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Background: Bile leaks from the parenchymal transection margin are a major cause of morbidity following major liver
resections. The aim of this study was to benchmark the incidence and identify the risk factors for postoperative bile leakage
after hepatic resection.

Patients and methods: A prospective database of 467 consecutive liver resections performed by the University of Cape
Town HPB surgical unit between January 1990 and January 2016 was analysed. The relationship of demographic, clinical
and perioperative factors to the development of bile leakage was determined. Bile leak and postoperative complications
severity were graded using the International Study Group of Liver Surgery and Accordion classifications.

Results: Overall morbidity was 24% (n = 112), with bile leaks occurring in 25 (5.4%) patients. Significantly more bile leaks
occurred in patients who had major resections (= 3 segments) and longer total operative times (p < 0.05). There were 5 Grade
A bile leaks which stopped spontaneously. Seventeen Grade B leaks required a combination of percutaneous drainage (n = 15),
endoscopic biliary stenting (n = 8) and percutaneous transhepatic biliary drainage (n = 3). All 3 Grade C leaks required
laparotomy for definitive drainage. Median hospital stay in the 442 patients without a bile leak was 8 days (IQR 1-98) compared
with 12 days (IQR 6-30) for the 25 with bile leaks (p < 0.05) with no mortality. Major resections (> 3 segments) and total
operative time (> 180mins) were significantly associated with bile leaks.

Conclusion: The incidence of bile leakage was 5.4% and occurred after major liver resections with longer operative times
and resulted in significantly extended hospitalisation. Most were effectively treated nonoperatively by percutaneous drainage

of the collection and/or endoscopic or percutaneous biliary drainage without mortality.
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Introduction

Advances in surgical technique and improved perioperative
management have substantially reduced morbidity and
mortality following major liver resections (LR).!? In most
major centres mortality after complex liver resections has
decreased to less than 3% and morbidity to under 30%.3*
Despite the decrease in overall complications, postoperative
bile leakage (POBL) remains a significant complication and is
a major contributor to morbidity after hepatectomy leading to
prolonged hospital stay and the need for further intervention.
Persistent or uncontrolled bile leaks may result in abdominal
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sepsis, liver failure or death.’ The reported incidence of POBL
after LR without biliary reconstruction ranges from 0% to
27.2% and LR with hepaticojejunostomy (HJ) from 3.6%
to 50%.%° This wide variation in earlier studies has in part
been due to the lack of a uniform definition for bile leakage
after liver resection.’” In order to standardize results, the
International Study Group of Liver Surgery (ISGLS) has since
proposed a definition and grading system for the severity of
bile leakage after hepatobiliary surgery.

The frequency, complexity, type of intervention required
and outcome of bile leaks are influenced by the indication
and extent of liver resection. The incidence is higher after



central hepatectomy, right anterior sectoral resection, left
trisegmentectomy and caudate lobe resections. Leak rates
are also higher when LR is combined with resection of
the hepatic duct confluence with complex hepaticojejunal
anastomoses.”®® The management of POBL has evolved
from obligatory laparotomy to conservative and nonoperative
minimally invasive strategies such as percutaneous drainage
and endoscopic biliary intervention. Most persistent bile leaks
will resolve after minimally invasive intervention and only a
minority will ultimately require a repeat laparotomy.® The aim
of this study was to determine the incidence and identify the
risk factors for POBL after LR and establish optimal treatment.

Methods

Study design and data collection

A prospective departmental database of 467 consecutive
liver resections performed in the HPB surgical unit at Groote
Schuur Hospital and at the Netcare UCT Private Academic
Hospital between January 1990 and January 2016 was
reviewed. Current guidelines of good clinical practice were
followed and data collection and analysis were approved
by the departmental, institutional and university research
and ethics review boards. Data reviewed included patient
demographics, imaging studies, operative data including
the extent of surgery, number of liver segments resected,
duration and method of inflow occlusion, operative blood
loss, the need for transfusion and postoperative morbidity.
Perioperative risk factors related to the development of bile
leakage were identified and evaluated. Postoperative data
including blood transfusion requirements, general and liver
specific complications including bile leaks, ICU time as well
as hospital stay were included. Clinical presentation of the bile
leak, the need for intervention (minimally invasive or open)
and the outcome were all evaluated. Intervention was either by
ultrasound-guided percutaneous catheter drainage, endoscopic
retrograde cholangiopancreatogram (ERCP), percutaneous
transhepatic cholangiogram (PTC) or relaparotomy.

Technique of Liver Resection

A standardised operative technique was used, details of which
have been described previously.'"'* Patients were explored
through a bilateral subcostal incision with a vertical extension
to the xiphoid cartilage as required. Intraoperative ultrasound
was performed to define the tumor relationships to major
intrahepatic vessels. After full mobilisation, parenchymal
transection was performed using a Cavitron Ultrasonic
Surgical Aspirator (CUSA). Intermittent total or selective
hepatic inflow occlusion for 20 minutes, alternating with
10 minutes of restored inflow was used depending on the
extent of blood loss during parenchymal transection. A Roux-
en-Y hepaticojejunostomy reconstruction was used when
an associated bile duct resection was performed. Multiple
intrahepatic bile ducts at the resection margin, when present,
were sutured together to create either one or two anastomotic
orifices. Haemostasis of the transected liver surface was
achieved using 5/0 absorbable monofilament sutures. The

parenchymal resection surface was visually assessed for bile
leakage by using a white abdominal swab applied to the cut
surface for 3 minutes. Any obvious leaks were sutured and
the process repeated until no bile leakage was evident. The
cut surface was treated with argon plasma coagulation and
sealed with Tisseal® spray. The resection margin was routinely
drained using closed silastic suction drains.

Definitions

A major hepatectomy was defined as resection of three or
more Couinaud liver segments and an extended hepatectomy
as resection of five or more Couinaud segments.”> The
Accordion Severity Grading Score (ASGS) was used to
score surgical outcomes.'® Grade I and II complications were
defined as minor and grades III, IV, and V were defined as
major complications. Postoperative mortality was defined
as any death within 30 days after operation. A bile leak was
defined as a bilirubin concentration in the drain fluid at least
three times the serum bilirubin concentration on or after
postoperative day 3 or if a radiologic or operative intervention
for a bile collection or bile peritonitis was required.® The
severity of bile leaks was graded as A, B, or C according to the
ISGLS classification.S Failure of conservative management
was defined as the need for interventional procedures due
to complications or because of persistent large volume bile
drainage.

Management of bile leakage

Abdominal drains were removed when the drain fluid
volume was less than 30 ml/24 hours and was serous with a
bilirubin level less than three times the serum total bilirubin
level, as defined by the ISGLS. All postoperative bile
leaks were initially treated conservatively. Ultrasound and
computed tomography were used to detect intra-abdominal or
subphrenic fluid collections, if the bile drainage volume did
not decrease or there were signs of infection. Significant fluid
collections were drained by ultrasound-guided percutaneous
catheters. ERC was performed for persistent bile drainage
to obtain a cholangiogram to demonstrate the biliary
anatomy and the presence and site of a leak.'” An endoscopic
sphincterotomy, sphincterotomy and stenting or stenting alone
using 10-Fr plastic stents were performed according to the
endoscopic biliary findings. Repeat ERC was performed 2
weeks after resolution of the biliary leak to confirm healing
of the biliary fistula and to remove the plastic stent.'®
Percutaneous transhepatic biliary drainage (PTBD) was
used to decompress the hepatic ducts if a leak was present
after hepaticojejunostomy. Reoperation was considered only
in patients with biliary peritonitis or sepsis and failure of
percutaneous intervention.

Data analysis

The data were analysed using Stata version 11 (StataCorp.
2009. Stata: Release 11. Statistical Software. College Station,
TX: StataCorp LP). For bivariate analysis the Pearson chi-
square or Kruskal-Wallis tests were used for categorical
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variables, and the non-parametric Wilcoxon rank-sum test for
numerical variables. All statistical tests were two-tailed and a
p-value < 0.05 was considered statistically significant.

Results

Demographic and clinical parameters of patients with and
without bile leakage are summarised in Table 1. Colorectal
cancer liver metastases were the most common indication
for LR. Overall 112 (24%) of the 457 patients developed
postoperative complications of which bile leaks occurred in
25 (5.4%) (16 women, 9 men, median age 50 years, range
18-67). Twenty-one patients (84%) had 3 or more segments
resected and four had 2 segments resected. During resection
eight patients did not require vascular control, 16 had portal
vein and hepatic artery clamping and 2 had a hilar dissection
with ipsilateral portal vein and hepatic artery division. In
these 25 patients, total median ischaemic time was 35 minutes
(0—80 minutes) with a longest uninterrupted median ischaemic
time of 25 minutes (range 14—54 minutes). Six patients were
clamped once and the remaining 10 between 2 and 5 times.
The median estimated blood loss (EBL) during surgery was
800 ml (range 250-3 000 ml). Of the 10 patients who had an
EBL > 1 000 ml, 7 were transfused intraoperatively (range
1 250-3 000 ml) and one patient received a postoperative
transfusion. In one patient in whom haemostasis was not
achieved during surgery, the liver was packed with subsequent
removal of packs 48 hours later. Median total operative
time was 294 minutes (180-528 minutes). The median
postoperative ICU time for patients with a bile leak was 3.4
(0-8 days). Median hospital stay in the 442 patients without
a bile leak was 8 days (range 5-98) compared with 12 days
(range 6-30) for those with bile leaks (p < 0.05).

The severity of the bile leaks were grades A= 5, B =17 and
C = 3 according to the ISGLS classification. Significantly
more bile leaks occurred in patients who had major resections
(> 3 segments) and total operative time of more than
180 minutes (p < 0.05) (Table 1). Bile drainage stopped
spontaneously (median 22 days, range 16-32 days) in five
patients. In 4 patients with persistent bile drainage through
the intraoperatively placed surgical drain, an ERCP with
endoscopic sphincterotomy and 10Fr plastic biliary stent
placement was performed with resolution of the bile leak
in all four. In 10 patients ultrasound-guided percutancous
drainage was used for loculated bile collections with
resolution of the bile leak in six patients. In four with
persistent bile drainage, endoscopic biliary stenting was
necessary with resolution in all. Some patients required more
than one type of intervention when initial intervention failed
to resolve the leak. In three patients with multiloculated
infected subphrenic bile collections, a second laparotomy
was necessary for effective drainage, one patient requiring
a third laparotomy for recurrent sepsis. Three patients who
had a LR and bile duct resection for cholangiocarcinoma had
a bile leak at the site of the hepaticojejunostomy. All three
had ultrasound guided aspiration and drain placement and
as these were not accessible for endoscopic stent placement,
temporary internal-external biliary catheters were placed via
percutaneous transhepatic access until resolution. One patient
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required a thoracotomy for an infected bile collection which
had not resolved after tube drainage. No in-hospital mortality
occurred in patients with POBL.

Eight of the 25 patients also developed other surgical
complications which included wound sepsis (n = 4; ASGS
grade 2) and an intra-abdominal collection in one patient
(ASGS grade 3) which was drained percutaneously. Non-
surgical complications included two ASGS grade 2 events
(pneumonia n = 1, ARDS n = 1). One patient developed acute
pancreatitis (ASGS grade 2) which was treated conservatively.

Discussion

Despite decreasing mortality and a decline in the overall
complication rates of LR in recent years, there has been
no significant change in the incidence of POBL. This
complication remains a substantial cause of morbidity after
LR and may result in prolonged hospitalization with the
need for additional imaging and intervention. Furthermore,
when major bile leaks are associated with intra-abdominal
sepsis, mortality may be as high as 40%. This study focused
on the incidence, risk factors and management of POBL
after LR in patients with and without associated bile duct
reconstruction. Previous studies report an incidence of POBL
after LR ranging from 3.6 to 33%.!%?* The POBL rate in our
study of 5.4% was consistent with data in previous reports.
Few studies have published results of bile leakage after liver
resection with biliary reconstruction. Recent reports of a 21%
incidence of POBL in patients who underwent LR with biliary
reconstruction compared to 4.6% in patients without a biliary
anastomosis®® are similar to our data.

In our study significantly more bile leaks occurred in
patients who had major resections (> 3 segments) and longer
total operative times (p < 0.05). Other authors have reported
that risk factors for bile leakage after LR are tumour size,
preoperative  chemoembolization, repeat hepatectomy,
extended right hepatectomy, left hepatectomy including
segment 1, duration of vascular occlusion, long operative
time (> 300 min), intraoperative blood loss > 775 ml, and
intraoperatively treated bile leakage.!**! In a subsequent meta-
analysis of 18 retrospective studies, 12 factors were found to
be significantly associated with the increased rate of POBL.
These included previous liver or biliary surgery, anatomic
resection, major hepatectomy, right anterior sectionectomy,
left trisectionectomy, central bisectionectomy, blood
transfusion, long operative time, bile duct reconstruction and
involvement of segments 1, 2 and 5.°

Several intraoperative strategies have been used in
an attempt to prevent POBL but none have gained wide
acceptance. POBL-prevention strategies are broadly divided
into (i) methods of intraoperative bile leak detection, (ii)
prevention by topical sealing or suturing and (iii) biliary
drainage to reduce ductal pressure. Methods of intraoperative
detection of potential leaks at the transection margin include
cholangiography, trans-cystic duct injection of saline, dye
(methylene blue, indigocarmine) or air and indocyanine
green (ICG) fluorescent imaging.’>** The disadvantage of
transcystic dye injection is that the dye stains surrounding
parenchyma which makes it difficult to pinpoint leaks after the



Table 1. Bivariate Analysis of factors associated with postoperative bile leakage

Patients who developed

Patients who did not develop

a bile leak a bile leak p-value
25 445 -

Gender
Male 16 (64%) 205 (46.4%)
Female 9 (36%) 237 (53.6%) 0.1009
Age
< 65 years 20 (80%) 330 (74.7%)
> 65 years 5 (20%) 112 (25.3%) 0.6423
Diagnosis
CRLM 12 (48%) 214 (48.1%) 1.0000
Intrahepatic stones 4 (16%) 28 (6.3%) 0.0826
HCC 2 (8%) 38 (8.6%) 1.0000
Carcinoid 1 (4%) 15 (3.4%) 0.5998
Biliary cystadenoma 1 (4%) 15 (3.4%) 0.5998
Cholangiocarcinoma 3 (12%) 31 (7%) 0.4142
GIST 1 (4%) 3 (0.7%) 0.1981
FNH 0 19 (4.3%) 0.6144
Haemangioma 0 22 (5%) 0.6217
Sclerosing cholangitis 1 (4%) 0 0.0535
Right lobe resection
4 segments 9 (36%) 124 (28%) 0.3724
5 segments 3 (12%) 32 (7.2%) 0.4212
Left lobe resection
2 segments 3 (12%) 91 (20.6%) 0.4417

>2 segments 4 (16%) 46 (10.4%) 0.3280
No of segments resected
1 0 49 (11.1%) 0.0944
2 4 (16%) 148 (33.5%) 0.0804
3 4 (16%) 41 (9.3%) 0.2863
4 14 (56%) 157 (35.5%) 0.0532
5 3 (12%) 47 (10.6%) 0.7417
3 or more segments 21 254 0.0108
Hepaticojejunostomy 3 (12%) 26 (5.9%) 0.1968
Duration of operation
> 180min 25 (100%) 346 (78.3%) 0.0041
Blood loss
< 1000ml 15 (60%) 321 (72.6%)
> 1000ml 10 (40%) 121 (27.4%) 0.1757
Pringle
< 60min 9 (36%) 165 (37.3%) 1.0000
>42 7 (28%) 84 (19%) 0.2976
Hospital stay 6-30 (med 12) 1-98 (med 8)
Postoperative hospital mortality 0 16 (3.6%) 1.000
Other complications per patient 7 (28%) 87 (19.9%) 0.3094
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first injection. In a non-randomised study using intraoperative
transcystic saline injection, no bile leaks occurred in 102
consecutive liver resections, compared to leak rates of 4.5% in
679 hepatectomies with no leak test performed.* Others have
found that the saline injection test is fallible because the clear
appearance of saline misses small leaks. A newly described
technique involving transcystic injection of ICG, followed by
fluorescent imaging had a 0% incidence of POBL, compared
to 10% in a control group (p = 0.019).3 Data from MD
Anderson showed significantly fewer postoperative bile leaks
after using an “air leak test” (1.9% vs 10.8%; p = 0.008).3¢
Small leaks not identified by a leak test using saline could
be detected using this technique. In a small number single
institution study, Li and colleagues reported that intraductal
injection of a 5% fat emulsion, “the white test,” to detect bile
leakage resulted in a 5.3% POBL in the experimental group
compared with 22.9% in the control group (p < 0.01). In a
systematic review and meta-analysis of bile leakage tests in
liver resection, which included eight studies involving 1253
patients, the bile leakage test group had a significant reduction
in POBL compared to the non-bile leakage group (RR =0.39,
95% CI: 0.23 0.67; 1 (2) = 3%) and that fat emulsion was the
solution of choice for the test.*?

Topical haemostatic sealants, including fibrin glue and
polyglycolic acid (PGA) and collagen sheets coated with
a fibrinogen and thrombin layer (TachoSil®) applied to the
resection margin have been widely used, but their value in
reducing bile leakage is controversial. Likewise, there are
publications reporting the use of fibrin glues and omental
wrapping, but no large randomised or multi-institutional
studies exist, and there is no clear consensus on the usefulness
of these methods. A prospective, randomised controlled study
showed no difference in bile leaks in patients who underwent
liver resection with and without application of fibrin sealant.’’
Transcystic duct tube drainage after hepatectomy has been
reported to be useful for decreasing postoperative bile leakage.
While Hotta*® observed bile leakage in 3.6% of patients with
transcystic duct tube drainage versus 26.3% without drainage,
Nanashima®* found that the POBL rate was no different
between the two groups (7.9 vs 8.4%). Further prospective
and randomised studies are necessary to clarify the usefulness
of transcystic duct tube drainage.

No liver resection technique is immune to POBL and the
clamp-crushing technique, stapling, CUSA, radiofrequency
dissecting sealer, harmonic scalpel and vessel sealing are all
associated with a potential bile leak risk. A meta-analysis
demonstrated a decreased risk of POBL using a vessel-
sealing system, compared to crush-clamping, CUSA, and
radiofrequency dissecting sealer, but randomised controlled
trials are needed to fully assess the impact of these transection
techniques on POBL.*

Minimally invasive techniques are preferred for the
initial management of complicated POBL. Percutaneous
abdominal drainage for localised bile collections not
drained by intraoperatively placed drains is increasingly
being used. In patients with persistent bile leaks despite
percutaneous drainage endoscopic stenting, using a variety
of techniques is successful in 90% of cases and is now the
therapeutic procedure of choice.!”!*#!4? In the current study
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stent placement was performed in more than half of the
patients with 100% resolution of the leak. There is currently
no consensus regarding optimal endoscopic intervention,
nor are there controlled data to indicate the optimal number,
configuration, size and length of endoprostheses required
for successful management of POBL. The ideal duration
of biliary stenting is not known, and has varied from 3 to 8
weeks in previous reports. We used single 10-Fr plastic stents
in preference to smaller 7-Fr stents which carry a risk of early
stent occlusion,'® although a comparative study has found no
difference in outcome based on stent diameter. As seen in this
study, patients with POBL associated with a HJ can safely be
managed by PTBD without the need for relaparotomy.

In conclusion, although there is a spectrum of POBLs,
some may be severe and result in substantial morbidity. In
this series, the more extensive the liver resection with longer
operative times, the greater the risk of POBL, which resulted
in significantly longer hospitalisation. In this high risk group
particular care should be taken on completion of the resection
to identify subtle bile leaks at the liver transection margin.
Non-surgical treatment is the preferred treatment of POBL.
Percutaneous abdominal drainage and endoscopic stenting
was effective in most cases of POBL without a HJ in this
study. Percutaneous transhepatic biliary drainage was the
treatment of choice for POBL in patients with an associated
HJ and is effective and safe.

REFERENCES

1. Krige JE, Thomson SR, Bornman PC. Choosing the optimal
tools and techniques for parenchymal liver transection. S Afr J
Surg. 2013;51(1):2-4. doi: 10.7196/sajs.1664 [PubMed PMID:
23472644]

2. Amini N, Margonis GA, Kim Y, Wilson A, Gani F, Pawlik TM.
Complication timing impacts 30-d mortality after hepatectomy. J
Surg Res. 2016;203(2):495-506. doi: 10.1016/5.jss.2016.04.047
[PubMed PMID: 27363661]

3. Aragon RJ, Solomon NL. Techniques of hepatic resection. J
Gastrointest Oncol. 2012;3(1):28-40. doi: 10.3978/].issn.2078-
6891.2012.006 [PubMed PMID: 22811867]

4. Virani S, Michaelson JS, Hutter MM, Lancaster RT, Warshaw
AL, Henderson WG, et al. Morbidity and mortality after
liver resection: results of the patient safety in surgery study.
J Am Coll Surg. 2007;204(6):1284-92. doi: 10.1016/].
jamcollsurg.2007.02.067 [PubMed PMID: 17544086]

5. Hong J, Zhang X, Luo R, Cai X. The clinical risk factors
associated with postoperative bile leakage after hepatectomy:
a meta-analysis. Minerva Med. 2016;107(1):39-53. [PubMed
PMID: 26799855]

6. Koch M, Garden OJ, Padbury R, Rahbari NN, Adam R,
Capussotti L, et al. Bile leakage after hepatobiliary and
pancreatic surgery: a definition and grading of severity
by the International Study Group of Liver Surgery. Surg.
2011;149(5):680-8. doi: 10.1016/j.surg.2010.12.002 [PubMed
PMID: 21316725]

7.  Donadon M, Costa G, Cimino M, Procopio F, Del Fabbro D,
Palmisano A, et al. Diagnosis and Management of Bile Leaks
After Hepatectomy: Results of a Prospective Analysis of 475
Hepatectomies. World J Surg. 2016;40(1):172-81. doi: 10.1007/
$00268-015-3143-0 [PubMed PMID: 26148518]

8. Ferrero A, Russolillo N, Vigano L, Sgotto E, Lo Tesoriere R,
Amisano M, et al. Safety of conservative management of
bile leakage after hepatectomy with biliary reconstruction. J
Gastrointest Surg. 2008;12(12):2204-11. doi: 10.1007/s11605-
008-0586-8 [PubMed PMID: 18642049]

9. Antolovic D, Koch M, Galindo L, Wolff S, Music E, Kienle
P, et al. Hepaticojejunostomy--analysis of risk factors



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

for postoperative bile leaks and surgical complications. J
Gastrointest Surg. 2007;11(5):555-61. doi: 10.1007/s11605-
007-0166-3 [PubMed PMID: 17394045]

Brooke-Smith M, Figueras J, Ullah S, Rees M, Vauthey JN,
Hugh TJ, et al. Prospective evaluation of the International
Study Group for Liver Surgery definition of bile leak after a
liver resection and the role of routine operative drainage: an
international multicentre study. HPB (Oxford). 2015;17(1):46-
51. doi: 10.1111/hpb.12322 [PubMed PMID: 25059275]
Terblanche J, Krige JE, Bornman PC. Simplified hepatic
resection with the use of prolonged vascular inflow occlusion.
Arch Surg. 1991;126(3):298-301. [PubMed PMID: 1998469]
Bhaijee F, Locketz ML, Krige JE. Fibrolamellar hepatocellular
carcinoma at a tertiary centre in South Africa: a case series. S
Afr J Surg. 2009;47(4):108-11. [PubMed PMID: 20141066]
Lemmer ER, Krige JE, Hall PM, Bornman PC, Taylor DA,
Terblanche J. Surgical resection for hepatocellular carcinoma in
Cape Town--a clinical and histopathological study. S Afr Med J.
1998;88(12):1575-80. [PubMed PMID: 9930254]

Bhaijee F, Krige JE, Locketz ML, Kew MC. Liver resection
for non-cirrhotic hepatocellular carcinoma in South African
patients. S Afr J Surg. 2011;49(2):68-74. [PubMed PMID:
21614976]

Pang YY. The Brisbane 2000 terminology of liver anatomy and
resections. HPB 2000; 2:333-39. HPB (Oxford). 2002;4(2):99;
author reply -100. doi: 10.1080/136518202760378489 [PubMed
PMID: 18332933]

Strasberg SM, Linehan DC, Hawkins WG. The accordion
severity grading system of surgical complications. Ann Surg.
2009;250(2):177-86.  doi:  10.1097/SLA.0b013e3181afde41
[PubMed PMID: 19638919]

Burmeister S, Krige JE, Bornman PC, Nicol AJ, Navsaria P.
Endoscopic treatment of persistent thoracobiliary fistulae after
penetrating liver trauma. HPB (Oxford). 2009;11(2):171-5. doi:
10.1111/5.1477-2574.2009.00039.x [PubMed PMID: 19590644]
Chinnery GE, Krige JE, Bornman PC, Bernon MM, Al-Harethi
S, Hofmeyr S, et al. Endoscopic management of bile leaks after
laparoscopic cholecystectomy. S Afr J Surg. 2013;51(4):116-21.
doi: 10.7196/sajs.1829 [PubMed PMID: 24209694]

Tanaka S, Hirohashi K, Tanaka H, Shuto T, Lee SH, Kubo S,
et al. Incidence and management of bile leakage after hepatic
resection for malignant hepatic tumors. J Am Coll Surg.
2002;195(4):484-9. [PubMed PMID: 12375753]

Liu Z, Jin H, Li Y, Gu Y, Zhai C. Randomized controlled trial
of the intraoperative bile leakage test in preventing bile leakage
after hepatic resection. Dig Surg. 2012;29(6):510-5. doi:
10.1159/000346480 [PubMed PMID: 23392477]

Nagano Y, Togo S, Tanaka K, Masui H, Endo I, Sekido H, et
al. Risk factors and management of bile leakage after hepatic
resection. World J Surg. 2003;27(6):695-8. doi:10.1007/s00268-
003-6907-x [PubMed PMID: 12732991]

Lo CM, Fan ST, Liu CL, Lai EC, Wong J. Biliary complications
after hepatic resection: risk factors, management, and outcome.
Arch Surg. 1998;133(2):156-61. [PubMed PMID: 9484727]
Capussotti L, Ferrero A, Vigano L, Sgotto E, Muratore A,
Polastri R. Bile leakage and liver resection: Where is the risk?
Arch Surg. 2006;141(7):690-4; discussion 5. doi: 10.1001/
archsurg.141.7.690 [PubMed PMID: 16847242]

Yamashita Y, Hamatsu T, Rikimaru T, Tanaka S, Shirabe K,
Shimada M, et al. Bile leakage after hepatic resection. Ann
Surg. 2001;233(1):45-50. [PubMed PMID: 11141224]

Guillaud A, Pery C, Campillo B, Lourdais A, Sulpice L,
Boudjema K. Incidence and predictive factors of clinically
relevant bile leakage in the modern era of liver resections.
HPB (Oxford). 2013;15(3):224-9. doi: 10.1111/.1477-
2574.2012.00580.x [PubMed PMID: 23374363

Hoekstra LT, Wakkie T, Busch OR, Gouma DJ, Beuers U, van
Gulik T. Predictors of posthepatectomy ascites with or without
previous portal vein embolization. Dig Surg. 2012;29(6):468-
74. doi: 10.1159/000345583 [PubMed PMID: 23296107]
Taguchi Y, Ebata T, Yokoyama Y, Igami T, Sugawara G,
Kokuryo T, et al. The determination of bile leakage in complex

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

hepatectomy based on the guidelines of the International Study
Group of Liver Surgery. World J Surg. 2014;38(1):168-76. doi:
10.1007/s00268-013-2252-x [PubMed PMID: 24146194]

Ishii H, Ochiai T, Murayama Y, Komatsu S, Shiozaki A, Kuriu
Y, et al. Risk factors and management of postoperative bile
leakage after hepatectomy without bilioenteric anastomosis. Dig
Surg. 2011;28(3):198-204. doi: 10.1159/000324042 [PubMed
PMID: 21540607]

Lam CM, Lo CM, Liu CL, Fan ST. Biliary complications during
liver resection. World J Surg. 2001;25(10):1273-6. [PubMed
PMID: 11596889]

Yoshioka R, Saiura A, Koga R, Seki M, Kishi Y, Yamamoto J.
Predictive factors for bile leakage after hepatectomy: analysis of
505 consecutive patients. World J Surg. 2011;35(8):1898-903.
doi: 10.1007/300268-011-1114-7 [PubMed PMID: 21519973
Dokmak S, Agostini J, Jacquin A, Cauchy F, Farges O, Belghiti
J. High risk of biliary fistula after isolated segment VIII liver
resection. World J Surg. 2012;36(11):2692-8. doi: 10.1007/
s00268-012-1725-7 [PubMed PMID: 22855215].

Wang HQ, Yang J, Yang JY, Yan LN. Bile leakage test in liver
resection: a systematic review and meta-analysis. World J
Gastroenterol. 2013;19(45):8420-6. doi: 10.3748/wjg.v19.
i45.8420 [PubMed PMID: 24363535]

Hayashibe A, Sakamoto K, Shinbo M, Makimoto S, Nakamoto
T. New method for prevention of bile leakage after hepatic
resection. J Surg Oncol. 2006;94(1):57-60. doi: 10.1002/
js0.20548 [PubMed PMID: 16788945]

Ijichi M, Takayama T, Toyoda H, Sano K, Kubota K, Makuuchi
M. Randomized trial of the usefulness of a bile leakage test
during hepatic resection. Arch Surg. 2000;135(12):1395-400.
[PubMed PMID: 11115338]

Kaibori M, Ishizaki M, Matsui K, Kwon AH. Intraoperative
indocyanine green fluorescent imaging for prevention of bile
leakage after hepatic resection. Surg. 2011;150(1):91-8. doi:
10.1016/j.surg.2011.02.011 [PubMed PMID: 21514613]
Zimmitti G, Vauthey JN, Shindoh J, Tzeng CW, Roses
RE, Ribero D, et al. Systematic use of an intraoperative air
leak test at the time of major liver resection reduces the rate
of postoperative biliary complications. J Am Coll Surg.
2013;217(6):1028-37. doi: 10.1016/j.jamcollsurg.2013.07.392
[PubMed PMID: 24246619]

Sanjay P, Watt DG, Wigmore SJ. Systematic review and meta-
analysis of haemostatic and biliostatic efficacy of fibrin sealants
in elective liver surgery. J Gastrointest Surg. 2013;17(4):829-36.
doi: 10.1007/s11605-012-2055-7 [PubMed PMID: 23086450]
Hotta T, Kobayashi Y, Taniguchi K, Johata K, Sahara M, Naka
T, et al. Postoperative evaluation of C-tube drainage after
hepatectomy. Hepatogastroenterology. 2003;50(50):485-90.
[PubMed PMID: 12749253]

Nanashima A, Tobinaga S, Abo T, Nonaka T, Kunizaki
M, Takeshita H, et al. Usefulness of omental wrapping to
prevent biliary leakage and delayed gastric emptying in left
hepatectomy. Hepatogastroenterology. 2012;59(115):847-50.
doi: 10.5754/hge10099 [PubMed PMID: 22469731]

Alexiou VG, Tsitsias T, Mavros MN, Robertson GS,
Pawlik TM. Technology-assisted versus clamp-crush liver
resection: a systematic review and meta-analysis. Surg Innov.
2013;20(4):414-28. doi: 10.1177/1553350612468510 [PubMed
PMID: 23242518]

Lau JY, Leung KL, Chung SC, Lau WY. Endoscopic
management of major bile leaks complicating hepatic
resections for hepatocellular carcinoma. Gastrointest Endosc.
1999;50(1):99-101. [PubMed PMID: 10385733]

Bhattacharjya S, Puleston J, Davidson BR, Dooley JS. Outcome
of early endoscopic biliary drainage in the management
of bile leaks after hepatic resection. Gastrointest Endosc.

2003;57(4):526-30.  doi:  10.1067/mge.2003.148  [PubMed
PMID: 12665763]
VOL.54 NO.3 SEPTEMBER2016 SAJS 23



