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Chapter 9
Role of Imaging

Juan Carlos Spina and Ramiro Orta

 Introduction

Imaging methods have a protagonistic role in Bile Duct Injuries (BDI) along with 
different circumstances:

• Preventively, the ultrasound (US) can alert the surgeon to anticipate a potential 
challenging case.

• Intraoperatively, the Intraoperative Cholangiogram (IOC) or the laparoscopic US 
can enlighten the anatomical uncertainties that predispose to BDIs playing a fun-
damental role in their prevention [1].

• If a BDI has been established, can be diagnosed at the time of surgery using IOC, 
or either in the early or late postoperative period using the US, Computed 
Tomography (CT) scan, Magnetic Resonance Imaging/Magnetic Resonance 
Cholangiopancreatography (MRI/MRCP) offer different diagnostic benefits 
depending on the time of presentation and the patient’s clinical condition [2, 3].

 Prevention

US is widely accepted as the method of choice for the initial study of the gallbladder 
and biliary tract. Its role in the risk stratification of complex biliary pathology is 
unquestionable.
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Fig. 9.1 Ultrasound (US) (a) shows an enlarged gallbladder with thick walls and heterogeneous 
contents. (b) Computed tomography (CT) scan confirms these findings and shows areas of wall 
disruption in favor of perivesicular abscesses

In this sense, acute cholecystitis (AC), exacerbated chronic cholecystitis (CC), 
and scleroatrophic gallbladders imply a higher risk of surgical treatment and can be 
easily detected by the routine US [4].

Those signs include a very thickened gallbladder wall (greater than 10 mm), cho-
lelithiasis impacted in the infundibulum, and the presence of abscess or perivesicu-
lar plastron [5], Fig. 9.1.

A collapsed or fluidless gallbladder with or without parietal calcifications is usu-
ally related to scleroatrophic changes. The presence of dilatation of intrahepatic bile 
ducts, associated with dilatation of the proximal sector of the extrahepatic ducts 
should suggest Mirizzi syndrome. In addition, dilatation of the distal extrahepatic 
ducts may be associated with choledochal lithiasis, not always visible in US.

Abdominal CT scan and MRI are not first-line methods for the study of gallblad-
der pathology and are usually reserved for acute or chronic cholecystitis with exten-
sive local involvement or to rule out gallbladder cancer [6].

MRCP is particularly useful for confirmation of Mirizzi’s syndrome and for cho-
ledochal lithiasis not visible by US, as well as allowing a correct evaluation of the 
biliary anatomy in order to detect variants with significant implications for surgery 
[7, 8] Fig. 9.2.

Whether or not IOC should be used systematically and selectively is still a matter 
of debate. What has been demonstrated is that IOC helps to detect an early injury, 
preventing the progression of damage and thus further related complications [9] 
(See Chap. 7).

A multicenter study including 1381 patients assessed the routine use of laparo-
scopic US in gallbladder surgery. This study demonstrated that routine use of 
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Fig. 9.2 (a) MRCP and (b) coronal T2WI sequence showing an image of a filling defect in the 
cystic duct which imprints on the common bile duct (CBD) with upstream dilatation, favoring a 
Mirizzi syndrome

laparoscopic US during LC has significantly improved its safety, compared to the 
previously reported BDI prevention rates (1 out of 200–400 LCs) [10]. The main 
issue is that laparoscopic US probes are often expensive and not widely available. 
Moreover, requires training and experience to achieve the best results.

 Diagnosis of a BDI in the Early Postoperative Period

The most complex scenario is when the BDI occurred and was not recognized dur-
ing the primary surgery.

In this situation, the patient is seen within the first week of the postoperative 
period with abdominal pain, peritonitis, sepsis, and overall poor general condition.

Any patient presenting like this after an elective cholecystectomy should be 
worked up, with a high suspicion of a BDI. The preferred initial studies are US and 
CT scan.

The presence of free peritoneal fluid, a perihepatic collection, or a fluid collec-
tion that lies adjacent to the CBD, with or without dilatation in the mentioned clini-
cal context could represent indirect signs of a BDI, Fig. 9.3.

Should the BDI be confirmed, efforts at this stage should be directed to stabilize 
the patient and control the sepsis. The imaging is important to conduct therapies to 
address the acute disturbances the patient is facing, such as draining localized fluid 
collections or indicating abdominal washout in case of a choleperitoneum. More 
detailed studies should be deferred once the first objective (compensating and get-
ting the patient out of the “danger zone”) is achieved.

CT scan has some advantages over the US in delineating abdominal fluid collections 
as well as in their therapeutic planning their percutaneous drainage is necessary, Fig. 9.4.
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Fig. 9.3 CT scan with intravenous contrast of a patient in the postoperative period of a cholecys-
tectomy. Free peritoneal fluid, perihepatic, perisplenic, and in the lesser sac can be appreciated. 
Note the numerous metallic clips in the gallbladder fossa, which are suggestive of complicated 
cholecystectomy

Fig. 9.4 Axial view of 
intravenous contrast- 
enhanced CT scan. 
Hydroaerial collection in 
the gallbladder bed 
(arrows) in a patient who 
underwent a laparoscopic 
cholecystectomy

 Diagnosis of a BDI in the Late Postoperative Period

BDIs that have gone unnoticed during the primary surgery and have not shown early 
symptoms, usually manifest later with fewer press symptoms.

These subacute manifestations of BDIs occur as a result of either partial or com-
plete stenosis of secondary to metallic clips, thermal injuries causing progressive 
fibrosis or scarring or ischemia of the biliary tree. Symptoms are usually manifesta-
tions of cholestasis and include jaundice, pruritus, and cholangitis.
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Fig. 9.5 MRCP showing a stenosis of the CBD secondary to BDI. (a) An interruption of the signal 
in the CBD with an indemnity of its proximal portion—estimated at 9 mm—an upstream dilatation 
of the biliary tree can be appreciated. (b) MRCP after reconstruction using a Roux-en-Y 
Hepaticojejunostomy (b)

MRCP represents the method of choice for the evaluation of biliary anatomy at 
this stage. The presence of a sector of the biliary duct with a reduction in caliber or 
interruption of the signal allows the diagnosis of partial or complete stenosis, 
respectively. The localization of the extension of the stenosis can be determined 
with precision using this method, and the extent of the injury can be measured as 
well allowing precise surgical planning [7], Fig. 9.5.

 Planning Surgical Reconstruction

Restoring the bilioenteric continuity and preventing cholestasis is the main priority 
once BDI’s had been compensated in the acute phase.

At this point, the main role of imaging is to define as accurately as possible the 
type of BDI the patient has and whether or not it is accompanied by vascular injury.

Is key to knowing if there’s biliary dilatation, any repercussion in the liver paren-
chyma, or if any other finding throughout the abdomen needs to be addressed as well.

All this information will play a fundamental role in the preparation for recon-
structive surgery and will determine which is the best surgical approach.

 Navigating the Uncertainties

In patients with a BDI, the diagnostic accuracy of conventional MRI/MRCP to 
detect a bile leak is about 70%. For the rest of the cases, or when there are some 
uncertainties about the location of the BDI (marked inflammation, collections, 
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surgical clips, or drains either in the biliary tree or in the right upper quadrant), we 
can utilize other methods to better identify this [11].

Hepatobiliary Scintigraphy (HBS) is a widely available and economic method to 
detect the presence of bile leak, however, it lacks anatomical detail to aid in treat-
ment planning [12].

Until a few years ago, this information was provided by Endoscopic Retrograde 
Cholangiopancreatography (ERCP) was the gold standard as it allows to identify 
directly and dynamically the presence of contrast extravasation outside the biliary 
tree at the site of the BDI and provides the window for therapeutic stent placements 
if necessary.

However, does not provide information about the status of the biliary duct proxi-
mal to the site of the BDI when the section is complete. In addition, as an invasive 
procedure is not exempt from complications (acute pancreatitis, infection, etc.) See 
Chap. 13.

Hepato-specific contrast Gadoxetic Disodium Acid (Gd-EOB-DTPA, Primovist), 
is a type of Gadolinium that has the characteristic of a rapid distribution in the 
bloodstream and a dual elimination pathway (50% renal and 50% biliar), combining 
the characteristic of conventional extracellular contrast agent with those 
hepato-specific.

Due to its chemical composition, it is taken up by the hepatocyte and then elimi-
nated via the biliary system. It is worth mentioning that the uptake of hepatocyte-
specific contrast is mediated by the same membrane transporter as bilirubin. 
Therefore, the lack of opacification of the biliary tree 20–30 mins after contrast 
administration may suggest biliary obstruction or poor liver function [13].

Its main indication classically lay in the detection and distinction of focal hepatic 
injuries (focal nodular hyperplasia vs. adenomas; determination of the number of 
hepatic metastases or characterization of nodules in cirrhotic patients) [14].

Recently, MRI with hepato-specific agents has been shown to provide dynamic 
and functional information on the biliary excretion and indirectly on liver function 
as well, similar to HBS.

Their role in the management of BDI lies in the fact that has the capacity of per-
forming accurate cholangiograms since demonstrate the biliary anatomy in a similar 
way to an MRCP, although with direct excreted contrast [13], Fig. 9.6.

It also allows Imaging methods: detection of active bile leak at the site of the BDI 
by direct visualization of the passage of contrast into the perihepatic or peribiliary 
fluid collections. This finding is represented by the presence of hyperintense signals 
in T1 sequences within these collections in images obtained in the hepatobiliary 
phase (20–60 mins). This then allows a correct noninvasive differential diagnoses 
between a BDI biloma and other possible etiologies of liquid collections near the 
surgical site (abscess, hematoma, cysts) [15].

Kantarci et al. demonstrated that the combination of conventional MRI + MRI 
cholangiography with hepato-specific contrast significantly increases the detection 
of BDI with associated bile leak [16].

In their series, they demonstrated that the identification of the BDI site using 
conventional MRCP was Imaging methods: obtained in 50% of patients but 

J. C. Spina and R. Orta

https://doi.org/10.1007/978-3-031-13383-1_13


75

Fig. 9.6 MRCP with 
hepato-specific contrast. 
Both the intrahepatic and 
the extrahepatic biliary tree 
does not show signs of 
dilatation. Note the cystic 
duct stump 
post-cholecystectomy

increased to a sensitivity of 81.2% and a specificity of 100% when combined with 
MRI with hepatocyte-specific agents.

In patients with a late manifestation of biliary stenosis, MRCP with hepato- 
specific agents can provide additional information about the degree of stenosis (par-
tial or complete) based on the demonstration of contrast in the distal common bile 
duct below the site of stenosis as well [17].

 Vascular Evaluation

The presence of a concomitant vascular injury has a variable incidence that depends 
on the type of BDI (See Chap. 6). However, the most frequent is an associated injury 
to the right hepatic artery (RHA) given its close relationship with the CBD (it runs 
posterior to the CBD in 71.6% and anterior in 8.3%) [18].

The development of an anastomotic network from the left hepatic artery (LHA) 
in general through the hilar plexus can supply sufficiently the irrigation of the right 
biliary tree. However, when the damage includes the portal vein (PV) as well, the 
risk of hepatic and biliary necrosis increases significantly [19].

A routine examination of the hepatic vasculature is recommended in every BDI, 
although it is fundamental to have it worked up when planning a reconstructive 
surgery.

The advent of CT scan with multiplanar and three-dimensional reconstructions 
has made significant progress in the assessment of vascular anatomy of the liver. CT 
Angiography is now an adequate tool for the assessment of associated vascular 
lesions, detecting direct signs of associated vascular injury such as the presence of 
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Fig. 9.7 MIP reconstructions from a CT angiography of a patient with BDI. (a) The coronal sec-
tion shows amputation of the right hepatic artery. (b) The axial section shows the collateralization 
through an anastomotic network provided by the left hepatic artery

thinning, irregularity, or amputation of an artery, as well as the formation of pseu-
doaneurysms [20, 21] (See Chap. 11).

Indirect signs of vascular injury include areas of hepatic parenchymal infarction 
and necrosis, abscesses, lobar atrophy, and failure of attempted repair of a bilio- 
enteric anastomosis, Fig. 9.7.

 Conclusions

Imaging has a decisive role in every stage of a BDI, from prevention to ultimate 
management.

Preoperative US and MRI can warn of the likelihood of difficult cholecystec-
tomy, while the use of IOC contributes to the early diagnosis of the lesion injury and 
avoids further damage if the intraoperative imaging is interpreted correctly.

If the BDI happened to occur, the abdominal US and CT scan represent the first- 
line methods addressing the patient’s immediate needs (sepsis, fluid collections, 
peritonitis, perforation, etc.).

MRI/MRCP and the use of hepato-specific agents provide a correct evaluation of 
the biliary anatomy with the detection of possible bile leaks.

Finally, the use of CT angiography allows a precise characterization of the asso-
ciated vascular injuries, decisive for planning the resolution of the BDI.
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