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Summary

The clinical presentations of gastrointestinal bleeding (GIB) occurring after living

donor liver transplantation (LDLT) have not been fully described. We performed

a retrospective analysis of 297 LDLT cases. Nineteen patients (6.4%) experienced

GIB after LDLT. The etiology of GIB included bleeding at the jejunojejunostomy

following hepaticojejunostomy (n = 13), peptic ulcer disease (n = 2), portal

hypertensive gastropathy (n = 2), and other causes (n = 2). Hemostasis was

achieved in 13 patients (68.4%) by endoscopic (n = 3), surgical (n = 1), or sup-

portive treatments (n = 15), but not in the other six patients. Graft dysfunction

(P < 0.001), hepaticojejunostomy (P = 0.01), portal vein pressure at the end of

surgery >20 mmHg (P = 0.002), and operative blood loss >10 L (P = 0.004) were

risk factors. One-year graft survival rate was significantly lower in patients with

GIB than in patients without GIB (P < 0.001). The inhospital mortality rate was

52.6% for patients with GIB, 75.0% for patients with graft dysfunction, and

14.3% for patients without graft dysfunction (P = 0.028). Despite its infrequency

after LDLT, GIB has strong correlation with graft dysfunction and inhospital

mortality.

Introduction

Although liver transplantation is the treatment of choice

for patients with end-stage liver disease, several matters still

need to be addressed, especially early postsurgical compli-

cations such as gastrointestinal bleeding (GIB) [1]. In prior

reports, the prevalence of GIB after deceased donor liver

transplantation (DDLT) using whole liver grafts was

around 10%, with peptic ulcer disease being the most com-

mon cause of GIB [2,3]. It was also reported that the risk of

graft and patient mortality attributable to GIB increased

significantly after LDLT [2].

In Japan, the predominant mode of liver transplantation

is living donor liver transplantation (LDLT), even though

the procurement of deceased donor organs was legalized in

1997, with revisions in eligibility criteria in 2009 [4]. There-

fore, for the last two decades, strategies to improve the

success of LDLT in adults have been the focus of research

by identifying unique but significant factors that affect the

outcomes of LDLT [5–7]. Although some factors, including

graft size mismatch or recipient disease severity, could

influence the outcomes of LDLT, continuous and signifi-

cant portal hypertension caused by excessive graft inflow

was proposed as the major factor responsible for poor out-

comes [8–11]. For this reason, we hypothesized that such

factors could also contribute to the development of GIB

after LDLT in adults. To date, however, very few reports

have investigated the etiology of GIB in LDLT. Therefore,

in this study, we reviewed the cases of GIB after LDLT in

adults treated at a single center. We sought to characterize

the possible risk factors, pathophysiology, and outcomes of

GIB, and hopefully to guide preventive strategies.

Materials and methods

Patients

A total of 297 adults (>20 years old) who underwent LDLT

at Kyushu University Hospital from January 2003 to
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December 2012 were included in this study. The graft types

included left lobe grafts (n = 166), right lobe grafts

(n = 118), and posterior segment grafts (n = 5). All LDLT

procedures were performed after obtaining full informed

consent from the patients. The liver transplantation com-

mittee and the institutional review board at Kyushu Uni-

versity approved this study in compliance with the

Declaration of Helsinki. Medical charts were retrospectively

reviewed to obtain the patients’ data.

Graft selection process

Grafts were selected as previously described [12]. Left lobe

grafts were considered the primary graft type if the desired

GV/SLV was >35%. Right lobe grafts were considered if the

simulated GV/SLV of the left lobe graft was <35% and the

donor’s remnant liver volume was >35%. Major middle

hepatic vein tributaries >5 mm in diameter were maximally

reconstructed to maintain uncongested GV/SLV >40% in

right lobe grafts [12]. The surgical procedures involved in

graft procurement are described in our previous report

[13].

Recipient surgical procedures

Risky gastroesophageal varices were treated before LDLT by

endoscopic approaches. The surgical procedures in the

recipients are described in our previous report [14]. PVP

was continuously measured during surgery using a cannula

(Medicut LCV-UK catheter 14GTM; Nippon Sherwood Inc.,

Tokyo, Japan) placed in the superior mesenteric vein. After

total hepatectomy with or without venovenous bypass, the

grafts were transplanted in a piggyback fashion. The orifice

of the recipient’s hepatic vein was enlarged with an incision

on the vena cava for the venous anastomosis to provide suf-

ficient outflow. After venous anastomoses, the portal vein

was reconstructed, followed by reperfusion. Arterial anasto-

mosis was performed under a microscope.

Biliary reconstruction was performed after reperfusion

using a method chosen according to the number and size

of graft duct openings and the anatomic variation of the

biliary system. Duct-to-duct anastomosis was performed if

possible [15]. If duct-to-duct anastomosis was not possible

because of poor biliary blood supply, inflamed/sclerosed

bile ducts, primary sclerosing cholangitis as the primary

disease or if the bile duct was injured, hepaticojejunostomy

with jejunojejunostomy was performed instead. Interrupted

6-0 PDS-II (Ethicon Inc., Somerville, NJ, USA) sutures

were used for duct-to-duct biliary anastomosis and hepati-

cojejunostomy. For jejunojejunostomy, the conventional

Albert–Lembert method was performed with continuous

4-0 PDS-II (Ethicon Inc.) sutures for the full intestinal layer

followed by interrupted 4-0 PDS-II sutures for seromuscu-

lar reinforcement.

Splenectomy was indicated and performed in patients

with hypersplenism or elevated PVP, and in patients with

hepatitis C treated with interferon after LDLT [16]. The

bloodless procedures used in splenectomy are described in

our prior report [17]. We also ligated major (≥10 mm)

portosystemic shunt vessels to prevent portal steal phenom-

ena [18]. The shunts are controlled and left open during

the anhepatic phase to minimize portal venous congestion

and are ligated after reperfusion [18]. For gastroesophageal

shunts, we applied endostapling devices to the base of the

left gastric ligament, including the left gastric artery, coro-

nary vein, and collateral vessels, which was followed by

en bloc division using endostapling devices (Echelon Flex

EndopathTM Staplers 60-2.5; Ethicon Endo-Surgery Inc.,

Cincinnati, OH, USA) [18]. Our concept for inflow modu-

lation involves normalizing portal hemodynamics by

removing enlarged spleen and obstructing the draining

major shunts.

Diagnosis of GIB

In this study, GIB was defined as gross melena or hemate-

mesis. Positive fecal occult blood without gross melena or

hematemesis was not referred to as GIB. GIB was diagnosed

by operative and/or endoscopic procedures. Bleeding epi-

sodes were defined as the presence of hematemesis and/or

melena. For patients with hematemesis and/or melena,

upper esophago-gastro-duodenoscopy was performed, fol-

lowed by colonoscopy and double-balloon enteroscopy if

indicated. For patients with fresh melena, total colonoscopy

was performed first.

PGD

PGD was defined as graft dysfunction without apparent

technical, anatomic, immunologic, or hepatitis-related

issues after LDLT and was characterized by hyperbilirubin-

emia (total bilirubin ≥20 mg/dl) [7].

Statistical analysis

All values are expressed as means and standard deviations.

Categorical variables were compared using chi-squared

tests, and receiver operating characteristic curves were used

to determine the best cutoff points for continuous vari-

ables. Cumulative graft survival was analyzed using the

Kaplan–Meier method and the log-rank test. Values of

P < 0.05 were considered statistically significant. All statis-

tical analyses were performed using JMP software (SAS Insti-

tute Japan, Tokyo, Japan).
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Results

Characteristics of the recipients, donors, and grafts

We performed 297 adult-to-adult LDLTs between January

2003 and December 2012. The mean age of the recipients

was 53.1 � 10.9 years. The mean Model for End-Stage

Liver Disease (MELD) score was 16.8 � 6.7. The indica-

tions for LDLT included acute liver failure in 25 patients

(12.7%), cholestatic cirrhosis in 56 patients (18.9%), viral

cirrhosis in 176 patients (59.3%), and another indication in

40 patients (13.5%). The majority of the patients were

Child class C (n = 179 [60.3%]).

The mean age of the donors was 36.1 � 11.0 years. The

graft types included left lobe grafts for 166 cases (55.9%),

right lobe grafts in 124 cases (41.8%), and posterior seg-

ment grafts in seven cases (2.4%). The mean graft volume

(GV)/standard liver volume (SLV) ratio was 41.5 � 8.2%.

Sixteen donors (5.4%) provided blood-type incompatible

grafts.

Hepaticojejunostomy was performed in 41 patients

(13.8%), and splenectomy was performed in 177 patients

(59.6%). The mean blood loss was 6.4 � 15.0 L.

The one-year cumulative graft survival rate was 84.2%.

Characteristics of patients with GIB

Overall, 19/297 patients developed GIB within 3 months

after LDLT. The bleeding source was the esophagus in one

patient (ruptured varix: n = 1), the stomach in four

patients (portal hypertensive gastropathy: n = 2; peptic

ulcer disease: n = 2), the jejunojejunostomy following hep-

aticojejunostomy in 13 patients (anastomotic bleeding:

n = 13), and the large intestine in one patient (ulceration:

n = 1) (Table 1). One of the patients with bleeding from

the jejunojejunostomy required surgery and hemostasis was

achieved. Three patients underwent endoscopic procedures

(clipping was performed for one patient with hepaticojej-

unostomy bleeding, ethanol injection was performed in

one patient with peptic ulcer disease, and variceal ligation

was performed in one patient with a ruptured varix).

Although 15 patients received supportive treatments,

hemostasis was not achieved in six (Fig. 1). Endoscopic

examinations were performed for all the patients with GIB,

and the origin was defined in 14/19 (73.7%). Five unidenti-

fied patients were not performed jejunoscopy due to the

era before the introduction of jejunoscopy as a common

procedure (n = 4) or severely deteriorated patient condi-

tion (n = 2). The patients with supportive treatment with

available hemostasis included diffuse portal hypertensive

gastropathy (n = 2), multiple acute gastric mucosal lesions

with ulceration (n = 2), diffuse oozing from jejunal

mucosa (n = 1), and almost hemostat jejunojejunostomy

with clots (n = 2). The treatments included no oral intake,

proton pump inhibitors, gastrointestinal mucosa protective

agents including sodium alginate and sucralfate, and blood

rodents including fresh frozen plasma and platelets. On the

other hand, the patients with unsuccessful supportive treat-

ments had GIB on severely deteriorated conditions. Five of

them had graft failure before the onset of GIB and one of

had graft versus host disease, resulting in mortality in all.

Same supportive treatments as those with successful hemo-

stasis were performed. Thus, the patients with successful

supportive treatment included diffuse or already hemostat

lesions, and those with unsuccessful supportive treatment

had pre-existent graft failure or very severe general condi-

tion. For patients with identified specific bleeding lesion,

surgical or endoscopic treatments were performed if condi-

tion of a patient affords.

Risk factors for GIB

Univariate analyses (Table 2) showed that intra-operative

blood loss >10 L (yes vs. no: 36.8% vs. 10.4%; P = 0.004),

hepaticojejunostomy (yes vs. no: 68.4% vs. 12.3%;

P < 0.001), portal vein pressure (PVP) >20 mmHg at the

end of the surgery (yes vs. no: 38.9% vs. 9.8%; P = 0.002)

Table 1. Region and etiology of gastrointestinal bleeding.

Region No. of cases Etiology n

All cases 19

Esophagus 1 Ruptured varix 1

Stomach 4 Portal hypertensive gastropathy 2

Peptic ulcer disease 2

Bowel

Small intestine 13 Anastomotic bleeding at

jejunojejunostomy

13

Large intestine 1 Ulceration 1

Figure 1 Treatments applied and outcomes of patients with gastroin-

testinal bleeding after living donor liver transplantation. GIB, gastroin-

testinal bleeding.
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and postoperative maximum bilirubin >20 mg/dl (defined

as PDG: primary graft dysfunction) (yes vs. no: 68.4% vs.

8.3%; P < 0.001) were risk factors for GIB. Graft type, GV/

SLV, splenectomy, and postoperative portal vein thrombus

were not significant risk factors for GIB (Table 2). Among

the 23 patients with PVP > 20 mmHg at the end of surgery,

two patients had hepaticojejunostomy and one of the two

had GIB at 17 days after LDLT with mortality due to graft

dysfunction. The risk factors for PGD included donor age >
40 years old (73.9% vs. 29.1%, P < 0.001), operative blood

loss > 10 L (30.6% vs. 9.6%, P = 0.001), transfusion of

packed red blood cell > 20 units (41.7% vs. 13.8%,

P = 0.001), and portal venous pressure at the end of surgery

> 20 mmHg (38.1% vs. 9.6%, P = 0.001). The incidence of

GIB was significantly more frequent in those with PGD than

those without (13/36 = 36.1% vs. 6/297 = 2.3%, P < 0.001).

Relationship between the onset of GIB and inhospital

mortality

We investigated the relationship between the onset of GIB

and inhospital mortality. GIB occurred within 4 weeks after

LDLT in 17/19 patients (94.7%). Overall, 10 patients

(52.6%) with GIB died while in hospital. In total, 9/12

patients (75.0%) with PGD died while in hospital versus 1/

7 patient (14.3%) without PGD (P = 0.028) (Fig. 2a). In

12/19 patients (63.2%), GIB occurred within 10 days before

or after the peak total bilirubin level (Fig. 2b). Therefore,

GIB occurred either shortly before or after the onset of

PGD in most patients.

Graft survival

The effects of GIB on cumulative graft survival are shown

in Fig. 3a. The one-year graft survival rate was 47.4% (9/19

patients) in grafts with GIB (n = 19) versus 93.2% (259/

278 patients) in grafts without GIB (P < 0.001). The inhos-

pital mortality rate was significantly higher in patients with

PGD than in those without PGD (75.0% vs. 14.3%,

P = 0.028) (Fig. 3b).

Table 2. Univariate analysis of factors in relation to the occurrence of

GIB.

Factors

GIB

P-valueYes (n = 19) No (n = 278)

Recipient factors

Age >55 years 5 (26.3) 129 (46.4) 0.081

Gender, male 9 (47.4) 132 (47.5) 0.992

Acute liver failure 1 (5.2) 27 (9.7) 0.489

MELD score >20 4 (21.1) 73 (26.3) 0.609

Donor factors

Age >45 years 5 (26.3) 62 (22.3) 0.691

Left lobe graft 11 (57.9) 155 (55.8) 0.146

GV/SLV ratio >40% 8 (42.1) 147 (53.3) 0.346

Incompatible blood type 1 (5.3) 15 (5.4) 0.980

Operative factors

Operative blood loss >10 L 7 (36.8) 29 (10.4) 0.004

Hepaticojejunostomy 13 (68.4) 34 (12.3) <0.001

Splenectomy 12 (63.2) 165 (59.6) 0.756

PVP at the end of

surgery >20 mmHg

7 (38.9) 16 (9.8) 0.002

Postoperative factors

Acute rejection 4 (21.1) 24 (8.6) 0.113

Bile duct complication 2 (10.5) 44 (15.8) 0.517

Postoperative portal vein

thrombus

2 (10.5) 9 (3.2) 0.173

Postoperative hepatic

artery thrombus

0 (0.0) 2 (0.7) 0.603

PGD 13 (68.4) 23 (8.3) <0.001

GIB, gastrointestinal bleeding; MELD, Model for End-stage Liver Dis-

ease; GV, graft volume, SLV, standard liver volume; PVP, portal venous

pressure; PGD, primary graft dysfunction.
Figure 2 (a) Association between the time from living donor liver trans-

plantation (LDLT) to the onset of gastrointestinal bleeding (GIB) with the

maximum bilirubin level after LDLT. (b) Association between the time

between the onset of GIB and the day on which the maximum total bili-

rubin level was reached after LDLT. GIB, gastrointestinal bleeding.
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Discussion

This study revealed that in the majority of cases of GIB, it

occurred within 4 weeks of LDLT, usually within 1–
3 weeks after graft implantation, and the jejunojejunosto-

my was the most common site of bleeding. GIB occurring

after LDLT was also associated with elevated PVP after graft

implantation and massive operative blood loss. Further-

more, GIB frequently occurred within 10 days of the maxi-

mum bilirubin level, which indicates that GIB after LDLT

is linked to graft dysfunction and impaired portal runoff.

Thus, short-term graft survival was significantly worse in

patients with GIB than in those without after LDLT.

In DDLT using whole liver grafts, Tabasco-Minguillan

et al. [2] reported that GIB was caused by ulcers in 22.9%

of patients, gastroenteritis in 21.1% of patients, portal

hypertensive gastroenteropathy or varices in 13.8% of

patients, and Roux-en-Y jejunojejunostomy in 5.5% of

patients. Therefore, the causes of GIB differed between

patients who underwent LDLT in our study and patients

who underwent DDLT in the study by Tabasco-Minguillan

et al., especially in terms of early portal hypertension.

However, they also mentioned that the patients with bleed-

ing from portal hypertensive lesions had episodes within

2 weeks of DDLT or later than 9 months after transplanta-

tion, and the rate of graft failure was 50%, suggesting portal

hypertensive bleeding may also occur in cases of DDLT

with dysfunctional grafts [2].

LDLT frequently involves the use of partial small grafts,

especially in adults, and such grafts could be classified as

marginal grafts [5–7]. However, healthy LDLT grafts regen-

erate and are capable of supporting the recipient’s body

and display portal over-inflow, which persists for 1–
3 months and is most notable for the first 2 weeks after

reperfusion [19–22]. Numerous studies have shown that

implantation of a partial graft is characterized by increased

inflow into the graft and secondary liver regeneration, but

excessive inflow results in a swollen dysfunctional graft

with secondary portal hypertension and portal steal phe-

nomena [11,23–25]. In 2002, Hirata et al. [8] reported that

in adult recipients of left lobe grafts with a mean GV/SLV

of 41%, varices ruptured in 86% of cases. By contrast, in

pediatric recipients of left lobe or left lateral segment grafts

with a mean GV/SLV of 86%, the varices ruptured in 24%

(left lobe) and 4% (left lateral segment grafts). They also

reported that GIB was caused by portal hypertensive vari-

ceal rupture in 44% of cases. Therefore, portal hypertension

occurring soon after LDLT could be a major cause of GIB.

In our study, the mean GV/SLV was also 41%, but the inci-

dence of variceal rupture was much lower. A likely explana-

tion is that we perform pretransplant endoscopic treatment

of risky varices and divide shunt vessels, including gastro-

esophageal shunts, during surgery [18].

The causes of graft dysfunction and early post-transplant

portal hypertension could involve a combination of multi-

ple factors, including graft size, donor age, steatosis, pre-

transplant, or postreperfusion portal pressure [26–31]. We

now refer to poor functional grafts with a high mortality

risk as PGD characterized by persistent hyperbilirubinemia

instead of small-for-size graft syndrome [7]. Emond et al.

[32] reported that these dysfunctional LDLT grafts were

characterized by systemic and local cholestasis. We

reported that the pathological features in these patients

included centrizonal ballooned cholestatic necrosis, indi-

cating poor graft perfusion due to increased tissue,

increased portal pressure, poor graft compliance, and an

inability to metabolize bilirubin [7]. Our results, including

the finding that increased PVP at the end of surgery is a risk

factor for GIB after LDLT, are understandable considering

Figure 3 (a) Cumulative graft survival in patients with or without gas-

trointestinal bleeding. (b) Inhospital mortality rate in patients with or

without graft dysfunction.
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the link between portal hypertension, GIB, graft dysfunc-

tion, and poor graft outcomes. The short time between the

maximum bilirubin level and the onset of GIB also sup-

ports the close link between poor graft compliance and

portal hypertension.

Uniquely, jejunojejunostomy was the major site of GIB

after LDLT in the present study. By contrast, Hirata et al.

reported that only 5.5% of cases of post-transplant GIB

were attributed to jejunojejunostomy in DDLT and there

were no such cases of GIB in LDLT [2,8]. This difference

might be explained by our policy to eradicate or obstruct

shunt vessels, especially coronary or mesocaval shunts, to

prevent portal steal during graft regeneration under sple-

nectomy for portal decompression. Thus, the only gastroin-

testinal region that may develop bleeding during graft

regeneration and portal hypertension could be at the

jejunojejunostomy. Jejunojejunostomy as the frequent

bleeding origin around several days after LDLT could be

attributed to increased portal and mesenteric venous pres-

sure due to graft regeneration and tissue healing process

with vascular remodeling after intestinal anastomosis, both

several days after LDLT [18,24,33]. Intestinal edema for dif-

ficult make healthy anastomotic condition could also be

among the causes. Duct-to-duct biliary anastomosis might

be preferable in LDLT to jejunojejunostomy in terms of

preventing the chances of GIB.

However, the use of Roux-en-Y for hepaticojejunostomy

decreased significantly following the introduction of duct-

to-duct biliary reconstruction in 2000 [15]. Now, we only

perform hepaticojejunostomy in patients with primary scle-

rosing cholangitis as a primary liver disease or if a dissected

hepatic artery with poor blood flow precludes biliary tract

reconstruction in the recipient. Thus, duct-to-duct biliary

reconstruction is not only superior in terms of bile physiol-

ogy and easier endoscopic access for treating biliary steno-

sis, but also avoids the creation of an enteric anastomosis

that may result in GIB following LDLT [15,34–36]. How-

ever, it is clear that jejunojejunostomy is not a source of

GIB in pediatric patients with biliary atresia because of the

larger graft size, huge vascular beds, and complete healing

of the anastomosis long after surgery [37,38].

Finally, an important finding of the present study was

that GIB occurring after LDLT without graft dysfunction

could be treated by conventional, endoscopic, or surgical

procedures. Therefore, GIB is unlikely to result in death in

patients with well-functioning LDLT grafts. However, GIB

carries a high mortality risk in patients with graft dysfunc-

tion, and re-transplantation might be an option. Overall,

we think that knowledge of the clinical features of GIB

could help with the management of patients in actual clini-

cal settings.

Some limitations of this analysis should be mentioned.

First, we selected patients from one center. A multicenter

study with a larger number of patients and greater variation

in surgical techniques would help us to reach more defini-

tive conclusions. Second, this was a retrospective study and

might be subject to investigative bias.

In conclusion, GIB occurring shortly after LDLT in

adults was associated with jejunojejunostomy and physio-

logic or nonphysiologic portal hypertension. Although GIB

could be treated successfully in patients without graft dys-

function, GIB has strong correlation with graft dysfunction

and inhospital mortality.
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