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of Bile Duct Injuries
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and Post-Operative Strictures

Arthur Richardson

Introduction

Bile duct injury (BDI) is associated with signifi-
cant morbidity and mortality and may occur after
gastric, pancreatic and biliary surgery. The vast
majority of injuries occur following laparoscopic
cholecystectomy (LC) and the diagnosis is often
delayed with an associated increase in morbidity
and mortality. The discussion will focus on the
diagnosis and treatment of BDI following LC and
will divide treatment into early and late injuries.
LC has become the treatment of choice for
symptomatic gallstones since its introduction by
Perissat, [1] Dubois and Colleagues [2] in France
and Reddick and Olsen in the United States [3].
As LC rapidly replaced open cholecystectomy
(OC) it became clear that the incidence of BDI
was higher by a factor of about 2-3x [4-7]. It is
now one of the most commonly performed gen-
eral surgical operations and as such, although the
frequency of BDI is low the prevalence is signifi-
cant [8]. It was initially assumed by some author-
ities that the incidence of BDI would decrease
with increasing surgeon experience [9-11] and
although there is evidence to support this view
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[12], it does appear that the incidence of BDI
remains at an unacceptable level.

The incidence of BDI following LC is dif-
ficult to ascertain. Up to one half of general
surgeons may have been responsible for a BDI
[13, 14] and a majority of surgeons may regard
them as unavoidable and a legitimate compli-
cation of LC [14, 15]. In the author’s opinion,
this view is incorrect and BDI following LC
should be regarded as an avoidable complica-
tion in most circumstances.

There is wide variation in the estimates of the
incidence of BDI following LC. In the decade
following the introduction of LC the incidence of
BDI varied from 0.3% to 0.7%. [8, 10, 16-18].
More recent large population studies suggest
that the incidence has declined and stabilised.
A Swedish study analysing more than 150,000
cholecystectomies performed between 1987 and
2001 found a major BDI rate of 0.40% [19].
They found that the risk increased with older
age and male gender and was decreased by the
use of operative cholangiography. A more recent
study from Sweden [20] looked at 55,134 chole-
cystectomies performed between 2007 and 2011
and found 174 BDI (0.3%) but only 30 patients
required an hepatico-jejunostomy for reconstruc-
tion (0.05%).

A Finnish study [21] looked at 1616 OC and
6733 LC collected between 1997 and 2007.
Altogether there were 75 BDI for an overall inci-
dence of 0.9% which was divided into 20 BDI
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(1.24%) in the OC group versus 55 BDI in the LC
group (0.82%). However, this included minor
BDI as well as major BDIs and the majority of
cases were managed endoscopically. If only cases
requiring laparotomy were regarded as major
injuries the incidence was much lower being 3 in
the OC group (0.1%) and 18 in the LC group
(0.2%).

There are reports of lower rates of BDI in the
literature. A report from the Kaiser Permanente
Northern California system looked at 83,449
patients who underwent LC between 1995 and
2008 [23]. They found 84 BDIs (0.10%) but of
these more than half were cystic duct leaks.
Only 34 (0.04%) of the injuries were major in
that they required surgical reconstruction.
There was a trend towards more severe proxi-
mal injuries and misinterpretation of the anat-
omy was cited by 92.9% of the surgeons as a
contributing factor.

In one of the largest studies using the nation-
wide inpatient sample (NIS) in the United
States, Worth et al. [24] analysed 3,741,260 LC
between 2001 and 2011 and were able to show
that the percentage of patients requiring a bili-
ary reconstruction was 0.11% of LCs in 2001
versus 0.09% of LC in 2011, a statistically non-
significant change. As this is an administrative
database it is possible that this study underesti-
mates the true incidence. Alternatively, a review
of single incision laparoscopic cholecystectomy
(SILC) suggested that the BDI rate was
increased at 0.72%. However, it appears that the
majority of these injuries were relatively minor
being Strasberg A and as such the incidence of
major bile duct injury was about 0.3% [25].
Only 13% of patients in this study had an opera-
tive cholangiogram. There appear to be method-
ological issues with this paper as pointed out by
others [26, 27] and further investigation will
be required to determine if there is an
increased incidence of BDI with SILC versus
conventional LC.

There is evidence to suggest that the rate of
BDI has stabilised. Khan et al. [28] looked at the
rate of BDI referred to a tertiary referral ERCP
service over an 8.5-year period. Of 17,684
records they identified, 183 patients had a
BDI. However, only 17 of these cases were

common bile duct (CBD) or right hepatic duct
(RHD) transections. They concluded that the fre-
quency, anatomic distribution and rate per 100
ERCPs was static and this finding has been sup-
ported by other reports [29, 30].

When one critically reviews all of the recent
available literature it would appear that the rate of
major BDI requiring surgical reconstruction in
countries with well-developed surgical care is of
the order of 0.05-0.2% which equates to one case
every 500-2000 LC. The weight of evidence
would suggest that the figure is closer to one
major BDI per 600—1000 LC and it appears to
have remained stable over the past decade. There
appears to be a trend towards more severe proxi-
mal injuries in the LC era [23].

No matter how one calculates the incidence it
remains at an unacceptable level. Sedlack [31]
analysed the issue from a quality improvement
point of view. Specifically, if an incidence of one
major BDI per 1500 LC is accepted as the rate of
injury and if one applies six sigma design this
equates to 95 defects per million opportunities
(DPMO) and 5.25 sigma. If this rate were applied
to the airline industry this would equate to 20
commercial airline crashes per day in the United
States alone. Sedlack goes on to point out that if
a DPMO of 3.4 is the accepted best practice [32]
then at this rate the incidence of major BDI
should be one case per 45,000 LC.

Classification of BDI

Multiple classification systems have been pro-
posed over many years which often make com-
parison between surgical series confusing and
misleading. The original classification was pro-
posed by Bismuth and Corlette [33] in the era
prior to LC and related to bile duct strictures
(Table 23.1). This system is relatively simple to
use and is based on how proximally the injury
occurred and the length of the healthy proximal
bile duct stump. This does tend to correlate with
the ease of repair and with the ultimate outcome
of repair [34]. However, it does not include any
associated vascular injury.

A simple classification dividing injuries into
major and minor was proposed by McMahon
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[35] but this has limited usefulness in the era of
LC. Likewise, the Csendes [36] classification
attempted to simplify the grading of BDI but is
rarely quoted in the contemporary literature. In
an attempt to account for injuries in the LC era,
Stewart and Way [37] developed a classification
to try and describe the whole spectrum of injuries
but does not take account of associated vascular
injuries.

In Europe there have been multiple classifica-
tion systems proposed some of which are used in
the literature. The Amsterdam classification [38]
was proposed as a more simple system in 1996
and this is again perhaps too simple for the era of
LC but is not infrequently used in predominantly
European publications. Neuhaus [39] proposed a

Table 23.1 Bismuth’s classification

Type Criteria

1 Low CHD stricture, with a length of the
common hepatic duct stump of >2 cm

2 Proximal CHD stricture-hepatic duct stump
<2 cm

3 Hilar stricture, no residual CHD, but the
hepatic ductal confluence is preserved

4 Hilar stricture, with involvement of
confluence and loss of communication
between right and left hepatic duct

5 Involvement of aberrant right sectorial
hepatic duct alone or with concomitant
stricter of CHD

Fig.23.1 Strasberg classification. (a) Bile leak from cys-
tic duct or minor biliary radical in gallbladder fossa. (b)
Occluded right posterior sectoral duct. (c) Bile leak from
divided right posterior sectoral duct. (d) Bile leak from
main bile duct without major tissue loss. (el) Transected

main bile duct with a stricture more than 2 cm from the
hilus. (e2) Transected main bile duct with a stricture less

system but it does not describe associated vascu-
lar injuries, is complicated and is infrequently
used. Likewise a classification from Hong Kong
[40] has not received widespread adoption.

The Strasberg classification [41] (Fig. 23.1) is
probably the most widely accepted system and
builds on the Bismuth classification. It defines
major duct injuries as well as the causes of bile
leaks (Chap. 22). It is relatively simple to remem-
ber and use (Table 23.2). It is divided into five
classes (A-E), with five subclasses in E (E1-5).
Type A represents a bile leak from the cystic duct
or an accessory duct but where there is no loss
of continuity with the common bile duct. Type
B is a divided sector or segmental duct where
there is no continuity with the common bile duct
but no associated bile leak. Type C represents a
leak from a sector or segmental bile duct but no
continuity with the common bile duct. Type D is
a partial section of the major bile duct but it is
still in continuity with the biliary system. Type
E is a complete transection of the major bile
duct and the five subtypes (E1-5) relate to the
stump length remaining. It appears that long term
results can be correlated with the Strasberg grade
of injury [42].

In 2007 the group from Hannover [43]
attempted to devise a system that took account
of the weaknesses and strengths of other classifi-
cation systems. They pointed out that the injury

E, Es

than 2 cm from the hilus. (e3) Stricture of the hilus with
right and left ducts in communication. (e4) Stricture of the
hilus with separation of right and left ducts. (e5) Stricture
of the main bile duct and the right posterior sectoral duct
(from Strasberg SM et al. An analysis of the problem of
biliary injury during laparoscopic cholecystectomy. J] Am
Coll Surg 1995;180:105)


https://doi.org/10.1007/978-3-319-63884-3_22

350

A. Richardson

Table 23.2 Comparison of Bismuth and Strasberg
classifications

Biliary anatomy Bismuth | Strasberg
Cystic duct leak or leak from | — A
small ducts in liver bed

Occlusion of an aberrant RHD | — B
Transection without ligation - C
of an aberrant RHD

Lateral injury to CBD (<50% | — D
circumference)

CHD stricture, stump >2 cm Type 1 El
CHD stricture, stump <2 cm Type 2 E2
Hilar stricture, no residual Type 3 E3
CHD, confluence is preserved

Hilar stricture, involvement of | Type 4 E4
confluence, loss of

communication between RHD

and LHD

Stricture of low-lying right Type 5 -
sectorial duct (alone or with

concomitant CHD stricture)

Injury to an aberrant RHD Type 5 E5
plus injury in the hilum

CBD common bile duct, CHD common hepatic duct,
LHD left hepatic duct, RHD right hepatic duct

in relation to the confluence of the hepatic duct
and any associated vascular injury were major
determinants of the outcome of surgical repair
and as such these factors need to be accounted
for in any comprehensive classification system.
They contended that the major weaknesses of
the other classification systems were that the
Strasberg and Neuhaus systems did not con-
sider vascular involvement and that the Stewart-
Way and Neuhaus systems did not discriminate
between injuries involving the confluence of the
hepatic duct. Although the Hannover system is
comprehensive it has not gained widespread use
due to its complexity.

In view of all these difficulties with classifi-
cation systems and in light of the difference in
type of BDI in the LC era—the injuries seem to
be more proximal, they more often present as bile
leaks rather than strictures and frequently there
appears to be an associated vascular injury often
with loss of tissue, the European Association
for Endoscopic Surgery (EAES) proposed a
classification integrating the best features of
other classifications [44]. It includes three cat-

egories and is referred to as AToM (Table 23.3).
The three categories are A (for anatomy), To
(time of) and M (mechanism). Additionally,
the description includes the anatomic charac-
teristics of the injury: NMBD for non-main bile
duct or MBD for main bile duct (followed by
a number 1-6 corresponding to the level of the
injury on the main bile duct, followed by Oc
(for occlusion), or D (for division), P (partial)
or C (for complete), LS (loss of substance), VBI
(vasculo-biliary injury), and the vessel when
known (RHA, LHA, CHA, PV, MV); time of
detection: Ei (early intraoperative), Ep (early
post-operative-defined as less than 7 days) or L
(late); and mechanism of injury: Me (mechani-
cal) or ED (energy driven). Additionally, the
EAES proposed a classification matrix for the
time of occurrence of the BDI (Table 23.4). This
is the most comprehensive classification system
for BDI and is likely to replace other systems.
Certainly, from the point of view of accurate
reporting and comparison of cases this is the
preferable system.

Prevention of BDI

The technique of LC and how to deal with the
difficult case has been covered in Chaps. 13, 16,
and 19.

BDI should be regarded as preventable in the
majority of circumstances. Although inexperi-
ence may play a part in some injuries it is sobering
that up to half of BDI are caused by experienced
surgeons. Although this may be related to expe-
rienced surgeons doing the most difficult cases
[13, 45]. In the majority of instances it appears
that major injuries arise from misidentification of
the anatomy rather than aberrant anatomy—most
typically the common bile duct for the cystic duct
[23, 46-48]. Certainly, it appears that more dif-
ficult cases with fibrosis and inflammation may
be at higher risk of a BDI but the author’s experi-
ence is that many of these cases occur in young
women with no particular features of increased
risk. Often, the surgeon will describe the case as
straightforward and there may be no appreciation
that a BDI has occurred.
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Table 23.3 ATOM classification matrix for bile duct injuries (from Fingerhut et al. ATOM, the all-inclusive, nominal
EAES classification of bile duct injuries during cholecystectomy. Surg Endosc 2013; 27:4608-4619)

Anatomical characteristics Time of detection Mechanism
Anatomic Type and extent of injury Vasculobiliary Ei (de Ep |L Me ED
level injury (yes = VBI+) | visu, bile

and name of injured | leak,
vessel (RHA, LHA, | 10C)

CHA, PV, MV)
(no =VBI-)
Occlusion Division
C P c |p LS
MBD
1
2
3
4
5
6
NMBD

For each injury, the surgeon fills in the following matrix: (1) single injury (yes/no); (2) multiple injuries (yes/no). Then
one matrix is filled in for each injury, as appropriate. For example, an injury made by an energy-driven (ultrasonic) dis-
sector involving the superior biliary confluence with interruption or the right and left hepatic ducts, detected (intraopera-
tively) during the operation by the presence of bile would be classed as MBD 4 C VBI Ei, ED, The Connor Garden E6
injury is in fact a type 4 with LS: MBD 4 LS

EAES European Association for EndoSCOpic Surgery, MRD main biliary duct, NMBD nonmain biliary duct (Luschka
duct, aberrant duct, accessory duct), level 1 >2 cm from lower border of superior biliary confluent, level 2 <2 cm from
lower border of Superior biliary confluent, level 3 involves the superior biliary confluent but communication right left
is preserved, level 4 involves superior biliary confluent but communication right left is interrupted, level 5a right or left
hepatic duct, level 5b right sectorial duct but bile duct still in continuity, C complete, P partial, LS loss of substance. Me
mechanical, ED energy driven, VBI vasculobiliary involvement, RHA right hepatic artery, LHA left hepatic artery, CHA
common hepatic artery, PV portal vein, MV marginal vessels, Ei early intraoperative, Ep early postoperative, L late, OC
intra-operative cholangiogram

Indicate percentage of circumference, if known

"Indicate length, if known

Table 23.4 EAES classification matrix for moment of occurrence of BDI

Item Check if present

Before identification of cystic triangle elements

During identification (dissection) of Cystic triangle elements

After identification of Cystic triangle elements

(clipping, energy-driven or ligation of cystic artery or duct, opening of the cystic duct for
10C); misinterpretation of above mentioned structures)

Before cholecystectomy

During cholecystectomy

After cholecystectomy

During dissection or manoeuvers for stone extraction from main bile duct via cystic duct
During dissection or manoeuvers for stone extraction from main bile duct via common bile
During IOC (opening the cystic duct or what is thought to be so0), introduction of catheter or
instrument for IOC)

During other manoeuvers (hepaticoenterostomy)

After IOC (withdrawal of catheter or instrument)

Mechanical or energy-driven injury for elective haemostasis or ligation

Mechanical or energy-driven injury for unexpected bleeding

From EAES (http://www.eaes.eu)
EAES European Association for Endoscopic Surgery, BDI bile duct injury, /OC intraoperative cholangiogram
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The science of technical human error is
increasingly important in the practice of surgery
to limit the frequency and severity of complica-
tions. Cognitive psychology attempts to explain
how these errors occur and how they may be per-
petrated by experienced practitioners despite
strong evidence that a mistake has been made in
identification. As explained by Way et al. [47]
this can mean that the surgeon mistakes an abnor-
mal situation using a mental and familiar recol-
lection of the normal anatomy. This is then
further complicated by cognitive fixation [49]
and plan continuation meaning that the situation
is not questioned and the error is continued. This
may result in devastating consequences for the
patient. Dekker [48] wrote of the situation when
a variety of sensory, visual and tactile inputs
interact to promote action i.e. continuing the
operation. The situation may be made worse by
other traps and errors such as the gallbladder not
being retracted appropriately such that the cystic
duct remains “hidden” [50]. Clearly, surgery has
a lot to learn from this science.

Early in the era of LC it was clear that there
was a problem with an increased rate of BDI and
there was an attempt to develop guidelines to pre-
vent BDI. At the National Institute of Health con-
sensus conference in the early 1990s [51], seven
critical steps were described to accurately identify
the anatomy. It is not clear how widely these rec-
ommendations were adopted and there did not
appear to be any improvement in the BDI rate
during the late 1990s. Further preventative
descriptions were proposed [6, 52] and these
mostly involved dissection close to the gallblad-
der, avoidance of diathermy close to the common
bile duct, careful identification of the cystic duct/
common bile duct junction but without unneces-
sary dissection and the use of a 30° laparoscope.
As pointed out by Connor [15] however, the above
assumes that the anatomical identification and
interpretation is appropriate which is often not the
case. There are however, anatomical landmarks
which may be helpful before dissection is begun.
The author finds identification of Rouviere’s sul-
cus helpful (Chaps. 1 and 16, Fig. 16.16) as dis-
section above this point will be safe. That said,
this is not a constant anatomical finding because it
is absent in up to 25% of patients [49].

One of the most commonly used techniques
for biliary anatomical identification is the critical
view of safety (CVS) as initially proposed by
Strasberg and colleagues in 1995 [41]. More
recently, CVS was re-described in detail [53] and
contains three requirements. First, all fat and
fibrous tissue must be cleared from the
cholecystohepatic triangle (Figs. 16.8 and 16.9).
An understanding of the anatomy of the fibrous
connections of the liver and in particular the cys-
tic plate (Chap. 1) is required to fulfil the second
requirement. This second requirement requires
the inferior portion of the gallbladder to be sepa-
rated from the cystic plate to open the cholecys-
tohepatic triangle (Fig. 16.10). Lastly, the third
requirement is that this dissection should leave
two and only two structures, being the cystic duct
and cystic artery entering the gallbladder (Fig.
16.17). Once these three requirements have been
met a CVS (Fig. 16.15) has been achieved. Photo
or video documentation may be helpful for peer
review, training and medico-legal purposes.
Achievement and documentation of a CVS is
mandatory in some countries [54] and is certainly
strongly recommended [55-57]. In the author’s
opinion, achieving a CVS is essential in the per-
formance of LC but, as it appears that a signifi-
cant number of injuries occur while the surgeon
is trying to achieve a CVS [46], it is not by itself
sufficient to prevent BDI.

More recently, the use of checklists have been
proposed by Gawande and others for a num-
ber of surgical interventions with an overriding
objective to reduce error rates and improve out-
comes [58]. A number of surgical procedures
may be appropriate for this type of checklist and
LC is an ideal surgical procedure as there are a
number of critical steps involved.

Connor and colleagues [59] have described a
five step approach which embraces the major
safety measures to prevent BDI in a systematic
way. They are:

1. To confirm the gallbladder lies in the hepatic
plane and is retracted to the 10 o’clock posi-
tion (Fig. 16.4).

2. Confirm Hartman’s pouch is lifted up and
toward the segment 4 pedicle (Figs. 16.6a, c,
16.7a).
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3. Identify Rouviere’s sulcus (Figs. 1.18 and
16.16).

4. Confirm the release of the posterior leaf of the
peritoneum covering the hepato-biliary trian-
gle (Figs. 16.7, 16.8).

5. Confirm the critical view of safety (Figs. 1.19
and 16.15) with or without operative
cholangiography.

A key part of establishing the critical view of
safety is dissecting from the cystic plate toward
the cystic duct. When this cannot be achieved, a
subtotal cholecystectomy should be performed
(Chaps. 16 and 18). Failure to do so and dissect-
ing more distally away from the gallbladder leads
to misidentification of the CBD as the cystic duct.

There remains a controversy over the useful-
ness or otherwise of routine operative cholangi-
ography (Chaps. 1, 16, 17, 18 and 20). It is fair to
say that around the world the rate of routine oper-
ative cholangiography appears to be declining
although this varies between countries. Certainly,
in Australia there are surgeons who perform
intra-operative cholangiography (IOC) routinely,
selectively and not at all. Using large administra-
tive databases, it is possible to get some idea of
the rate of IOC. Amongst 20,307 patients between
2006 and 2009 in Denmark the rate of cholangi-
ography being performed was less than 10%
[22]. In Switzerland the rate of IOC declined
from 37.1% in 1995 to 30.1% in 2005—a statisti-
cally significant decline [60].In a recent survey of
surgeons in the United States IOC was only used
in 16% of cases [61]. Using the United States
nationwide inpatient sample between 2004 and
2009, 111,815 cases of cholecystectomy were
analysed and only surgeons performing more
than 10 cases per year were included. Even so,
the average number of cholecystectomies per sur-
geon per year was still only 23.6. The average
rate of IOC per surgeon was only 30% and the
authors concluded that there was no difference in
mortality or BDI rate but that the group having
routine IOC received more additional procedures
and incurred higher costs [62].

The major controversy with regard to routine
10C is whether it helps to avoid BDI. The issue
has unfortunately been bedeviled by poor quality
research on both sides and is unlikely ever to be

resolved to every surgeon’s satisfaction. The
issue of routine IOC and the role of IOC has been
discussed at length in Chap. 17. In summary, the
author and the editors strongly support the use of
routine IOC. Clearly, the technique of operative
dissection and correct identification is the main
factor in prevention of BDI. The use of routine
IOC augments good dissection as demonstrated
by the studies looking at large data bases where
there is a significant reduction in the rate of BDI
when IOC has occurred [12, 19, 63—-67]. Secondly
the correct performance and correct interpreta-
tion of the IOC reduces the extent of the injury
and diagnoses the injury at the time of operation
allowing for an immediate repair with improved
outcomes [65, 67-70].

Management

The management of bile leaks and BDI can be
divided into early and delayed according to the
type of injury, using the Strasberg classification
(Fig. 23.1 and Table 23.2).

Early Recognition of BDI

Type A

Most Type A injuries will present as a bile leak.
It does appear that there has been an increase in
the occurrence of bile leaks with LC [73, 74].
Occasionally bile leaks will be diagnosed intra-
operatively but the majority will present within
24h of the operation [75, 76].

The presentation of bile leaks due to a Type A
injury and to some extent their subsequent man-
agement is dependent on whether a drain was
inserted at the time of LC. In those patients who
have a drain there may be bile in the drain imme-
diately post operatively (Fig. 23.11).

Where no drain has been placed, the immedi-
ate post-operative bile leak presents as severe
post-operative pain or a patient that does no prog-
ress well after surgery. Any patient that is not
well and able to be discharged within 24h of sur-
gery or has severe abdominal pain should be con-
sidered to have a bile leak until proven otherwise.
Delayed recognition and failure to manage
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Bile leak post LC

!

v

!

] MRCP (or ERCP) \

Laparoscopy, washout, and placement of drain;
control of bile leak if possible; percutenious drain
under ultrasound or CT control may be appropriate

ERCP + stent

Repeat ERCP4-6 weeks later,
remove or replace stent

Leave drain

Resolution

’ Continuing leak or sepsis ‘

Fig. 23.2 Algorithm for the management of bile leak post LC (Strassberg Types A, C)

promptly results in the development of sepsis and
poor outcomes. The investigation and treatment
of Type A injuries and associated biliary peritoni-
tis is discussed in Chap. 22 (Figs. 22.1 and 23.2).

Type B injury
Variations in biliary anatomy, particularly of the
right hepatic duct system (Chap. 1) is a known
risk factor in LC. There may be aberrant anat-
omy in up to 24% of patients undergoing LC
[77]. Anomalous drainage of the right posterior
sectoral bile duct into either the cystic duct or
common hepatic duct (Figs. 1.9b and 1.9e) is
one of the most common aberrations and occurs
in 2-5% of patients [78-80] (Chap. 1). This
injury is not covered by the Bismuth classifica-
tion but is a type B Strasberg injury when it is
occluded without leakage, usually by clips. Note
these patients do not present with a bile leak as it
involves occlusion of the sectorial duct system.
Not all of these injuries are diagnosed early
after the LC. As they do not present with a bile
leak or jaundice they may not be detected for a
prolonged period of time resulting in atrophy of
segments 6 and 7. Some patients, however, do
present with vague symptoms with abnormal cho-
lestatic liver function tests or recurrent episodes of
cholangitis [8§1-83]. In the past it was not uncom-
mon for these injuries to be misdiagnosed due to
misinterpretation of a “normal” ERCP although

in specialist centres with MRCP the diagnosis
should not be missed. In the author’s experience
PTC is rarely required for diagnosis or treatment.

In the past, surgery was often advocated for
the treatment of these injuries to prevent the
development of cholangitis or abscess formation
[79, 80, 83]. More recently, however, manage-
ment has evolved with non operative manage-
ment of this type of injury the preferred initial
approach [84]. Operative management which
may involve liver resection should be reserved
for patients who develop infective complications
(cholangitis or liver abscess).

Type CInjury

Type C injuries are more problematic than Type
B injuries because the risk of late diagnosis
with infected bile collections is more common.
Altogether, injuries to the right posterior sectoral
duct during LC, either with occlusion or divi-
sion, make up about 11% of all BDI associated
with LC [85]. If the injury is recognised intra-
operatively, and there is specialist HPB assis-
tance available, consideration should be given to
immediate reconstruction with a roux-en-y loop.
The size of the right posterior sectoral duct is an
important determinant in this decision and gener-
ally if the duct is less than about 2 mm, the risk
of subsequent stricturing is high and it may be a
disadvantage to try and repair a small duct due
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to the possible introduction of bacteria. There is
limited data available on the long term outcome
of these repaired cases but it would appear that at
least one third of cases do develop strictures [83,
86]. In the circumstance where no specialist HPB
assistance is available, it is preferable to place
a drain and transfer the patient to a specialist
centre. In the situation where there is specialist
assessment available and the RPSD is too small
for reconstruction, then ligation to convert the
injury to a Type B injury is appropriate.

Most of these injuries are not recognised intra-
operatively and present with bile in the drain
(Fig. 22.12) or biliary peritonitis. The initial man-
agement of biliary peritonitis when diagnosed
early is discussed in Chap. 22. At laparoscopy
if a sector duct injury is suspected only a lavage
and drain should be performed, unless the sur-
geon is an experienced HPB surgeon. Where the
diagnosis of biliary peritonitis is delayed and the
patient resents with sepsis and established collec-
tions the most pressing problem is treatment of
sepsis with appropriate antibiotics and adequate
drainage of bilomas which can be accomplished
with the placement of percutaneous drains after
CT assessment. Once sepsis and the bile leak are
controlled the next step is appropriate imaging
with MRCP/ERCP to delineate the injury and
the placement of an endoscopic stent to decrease
the biliary drainage from the distal portion of the
injury. Often with this treatment the biliary fis-
tula can be managed non-operatively in the first
instance and some of these fistulas will seal with
corresponding atrophy of the liver segments. If
the patient is well, it may be reasonable to wait
up to 8 weeks with this conservative approach
[84] for the fistula to close (Fig. 23.2). This is
more likely if the initial diagnosis is made early,
the bile peritonitis treated before sepsis is estab-
lished. If at the end of this period the biliary fis-
tula has not closed, then an operative approach
with either delayed reconstruction, ligation or,
rarely, liver resection can be performed.

Type D Injury

The critical issues in deciding the appropriate
treatment for this type of injury are whether there
has been any associated thermal injury to the
biliary tree, the involved circumference of the

bile duct and the diameter of the bile duct. Clearly
if there have been significant thermal injury con-
servative measures are likely to fail early or result
in subsequent stricturing. If the injury is recog-
nised intra-operatively and if the involved diam-
eter of the injury is no more than 25%, there is no
loss of ductal tissue, no thermal injury and the
diameter of the bile duct is at least 4 mm, then
primary repair at the time is indicated. The repair
may take the form of either primary suture with
5/0 or 6/0 PDS sutures if the defect is very small,
or more commonly a repair over a fine bore
T-tube or the placement of an antigrade biliary
stent across the ampulla. The procedure can be
done laparoscopically but is more frequently
done with an open procedure. In the circumstance
where there has been significant damage to the
bile duct with probable thermal injury, then an
hepatico-jejunostomy (HCJ) is indicated. If the
injury is diagnosed at some time after the index
LC, then an endoscopic approach may be feasible
depending on the circumstances.

It is generally accepted that there is little place
for an end-to-end repair over a T-tube because
of the 50-60% incidence of late stricture forma-
tion [41, 87]. However, there is now extensive
experience in end-to-end biliary anastomoses in
liver transplantation [88, 89]. One of the advan-
tages of this technique is that it facilitates endo-
scopic access and dilatation if it is required.
Additionally, there may be a disadvantage of HCJ
in that it is less physiologic and may be associ-
ated with introduction of bacteria into the bili-
ary tract, malabsorption and impaired ability to
gain weight [90, 91]. However, end-to-end repair
is contraindicated when the bile duct is less than
4 mm in diameter, where the loss of circumfer-
ence is more than 30% of the bile duct diameter,
where the injury is located less than 2 cm from the
ductal confluence, where there is a thermal com-
ponent to the injury and where there is an associ-
ated vascular injury [92-94]. It requires specialist
HPB experience to determine the appropriate sur-
gical repair and in practical terms is rarely used.

Type E Injury

Strasberg type E injuries are the most difficult
injuries to deal with and are generally associ-
ated with the poor long term results. In these
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injuries there is a complete transection of the
bile duct and/or the hepatic ducts. Less than a
third of these serious injuries are recognised
intra-operatively [15, 17, 21, 95]. This is impor-
tant as there is strong evidence that intra-oper-
ative diagnosis and immediate management
is associated with better early and long term
outcomes and the avoidance of post-operative
complications such as bilomas, cholangitis and
strictures. Bilomas and cholangitis are associ-
ated with the development of sepsis which is the
major cause of mortality in this group [41, 96,
97]. As previously stated there is evidence that
routine IOC may be associated with a higher
rate of intra-operative diagnosis and less severe
injuries [65, 67-70]. If the injury is recognised
and there is specialist HPB assistance available,
then the injury should be repaired immediately.
The principles are outlined in the algorithm in
Fig. 23.3. In the circumstance where there is no
assistance available, then it is appropriate that
no further dissection occur, a drain be placed
and the patient transferred to a specialist unit.
Some units are able to offer an outreach service
for immediate repair of intra-operatively recog-
nised BDI [98].

The majority of these injuries present post-
operatively with either biliary peritonitis, bile in
the drain or obstructive jaundice. The management
of biliary peritonitis is as discussed in Chap. 22.

Unfortunately, type E injuries are often asso-
ciated with vascular injuries which can influence
the outcomes of repair. The most common asso-
ciated vascular injury is when the right hepatic

artery (RHA) is damaged at the time of the bile
duct injury. This accounts for 90% of vasculobili-
ary injuries and is probably because of its prox-
imity to the common hepatic duct (Figs. 1.14a
and 1.15) [93, 99, 100]. The RHA may be clipped
or diathermied during dissection if it is mistaken
for the cystic artery [37]. Additionally, it may be
inadvertently damaged if there is bleeding. The
RHA is probably damaged more frequently than
appreciated and may be asymptomatic. In an
autopsy study following open cholecystectomy, it
was shown that the RHA was injured in 7% of
cases [101]. Likewise, in the era of open chole-
cystectomy it was shown that the incidence of
hepatic arterial injury associated with a BDI was
13.8% [102]. In the era of LC it would appear
that the incidence is similar with about 12—-17%
of patients with a BDI having an injury to the
RHA [4, 103]. However, these figures may under-
state the true incidence and in the circumstance
where routine angiography is performed in
patients with BDI following LC the incidence has
been reported as 47% [104].

Isolated RHA occlusion is rarely associated
with significant hepatic ischaemia because of
the portal flow and collateral arterial supply.
When it is associated with a BDI, the morbid-
ity may be increased. This may be due to the
loss of collateral arterial supply via the marginal
arteries along the bile duct and the hilar mar-
ginal artery (Chap. 1, Fig. 1.15) [93, 104—-108].
As estimated by Strasberg et al. the incidence
of liver infarction in patients with a RHA/BDI
is probably about 10% and this tends to occur
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slowly over some weeks [93]. Most of these
patients have been treated with liver resection
[37, 103, 109, 110].

The effect of a RHA injury on the subsequent
outcome of a biliary reconstruction is controver-
sial. It has been suggested that the incidence of
stricturing and subsequent failure of the bilio-
enteric anastomosis is higher with an associated
RHA injury due to ischaemia and may be up to
50-60% [111-113]. However, there are two
larger contemporary series examining this issue
and neither found a worse outcome with biliary
reconstruction with an associated RHA injury.
Stewart et al. [37] studied a series of 84 patients
with combined BDI/RHA injuries and found no
difference in the long term success of biliary
reconstruction although the incidence of hepatic
ischaemia was 11% with 5% of the patients
requiring a liver resection. Similarly, Alves et al.
in a series of 55 patients found no difference in
the short or long term outcome of biliary recon-
struction in patients with a combined RHA/BDI

Fig.23.4 Hepp-
Couinard reconstruction.
(a) The bile ducts are
opened from the
confluence along the left
hepatic duct after this
hepatic plate is lowered.
The sutures held upward
are pre-paced in the
anterior wall prior to
suturing the posterior
wall. (b) closing the
anterior wall. (¢)
completed anastomosis

[104]. Using a Hepp-Couinaud reconstruction
(Fig. 23.4) with the left hepatic duct may be the
reason that there were less ischaemic strictures in
these two series and a 93% overall success rate
was achieved.

Other vascular injuries during LC involving
the portal vein with or without the common
hepatic artery are rare. Sixteen cases were identi-
fied by Strasberg et al. in their review [93]. Half
of these patients developed rapid hepatic necrosis
and liver failure requiring resection or transplan-
tation and 50% of these patients died. It is likely
that although these cases are rare they are under-
reported. Another study by Strasburg et al. sug-
gested that these “extreme vasculobiliary
injuries” may be more common in the situation
where a severely inflamed gallbladder is removed
at open operation by a fundus-down approach
(Chaps. 1, 16 and 19) [114].

The consequence of all of the above, however,
is that an associated vascular injury must be sus-
pected in every case of a Type E injury. Duplex
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ultrasonography will give some information
regarding the blood flow to the liver but is unreli-
able in diagnosing specific injuries [112].
Although coeliac angiography may be the gold
standard, CT or MR angiography will normally
provide an appropriate assessment.

It is controversial as to whether an associ-
ated RHA should be repaired and whether this
influences the eventual outcome of the biliary
repair. The artery may be injured in different
ways: transection, occlusion by clips or throm-
bosis. There are reports of successful biliary
repair without reconstruction of the associated
RHA injury [37, 104, 115] but certainly, proxi-
mal damage to the biliary tree associated with
a concomitant arterial injury may be associated
with biliary ischaemia and necrosis [109, 111,
115]. Li et al., adapted a policy of routine arterial
reconstruction when possible in their series of 10
patients with RHA injury in a total series of 60
patients with BDI. They were only able to repair
the artery in five patients and significantly, three
of the ten patients died [103].

Timing of Repair
The timing of operative repair for these injuries
has been a source of controversy. It is generally
agreed that the best results are achieved with
early recognition and early repair by an experi-
enced HPB surgeon [97, 116, 117] particularly
when it involves a complex more proximal injury
[118]. Only 17% of repairs performed by the pri-
mary surgeon were successful [87]. Additionally,
in a large series of BDI reported by Thomson
et al.,, 74% of the patients who had undergone
repair by the primary surgeon required further
surgery [119]. The fact that many older series
included repairs by both specialist HPB and non-
specialist surgeons may have skewed the results,
and may be the reason that early repairs have
been reported to have poorer outcomes [120,
121]. Generally, in more recent series, which
may involve earlier referral to tertiary centres,
there is no advantage in delaying repair in most
patients and good results can be achieved [97,
118, 119, 122, 123].

More importantly than the timing of repair is
the preparation of the patient for surgery. In the

patient where there has be a significant delay in
diagnosis and where there are undrained bile col-
lections with surrounding inflammation and
infection, early biliary repair may be associated
with more complications and poorer long term
outcomes [124]. Undrained bile collections can
become infected after only a few days [87]. It is
important that all intra-abdominal collections are
drained by CT or US guided percutaneous drains
to control infection and inflammation. Generally,
in these patients proximal drainage with a percu-
taneous trans-hepatic tube is indicated and helps
to control the intra-abdominal infection and
inflammation by decreasing the bile leak [125].
The definitive repair in patients presenting with a
delayed diagnosis and established sepsis should
be delayed until there has been a period of nor-
malisation of the inflammatory process.

Patients presenting with a controlled bile leak
usually will not have sepsis and can be repaired
early. Similarly, patients presenting with jaundice
and no bile leak can have the definitive repair
early as sepsis is usually not present. If there is
cholangitis this can be managed with a PTC.
Unfortunately, most patients present with a leak
and sepsis.

As pointed out by Connor et al. [15] delayed
diagnosis of a major BDI may be associated with
significant nutritional problems. It may precipi-
tate systemic inflammatory response and a low
serum albumin which is associated with poorer
operative outcomes [126—128]. Also, prolonged
periods of biliary-enteric disconnection are asso-
ciated with impaired response and predisposition
to infection [129]. In these types of patients, clin-
ical judgement as to when repair should be under-
taken is paramount.

Technique of Surgical Repair

Where there has been a complete transection
of the CHD/CBD, it is important to realise that
this involves an interruption to the anastomotic
blood supply to the biliary tract. This is particu-
larly the case with proximal injuries. As previ-
ously noted RHA injuries are commonly seen in
major BDI but even if the RHA is intact there is
impaired blood supply. This relates to the divi-
sion of the marginal arteries which ascend from
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the postero-superior pancreatico-duodenal arter-
ies (Fig. 1.15) These arise from the gastroduode-
nal artery and form a rich plexus of blood supply
around the biliary tract [107]. Previous reports of
end to end bile duct repair have shown a re-stric-
ture rate of 100% and this is mainly due to isch-
aemia [87]. Although good results were reported
by Sir Rodney Smith with his mucosal graft
procedure in the 1970s [130], there is really little
place for this technique in contemporary practice.

A successful repair requires that the anasto-
mosis is as wide as possible, tension free, well
vascularised and performed with fine sutures
which are absorbable and create minimal reac-
tion [131]. It is important that all ischaemic and
necrotic tissue be debrided back to a healthy duct.
In practice, for injuries where the biliary conflu-
ence is intact (Strasberg E1-3 injuries), this usu-
ally requires an anastomosis as proximal as
possible The best results will usually involve an
HCJ wusing the Hepp-Couinaud technique
(Fig. 23.4) [132]. In most cases of major BDI, the
biliary tract is not dilated nor fibrosed from
obstruction and this may involve a difficult anas-
tomosis to a thin walled and narrow bile duct. To
improve this situation Hepp described the tech-
nique of dropping the hilar plate to expose the
left hepatic duct in its extra hepatic course at the
base of segment 4 aided by the anatomical stud-
ies of Couinaud [133] (Fig. 23.4). In this way, the
left hepatic duct can be opened longitudinally
usually for a distance of 2-3 cm from the conflu-
ence to allow a side-to-side anastomosis using a
Roux-en-Y loop. It is important that the left
hepatic dochotomy not be taken too far to the left
as the segment 4 artery usually passes anterior to
the left hepatic duct from the left hepatic artery
and may be injured. As stated by Strasberg et al.,
this usually means that the extent of the dochot-
omy to the left is just to the right of the umbilical
fissure [131]. Similarly, the segment 4 duct may
enter close to the confluence and must be avoided
[134]. Generally, the incision in the left hepatic
duct is placed anteriorly and posterior dissection
is avoided to prevent bleeding. The anastomosis
is then done using a single layer of interrupted or
continuous fine sutures (such as 5/0 PDS) under
magnification (Fig. 23.4). It is often helpful to

secure the Roux-en-Y loop to the liver to prevent
twisting and to decrease the tension on the
anastomosis.

Occasionally, access will still be problematic
and this can be improved by a partial resection of
segments 5 and 4b [135]. Where the confluence is
intact it is required in a minority of circumstances
[131, 136]. However, in circumstances where the
right and left biliary systems are separated
(Bismuth IV, Strasberg E 4 and 5), it is more
commonly used to facilitate identification and
mobilisation of the RHD particularly. The results
of reconstruction where the confluence is pre-
served are superior to those when the confluence
is disconnected [137]. There are essentially three
options of how to reconstruct these injuries with
loss of the biliary confluence:

— construction of a neoconfluence with a Roux-
en-Y hepatico-jejunostomy,

— a double anastomosis to a Roux-en-Y
hepatico-jejunostomy, or

— a porto-enterostomy (modified Kasai proce-
dure) [138].

The use of stents is controversial but in the
author’s opinion are rarely required. Liver resec-
tion must be considered in circumstances where
there is a major vascular injury and bad quality
major ducts which may be related to diathermy
injury. This is probably indicated in no more than
5-15% of injuries and may be indicated soon
after the BDI, most typically if the RHD is non
reconstructable and there is a major vascular
injury. It may also be indicated later if there is
recurrent cholangitis or intrahepatic bile duct
strictures. In highly selected cases excellent long
term results may be achieved although there is
significant post-operative morbidity [139-143].

Management of Late Presentation
of a Biliary Stricture

An unknown proportion of patients will present
months to years following LC with abnormal
liver functions tests, cholangitis and/or jaundice
and will be found to have a biliary stenosis. This
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may be on the basis of a thermal injury with late
stricture formation, a poorly applied clip narrow-
ing the bile duct, or ischaemia related to exces-
sive or unnecessary dissection of the bile duct.
A proportion of these patients will also have a
history of bile leakage which may have exacer-
bated the inflammatory response and subsequent
stricturing process.

Over the last 20 years, endoscopic treat-
ment of these strictures (Fig. 23.5) has virtually
replaced initial surgical treatment (Fig. 23.6)
which was previously regarded as the gold stan-
dard [144-146]. The endoscopic approach dur-
ing the early 1990s was to insert one or two
stents and change them every 3 months for | year
[147-149]. However, this changed to treat these
injuries more aggressively with multiple stents
to hold the strictured segment fully open and 3
monthly changes [150, 151]. There is evidence to
support the idea that initial insertion of multiple
stents has a lower rate of obstruction and may
decrease the need for ERCP procedures [152].
More recently, stricture dilatation and use of self-
expanding, fully covered, removable metal stents
have been used to treat biliary strictures from a

variety of causes with good results [153, 154]
(Fig. 23.6).

It is important that these injuries be managed
in large specialised centres with access to multi-
disciplinary teams. In a large series from the
Netherlands that included 500 patients referred
with BDI between 1990 and 2005 there were 110
patients with a bile duct stricture. The patients
were referred at a median of 75 days’ post LC
(range 4-2899). These patients were treated with
progressive balloon dilatation and stenting. After
a median duration of stenting/dilatation of
15 months (range 8-21), 20% of patients were
judged to have failed treatment and were referred
for definitive surgery [144].

It would appear that endoscopic treatment will
be successful in 80-90% of cases with rates of
cholangitis less than 10% [155, 156]. De Reuver
et al. identified a number of factors that could be
predictive of a successful outcome: no previous
stenting, the injury below the biliary confluence
and an increasing number of stents inserted at the
first procedure [144]. It does appear that if treat-
ment is successful, there are excellent long term
results with a low recurrence rate [144, 149].

Bile duct stricture
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Fig. 23.6 A 58 year old man had a “difficult” subtotal
cholecystectomy for severe acute cholecystitis. He had a
bile leak managed expectantly that dried up after 6 days.
He presented 4 months later with cholangitis. (a) The
ERCP demonstrated a distal stone (yellow arrow) and a
slight stricture of the mid CBD. The stone was removed

Long Term Results of Surgical
Repair

A number of prognostic factors help determine
the outcomes of surgical repair of major BDI.
The factors which may negatively influence the
outcome of surgical repair include:

— the proximal extent of the injury particularly
with loss of the biliary confluence (Strasberg
E4) [87, 121, 124, 137],

— delayed referral to a specialist centre, and

after a sphincterotomy. He represented 18 months later
with a further episode of cholangitis. The repeat ERCP
demonstrated no stones but a tight stricture. (b) This
was dilated and an expandable metal stent inserted. This
was removed 8 months later and he has been well for

4 years

— the performance of therapeutic interventions
prior to transfer [97, 121].

There is good evidence that repair of BDIs
should be done in specialised centres by spe-
cialist HPB surgeons. Dr. Way’s group showed
that in their experience a successful outcome
was achieved in 94% of cases, whereas a repair
performed by the primary surgeon was only
successful in 17% of the patients [87]. A more
recent report from the same group showed a suc-
cess rate of only 21% if the repair was done by
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the primary surgeon [118]. Perera et al. showed
that repairs done by non-specialist HPB surgeons
were associated with a statistically significantly
higher rate of recurrent cholangitis, re-stricturing,
morbidity and the need for an additional surgical
procedure [97]. Additionally, repair by a non-
specialist HPB surgeon is associated with an
increased death rate [8, 161].

The presence of sepsis at the time of repair is
associated with increased morbidity and, as pre-
viously stated, it is important that sepsis is con-
trolled and treated prior to repair [118]. Sulpice
et al. examined 38 major BDIs referred to their
centre between 1992 and 2010 and found that
amongst 17 variables examined, sepsis and bili-
ary cirrhosis were correlated with major morbid-
ity after operative repair [158].

An anastomotic stricture that develops follow-
ing surgical repair may occur up to 15 years fol-
lowing surgery [136, 159], but about a third will
occur within the first 3 years [160]. In more mod-
ern series, the incidence of post-operative stric-
ture formation ranges from 6% to 17% [124]. It
would appear that in most specialist centres the
incidence of stricture formation post-operatively
is 10-15% [122, 158]. Most of these strictures
can be managed with a combination of radiologic
and endoscopic management. Anastomotic stric-
tures can lead to chronic biliary obstruction and
cholangitis. If this is recurrent it can lead to sec-
ondary sclerosing cholangitis [161], with the for-
mation of intrahepatic stones, abscesses and
further stricture formation which may require
liver resection [140, 162].

One of the most feared long term compli-
cations of a major BDI is the development of
secondary biliary cirrhosis (SBC) with associated
portal hypertension. This more commonly devel-
ops in patients who have a history of repeated
bouts of cholangitis, with multiple interventions
and who are referred late to specialist centres
[163]. Generally, the prolonged biliary obstruc-
tion is associated with the development of severe
fibrosis and subsequent cirrhosis which then pro-
ceeds to portal hypertension but may occur prior
to the presence of cirrhosis [164]. The duration
of chronic biliary obstruction resulting in SBC
ranges from 15 to 62 months with an average
of about 4 years [162, 165, 166]. The incidence

of chronic liver disease resulting from a major
BDI is uncertain and may be overestimated as
they tend to be referred to specialist centres. The
incidence in the literature ranges from a low of
6% up to about 25% [122, 124, 162, 163]. Portal
hypertension may be associated with a benign
bile duct stricture in 15-25% of patients and is
associated with significant morbidity and mortal-
ity [159, 166, 167].

Liver transplantation is rarely required as a
consequence of a major BDI. Sulpice et al. [158]
reported that 2 of their 38 (5.3%) referred patients
required liver transplantation, whereas Schmidt
et al. [124] reported that 2 of 54 (3.7%) patients
required liver transplantation at 12 and 36 months
following initial surgical repair.

Long Term Health Consequences
of a BDI

There remains controversy regarding the long
term health effects of a BDI even if it is repaired
successfully. This reflects the subjectivity of how
quality of life (QOL) is measured and how it may
be affected by population assessment, age, gen-
der and ethnicity [169, 170]. Controversy cur-
rently exists over the type of QOL assessment
and indeed the appropriate response rate to ensure
accuracy. As previously stated there is often a
significant delay in definitive treatment and the
morbidity rate is high. These factors would tend
to support the concern that there is a significant
diminution in QOL after a major BDI. Sicklick
et al. [96] found that the mean time from BDI
to definitive treatment was 42 weeks. Multiple
studies have documented morbidity rates of up
to 50% following definitive management [71, 96,
121, 124, 171] and it would not be surprising if
there were a significant diminution in QOL.
Boerma et al. initially looked at 106 patients
referred with a BDI sustained during LC and
found a significantly decreased QOL both men-
tally and physically at a median follow up time
of 70 months [172]. However, there were some
significant problems with the design of this
study and it included a high proportion of minor
bile leaks and a control group which was not
strictly comparable [170, 173]. Only 25 patients



23 Identification and Management of Bile Duct Injuries and Post-Operative Strictures

363

underwent a surgical HCJ and the rest were
treated endoscopically which suggests much less
severe injuries. Only duration of treatment was
associated with a poorer mental QOL on multi-
variate analysis.

It does appear that physical QOL metrics
improve the longer the time from definitive treat-
ment, and may return to that of a control popula-
tion some years following treatment [174].
Mental QOL metrics however do appear to be
affected in the long term compared to physical
QOL metrics. Melton et al. [175] reported on 54
patients with BDI and found similar physical and
social QOL but impaired mental QOL compared
to a control group of patients undergoing an
uncomplicated LC. De Reuver et al. [176, 177]
assessed 403 patients and reported a decreased
QOL compared to a control group undergoing
uncomplicated LC and the difference did not
improve with longer follow up.

There has been one meta-analysis on the long
term effect of BDI on health related QOL. This
looked at 6 studies and concluded that after con-
trolling for follow up time, patients who had sus-
tained a BDI were more likely to have reduced
mental QOL (OR=38.42, 95% CI: 19.14-77.10;
p<0.001) but not physical, compared to uncom-
plicated LC patients [178]. A number of authors
have also noted that patients who are involved in
litigation related to their BDI may have impaired
physical and mental QOL metrics [175, 177].

Finally, in a large group of 167 patients
followed up by the Hopkins group for a
median of 169 months (interquartile range
125-222 months), it was shown that symptoms
of depression and low energy improved signifi-
cantly after definitive surgical repair (p < 0.05).
In the longer term however, mental health related
QOL problems were more common. They con-
cluded optimal multi-disciplinary management
of BDI patients could restore patients to pre-
injury levels of QOL [179].

Litigation

Litigation following a BDI is potentially an
extremely stressful event for both the patient
and the surgeon. It does appear that the rate of

litigation following LC has increased to that
which was present in the OC era. This may
reflect a number of factors including: a higher
rate of BDI in the laparoscopic era, increased
patient expectations, easier access to legal advice
and possibly increased advertisement of plaintiff
legal services as well as cases being taken on a
no-win no-fee basis. In the United States civil
law courts, over a 21 year period, from 1970 to
1991, Kern identified 68 cases of BDI of which
49 were from OC and found that the settlement
payout was approximately US$500,000 in suc-
cessfully litigated cases versus US$250,000 in
settled cases [180]. It does appear that there
has been an increase in litigation related to BDI
shortly after the introduction of LC and that the
settlement amount increased [181].

It remains uncertain what percentage of BDI
result in litigation. The percentage also varies
between countries. For example, in the United
States, the reported incidence may be increasing
and up to 70% of patients with a BDI will resort
to litigation [179]. A comparable study from the
Netherlands reported an incidence of litigation of
31% [177].

In the United Kingdom, figures are easier
to obtain as the majority of cases are perpe-
trated in the National Health Service (NHS) and
are defended by the National Health Service
Litigation Authority. Since 2002, all NHS hos-
pitals have been required to report claims of
negligence. Between 1995 and 2009, 418 claims
related to LC were made and of these 43% were
related to a BDI. Overall, the success rate of the
claims was 65% and the average payout was
US$168,337 which is about 25% of the aver-
age payout in the United States. In the United
Kingdom, the most common complaints related
to intra-operative error and delay in diagnosis
[182]. Similarly, Perera et al. [183] reported that
one third of patients with major BDI would resort
to litigation and that the predictors of litigation
included age <52 years (p=0.03), associated vas-
cular injury (p=0.014), immediate non special-
ist repair (p=0.009) and incomplete recovery
(p=0.017).

In Australia, the incidence of litigation fol-
lowing a BDI is unknown but it appears that the
majority of cases are settled without going to
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court. The author is not aware of a case of BDI
successfully defended in court in Australia. In a
recent Australian case of BDI (Belokozovski v
Magary [2014] NSWDC 5), the court found a
surgeon negligent for not having performed an
operative cholangiogram.

In the author’s opinion there may be exam-
ples of BDI that could be successfully defended.
This is reflected in the author’s experience where
a minority of cases transferred for special-
ist repair have resulted in litigation. One of the
problems in a successful defense would be the
selection process of expert witnesses. Although
there is a long tradition in using expert witnesses
in western common law, their reliability is not
well established and there are certainly instances
where the experts would not be judged as such
by their surgical peers [184, 185]. There are also
many reasons for a lack of agreement amongst
experts which include hindsight bias and atti-
tudes of other practitioners towards their col-
leagues [186—-188].

Conclusion

BDI remains a serious complication of LC. All
efforts should be made to avoid this complica-
tion due to the significant associated morbid-
ity and mortality. In the circumstance where
they occur early, transfer to a specialist multi-
disciplinary HPB service is required for the
best results to be achieved. I have included
three algorithms setting out the approach to
the clinical problem below.

Key Points

e Bile duct injury continues to occur at an
unacceptable rate following laparoscopic
cholecystectomy.

e Early recognition and management in a multi-
disciplinary HPB service will produce the best
results.

* In those cases of bile duct transection requir-
ing operative intervention, Hepp-Couinaud
hepatico-jejunostomy will produce the best
results.

e Mortality of a major bile duct transection
requiring operative intervention is signifi-

cantly greater compared to a routine laparo-
scopic cholecystectomy.

The long term health consequences of a bile
duct injury may be significant.
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