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Acute kidney injury following living donor

liver transplantation

Inoue Y, Soyama A, Takatsuki M, Hidaka M, Muraoka I,
Kanematsu T, Eguchi S. Acute kidney injury following living donor
liver transplantation.

Abstract: Background: Although acute kidney injury (AKI) is regarded
as a frequent complication following deceased donor liver
transplantation, the incidence of AKI following living donor partial liver
transplantation (LDLT) has not yet been sufficiently investigated.
Patients and Methods: we used two definitions and investigated the
influence of AKI on patient and graft survival. The definitions for the
degree of AKI were as follows: AKI 1 was characterized by an increase in
serum creatinine of 0.5 mg/dL, while AKI 2 was 1.0 mg/dL above the
baseline within one wk during the post-operative course. The incidence
and its impact were investigated. )
Results: The incidence of AKI 1 was 63.1%. The development of AKI |
was correlated with intra-operative blood loss (p = 0.013), the length of
post-operative ICU stay, and hospitalization (p = 0.020 and 0.038). The
incidence of AKI 2 was 27.7%, and AKI 2 was correlated with the length
of both the post-operative ICU and hospital stays. The development of
AKI 2 was significantly correlated with graft survival (p = 0.015).
Conclusion: Recognizing the peri-operative risk and development of
AKIl is important, because AKI post-LDLT is associated with a poorer
graft survival and a possible worse long-term prognosis.
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Because of the chronic donor shortage, LDLT and
split liver transplantation have become common
practices throughout the world. As a possible out-
come of partial liver graft transplantation, small-
for-size syndrome (SFSS) can occur if the partial
liver graft volume is found to be insufficient for the
recipient and frequently leads to death of recipient
(1). The definition of SFSS is generally prolonged
abnormal bile secretion, coagulopathy, and ascites
within one wk after the operation. Difficulties in
fluid management caused by persistent ascites are
considered a possible risk of subsequent renal
dysfunction. In addition, drug-induced renal injury
is more common in patients with a fluid imbalance.

Acute kidney injury (AKI) is a frequent compli-
cation following deceased donor liver transplanta-
tion, and its incidence has been reported to range
between 17% and 95% (2-5). However, thus far,
the incidence of AKI following living donor
liver transplantation (LDLT) has not been well
investigated. The etiology of AKI post-liver
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transplantation is usually considered multifacto-
rial, including surgery-related events, blood loss,
hypotension, sepsis, the administration of a calci-
neurin inhibitor (CNI), volume depletion (5). In
addition to these causes, in LDLT, it might be diffi-
cult to maintain an ideal fluid balance because of
persistent massive ascites owing to a small-for-size
graft. Renal dysfunction after LDLT may occur
because of persistent portal hypertension and a hy-
perdynamic state in patients with a small-for-size
graft (6, 7). Furthermore, renal dysfunction may
also be present prior to transplantation because of
hepatorenal syndrome or other factors such
as infections or intravascular volume depletion
(8-10). Therefore, an increase in serum creatinine
is not uncommon post-liver transplantation.

In this study, we applied two definitions com-
monly used in the literature for AKI not requiring
dialysis and evaluated the impact of these two
types of AKI on patient outcome. We used differ-
ent levels of severity of AKI and excluded AKI



requiring renal replacement therapy, as it has
already been extensively studied. The purpose of
this study was therefore to clarify the incidence of
AKI post-LDLT and to determine its impact on
the patient outcome.

Patients and methods

The sources of our data included chart review of
our database of LDLT recipients who had under-
gone LDLT at Nagasaki University Hospital
between April 2005 and November 2009 (n = 65).
We reviewed our experience with AKI post-LDLT.
The database has information regarding causes of
liver disease, transplant or retransplant status, the
Model for End-Stage Liver Disease (MELD) score,
and intra-operative and post-operative clinical
data. All patients were included in the study,
regardless of their initial serum creatinine. Patients
on dialysis prior to liver transplantation were
excluded from the study. Definition of AKI is still
controversial (3,11-13). For this study, we used
two definitions commonly used in the literature to
define AKI (14,15) and evaluated the influence of
AKI on patient and graft survival based on these
definitions. In addition, the selection of AKI defi-
nitions was made to represent the changes in renal
function, from mild to more severe, occurring
within one wk at any time during the hospitaliza-
tion post-LDLT.

The two definitions for AKI were as follows:
AKI 1 was characterized by an increase in serum
creatinine of 0.5 mg/dL. above the baseline
(n = 41), while AKI 2 was characterized by an
increase in serum creatinine of 1.0 mg/dL above
the baseline (n = 18). These definitions were
applied to serum creatinine levels obtained at regu-
lar intervals in the post-LDLT period. The baseline
serum creatinine level is the one measured immedi-
ately prior to LDLT. Patients with AKI were com-
pared to a control group without AKI. We
investigated the risk factors of AKI. The associa-
tion between AKI and graft survival, duration of
ICU stay and hospital stay was investigated.

Immunosuppression and rejection

In patients with impaired renal function immedi-
ately before or after the transplant, the dose of
CNI was limited (FK506: trough level 5-8 ng/mL,
CyA: 100-150 ng/mL) or even temporarily
withheld until renal function improves. If CNI is
withheld, we generally used basiliximab to provide
immunosuppression, in conjunction with MMF
and prednisone, until the renal function improves
and CNI can be started. Methylprednisolone was
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injected intravenously during surgery at a dose of
20 mg/kg and at a dose of 2-1 mg/kg/d tapered
for one to six post-operative days, followed by
oral prednisolone at 0.3 mg/kg/d (7-28 d),
0.2 mg/kg/d (after 28 d), and discontinued in
three months to one yr after the procedure. If
acute cellular rejection was observed, then bolus
injections of methylprednisolone were adminis-
tered in selected cases.

Pre-operative and post-operative data

Database information from pre-LDLT admis-
sion, intra-operative monitoring, and post-LDLT
care was reviewed. The examined parameters
included the patient age, gender, serum creati-
nine, MELD score, graft volume/standard liver
volume ratio (GV/SLV ratio), sepsis, cytomega-
lovirus (CMYV) and other infections, intra-opera-
tive blood loss, regimen of immunosuppressive
drugs, causes of liver failure, length of hospital
and intensive care unit (ICU) stay, and graft
survival.

Statistical analysis

All categorical data were analyzed by a multivari-
ate logistic analysis. p Values <0.05 were consid-
ered to be significant.

Results

The incidence of AKI was variable, depending on
the definition applied for AKI. Tables 1 and 2
show the demographics and outcomes comparing
the AKI patients with the control group.

Acute kidney injury 1 (an increase in serum creatinine
of >0.5 mg/dL)

There was a higher incidence of AKI 1 (41/65
cases, 63.1%) compared with the incidence of
AKI 2. The development of AKI 1 was associ-
ated with higher intra-operative blood loss
(p = 0.013; Table 1). As a result, the relationship
was observed between longer post-operative ICU
stay (p = 0.020) and a longer overall hospital stay
(p =0.038 in comparison with the control

group).

Acute kidney injury 2 (an increase in serum creatinine
of >1.0 mg/dL)

The incidence of AKI 2 was 27.7% (18/65 cases).
None of the factors was significant for the inci-
dence of AKL
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Table 1. Description of patients with AKI 1 (Increase in serum creatinine of >0.5 mg/dL})

Univariate logistic regression

Criteria Category n AKI 1 Odds 95% ClI p Value
Number 65 41 (63.1%)
Age <55 27 17 (63.0%) Reference
>55 38 24 (63.2%) 1.008 (0.363, 2.802) 0.987
MELD score <15 27 16 (59.3%) Reference
>15 38 25 (65.8%) 1.322 (0.477, 3.663) 0.591
GV/SLV ratio <38 32 19(59.4%) Reference
>38 33 22 (66.7%) 1.368 (0.498, 3.760) 0.543
Sepsis (-) 46 27 (58.7%) Reference
(+) 19 14(73.7%) 1.970 (0.607, 6.398) 0.259
CMV infection (=) 41 25 (61.0%) Reference
(+) 24 16 (66.7%) 1.280 (0.445, 3.678) 0.647
Intra-operative hemorrhage <5000 30 14 (46.7%) Reference
>5000 35 27 (77.1%) 3.857 (1.328, 11.203) 0.013*
Pre-operative creatinine <0.7 25 18 (72.0%) Reference
>07 37 21(56.8%) 0.510 (0.172, 1.516) 0.226
Unknown 3 2(66.7%) 0.778 (0.060, 10.005) 0.847
Use of immunosuppressive (=) 14 9(64.3%) Reference
drugs (except CNI) (+) 51 32(62.7%) 0.936 (0.273, 3.207) 0.916
Use of immunosuppressive drugs () 45 27 (60.0%) Reference
{except CNI from POD1} (+) 20 14 (70.0%) 1.6585 (0.504, 4.801) 0.442
Use of FK506 (+) 59 36 (61.0%) Reference
(-) 6 5(83.3%) 3.194 (0.350, 29.113) 0.303
LC-B (=) 42 27 (64.3%) Reference
(+) 23 14 (60.9%) 0.864 (0.303, 2.466) 0.785
LC-C (=) 50 33 (66.0%) Reference
(+) 15 8(53.3%) 0.589 (0.183, 1.899) 0.375
LC-Alcohalic (=) 59 37 (62.7%) Reference
(+) 6 4(66.7%) 1.189 (0.201, 7.034) 0.848

AKI, acute kidney injury; MELD scare, Model for End-Stage Liver Disease score; GV/SLV ratio, graft volume/standard liver volume ratio; CMV, cytomegalo-
virus; CNI, calcineurin inhibitor; LC-B, cirrhosis caused by hepatitis B virus; LC-C, cirrhosis caused by hepatitis C virus; LC-Alcohalic, Aicohalic cirrhosis.

*p < 0.06.

Length of post-operative ICU stay and post-operative
hospital stay

The 58 patients were evaluated for factors associ-
ated with the length of their post-operative ICU
stay. The development of AKI 1 and the MELD
score were found to be related to the length of the
post-operative ICU stay. The development of AKI
1, CMV infection, the use of an immunosup-
pressant other than a CNI at any time during the
post-operative course, and the use of an immuno-
suppressant other than a CNI from POD1 were
related to the length of the post-operative hospital
stay. Because the patients of persistent poor graft
function had died at an early stage, we excluded
the patients from these examinations.

Causes of graft failure

The 65 patients were evaluated for the cause of
their graft failure. The development of AKI 2
(p = 0.015), the patient’s age (p = 0.021), and
donor age (p =0.006 in comparison with the
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control group) were all related to the graft survival
(Table 3).

As a risk factor of AKI, the intra-operative hem-
orrhage was suggested. Acute kidney injury was
related to the ICU stay, hospital stay, and graft
survival.

Discussion

A high burden of chronic kidney disease (CKD)
and end-stage renal disease (ESRD) post-liver
transplantation have been reported; those are most
frequently because of CNI-induced nephrotoxicity
(16). AKI may occur more frequently in LDLT
than in deceased donor liver transplantation
(DDLT), because of the difficulties associated with
fluid management and massive ascites production
owing to SFSS, in addition to the nephrotoxicity
of CNIs. In addition, other factors may contribute
to the development of this complication (16, 17).
AKI has been proposed to be an important risk
factor for the long-term development of CKD and
ESRD (17). Previous reports have shown evidence
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Table 2. Description of patients with AKI 2 (Increase in serum creatinine of >1.0 mg/dL)

Univariate logistic regression

Criteria Category n AKI 2 Odds 95% Ci p Value
Number 65 18 (27.7%)
Age <65 27 7 (25.9%) Reference
>55 38 11(28.9%) 1.164 (0.384, 3.532) 0.789
MELD score <15 27 9(33.3%) Reference
>15 38 9(23.7%) 0.621 (0.208, 1.856) 0.393
GV/SLV ratio <38 32 9(28.1%) Reference
>38 33 9(27.3%) 0.958 (0.323, 2.841) 0.939
Sepsis (-) 46 10 (21.7%) Reference
{+) 19 8 (42.1%) 2618 (0.830, 8.261) 0.101
CMV infection (=) 41 12 (29.3%) Reference
(+) 24 6(25.0%) 0.806 (0.257, 2.526) 0.711
Intra-operative hemorrhage <5000 30 7 (23.3%) Reference
>5000 35 11(31.4%) 1.506 (0.498, 4.555) 0.468
Pre-operative creatinine <0.7 25 8 (32.0%) Reference
>0.7 37 9 (24.3%) 0.683 (0.221, 2.108) 0.507
Unknown 3 1(33.3%) 1.063 (0.084, 13.517) 0.963
Use of immunosuppressive drugs (-) 14 5(35.7%) Reference
(except CNI) {+) 51 13 (25.5%) 0.616 (0.174, 2.174) 0.451
Use of immunosuppressive drugs (—) 45 12 (26.7%) Reference
(except CN! from POD1) (+) 20 6 (30.0%) 1.179 (0.369, 3.769) 0.782
Use of FK506 (+) 59 15 (25.4%) Reference
(=) 6 3(50.0%) 2.933 (0.534, 16.125) 0.216
LC-B (~) 42 10 (23.8%) Reference
(+) 23 8 (34.8%) 1.707 (0.560, 5.198) 0.347
LC-C (=) 50 18 (36.0%) Reference
(+) 15 0(0.0%) <0.001 (<0.001, >999.999) 0.953
LC-Alcoholic (~) 59 18 (30.5%) Reference
(+) 6 0(0.0%) <0.001 (<0.001, >9989.999) 0.971

AKI, acute kidney injury; MELD score, Model for End-Stage Liver Disease score; GV/SLY ratio, graft volume/standard liver volume ratio; CMV, cytomegalo-
virus; CNI, calcineurin inhibitor; LC-B, cirrhosis caused by hepatitis B virus; LC-C, cirrhosis caused by hepatitis C virus; LC-Alcoholic, Alcoholic cirrhosis.

that AKI is not a transient phenomenon, but a
complication that may have long-lasting implica-
tions on long-term outcomes, including mortality
(11, 12).

We hypothesized that the incidence of AKI fol-
lowing LDLT would be higher than that after
deceased donor liver transplantation with a whole
liver. Although 30 or more definitions of AKI have
been advocated so far, the parameters most fre-
quently used for the diagnosis of AKI are the cre-
atinine level and the volume of urine. A better
definition for early and less severe forms of AKI
will assist in designing studies to prevent this com-
plication. The ideal definition of AKI is controver-
sial. In this study, AKI was diagnosed according to
the development of a rapid increase in creatinine,
which seemed to be a useful and convenient defini-
tion for the patient grouping and data collection.

In the analysis of the risk factors for AKI 1, a
larger amount of intra-operative blood loss
(> 5000 mL) was significantly associated with the
incidence of AKI 1. Decreased renal blood flow
because of intra-operative major blood loss is
considered a cause of AKI 1. Neither the MELD

score nor the GV/SLV ratio significantly affected
the development of AKI 1. It was suggested that
AKI can be avoided by appropriate management
after surgery, even in the patients with a high
pre-operative MELD score or a low GV/SLV
ratio, who are generally thought to be a group at
high risk for AKI. Also, the type of immunosup-
pressant administered was not correlated with the
development of AKI 1. This was thought to be a
result of recognizing the high-risk group pre-oper-
atively and selecting an appropriate choice of the
post-operative immunosuppressant. The MELD
score and GV/SLV ratio were also not significant
factors associated with the development of AKI
2.

The patients with AKI 1, CMV infection, and
who used an immunosuppressant other than a
CNI had an extended post-operative hospital stay.
In particular, the patients administered an immu-
nosuppressant other than a CNI from POD1 were
more likely to have an extended post-operative
hospital stay. The patients with AKI 1 and a
high pre-operative MELD score (> 15) required
an extended post-operative ICU stay. The
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Table 3. Univariate risk factors for graft failure

Univariate logistic regression

Criteria Category n Graft failure Odds 95% ClI p Value
Number 65 15 (23.1%)
AKI 1 (-) 24 3(12.5%) Reference
(+) 41 12(29.3%) 2.90 (0.726, 11.562) 0.132
AKI 2 (=) 47 7 (14.9%) Reference
(+) 18 8 (44.4%) 4.57 (1.338, 15.616) 0.015*
Age <55 27 2(7.4%) Reference
>55 38 13 (34.2%) 6.500 (1.327, 31.829) 0.021*
Age of donor <55 42 5(11.9%) Reference
>55 23 10 (43.5%) 5.692 (1.638, 19.782) 0.006**
MELD score <15 27 5(18.5%) Reference
>15 38 10 (26.3%) 1.571 (0.469, 5.269) 0.464
GV/SLV ratio <38 32 8(25.0%) Reference
>38 33 7(21.2%) 0.808 (0.254, 2.567) 0.717
Sepsis (=) 46 8 (17.4%) Reference
(+) 19 7(36.8%) 2771 (0.831, 9.239) 0.097
CMV infection (=) 41 8 (19.5%) Reference
(+) 24 7(29.2%) 1.699 (0.527, 5.479) 0.375
Intra-operative hemorrhage <5000 30 7(23.3%) Reference
>5000 35 8(22.9%) 0.974 (0.308, 3.096) 0.964
Pre-operative creatinine <0.7 25 5(20.0%) Reference
>0.7 37 10 (27.0%) 1.481 (0.438, 5.015) 0.528
Unknown 3 0 (0.0%) <0.001 (<0.001, >999.999) 0.981
Use of immunosuppressive drugs (=) 14 2(14.3%) Reference
(except CNI) (+) 51 13(25.5%) 2.053 (0.405, 10.414) 0.385
Use of immunosuppressive drugs (-) 45 9(20.0%) Reference
(except CNI from POD1) (+) 20 6(30.0%) 1.715 (0.515,5.712) 0.380
Use of FK506 +) 59 12(20.3%) Reference
(=) 6 3(50.0%) 3.917 (0.700, 21.801) 0.120
LCc-8 (=) 42 11(26.2%) Reference
(+) 23 4(17.4%) 0.593 (0.165, 2.132) 0.424
LCc-C (=) 50 11(22.0%) Reference
(+) 15 4(26.7%) 1.289 (0.342, 4.854) 0.707
LC-Alcoholic (=) 59 15 (25.4%) Reference
(+) 6 0(0.0%) <0.001 {<0.001, >999.999) 0.973

AKI, acute kidney injury; MELD score, Model for End-Stage Liver Disease score; GV/SLV ratio, graft volume/standard liver volume ratio; CMV, cytomegalo-
virus; CNI, calcineurin inhibitor; LC-B, cirrhosis caused by hepatitis B virus; LC-C, cirrhosis caused by hepatitis C virus; LC-Alcoholic, Alcohalic cirrhosis.

*p < 0.05; **p < 0.01.

development of AKI 2 was not associated with
either the ICU stay or the total hospital stay. In
contrast to AKI 1, the reason why AKI 2 did not
influence the ICU or hospital stay needs further
investigation.

The risk factors for graft failure included AKI
2, the age of the recipient (> 55), and the age of
the donor (> 50). Acute kidney injury 1 was not
recognized as a risk factor for graft failure. In
orthotopic liver transplantation, an increase in
creatinine of 0.5 or more in a short period of time
has been reported to deteriorate the survival of
the graft and the patient. Similarly, in this study,
a creatinine increase of 1.0 or more was associated
with decreased long-term survival of the graft;
therefore, early intervention by recognizing
the group at high risk for AKI is considered

E534

328

important in the post-operative management of
LDLT. Some authors have reported that a creati-
nine increase of about 0.3 also influences the prog-
nosis (13, 14). Furthermore, AKI has been
reported to be associated with the prognosis after
five yr (15). In the intensive care area, it is impor-
tant to recognize AKI even if it is characterized
by a low-grade increase in creatinine, because
AKI increases the mortality rate. Because an
increase in creatinine in the normal range is a
marker of the cardiovascular events (18),
increased creatinine in hypertensive patients is a
marker of the blood vessel disease (19). Therefore,
it is also possible that in the LDLT patients, AKI
could be a sign of pre-existing blood vessel disease
or a possible cardiovascular event that could
affect the long-term survival.



In conclusion, recognizing the risk and develop-
ment of AKI is important, although a variety of
diagnostic criteria still exist, because AKI post-
LDLT is associated with a decreased graft survival
and a possible long-term unfavorable outcome.
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Abstract Among 137 living liver donors who underwent
partial hepatectomy between August 1997 and November
2010, 58 donated the left lobe of their liver, with or without
the caudate lobe. Gastric stasis developed after surgery in 4
(7 %) of these 58 donors (Fig. 1); possibly because of
dislocation of the stomach after hepatectomy and adhesion
between the stomach and the cut surface of the liver. This
complication is specific to left hepatectomy [I] and
although not life-threatening, it is symptomatic and
requires endoscopic or surgical intervention. We describe
our surgical technic designed to prevent this complication.

Keywords Liver transplantation - Living donor -
Omentum

Surgical procedures (Fig. 2)

After left hepatectomy, there is a large cavity between the
stomach and the cut surface of the liver (Fig. 2a). A closed
suction drain is generally placed along the cut surface via
the dorsal route of the hepatoduodenal ligament. Our
method involves stretching the omentum fully (Fig. 2b)
into this space, covering the hepatoduodenal ligament and
the cut surface of the liver (Fig. 2c), ensuring that the
stomach and transverse colon are left in their natural
positions. We simply leave the omentum in place without
suturing (Fig. 2d). Patients with gastric stasis vomit
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frequently because their stomach is enlarged, as can be
seen on abdominal X-ray and/or computed tomography
images (Fig. 1). Computed tomography is performed rou-
tinely 1 month after surgery, mainly to check the regen-
eration of the liver.

We performed omental patching in the most recent 45 of
the 58 donors who underwent left partial hepatectomy. The
incidence of gastric stasis decreased significantly from
23 % (3/13) in the first 13 patients to 2 % (1/45) in the last
45 (P < 0.05; Fisher’s test). Computed tomography after
surgery confirmed that the omentum was still in place
between the stomach and the liver (Fig. 3a), preventing
adhesion between them in all except one patient, in whom
gastric stasis was possibly caused by dislocation of the
omentum. All 3 of the former 13 patients with gastric stasis
after surgery without omentum patching were observed to
have tight adhesion between the stomach and the cut sur-
face of the liver (Fig. 3b).

Gastric stasis is not life-threatening, but it impairs the
quality of life of living liver donors. In left hepatectomy,
the stomach is twisted and falls into the space after the liver
lobe is removed. This leads to adhesion between the
stomach and the cut surface of the liver. None of the 62
patients who underwent right hepatectomy during the same
period in this series suffered any gastric stasis. Although all
four of our patients who suffered gastric stasis are now
doing well, three required endoscopic repair, and one
required surgical adhesiolysis. There are few studies on the
prevention of gastric stasis after left hepatectomy. Yoshida
et al. [2] proposed a procedure for fixing the greater
omentum to the peritoneum to prevent the stomach from
falling into the space after hepatectomy. We devised
omentum patching because it is simple and requires no
artificial materials. A sodium hyaluronate and carboxy-
methylcellulose membrane was recently introduced as an
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Fig. 1 Gastric stasis after living donor left hepatectomy. Fluorescent
imaging study shows an enlarged stomach with no passage of
radiofluorescence through the pylorus

effective material to prevent bowel obstructions being
caused by adhesions [3, 4], but it is not clear whether it can
be used to prevent adhesions between the cut surface of the
liver and the stomach. Besides the omentum, another intra-
abdominal material that could possibly be used is intestine,
but this might lead to bowel obstruction due to adhesion.
We simply left the omentum without any plasty in the

Fig. 2 Surgical procedure for
omentum patching. There is a A
large cavity between the
stomach and the cut surface of
the liver (a). The omentum is
fully stretched (b) and placed
over the hepatoduodenal
ligament and the cut surface of
the liver (c). The omentum is
left in place without sutures (d)
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space between the stomach and the cut surface of the liver,
and without sutures. Even though it was not fixed, com-
puted tomography confirmed that the omentum remained in
place between the stomach and the liver in most of the
patients. The omentum is used widely to prevent or treat
various morbidities, including anastomotic leakage of the
colon [5], perforation of a duodenal ulcer [6], hepatic
hydatid cyst [7], and in some thoracic surgery [8]. It is
generally used with some kind of plasty, but we simply
placed it over the area without any plasty or sutures, and
thus named the procedure as “omentum patching”. This
procedure cannot be applied if the omentum is too small to
cover the cut surface of the liver, or if there are intra-
abdominal adhesions involving the omentum from prior
laparotomy. In our series, omentum patching was carried
out easily in all patients, except for one who had previously
undergone colectomy. We believe that the vast majority of
living liver donors are candidates for omentum patching at
the time of hepatectomy because they are healthy volun-
teers. This procedure is also useful for patients undergoing
left hepatectomy for neoplasms, but it is more applicable in
living donor hepatectomy, in which any complications,
even minor ones, should be avoided.

One possible disadvantage of this procedure is that it
may leave the person susceptible to severe peritonitis if
intra-abdominal inflammation, such as appendicitis, occurs
after surgery, because the general functions of the omen-
tum include migration, covering, adhesion, and mending
the absorption against peritoneal injury or infection. None
of our patients have experienced any such adverse events
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Fig. 3 Computed tomography scan after surgery with (a) and without
(b) omentum patching. After omental patching, the omentum
remains in place between the stomach and the cut surface of the

within a median follow-up period of 16 months (range
1-42 months). Another possible cause of adhesion between
the stomach and the cut surface of the liver is bile leakage.
Thus, it is essential to cut the bile duct at an adequate point
[9]. There were no cases of bile leakage causing tight
adhesion in our series, as we cut the bile duct at the optimal
cutting point during donor surgery using C-arm cholangi-
ography [10].

In conclusion, although a randomized study should be
done, the findings of this series demonstrate that omentum
patching prevents gastric stasis after living donor left
hepatectomy.
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Abstract

Background/purpose There has been no report describing
the optimal clamping method for biliary drainage tubes in
living-donor liver transplantation (LDLT), although biliary
splinting and drainage plays an important role in this
procedure.

Methods When performing LDLT, we generally use a
2-mm drainage tube for the splint at the biliary anasto-
mosis, and externalize it through the lower common bile
duct. In the present study, when the serum levels of total
bilirubin were lower than 5 mg/dl, and negativity for bili-
ary complications and good passage of contrast media to
the duodenum were confirmed, the drainage tubes were
clamped. To determine the optimal clamping method,
patients were randomly divided into two groups; those
whose drainage tubes were subjected to stepwise clamping
for 3, 6, 12, and 24 h per day (n = 20), and those whose
drainage tubes were subjected to straightforward clamping
- (n = 20).

Results The results of liver function tests and rates of
clamping failure were not different between the two groups
after the different clamping methods were used.
Conclusions  Straightforward clamping could be a simple
and reasonable method to close a biliary drainage tube after
LDLT.

Keywords Clamp - Liver transplantation -
Biliary drainage - Tube
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Introduction

Biliary drainage and splinting plays an important role in
living-donor liver transplantation (LDLT) because the rate
of biliary complications is higher in LDLT than in
deceased-donor whole LT [1, 2]. We generally use an
external biliary splint and have previously reported the
two-step method used for removal of the splint [3].

Anecdotally, a stepwise clamping method has some-
times been preferred to straightforward clamping to train
the sphincter of Oddi in the papilla of Vater after decom-
pression through the drainage tube following LT. The
preference for the stepwise method is due to concerns that
straightforward clamping may lead to dysfunction of the
sphincter of Oddi after long-term decompression through
the stent tube. However, it is not known whether stepwise
clamping truly yields a better outcome, and there has been
no report examining this matter in LT.

We investigated 40 LDLT patients who were randomly
allocated to two groups in which different methods were
used for clamping the biliary drainage tube.

Methods
Patients

Of 66 patients in whom we performed liver transplanta-
tions between May 2006 and October 2009, 65 were adult-
to-adult LDLTs. Of these 65, 40 patients who underwent
duct-to-duct biliary reconstruction with a tube splint at the
anastomotic site and survived beyond 3 months were
included in this study. This prospective randomized control
study was conducted with the permission of the institu-
tional ethics committee. Six ABO-incompatible patients
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received a single dose of rituximab 1 week prior to the
LDLT [4].

Biliary drainage tube placement

As reported previously, we used a polyviny! chloride tube
of 2-mm diameter, which was originally used for retro-
grade transhepatic biliary drainage, for our LDLT patients
[3]. The tube was equipped with a malleable metallic dull-
tipped splint at one end. Prior to the performance of duct-
to-duct biliary anastomosis, the metallic splint of the tube
was inserted from the lumen of the recipient’s side of the
hepatic duct and externalized through the common bile
duct above the upper edge of the duodenum. Subsequently,
duct-to-duct anastomosis was performed with interrupted
sutures of 6-0 polydioxanone, and the tube was placed
inside the graft intrahepatic bile duct for decompression
and splinting. After the tube placement, the externalized
site of the common bile duct was treated with purse-string
sutures of 6-0 polydioxanone. Ductoplasty was performed
in 4 patients with a right lobe graft; in 3 of these patients
two tubes were placed, one in the anterior and one in the
posterior branches of the bile duct. In the other patient with
a right lobe graft, two tubes were placed when anterior and
posterior branches of the bile ducts were too distant to
perform ductoplasty.

Groups

When the serum levels of total bilirubin were lower than
5 mg/dl, and negativity for any biliary complications
(leakage or severe stricture) and a good passage of contrast
media to the duodenum were confirmed by fluoroscopic
study, an attempt to clamp the biliary drainage tube was
initiated 1 day after the fluoroscopic study. The following
two methods were used for the clamping: for stepwise
clamping (n = 20), the drain tube was clamped for 3 h on
day 1, 6 h on day 2, 12 h on day 3, and 24 h per day
thereafter. After each temporary clamping, the biliary
drainage tube was opened and externally drained. For the
straightforward clamping (rz = 20), the drain tube was
clamped and remained closed.

After the clamping, liver function tests (T. Bil: total
bilirubin, ALT: alanine aminotransferase, ALP: alkaline
phosphatase, GGT: gamma glutamyl transpeptidase) were
performed on days 1 and 3. During the clamping period,
the patients continued to eat hospital meals three times a
day.

Statistics

All data were expressed as median values with ranges.
Statistical analysis was performed using the Mann—
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Table 1 Patient characteristics and liver function tests after the

clamping
Stepwise Straightforward
(n = 20) (n = 20)
Age (years) 56 (31-67) 57 (33-68) ns.
Gender (M:F) 13:7 13:.7 n.s.
Graft type (right-side  10:10 10:10 n.s.
graft:left-lobe graft)
Bile ductoplasty 3 1 n.s.
Double tubes 3 0 n.s.
ABO-incompatible 1 (5%) 5 (20%) n.s.
Starting day of the 22 (12-54) 29 (9-59) n.s.
clamping
T. Bil before 1.9 (0.6-5.6) 2.0 (0.6-11.1) n.s.
clamping (mg/dL)
After 1 day 1.9 (0.5-5.4) 1.8 (0.7-9.6) n.s.
After 3 days 1.5 (0.5-4.6) 1.5 (0.4-1.2) n.s.
ALT before 73 24-177) 89 (5-537) n.s.
clamping (IU/L)
After 1 day 67 (21-178) 80 (7-567) n.s.
After 3 days 60 (16-177) 81 (8-542) n.s.
ALP before 377 (115-1,744) 369 (176-1,100) ns.
clamping (IU/L)
After 1 day 382 (136-1,736) 377 (107-1,260) n.s.
After 3 days 345 (138-1,698) 380 (169-1,410) ns.
GGT before 94 (13-368) 100.5 (17-538)  ns.
clamping (IU/L)
After 1 day 113 (17-358) 150 (16-549) n.s.
After 3 days 94.5 (14-365) 100 (16-577) n.s.

Numbers in parentheses are ranges, unless otherwise indicated. n.s.
not significant, T. Bil total bilirubin, ALT alanine aminotransferase,
ALP alkaline phosphatase, GGT gamma glutamyl transpeptidase

Whitney U-test for continuous values. Statistical signifi-
cance was defined as a p value of <0.05. The StatView 5.0
software program (Abacus Concepts, Berkeley, CA, USA)
was used for all statistical analyses.

Results

Table 1 shows the characteristics of the patients in the
study. There were no statistically significant differences in
age, gender, graft type, the starting day of clamping after
LDLT, or ABO incompatibility between the groups.

At the time of the clamping, there were also no signif-
icant differences between the groups in the serum levels of
T. Bil, ALT, ALP, and GGT. After each type of clamping
of the biliary drainage tube, there were no significant dif-
ferences between the groups in the serum levels of total
bilirubin, AST, ALP, or GGT on days 1 and 3. There was
no clamping failure in either of the groups.
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Discussion

In the present study, we demonstrated that there were no
differences in the patient outcomes after using the stepwise
versus the straightforward clamping method for the biliary
drainage tube after LDLT.

Biliary splinting plays an important role in LDLT, as the
rate of biliary complications is higher in LDLT than in
deceased-donor whole LT [1, 2]. We generally use a 2-mm
tube for stenting at the biliary anastomosis, externalize it
through the lower common bile duct, and fistulize it using
the duodenal serosa [3]. The safety of the two-step proce-
dure for removal of the splint tube was reported previously
by our group [3]. In order to clarify the effects of the
stepwise clamping method, we performed the present
prospective study.

In our patients, there were no differences between the
groups in the distribution of graft type, i.e., right lobe
grafts, right posterior grafts, and left lobe grafts. After the
clamping, we observed no differences between the out-
comes in the patients treated using the two different
clamping methods. In addition, in our subgroup analysis of
graft type within each group, there were no significant
differences in any of the parameters. Moreover, ABO-
incompatible patients did not show any additional response
after clamping of the biliary drainage tube, regardless of
the clamping method used.

In one patient, we started to clamp the tube when the
level of total serum bilirubin was still more than 5 mg/dl
because of a lack of any biliary complications at 2 months
after LDLT. However, there was no increase in any of the
examined parameters in this patient in the straightforward
clamping group.

Studies on the duration of clamping procedures have
been performed only in the area of total knee arthroplasty
[5-3]. In one of these studies, a reduction of blood loss was
confirmed when 1-h clamping was applied as compared to
a 4-h clamping method [5]. However, there has been no
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previous report describing the clamping method or duration
of use for a biliary drainage system; therefore, even spe-
cialists in this field sometimes adopt the conventional
stepwise method after LDLT.

In conclusion, we performed a randomized control study
to examine differences arising due to the use of different
clamping methods. Our results indicate that the straight-
forward clamping method could be a simple and reasonable
method to successfully close biliary drainage tubes after
LDLT.
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