), respectively [ 15 ]. In a pro-
spective study that analyzed the ultrasound fi nd-
ings of 497 patients suspected of having acute 
cholecystitis, the positive predictive value of gall-
stones in combination with a thickened gallblad-
der wall and/or a positive sonographic Murphy’s 
sign ranged from 92 to 95 % [ 10 ]. 

 Color Doppler can provide another potential 
information source to aid in clinical decision- 
making. One study showed that all patients with 
histologically proven acute cholecystitis had 
increased vascular fl ow in the distal two-thirds of 
the thickened gallbladder wall [ 16 ]. 

 There is some controversy regarding which 
imaging modality is best for acute acalculous 
cholecystitis, as it can be diffi cult to clearly and 
defi nitively diagnose. Affected patients are often 
severely ill due to trauma, burns, sepsis, shock, or 
other postoperative complications. They cannot 
reliably participate in a physical examination and 
their laboratories values may be altered for other 
reasons. Compared to acute calculous cholecysti-
tis, the pathology in these patients is likely a 
result of bile stasis and/or mucosal ischemia [ 17 ]. 
Ultrasound is easy to use, portable, and easily 
repeatable which minimizes logistical problems 
when dealing with critically ill patients. 
Therefore, ultrasound may make the most sense 
as the initial imaging modality for patients that 
cannot be easily transported to the radiology 
department. 

 Gallbladder wall thickness has been shown to 
be useful in diagnosing acute acalculous chole-
cystitis, with a wall thickness of greater than 
3.5 mm having a specifi city of 98.5 % [ 18 ]. Other 
criteria such as sludge, hydrops, and gallbladder 
distension have been cited as diagnostic criteria, 
but it is important to note that many intensive 
care unit patients have “abnormal” fi ndings on 
ultrasound without having a diagnosis of acute 
acalculous cholecystitis [ 19 ,  20 ]. Multiple stud-
ies have shown a specifi city of greater than 90 % 
for the diagnosis of acute acalculous cholecystitis 
by ultrasound, but the sensitivities have varied 
more widely and have been reported as low as 
30 % [ 21 – 23 ]. 

 In summary, due to its low cost, ease of use, 
and availability in many clinics and emergency 
rooms, the vast majority of patients with sus-
pected acute cholecystitis undergo ultrasound as 
their initial imaging modality [ 11 ]. For clinical 
situations where the diagnosis is not entirely 
clear, it may be useful or necessary to pursue 
additional imaging studies.  

  Fig. 4.1    Gray-scale ultrasound demonstrating cholelithi-
asis with no associated abnormal fi ndings       
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  Fig. 4.2    Gray-scale ultrasound of the gallbladder with 
related abnormal fi ndings. ( a ) Cholelithiasis and gallblad-
der wall thickening up to 8 mm. ( b ) Gallstone lodged in 
the gallbladder neck with associated wall thickening. ( c ) 

Cholelithiasis, thickened gallbladder wall, and perichole-
cystic fl uid. ( d ) Cholelithiasis, sludge, pericholecystic 
edema, and mild gallbladder wall thickening       

  Fig. 4.3    Gray-scale ultrasound of the gallbladder demonstrating polyps. ( a ) Single polyp in the gallbladder neck. ( b ) 
Multiple polyps located throughout the gallbladder       
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    Cholescintigraphy 

 Cholescintigraphy using technetium-99 m ( 99m Tc) 
labeled hepatobiliary iminodiacetic acid (HIDA) 
is another commonly used imaging technique to 
confi rm the diagnosis of acute cholecystitis. The 
radiolabeled agent is given intravenously after 
which it is extracted by the hepatocytes in the 
liver, secreted into the bile canaliculi, fl ows 
through the bile ducts and into the gallbladder, 
and then passes into the intestines [ 24 ]. The gall-
bladder usually begins to fi ll approximately 
10 min into the study and is often completely 
fi lled by 30–40 min; however, up to 60 min is 
considered normal [ 25 ]. 

 The classic fi nding of acute cholecystitis on a 
HIDA scan is persistent non-fi lling of the gall-
bladder, even on delayed imaging (Fig.  4.4 ) [ 25 ]. 
Additionally, increased radiotracer uptake in the 
liver parenchyma adjacent to the gallbladder 
fossa, known as the “rim sign,” has been shown 
to be a predictor of acute cholecystitis [ 26 ,  27 ]. 
False-positive test results do occur and are fre-
quently seen in individuals who have been fasting 
for a prolonged time period (greater than 24 h) or 
who have received parenteral nutrition [ 28 ,  29 ].

   Morphine (which stimulates contraction of the 
sphincter of Oddi and increases pressure in the 
biliary tree) augmented cholescintigraphy has 
been touted as a way to decrease the false- positive 
rate and improve diagnostic accuracy [ 30 ]. 
Cholecystokinin, with its ability to stimulate 
gallbladder contraction and lower sphincter of 
Oddi pressure, has been used to increase the 
diagnostic accuracy as well [ 31 ]. 

 Cholescintigraphy has been consistently 
reported to have a higher sensitivity and specifi c-
ity than ultrasound for the diagnosis of acute 
cholecystitis. In the aforementioned systematic 
review and meta-analysis, the sensitivity and 
specifi city were 96 % (95 % CI: 94–97 %) and 
90 % (95 % CI: 86–93 %), respectively [ 15 ]. 
While cholescintigraphy may have a higher diag-
nostic accuracy compared to ultrasound, the 
modality does have some limitations that have 
historically precluded its adoption as the initial 
imaging study of choice in patients with suspected 
acute cholecystitis. These issues are mostly logis-
tical as nuclear medicine personnel are typically 
unavailable to perform the study on evenings and 
weekends. Comparatively, in many larger centers, 
ultrasound technicians are present 24 h per day, 
including weekends. Additionally, a HIDA scan 
takes longer than an ultrasound to complete, pro-
vides information limited to the biliary system, 
and exposes the patient to radiation, thereby limit-
ing its attractiveness in pregnant patients. 

 As mentioned previously, the diagnosis of 
acute acalculous cholecystitis is a diffi cult clini-
cal problem. While ultrasound often may be the 
preferred modality, cholescintigraphy should not 
be overlooked as a valuable tool to aid in the 
diagnosis. Some authors even have advocated its 
role as the initial imaging modality [ 32 ]. Reported 
sensitivities have ranged from 67 to 100 %, and 
specifi cities have been reported from 38 to 100 % 
[ 21 – 23 ,  33 ]. There have been concerns of 
increased false-positive rates in critically ill 
patients, but morphine augmentation has helped 
to alleviate this issue [ 23 ,  33 ]. 

  Fig. 4.4    HIDA scan consistent with cholecystitis. Shown from left to right are the images acquired at 5, 15, 30, and 
60 min following radiotracer injection. Even at late time points, there was non-fi lling of the gallbladder       
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 HIDA scans are also useful in the postopera-
tive setting to aid in the diagnosis of complica-
tions. Following cholecystectomy, there is an 
approximately 0.5 % risk of bile duct injury [ 34 , 
 35 ]. For clinically signifi cant bile leaks that go 
unrecognized at the time of surgery, patients are 
often discharged shortly thereafter and then pres-
ent days later. Their symptoms can include 
abdominal pain and/or distension, nausea, vomit-
ing, and possibly fevers. Initial imaging studies 
such as an ultrasound may demonstrate a fl uid 
collection in the gallbladder fossa. HIDA scans 
are a useful and sensitive tool for determining if 
the fl uid is biliary in nature (Fig.  4.5 ) [ 36 ,  37 ]. 
Additionally, obtaining delayed views are crucial 
to avoid missing bile leaks, especially when the 
initial images appear normal [ 38 ]. Furthermore, 
complete absence of emptying of the tracer from 
the liver may indicate a complete biliary obstruc-
tion as present with an inadvertently ligated com-
mon bile duct. Importantly, this study lacks the 
ability to pinpoint the exact site of the bile leak.

   Consequently, cholescintigraphy is a useful 
imaging tool that can provide valuable information 
in multiple clinical settings related to biliary tract 
disease. However, the ability to perform the study 
may be limited by the availability of qualifi ed per-
sonnel and the time necessary to acquire images.  

    Magnetic Resonance Imaging 

 Magnetic resonance imaging (MRI) technology 
has advanced greatly in recent years. However, 
MRI is still not considered a routine initial imaging 

study for patients with suspected acute cholecys-
titis. MRI is a costly exam that is less readily 
available when compared to ultrasound. The 
study time is also greater in length, although there 
have been reports of protocols for acute abdomen 
imaging that are as quick as 15 min [ 39 ,  40 ]. 

 One clear benefi t of MRI is that it does not 
deliver any ionizing radiation, which makes it a 
particularly useful tool in the evaluation of preg-
nant patients with right upper quadrant pain 
(Fig.  4.6 ) [ 41 ]. Additionally, MRI’s excellent tis-
sue contrast provides high-resolution images of 
the biliary anatomy which allows for improved 
recognition of choledocholithiasis when com-
pared to other imaging modalities (Fig.  4.7 ) [ 42 ].

    Imaging fi ndings on MRI that are suggestive 
of acute cholecystitis include: pericholecystic 
high signal, a thickened gallbladder wall, and an 
enlarged gallbladder [ 43 ,  44 ]. Multiple studies 
have demonstrated that MRI is equivalent to or 
slightly better than ultrasound in diagnosing 
acute cholecystitis [ 44 ,  45 ]. One study used the 
HASTE sequence (ultrafast protocol for image 
acquisition) with no additional contrast material 
to analyze the pericholecystic signal, and found 
that it yielded a diagnostic accuracy of 89 % [ 46 ]. 
While there are certainly fewer studies available 
to analyze MRI’s role in diagnosing acute chole-
cystitis, a recent meta-analysis demonstrated a 
sensitivity of 85 % (95 % CI: 66–95 %) and a 
specifi city of 81 % (95 % CI: 69–90 %) [ 15 ]. 

 Magnetic resonance cholangiopancreatogra-
phy (MRCP) has become one of the main diag-
nostic imaging modalities for the investigation 
of the biliary tree and pancreatic ducts, as well as 

  Fig. 4.5    HIDA scan demonstrating a post-operative bili-
ary leak following cholecystectomy. Shown from left to 
right are the images acquired at 5, 15, 30, and 60 min fol-

lowing radiotracer injection. By the fi nal time point, there 
continues to be evidence of tracer uptake at the level of the 
liver which extends down into the right paracolic gutter       
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the body and tail of the pancreas. This study is 
useful for investigating biliary obstruction (due 
to choledocholithiasis, stricture, or malignancy), 
anatomic variants of the biliary anatomy, the pan-
creatic ducts, and potential postoperative compli-
cations following hepatobiliary surgery [ 47 – 49 ]. 
Some studies have even suggested MRCP is 
equivalent to endoscopic retrograde cholangio-
pancreatography (ERCP) for the diagnosis of 
choledocholithiasis [ 50 ,  51 ]. MRCP has been 
demonstrated to have a sensitivity of 84 %, a 

specifi city of 94 %, a positive predictive value of 
91 %, and a negative predictive value of 93 % for 
the diagnosis of choledocholithiasis [ 52 ]. 

 Therefore, while MRI has been shown to 
effectively diagnose acute cholecystitis, its cost, 
time consumption, and limited availability have 
prevented its widespread adoption as a fi rst-line 
imaging modality for that disease process. 
However, with improved MRI technology and 
the advent of MRCP, high-resolution images of 
the hepatobiliary system greatly assist clinicians 
in the diagnosis and treatment complex biliary 
and pancreatic pathology.  

    Computed Tomography 

 Computed tomography (CT) has become one of 
the most widely used imaging modalities in mod-
ern medicine. This technology is readily available 
and of moderate cost, but does have the downside 
of exposure to ionizing radiation. Also, CT scans 
are less accurate than ultrasound at diagnosing 
cholelithiasis with a reported accuracy of just 
under 90 % and a sensitivity of 79 % [ 53 ]. 

 Signs of acute cholecystitis on CT scans 
include: gallbladder distension, wall thickening, 
pericholecystic fl uid and fat stranding, and muco-
sal hyperenhancement (Fig.  4.8 ) [ 54 ]. Reactive 

  Fig. 4.6    MRI scan of a pregnant female who presented with right upper quadrant pain and was found to have choleli-
thiasis. ( a ) Axial T1-weighted image. ( b ) Coronal T2-weighted image       

  Fig. 4.7    MRCP of a patient presenting with elevated liver 
function tests. Coronal T2-weighted images demonstrated 
choledocholithiasis and mild ductal dilatation       
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hyperemia resulting in enhancement of the area 
of liver parenchyma adjacent to the gallbladder 
fossa may be present as well [ 54 ,  55 ]. Additionally, 
a tensile gallbladder fundus which displaces the 
abdominal wall may be a useful imaging sign to 
diagnose acute cholecystitis, especially in the dis-
ease’s early stages (Fig.  4.9 ) [ 56 ].

    For the diagnosis of acute cholecystitis, CT 
scans have been shown to have a range of sensi-
tivities from 39 to 92 % and a specifi city range of 
93–99 % [ 57 ,  58 ]. One study reported a positive 
predictive value of 50 %, and a negative predic-
tive value of 89 % [ 57 ]. In more complex clinical 
situations, CT scans have been shown to have a 
sensitivity of 96 % for the diagnosis of acute 

gangrenous cholecystitis, and key imaging fi nd-
ings include an irregular or absent gallbladder 
wall, gas in the wall or lumen, intraluminal mem-
branes, or a pericholecystic abscess (Fig.  4.10 ) 
[ 58 ]. Also, CT is the most sensitive and specifi c 
imaging modality for identifying gas within the 
gallbladder lumen or wall [ 59 ] and has been 
reported to have up to a 100 % sensitivity for 
diagnosing emphysematous cholecystitis [ 60 ].

   Given the accessibility of this technology, 
there has been some evidence to suggest an over-
use of CT scans in evaluating patients with gall-
bladder disease, especially with presentation 
during off-hours [ 61 ]. However, it should be 
noted that CT imaging can provide important 

  Fig. 4.8    Axial images from CT scans of patients present-
ing with right upper quadrant pain. ( a ) Cholelithiasis. ( b ) 
Thickened gallbladder wall and pericholecystic edema. 

( c ) Large gallstone within the gallbladder lumen and asso-
ciated pericholecystic fl uid. ( d ) Gallbladder lumen fi lled 
with gallstones       
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information when the clinical situation is unclear 
or a more complex diagnosis is being considered. 
CT scans are widely available and are most  useful 
for patients with atypical presentations or when 
symptoms include areas of the abdomen outside 
of the right upper quadrant.  

    Intraoperative Cholangiography 

 Intraoperative cholangiography (Fig.  4.11 ) is 
performed in approximately 30 % of all chole-
cystectomies [ 62 ]. Clear preoperative indica-
tions for the procedure include: jaundice, 

  Fig. 4.9    CT scan 
demonstrating a distended 
gallbladder displacing the 
abdominal wall (tensile 
gallbladder fundus sign)       

  Fig. 4.10    CT scan demonstrating gangrenous cholecysti-
tis. ( a ) Coronal image demonstrating focal mucosal loss 
of the gallbladder fundus with associated abscess extend-

ing into the liver parenchyma. ( b ) Axial image showing 
gallbladder wall thickening, pericholecystic fl uid, and the 
area of focal gallbladder wall disruption       
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elevated liver function tests and/or pancreatic 
enzyme levels, and ductal dilatation or choledo-
cholithiasis seen on imaging studies [ 63 ]. There 
has been a great debate in the literature regard-
ing the use of routine intraoperative cholangiog-
raphy. Those surgeons in favor of this practice 
have argued that it results in a lower rate of bili-
ary tract injury during cholecystectomy, an 
increased degree of intraoperative detection of 
common bile duct stones that can be treated at 
the time of initial surgery, and is a tool for surgi-
cal education [ 64 ]. Many other surgeons per-
form cholangiography only in select patient 
scenarios. Recent studies have suggested that 
there is limited, if any, benefi t to performing rou-
tine intraoperative cholangiography with every 
cholecystectomy [ 65 ,  66 ]. There have even been 
reports of higher rates of bile duct injuries for 
surgeons who routinely perform cholangiogra-
phy as compared to those who only do so selec-
tively [ 67 ]. While this debate is likely to 
continue, the fact remains that intraoperative 
cholangiography can provide critical informa-
tion about biliary anatomy that can be used to 
guide surgical therapy.

       Percutaneous Cholecystostomy 

 The complication rate associated with perform-
ing a laparoscopic cholecystectomy for acute 
cholecystitis increases with the severity of the 
episode as well as the age of the patient. In 
patients who are poor surgical candidates, percu-
taneous placement of a cholecystostomy tube has 
been advocated as a temporary measure (until 
cholecystectomy can be performed) or as a 
defi nitive procedure [ 68 ]. It is performed under 
ultrasound or CT guidance, and it can be done 
by either a transabdominal or a transhepatic 
approach. The data on percutaneous cholecystos-
tomy tubes are mixed with some studies suggest-
ing their ability to be used as a fi rst-line treatment 
for acute cholecystitis without interval cholecys-
tectomy and others suggesting a role only when 
there are prohibitive operative risks [ 69 – 72 ]. In 
either case, percutaneous cholecystostomy tube 
placement will continue to be one treatment 
option for patients who are precluded from 
undergoing surgery on account of other medical 
comorbidities.  

  Fig. 4.11    Intraoperative cholangiogram during laparo-
scopic cholecystectomy. ( a ) Initial image demonstrated 
no fi lling defects, although there was tapering of the distal 

common bile duct near the papilla. ( b ) Glucagon adminis-
tration was necessary to allow for contrast fl ow into the 
duodenum       
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    Endoscopic Drainage 

 Advances in endoscopy have allowed for 
increased access to the biliary tree and gall-
bladder for a variety of diagnostic and thera-
peutic procedures. Over the recent years, 
endoscopic approaches to gallbladder drainage 
have been reported with increasing frequency. 
These types of approaches are particularly use-
ful in patients who are poor surgical candidates 
and who may have a contraindication to a per-
cutaneous procedure. One option is to access 
the gallbladder through the transpapillary route 
and leave either a nasobiliary tube or a stent 
in place (Fig.  4.12 ). Alternatively, there are 

reports of transmural drainage through the 
distal antrum or the duodenum (Fig.  4.13 ).

    A systematic review combined data from mul-
tiple retrospective studies on naso-gallbladder 
drainage to achieve a pooled technical success 
rate of 81 % and a clinical response rate of 75 % 
[ 73 ]. Similarly, for endoscopic transpapillary 
gallbladder stenting, the technical success rate 
was 96 % and the clinical response rate was 88 % 
[ 73 ]. A recent prospective, randomized con-
trolled trial (designed as a non-inferiority study) 
demonstrated that the technical and clinical suc-
cess of endoscopic guided transmural gallbladder 
drainage was comparable to that of percutaneous 
transhepatic gallbladder drainage [ 74 ]. 

  Fig. 4.12    Transpapillary gallbladder drainage in a 
40-year-old male with a history of end-stage liver disease 
who presented with acute cholecystitis. ( a ) During ERCP, 
there was evidence of a cystic duct obstruction due to a 

gallstone. ( b ) Dilation of the cystic duct using a 4 mm bal-
loon catheter. ( c ) Successful placement of a transpapillary 
ten French stent       

  Fig. 4.13    Transduodenal gallbladder stent in a 70-year- 
old male with metastatic colon cancer who while receiv-
ing palliative chemotherapy developed acute 
cholecystitis. ( a ) Endoscopic ultrasound-guided trans-
duodenal needle puncture with wire placement and sub-

sequent balloon dilation of the tract. ( b ) Balloon dilation 
of the stent lumen. ( c ) Transduodenal lumen apposing 
covered metal stent within the gallbladder.  Note : A 
common bile duct stent was also placed due to a biliary 
stricture       
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 Endoscopic approaches for biliary tree access 
have undergone numerous advances in recent 
years and serve as an excellent therapeutic option 
for patients who are not able to undergo a surgi-
cal procedure.  

    Conclusion 

 Cholelithiasis and acute cholecystitis are common 
conditions that clinicians and surgeons encounter 
daily in practice. The recent advances in diagnos-
tic imaging have provided numerous options to 
aid in the delivery of patient care. For most 
instances of acute cholecystitis, ultrasound still 
remains the initial diagnostic imaging of choice. 
HIDA scans play an important role in diagnosis, 
especially when the initial ultrasound is equivocal. 
Additionally, they are useful in the postoperative 
setting to investigate biliary leaks. MRI and 
MRCP provide high-resolution images of the hep-
atobiliary system with excellent tissue contrast. As 
MRI scanning becomes more ubiquitous and less 
expensive, this modality may have an increased 
role in the diagnosis of acute cholecystitis. CT 
scans are most helpful when the diagnosis of acute 
cholecystitis is unclear, or when there are addi-
tional symptoms outside of the right upper quad-
rant. CT scanning also has clinical utility when 
there is concern for complications of cholecystitis 
such intra-abominal abscess, gallbladder perfora-
tion, and gangrenous or emphysematous chole-
cystitis. By tailoring the selection of radiographic 
images to the individual patient scenario, clini-
cians can maximize diagnostic utility and mitigate 
unnecessary costs and radiation exposure.        
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