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Aim: Liver transplantation remains the only curative treatment in end stage liver disease. Biliary com-
plications remain the most common major morbidity causes in hepatic resection. We aimed to determine
and eliminate the bile leakage in donor hepatectomy of LDLT.
Material and methods: This study was conducted retrospective and one center study. The study popu-
lation included 110 consequential liver donors with major liver resection (more than three segments).
The population was divided into three groups for data analyses. Primary study groups included 40 donors
subjected to methylene blue test starting in April 2013 and 40 donors subjected to intraoperative
cholangiography started in March 2014.
Results: A total of 110 liver donors (42.7% women) were included in the study. Postoperative biliary
complications were less in methylene blue and intraoperative cholangiography (IOC) groups. Bile leakage
was significantly higher in control group (23.3%) compared to methylene blue (5%) and IOC groups (2%)
Average duration of hospital stay and duration of operation were significantly higher in control group
compared to methylene blue and IOC groups.
Conclusion: In our study we conducted to establish biliary leakage in living donor hepatectomy which
intraoperative cholangiography test was used to determine. Many intraoperative methods have been
introduced to prevent biliary leakage and development of complications. We have showed that IOC test
used in the present study could be easily applied in both living liver donor hepatectomy and other major
hepatectomy cases. IOC test reduced postoperative biliary leakage incidence and did not increase inci-
dence of other complications.

© 2020 Asian Surgical Association and Taiwan Robotic Surgery Association. Publishing services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Liver transplantation remains the only curative treatment in end
stage liver disease. In the case of limited available deceased organ
donors, living donor liver transplantation (LDLT) becomes an
attractive way of organ availability. LDLT has excellent recipient
outcomes, thereby reducing waiting list mortality.1 LDLT is less
common, and since there is a risk of this procedure for donors, the
safety of liver donor is the most important concern. LDLT has an
estimated donor mortality of 0.1e1%.2 Recipient mortality, on the
other hand, varies widely and can reach up to 60%. The most
onor hepatectomies.
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frequent reasons for morbidity after liver donation are infections
and biliary complications. The adult living donor liver trans-
plantation cohort study (A2ALL), the largest outcome study of LDLT
donors in the US, reported an overall donor morbidity of 38%.
Biliary leakage constituted 9% of all complications. Advances in
surgical procedures and better understanding of liver anatomy and
physiology have decreased post-operative hepatic failure and the
need for intraoperative blood transfusionin major liver resections
carried out for any causes. Nevertheless, these advances have not
improved post-operative biliary leakage and this problem con-
tinues to be the Achilles’ heel of liver resection.3e9 Along with the
advances in perioperative care and surgical procedures, post-
operative morbidity and mortality have been decreased promi-
nently. However, incidence rate of biliary leakage has not changed
much in the last a few decades. In recent studies, incidence rates
from 4.0 to 9.8% have been reported.10e15 Biliary complications
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remain the most common major morbidity causes in hepatic
resection.10 Bile presence in peritoneal cavity could be eliminated
by regular body defense mechanisms. However, it predisposes for
the development of liver failure, sepsis and mortality.11,12 Thus,
many methods have been described to prevent biliary leakage after
liver transection such as staining of liver surface subjected to
transection with fibrin glue, determination of orifices in bile ducts
using air injection under ultrasound imaging and intraoperative
cholangiography.16 Although postoperative biliary leakage was
controlled by drainage and use of antibiotics in many cases, these
procedures are costly and require longer hospital stays. In addition,
biliary leakage after hepatic resection could lead to systemic
morbidity cascade in some cases resulting from intra-abdominal
sepsis. Secondary complications related to biliary leakage could
result in more invasive procedures such as venous thromboembo-
lism and relaparotomy and mortality increase.15,17,18

As a strategy to decrease postoperative biliary leakage, a cath-
eter is advanced into main bile duct through ductus sisticus after
cholecystectomy and liver resection, and distal choledochus is
occluded. A solution such as oil emulsion, isotonic sodium, indoc-
yanine green or methylene blue is slowly injected into biliary tree
and presence of biliary leakage in transected liver surface can be
determined. Some studies using this technique could determine
leakage points intra-operatively in 19.7e80.8% of the
patients.11,19e22 Several studies showed the usefulness of biliary
leakage test in prevention of postoperative biliary leakage. How-
ever, some other studies did not find any benefit of using this test.
In addition, procedures involving this test could lead to complica-
tions. Some studies showed that excess bile pressure caused by
biliary leakage test could cause cholangitis and cholangiovenous
reflux.23,24 No standard method has been defined for the preven-
tion of postoperative biliary leakage. The present study was carried
out to determine the systemic benefit of organizing intraoperative
methylene blue and intraoperative cholangiography to detect and
repair the open biliary ducts. Postoperative biliary leakage rate was
decreased. Therefore, using the above mentioned results, we aimed
to determine and eliminate the bile leakage in donor hepatectomy
of LDLT.

2. Material and methods

The study population included 110 consequential liver donors
with selected major liver resection (more than three segments).
The population was divided into three groups for data analyses.
Primary study groups included 40 donors subjected to methylene
blue test starting in April 2013 and 40 donors subjected to intra-
operative cholangiography started in March 2014. Acıbadem hos-
pital is annually performs more than one hundred liver transplants,
which gave us one of the largest data sets regarding liver trans-
plantation in Turkey. More than % 95 of liver transplants are living
donor liver transplantation in our instution. These groups included
all living donor hepatectomies in a single center for whom the
method was used excluding the ones operated during learning
curve. A third group consisted of patients operated in the period
preceding intraoperative cholangiography and methylene blue test.

2.1. Preoperative evaluation

Preoperative evaluation included high resolution computed to-
mography (3e5 ml/s rapid intravenous contrast matter injection,
three phase and 2.5e5.0 mm sections along the liver) and/or
contrast agents and magnetic resonance imaging used in liver
protocol. The remaining liver volume was calculated as previously
described. If the remaining liver volume was not sufficient, opera-
tion was abandoned.
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2.2. Surgery

First, preoperative ultrasound examination (5e7.5 MHz probe)
was performed to visualize biliary structures, to determine of
appropriate transection plane and reveal associations between
transection plane and vascular bile ducts. Parenchymal transection
method was decided by surgeon based on the condition of liver
parenchyma. All cases were operated using two-surgeonmethod in
which saline-linked cautery (the second surgeon) and ultrasonic
dissector (the first surgeon) combination was employed. During
liver resection, biliary ducts and larger veins were closed through
suture ligation or absorbable clips. Resection was carried out using
continuous irrigation and bipolar forceps along with ultrasonic
dissector and similar methods. Closing of total or selective hepatic
flow (Pringle maneuver) were performed in most cases for periods
varying from 5 to 15 min. The first evaluation of transection sur-
faces in all three groups were carried out by direct vision of open
ducts and by white compress. Transection surfaces were closed
using polypropylene suture.

2.3. Methylene blue test

Except for patients who had cholecystectomy before, after
ensuring homeostasis and after closing all biliary leakages on
transection surface which were detected by white gas, a disposable
cholangiography catheter was advanced into ductus sisticus and
fixed using a silk suture. Methylene blue solution was slowly
injected into biliary tree and distal common bile duct was simul-
taneously closed with a finger. Defective ducts were determined
through observing the leakage of methylene blue solution via open
bile ducts on transected liver surface. These ducts were instantly
closed with suture or clips. Liver surface was washed using sterile
isotonic. Then, the procedurewas repeated until no methylene blue
solution was observed on liver surface.

2.4. Intraoperative cholangiography test

As explained earlier, a 4-ft cholangiography catheter was
advanced into ductus sisticus and fixed using a silk suture. Five to
ten ml of contrast matter (meglumine diatrizoate, 76% 100 ml
diluted byphysiological saline as 1:1) was slowly injected into
biliary tree. At the same time, distal common bile duct was
occluded with a finger. Then, during breath holding moment of the
donor, posteroanterior images were obtained digitally. Bile duct
leakages on liver surface and at hepatic influence level was deter-
mined digitally in the form of contrast matter extravasation.
Leaking ducts were repaired, and the procedure was repeated until
no contrast matter extravasation was observed.

2.5. Post-operative results, data collection and description

The ClavieneDindo classification is applied to evaluate post-
operative complications and consists of 7 grades (I, II, IIIa, IIIb, IVa,
IVb, and V); this classification is valid and applicable worldwide in
many fields of surgery [25]. In general, each complication has a
corresponding grade, and the final grade of complications is
adopted the highest. Hospital stays were calculated as the number
of days from operation to hospital discharge. Post-operative mor-
tality included the time period 90 days after the operation. Drain
placement was performed when considered necessary by surgery
team. When the liquid coming to drainage was not purulent or
without bile, drain was pulled off before the discharge of patient.
When the bilirubin amount in drainage liquid was the same as
serum bilirubin concentration on post-operative three days or at
least for three times, it was considered a biliary leakage. This
ty from ClinicalKey.com by Elsevier on March 06, 2023. 
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analysis was performed only when there was a biliary leakage
suspicion. Similarly, peritonitis indicating clinically important
biliary leakagewasmeasuredwhen suspicious radiological findings
were present. After operation, 11 patients (no test group; 30/7,
methylene blue group; 40/2, IOC group; 40/2) had short-term
perioperative complications. Followed by the ClavieneDindo clas-
sification, 9 patients presented with grade I complications (with
bile leakage) and 2 patients exhibited grade II complications (1
patient with bile leakage, 1 with delayed wound healing). Post-
operative serum ALT, AST, direct and indirect bilirubin levels were
routinely measured in all patients as indications of biliary leakage
and related complications. Patient demographics included types of
variation in biliary anatomy. No test group had 10 patients who
abnormal anatomy (9 patients two orifices, 2 patients three ori-
fices), methylene blue group had 24 patients who abnormal anat-
omy (21 patients two orifices, 3 patients three orifices), IOC group
had 22 patients who abnormal anatomy (20 patients two orifices, 2
patients three orifices).
2.6. Statistical analyses

Statistical analyses were performed using SPSS software
(Version 22.0). As the descriptive statistics of data, mean, standard
deviation, median, minimum, maximum, frequency and ratio
values were used. Distribution of variables were measured using
KolmogoroveSmirnov test. KruskaleWallis and ManneWhitney U
test were used for the analyses of independent quantitative vari-
ables. For qualitative data, chi-square test was used when appro-
priate. When the conditions were not met for Chi-square test,
Fischer test was used for the same purpose.
3. Results

Sixty-three of the donors were male (57.3%) and fourty seven
were women (42.7%). Median age in control group, methylene blue
and IOC test groups was 33.5 years (range: 20e47). Living donor
right hepatectomy was performed in all patients. At least one
biliary leakage was observed and repaired during intraoperative
examination in 15 patients (13.6%). No patients had any major
complications. There were no significant differences among groups
for clinicopathological characteristics. Age, gender distribution and
liver parenchyma characteristics were similar in all three groups. In
terms of intraoperative characteristics, no difference was observed
among the study groups except for twice higher contrast matter
detection and repair inmethylene blue test groups compared to IOC
test group. Post-operative biliary complications, on the other hand,
were less in methylene blue and IOC groups. Bile leakage (grade 1
and 2) was significantly higher in control group (23.3%) compared
to methylene blue (5%) and IOC groups (5%) (p < 0.05). Difference
between methylene blue and IOC groups for bile leakage was not
significant. Average duration of hospital stay and duration of
operation were significantly higher in control group compared to
methylene blue and IOC groups (p < 0.05). However, the differences
between methylene blue and IOC groups for duration of hospital
stays and duration of operation were not significant. Serum direct
bilirubin levels were not significantly different between control and
methylene blue groups. However, control and methylene blue
groups had significantly higher direct bilirubin levels compared to
IOC group (p < 0.05). On the other hand, the difference between
methylene blue and IOC groups was not significant. No differences
were observed among three study groups for ALT and total bilirubin
levels(Table 1).
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4. Discussion

Post-operative biliary complications still remain a major prob-
lem in liver surgery. As in other major hepatectomies performed
due to various reasons, the most common post-operative compli-
cation in living liver donors is biliary complications26 and they have
considerable postoperative effects on life quality of liver donors
such as abdominal infection and liver failure. Multiple strategies
have been employed to decrease these complications. However,
along with the increases in liver surgery, mortality due to these
complications are also on rise. Because of insufficiency of cadaver
pool for liver transplantation, living donor hepatectomy frequency
is increasing. Most of the studies focused on biliary complications
in recipient outcomes of LDLT follow-ups. Only six studies from
2006 to 2015 dealt with living donor complications. A study from a
single center in Japan27 reported a biliary complication incidence
frequency of 7.5% in 731 donor hepatectomy patients in 1999e2006
period. Most of those complications were associated with biliary
leakage. Incidence rate of biliary leakage was 9.9e11.1% in donors
subjected to right hepatectomy. As a result of these complications,
endoscopic retrograde cholangiopancreatography (ERCP) was per-
formed on 29 patients and six patients were operated. In another
study dealing with biliary complications of 207 patients who had
right hepatectomy in an Egyptian transplantation center from 2001
to 2008, a 13% incidence rate was calculated for biliary complica-
tions.28 A biliary complication incidence rate of 4.1% (n ¼ 14) was
reported for 343 donor hepatectomy cases (210 left liver and 106
right liver) by a study conducted in Japan in 1996e2009 period.29

Shin et al (2012) carried out another study in Japan during
1996e2011 period on 827 living donor hepatectomy patients from
a single center.30 A great majority of the patients had right hepa-
tectomy and complication rate was 10.0%. About one out of five
complications (19.8%) involved biliary complications. Another
Egyptian study published in 2014 reported a biliary complication
rate of 11.1% in 216 living donors who had right hepatectomy from
2004 to 2013.31 A recent study from Turkey found a biliary leakage
incidence of 7.7% for 593 living donors operated between 2006 and
2012.32 Thus, it could be stated that biliary complication rate ranges
from 2 to 18%.

Great majority of biliary complications are biliomas and bile
leakages, could be improved without using ERCP or percutaneous
drainage. Strictures are less frequently observed and are generally
fixed by ERCP and stent placement. More serious complications
involving biliary tree injury or refractory bile leakages from
dissected surfaces call for operative intervention. About 9% of
biliary complications need subsequent surgical intervention. Many
intraoperative methods have been introduced to prevent biliary
leakage and development of complications. We have showed that
the method used in the present study could be easily applied in
both living liver donor hepatectomy and other major hepatectomy
cases performed due to various reasons since it has data homoge-
neity which gives more accurate results. Determination of biliary
leakage using traditional methods such as intra-operational gas test
is difficult for surgeon. Hepatic resection technique necessitates
biliary leakage to be minimal during the operation. Complications
involving biliary leakage is undesirable in living donor hepatec-
tomy. There has been little improvement in decreasing the post-
operative biliary leakage. In a recent study, use of IOC has been
introduced to determine open bile ducts which cannot be easily
observed in liver transection surface, and to perform intraoperative
repairing of hidden biliary fistulas. More importantly, systemic
benefit of IOC was its associationwith lower incidence and severity
of post-operative biliary complications. In a multivariable analysis,
this independent variable was found to be the most significant risk
factor in patients suffering from post-operative biliary leakage. IOC
rom ClinicalKey.com by Elsevier on March 06, 2023. 
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Table 1

With Biliary Compication Without Biliary Complication

Postop.AST Postop.ALT Postop.D.Bil Postop.T.Bil Postop.AST Postop.ALT Postop.D.Bil Postop.T.Bil

298 242 1.37 3.02 263 330 1.01 2,2
592 390 1.46 2.41 107 74 0.8 2.29
158 128 0.67 1.64 505 564 1,0 2.17
254 267 1.05 1.87 318 632 0.37 0.9
409 420 0.68 1.74 575 390 0.78 1.75
233 205 0.69 1.55 456 300 0.82 2.08
433 379 0.62 0.96 337 337 0.72 1.68

346 348 0.71 2.07
232 248 0.84 2.21
225 230 0.48 1.29
151 192 0.62 1.72
158 111 0.58 2.6
230 288 0.39 0.95
214 179 0.45 0.91
211 238 1.92 6.96
348 315 1.03 3.01
119 138 1.01 2.06
271 356 0.54 1.18
192 108 0.54 1.13
96 85 0.81 1.38
271 266 0.68 1.92
349 226 0.62 1.4
325 270 0.87 1.76

With Biliary Compication Without Biliary Complication
Postop.AST Postop.ALT Postop.D.Bil Postop.T.Bil Postop.AST Postop.ALT Postop.D.Bil Postop.T.Bil
357 375 0.9 1.7 96 85 0.81 1.38
1070 908 2.6 4.5 271 266 0.68 1.92

349 226 0.62 1.4
325 270 0.87 1.76
398 358 1.27 2.48
405 368 0.61 1.48
493 360 1.19 2.38
319 230 0.71 1.38
383 368 0.62 1.58
234 50 0.72 1.54
494 466 0.5 0.97
464 331 0.72 1.31
466 565 0.84 1.83
346 269 0.62 1.27
264 190 0.74 1.86
265 267 0.3 0.7
531 668 1.1 2.2
397 230 1.8 2.9
647 527 1.7 3.9
277 218 0.6 1.3
512 605 1.7 2.8
249 283 0.6 2.3
267 242 0.7 1.5
390 360 1.3 3.1
255 135 0.5 1.1
664 563 1,0 2,0
438 282 0.8 1.4
365 371 0.5 1,0
272 239 1.1 3.4
292 187 0.7 1.2
747 439 1.2 2,0
457 291 0.5 1.5
590 562 1,0 3.5
474 301 0.5 1.2
293 189 0.6 1.4
210 143 0.9 1.9
502 283 1.2 2.7
440 272 0.8 1.7

_INTRAOPERAT_IVE CHOLANG_IOGRAF_I Without Biliary Complication

With Biliary Compication Postop.AST Postop.ALT Postop.D.Bil Postop.T.Bil
Postop.AST Postop.ALT Postop.D.Bil Postop.T.Bil 289 189 0.5 1.1
321 258 0.9 1.7 354 308 1.1 2.7
488 391 0.7 1.4 286 205 0.9 1.6

225 174 0.7 4.6
447 157 0.7 1.6
274 313 1.7 3.6
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Table 1 (continued )

With Biliary Compication Without Biliary Complication

Postop.AST Postop.ALT Postop.D.Bil Postop.T.Bil Postop.AST Postop.ALT Postop.D.Bil Postop.T.Bil

283 192 0.6 1.7
680 579 1.3 2.9
517 355 0.6 1.7
285 259 0.9 1.8
685 667 0.6 1.5
323 220 0.5 1.3
581 427 0.7 1.7
311 229 0.4 1.2
634 484 1,0 2.1
448 368 0.7 1.7
317 278 0.3 0.9
314 287 0.4 1.1
88 58 0.3 0.7
563 281 0.6 1.6
314 452 0.5 2.2
350 346 0.6 2
397 350 0.5 1.7
213 146 0.3 0.9
573 402 0.5 1.3
281 241 0.5 2.2
112 88 0.5 1.4
671 560 0.6 1.3
332 263 0.4 1.5
310 297 0.7 1.7
421 572 0.5 2.1
530 446 0.9 2.3
173 199 0.2 0.9
412 251 0.7 1.5
382 366 0.3 3.7
438 350 0.6 3.9
423 342 0.3 1.3
410 330 0.2 0.4
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provided live donor hepatectomy surgeons with a cost-effective,
reliable, practical method with minimum biliary leakage sequel
and incidence after hepatectomy. The aim of the biliary leakage test
was to determine insufficiently closed bile duct orifices in liver
transection surface and subsequent suturing of leaking area.33 A
recent study reported increasing biliary leakage along with
increasing complex hepatectomy. This difference in biliary leakage
rate continued in patients who had biliary enteric anastomosis,
which in fact was significant considering only the patients with
major hepatectomy. We also observed such an increase in living
donor hepatectomy patients and it became a focus of necessity for
clinical practice. Live donors in the present study had post-
operative biliary leakage risk, and intraoperative determination of
open biliary ducts could be useful for them. In addition, homoge-
neous and healthy individuals in the present study reflected the
reliability and usefulness of leakage test used to prevent post-
operative bile leakage. It seems that this method could also be
used for liver resections performed due to other causes (hep-
atobiliary tumors, giant hemangiomas, etc.).

A meta-analysis showed that biliary leakage test group had less
leakage than non-biliary leakage test group. This test was shown to
be effective and reliable in determining the postoperative bile
leakage. Although not widely accepted, several methods were
proposed to detect biliary leakage in the past decade. Intraductal
saline injection is a low cost, repeatable method. However, this
method which uses a transparent solution is not satisfactory for
determination of small ducts.34 Injection of a colored solution
(methylene blue or indocyanine green) was proposed.7,11,18,35

However, in order for these solution to allow imaging of leakage
area, they need to be darkened. This approach has disadvantages of
masking of small open ducts along with the coloring of transection
surface, and difficulty of cleaning the dye from the surface, which
makes subsequent repeating of the test to determine leakage
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difficult. We experienced these difficulties in methylene test group.
Determination of bile leakage and repair were performed in five
donors in methylene blue test group, while bile leakage test and
repair were performed in 10 donors in IOC test group (25%). There
was no difference for post-operative bile leakage between the two
groups. In a study where indocyanine green was used, ICG was
injected into the bile duct, and bound the protein in bile. Fluores-
cent imaging was used to monitor bile-ICG mixture with an
infrared camera. Biliary leakage was searched through extra biliary
fluorescence signals.33,36,37 However, no association was found
between biliary leakage incidence and post-operative complica-
tions. Besides, this method requires longer time, specialized
equipment, shutting down of the lights in operation room and a
complex algorithm to determine open biliary ducts indirectly on a
monitor. All these considerations compromise the usefulness of the
method. ‘White test’ based on intraductal injection of a 5% oil
emulsion can be employed. This was reported to be a sensitive and
low-cost repeatable method by a study with limited number of
patients in which 25 patients were subjected to biliary duct
resection and biliary enteric anastomosis.33 That study compared
white test with saline test and concluded that the former was su-
perior. Resection area was not contaminated and was easily
washed, and the test could be repeated.33 Furthermore, oil emission
involved foreign cells and its intraductal injection could lead to
allergic reaction, oil embolism, immunosuppressive effect and
fungal infections. Alt test which employs air to detect biliary
leakage was reported to be advantageous in that it needs no extra
technology, it has a shorter learning curve, it is repeatable and it
does not lead to staining of resection surface. That study found a
postoperative biliary leakage rate of 1.9%. Biliary leakage incidence
in the present studywas similar. However, it resulted in negative alt
in patients who had anatomic variations of common bile duct and
lower cystic confluence. In addition, patients who underwent liver
rom ClinicalKey.com by Elsevier on March 06, 2023. 
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resection in that study were quite heterogeneous for indications.
On the other hand, the present study included only healthy and
homogeneous living donor patients who were relatively younger.
Therefore, patient related factors did not affect the test outcomes in
the present study. In addition, when a very high biliary duct pres-
sure is induced, biliary leakages may not be observed during the
operation.11 Small bile ducts on the surface of liver can be
obstructed by microliths12 and bile leakages in this area may not be
observed through air test. Bile leakages may arise when microliths
fall after operation. On the other hand, it was possible to drop
microliths via liquid pressure of contrast matter in the present
study and open ducts were determined. In this context, through the
use of inexpensive and similar solutions via diluting and frequent
use, IOC can overcomemany disadvantages here. It does not involve
staining of surgical area, and therefore, it can be repeated. Since
contrast matter has no negative effects on patients, this method is
extremely safe for patients. We did not experience technical failure
with IOC. The procedure does not increase length of operation.
Rather, it shortens the total operation time. Significant decreases in
post-operative biliary leakages helped meeting the study aims. The
number of open bile ducts determined and repaired intra-
operatively was twice compared to methylene blue test. In addi-
tion, effect and safety of biliary leakage test was determined
conclusively for living donors undergoing hepatectomy. Four pa-
tients occurred to be biliary leakage in methylene blue and IOC test
groups. _It may be on the transected liver surface. We have deter-
mined the use of IOC and methylene blue tests as useful and have
been using routinely since 2014. This study had some limitations. _It
had retrospective nature and a single center study. IOC needs
radiographic machine and the risk of radioactivity if repeated test is
needed. To overcome these limitations, more RCTs should be con-
ducted with large numbers of patients to achieve a sufficient level
of statistical power for accurate evaluation of the bile leakage test.
Based on the evidence obtained in the present study, it was
concluded that IOC test reduced postoperative biliary leakage
incidence and did not increase incidence of other complications.
IOC could be test of choice to detect biliary leakage in major hep-
atectomies performed in living donors and for other reasons.
_Intraoperative cholangiography with either radio-opaque contrast
medium or colored dye is benificial to reduce bile leak during live
donor major hepatectomy.
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