88333 Auto Edited.docx



Name of Journal: World Journal of Gastrointestinal Surgery
Manuscript NO: 88333
Manuscript Type: MINIREVIEWS

Post-cholecystectomy iatrogenic bile duct injuries: Emerging role for endoscopic

management

Post-cholecystectomy latrogenic biliary injuries: Role of endoscopic Intervention.

Mohamed H Emara, Mohammed Hussien Ahmed, Mohamed I Radwan, Emad Hassan
Emara, Magdy Basheer, Ahmed Ali, Asem Ahmed Elfert

Abstract

Post-cholecystectomy iatrogenic bile duct injures (IBDIs), are not uncommon and
although the frequency of IBDIs vary across the literature, the rates following the
procedure of laparoscopic cholecystectomy are much higher than open
cholecystectomy. These injuries caries a great burden on the patients, physicians and
the health care systems and sometime are life-threatening. IBDIs are associated with
different manifestations that are not limited to abdominal pain, bile leaks from the
surgical drains, peritonitis with fever and sometimes jaundice. Such injuries if not
witnessed during the surgery, can be diagnosed by combining clinical manifestations,
biochemical tests and imaging techniques. Among such techniques abdominal US is
usually the first choice while MRCP seems the most appropriate. Surgical approach was
the ideal approach for such cases, however the introduction of Endoscopic Retrograde
Cholangio-Pancreatography (ERCP) was a paradigm shift in the management of such
injuries due to accepted success rates, lower cost and lower rates of associated
morbidity and mortality. However, the literature lacks consensus for the optimal timing

of ERCP intervention in the management of IBDIs.




ERCP management of IBDIs can be tailored according to the nature of the underlying
injury. For the subgroup of patients with complete bile duct ligation and lost ductal
continuity, transfer to surgery is indicated without delay. Those patients will not benefit
from endoscopy and hence should not do unnecessary ERCP. For low-flow leaks e.g.
gallbladder bed leaks, conservative management for 1-2 wk prior to ERCP is advised, in
contrary to high-flow leaks e.g. cystic duct leaks and stricture lesions in whom early
RCP is encouraged. Sphincterotomy plus stenting is the ideal management line for cases
of IBDIs. Interventional radiologic techniques are promising options especially for cases
of failed endoscopic repair and also for cases with altered anatomy. Future studies will

solve many unsolved issues in the management of IBDIs.
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Core Tip: Post-cholecystectomy iatrogenic bile duct injuries are not uncommon and
hence deserve paying attention from surgeons, gastroenterologists and interventional
radiologists. Multidisciplinary team is advised aiming to early and appropriately
diagnose such injuries, tailor treatment for cases on an individual base. Surgical
treatment is the immediate solution for bile duct injuries diagnosed intraoperative in
the context of available experienced hepato-biliary surgeon. Endoscopic treatment looks
promising and effective treatment options for injuries diagnosed after the surgery,
while interventional endoscopic procedures looks valuable for patients with failed

endoscopy and patients who had altered anatomy.

INTRODUCTION




latrogenic bile duct injuries refer to the injuries that affect the biliary system due to
many interventions particularly surgery, but these injuries may also follow other
invasive procedures including endoscopy and interventional radiology. The frequency
of iatrogenic bile duct injuries parallel the advancements achieved in the hepato-biliary
surgeries although also described after other abdominal surgeries. It is obvious from
many reports in the literature that post-cholecystectomy iatrogenic bile duct injuries
(IBDIs) showed a remarkable rise with the introduction of laparoscopic cholecystectomy
(LC) M decades back and that is why reports of IBDIs emerged from different
geographic locations. It seems that the frequency of IBDIs following laparoscopic
cholecystectomy is on the rise because of many reasons including the widespread
popularity of the procedure globally and that is why practice guidelines were
developed in order not only to reduce the frequency of such injuries, but also to secure
optimal diagnosis and effective management plans which ultimately reduces the
morbidity and mortality associated with such injuries and improves the quality of life
among those patients [2l.

The prevalence of IBDIs vary in the literature. After cholecystectomy the cumulative
incidence across the literature is 0.1% to 3%. Following an open cholecystectomy the
frequency range between 0.1 and 0.5 %, while after the laparoscopic cholecystectomy
the risk is even doubled [>45], and the frequency is increased in the setting of acutely
inflamed gallbladder, while bile duct injuries after biliary endoscopy, interventional
radiology and liver biopsy is incidentally reported!®l.

There are many systems for classification of IBDIs. However, the most commonly used

are Bismuth scale and Strasberg classification [l.

MANIFESTATIONS AND ADVERSE EVENTS

The clinical manifestations are usually linked to the surgical event and the presenting
manifestations vary. Early in the post-operative period, manifestations may include
abdominal pain, abdominal distension, fever, bile flow from the surgical drains,

peritonitis, biliary ascites, and cholangitis [471°], While, later jaundice may be the




leading manifestation [>12. However, most of the cases present with a combination of
these of manifestations [4813]. Complicated and improperly treated cases are associated
with severe adverse events including biliary cirrhosis, liver failure, high health care
related cost and even mortality [1?l. Consequently, IBDIs are a real challenge to the
quality of life and is associated with negative psychological impact on patients and their

relatives 1,

CAUSES AND RISK FACTORS

Risk factors associated with IBDIs vary and can be categorized mainly into operator and
patient related factors. Operator’s years of experience, ability to efficiently perform LC,
as well as effectiveness of managing complication fall among the most important
operator factors. Most IBDIs are due to misidentification of biliary anatomy during
clipping or ligature or abnormal anatomy e.g. anomalous cystic duct insertion and these
are usually common following LC V8], Another important cause of IBDIs is ischemia
that commonly complicate open procedures when over devascularization deprives the
bile ducts from its blood supply 2?8l On the other hand, disease related factors impact
directly the IBDIs, for example operating upon acutely inflamed and fibrotic wall
gallbladder (GB) on an emergency setting is more risky than operating elective on non-
fibrotic gallbladderl'?l. Furthermore, the workplace environment had an indirect
impact, for instance a tertiary referral center with high volume of cholecystectomies and
structured training program for junior surgeons is associated with lower risk of injuries
and in addition it is associated with better outcomes on dealing with such injuries.
Other patient related factors e.g. obesity, bleeding profile and male gender were

associated with the increased risk of IBDIs [,

DIAGNOSIS OF IBDIS

Accurate diagnosis of IBDIs is ideally through witnessing the injury [1%, this is only
achievable in 30% of cases during the surgery and consequently most cases are

diagnosed post-operatively 7. However, it is sometimes challenging to determine the




nature and site of the biliary injury especially during the operation and that is why final
diagnosis is based on a combination of clinical and imaging data.

During the past decades the preferred intra-operative investigation was
cholangiography (Figure 1), although considered outdated in many regions. Elsheikh
and Hablus ['4], reported that intraoperative cholangiography is safe and effective in
patients with risk factors for bile duct injuries; such as patients with acute cholecystitis,
history of obstructive jaundice, ultrasound findings of mucocele, pyocele, increased
thickness of gallbladder wall of more than 4 mm or dilated common bile duct (CBD)
and intraoperative findings of short dilated cystic duct, Mirizzi syndrome, or unclear
anatomy. However, minor IBDIs may be missed during intraoperative cholangiography
[, Very early in the post-operative period a combination of CT with iv
cholangiography have been investigated and found valuable not only in determining
the presence of IBDIs, but also in detection of intra-abdominal collections and giving a
panoramic overview of the surgical bed beside detection of residual stones, evaluation
of lung bases ..etc. [10.13],

Of the imaging modalities used, abdominal ultrasonography (US) is usually the first
choice for diagnosis of suspected IBDIs after surgery because it is readily available,
cheap, reproducible, and can detect intra-abdominal free fluid and collections in the
surgical bed together with comment on the intrahepatic biliary radicles but its major
limitation is, its inability to determine the site of the injury [347-9].

Consequently, another modality is usually needed. Endoscopic Retrograde Cholangio-
Pancreatography (ERCP) was the diagnostic modality despite the lack of the 100%
specificity [12. Since its development, Magnetic Resonance Cholangio-Pancreatography
(MRCP) (Figure 2) had been the imaging modality of choice for mapping the biliary tree
with sensitivity and specificity up to 100%, at the expense of ERCP role as a diagnostic
modality [°l. In addition to MRCP or ERCP, in severe IBDIs (e.g. a complete transection)
a CT-angiography should also be performed, in order to diagnose concomitant vascular

injury, which is often missed.




TREATMENT OF IBDIS

The optimal timing for managing IBDIs vary according to the time of its diagnosis.
Injuries diagnosed intra-operatively per the current practice guidelines are treated
surgically in the operating theater if an experienced hepatobiliary surgeon is available.
Injuries diagnosed early (within 1-2 wk) in the postoperative period can be managed
conservatively, endoscopically, surgically and sometimes by intervention radiology. In
many instances the management of such injuries is multidisciplinary and tailored case

by case.

SURGICAL MANAGEMENT OF IBDIS

The surgical management of IBDIs depend upon the timing of its diagnosis as described
in Figure 3. When biliary injuries are recognized during the operation, with available
experienced hepatobiliary surgeon, laparoscopic common bile duct exploration
provides direct visualization of the relevant anatomy, repair of all biliary injuries with
T-tube drainage, or the surgeon may convert to open technique to explore carefully and
biliary injuries are treated by Roux-en-Y hepatico-jejunostomy [, If the surgeon lacks
experience, the operation should be finished immediately with placement of a drain and
the patient be transferred to a suitable hepatobiliary surgery center [17].

If IBDIs are diagnosed early postoperative with sever peritonitis the abdominal cavity
needs prompt early drainage with either intervention radiology by US or CT-guided
tube drainage or open surgical drainage may be an alternative. If there is no peritonitis
the bile duct system can be evaluated laparoscopically, and the clips causing partial or
complete biliary occlusions be removed at the same time. If there are ischemic lesions
after clip removal, stents may be placed endoscopically to minimize the risk of stenosis
formation ['8l. When peritonitis with severe sepsis are encountered, several weeks (2-3
wk) are needed for resolution of the acute inflammatory phase and hence the corrective
surgery should be postponed 2.

For patients with complete bile duct ligation with lost ductal continuity confirmed by

MRCP (Figure 2) or whose IBDIs diagnosed late postoperative, surgery is indicated




without delay; he extrahepatic part of the bile duct system is to be replaced with a
Roux-en-Y hepatico-ﬁunostomy (191,

Usually, Roux-en-Y hepatico-jejunostomy is preferable to direct reconstruction with an
end-to-end anastomosis with low complication rate and good prognosis (1. Although
such reaﬁstructions can still lead to major problems such as biliary stenosis, liver
cirrhosis and may require further interventional measures such as dilatation or further

surgical correction, or even liver transplantation [19].

EMERGING ROLE OF ENDOSCOPY

The introduction of ERCP in management of IBDIs, reduced the need for secondary
surgical interventions especially for cases with low flow biliary leaks [020] with
acceptable long term outcomes.

Several reports in the literature figured out the efficacy of ERCP in the management of
iatrogenic biliary injuries, with rates of success ranging from 80% to 100% 47101
However, the efficacy varies according to the nature of the injury with higher success
rates reported for low flow leaks, and the lowest success rates for complete bile duct
ligation and modest for biliary strictures.

OPTIMAL TIMING OF ERCP

The timing of intervention by ERCP for IBDIs management is still a matter of discussion
[21], with time intervals vary from intraoperative ERCP to months after the time of the
offending surgery as shown in Table 1. Most of the published literature lacks clear
guidelines, and it seems that the endoscopist decision when to intervene based on the
circumstances case by case is the actual practice [10].

In one recently published study by our team [, we evaluated 26 patients with IBDIs
(most of them had high flow leaks due to cystic duct problems, n = 14), and we did not
notice differences between early [(within one week) vs late (beyond one week)
intervention by ERCP regarding the access rate, the ease of papillary cannulation, type
and size of the inserted stents. But, it is noticeable that most of the cases are actually

referred to ERCP after one week, both in our study and many others 579, a similar




practice to the real life scenario. However, it is not known whether early (within one
week) ERCP intervention would be beneficial 4791,

We think a multidisciplinary approach and combined decision should be taken before
proceeding to ERCP aiming at defining the possibility of success and the probability of
failure in addition to determining the next step.

Depending on the current evidence we suggested an algorithm shown in Figure 4 for
the optimal timing of ERCP management. For the simplicity, suspected IBDIs should be
evaluated by full history taking, complete clinical examination, assessment of the post-
operative surgical drains, laboratory investigations including liver biochemistry and
abdominal ultrasonography. The decision for the next step should rely on the MRCP
assessment addressing the continuity and patency of biliary ductal system [1°].

A- Lack of bile duct continuity e.g. complete ligation or clipping of the common bile

duct (Figure 2 and Figure 5). Those patients should go directly to surgery without
further delay, nor exposure to unnecessary ERCP. Sometimes, for lost ductal continuity
without loss of tissue, a non-surgical approach can still be tried, for example combined
endoscopy/interventional radiology with Rendezvous procedure followed by
progressive stenting.

B- Bile duct continuity confirmed:Those patients can be further sub-divided into three

categories:

- Low-flow biliary leak e.g. leak from the gallbladder bed. In those patients the surgical
drains output is usually mild and the associated liver biochemical abnormalities are
minor ad hence lower frequency of sepsis. Previous reports showed that 4.3% [°l, 6.8%
18, and 19.1% [19 of those patients may heal spontaneously over a period of 1-2 wk with
conservative methods ['%22] Consequently, we can recommend against early ERCP in
these cases especially if associated with no residual stones in the CBD which means that
the CBD pressure is not high and the bile flow across the leak is not high and there is a
real chance for healing. Late ERCP may be tried for cases with continuous leak beyond

2 wk 481,




- High flow bile leaks e.g. slipped cystic duct clips (Figure 6). In those patients the
amount of leak is high and the output from the surgical drains is also high and
ultimately the risk of sepsis is enhanced. We recommend against delay of ERCP in those
cases, especially if associated with residual CBD stones, because this will increase the
CBD pressure and hence increase the amount of the leak and lowers the chance of
healing. In fact, those patients will benefit from both lowering CBD/duodenal pressure
gradient following the limited sphincterotomy and securing the site of the leak by the
positioning of a stent beyond the site of the leak.

- Strictures: The data about timing of ERCP for suspected or confirmed strictures are
controversial. However, when a biliary stricture lesion is confirmed we recommend
proceeding to ERCP due to many reasons. With strictures, there may be proximal leaks
and also there may be a risk of cholangitis. Another important issue is that, this
category of patients need many sessions of ERCP with balloon dilations and upgrading
the inserted stents, over a period up to 24 mo 7. Whether early ERCP may overcome
early development of tight stricture is not known, but our experience favors early ERCP
in those patients because it is associated with favorable outcomes.

ERCP Interventions

A number of endoscopic interventions have been associated with improved outcomes
in the management of IBDIs. Sphincterotomy alone has been associated with success
rates up to 87.1% in the management of IBDIs; however it seems that this procedure
does not fit all IBDIs. For low flow leaks, limited sphincterotomy will reduce the
pressure exerted by the sphincter of Oddi and preserve the sphincter function at the
same time, this will be sufficient for management of such cases [37.23].

However, cases of high flow leaks will not benefit from this intervention alone. In fact,
those patients when treated with sphincterotomy alone up to 12% of them required
reexamination with ERCP and stenting [7.24.Consequently, limited sphincterotomy plus
stenting is highly recommended for treatment of IBDIs with high flow 3721
Sphincterotomy will diminish the pressure exerted over the stent while the properly

inserted stent will secure the site of the leak and give chance for healing. IBDIs cases




treated with stent insertion alone without sphincterotomy were associated with an
increased risk of pancreatitis [721, and hence it seems that combined sphincterotomy
plus stent insertion is the ideal management for those patients. The diameter of the
inserted stents in this category of patients is also a matter of discussion. In our
experience the larger 10Fr inserted stents secure appropriate drainage and are
associated with better outcomes. Mavrogianni et al 21, showed that small 7Fr plastic
stents were comparable to 10Fr stents in the final outcomes. Other authors [410 reported
non-significant better results with wider stents in comparison to narrower stents.

Cases with strictures are somewhat problematic, in part due to the multiple sessions of
ERCP with multiple dilatations and upgrading in the number and size of the inserted
stents over a period up to 24 mo, and in part due to unsatisfactory short term response
rates to dilations with complications in a proportion of patients. Those cases were
usually treated surgically by Roux-en-Y-hepaticojejunostomy, however after the
introduction of ERCP, the majority of those cases are amenable for endoscopic
management with satisfactory results. Several reports in the literature showed
comparable efficacy of ERCP to bilio-enteric bypass surgery, however with less
morbidity and mortality. Strictures following bile duct injury or post-exploration seem

better in its response to management than ischemic stricture do 72671,

ROLE OF INTERVENTIONAL RADIOLOGY IN MANAGEMENT OF IBDIS

In parallel with the major advancements reported in the endoscopic management of
IBDISs, several interventional radiology techniques have been associated with improved
outcomes among those patients. The interventional radiologic procedures can simply be
categorized to either managing the consequences of IBDIs through either flow diversion
e.g. percutaneous drainage of retained intrahepatic bile through catheter (PTD) (28] or
leak drainage e.g. drainage of biloma or peritoneal abscess [2%], under guidance of US or
CT or definitive treatment for the IBDIs itself and this include percutaneous insertion of
stents for biliary strictures, or adjunctive role for endoscopic management through

helping to gain access to the difficult cases of biliary cannulation e.g. by Rendezvous




technique 2829, Innovative percutaneous techniques for treating refractory bile duct
injuries include covered biliary stents, bile duct embolization with glue, and
percutaneous hepaticojejunostomy and hepaticogastrostomy (2521, The complications
associated with these procedures vary from technical difficulties, failures, leaks, and
cholangitis to fever [28-30]. The interventional radiology procedures are superior over
endoscopic procedures in patients with altered enteric passagg, high up obstruction or
leakage where endoscopic approach becomes impossible [28629]. Its advantages compared
to surgery were its minimal invasive nature, reduced risk of complications, and the fact

that all options remain open in case of failure [28-311,

CONCLUSION

IBDIs diagnosed intraoperatively are ideally treated surgically whenever expert
hepatobiliary team is available. Endoscopic management for IBDIs is promising with
favorable outcomes. There is no agreement in the literature for the optimal timing to
intervene with ERCP for cases of IBDIs. Consequently, we proposed an algorithm for
management of cases with IBDIs; all patients with suspected IBDIs should be examined
by MRCP before ERCP. Following MRCP patients with bile duct discontinuity should
be referred to surgery without delay while cases with bile duct continuity should go to
ERCP. For cases with low-flow leak, observation for 1-2 wk is advised, unlike cases with
high-flow leak and biliary stricture; they should go to ERCP without delay.
Sphincterotomy plus stenting is the ideal management of cases with IBDIs.
Interventional radiologic techniques are promising options especially for cases of failed

endoscopy and also for cases with altered anatomy.
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