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Abstract

Background: There is little information on whether living
donor liver transplantation (LDLT) reduces the supply of
blood to esophagogastric varices. The aim of the present
study was to assess the effects of LDLT on esophagogastric
varices using both endoscopy and transendoscopic micro-
vascular Doppler sonography (EMDS). Patients and Meth-
ods: 16 LDLT recipients were enrolled in the present study.
Esophagogastric varices were assessed by endoscopy before
and after LDLT. Direct measurement of variceal blood veloc-
ity was performed using EMDS in 12 of the 16 patients, and
portal vein pressure before and after graft implantation was
measured in 10 of them. Results: The median interval be-
tween LDLT and endoscopic examination was 129 days
(range 20-624). Endoscopy demonstrated improvement
of esophageal varices in 15 patients and of gastric varices in
4 of 5 patients assessed. The mean blood flow velocity in

esophageal varices after LDLT was significantly lower than
that before LDLT (8.8 £3.6 vs. 0.9 + 1.2 cm/s, p < 0.001). The
mean portal vein pressure did not decrease significantly af-
ter LDLT in comparison with that before LDLT (from 25.2
5.2 to 23.1 = 3.6 mm Hg, p = 0.22). Conclusion: Although
portal vein pressure does not decrease immediately after left
lobe LDLT, esophagogastric varices are ameliorated after a
few months, and variceal blood flow velocity is reduced in
almost all patients. ©2014S. Karger AG, Basel

Liver transplantation not only cures the underlying
liver disease but also ameliorates portal hypertension.
It has already been reported that bleeding esophagogas-
tric varices caused by portal hypertension improve af-
ter liver transplantation [1-3]. However, compared with
full-size liver transplantation, a higher risk of re-bleed-
ing has been observed after partial liver transplantation
such as living donor liver transplantation (LDLT) [4, 5].
Many issues related to esophagogastric varices after
LDLT remain unresolved, and there is little informa-
tion on whether LDLT results in reduction of blood
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supply to esophagogastric varices. The aim of the pres-
ent retrospective study was to assess the effects of left
lobe LDLT on esophagogastric varices using both en-
doscopy and transendoscopic microvascular Doppler

sonography (EMDS), which can measure blood flow ve- -

locity under direct vision without any obstruction such
as water, and provide excellent resolution of esophago-
gastric varices, especially in the mucosa and submu-
cosa [6-8].

Patients and Methods

Between September 2003 and January 2013, 64 consecutive
LDLTs were performed at Juntendo University Hospital after ob-
taining approval from the Ethics and Indications Committee of
Juntendo University. The recipients comprised 50 adults (aged
218 years) and 14 children (aged <18 years). Afl 50 consecutive
adult patients underwent LDLT using a left lobe graft without the
caudate lobe. 16 of the 50 patients who underwent assessment of
esophagogastric varices by endoscopy before and after LDLT were
the subjects of the present study.

Graft Selection Criteria

We used only left lobe grafts for adult recipients, and did not
perform right lobe LDLT, as it is now accepted that this places a
serious burden on the donor [9, 10]. Standard liver volume (SLV)
of the recipients was calculated according to the formula of Urata
et al. [11]. Graft volume (GV) was calculated by computed tomog-
raphy (CT) volumetric analysis, and actual GV was measured on
the back table. Our general selection criteria for grafts in adult-to-
adult LDLT included a preoperatively estimated GV/SLV ratio
230%.

Surgical Technique

Donor hepatectomy (whole left lobectomy including the
middle hepatic vein) and the recipient’s operation were per-
formed as described previously [10]. Briefly, the left hepatic vein
and middle hepatic vein in the recipient were used for venoplas-
ty. If necessary, hepatic graft venoplasty was also carried out us-
ing the left and middle hepatic veins. In all recipients, end-to-end
anastomosis of the hepatic veins was performed, the donor left
portal vein was anastomosed to the recipient left portal vein, and
the graft was reperfused. The donor left hepatic artery was anas-
tomosed to either the recipient right hepatic artery or the left
hepatic artery, depending on the size match, under direct obser-
vation with an operating microscope. All LDLTs were carried
out without modification of the graft portal inflow using tech-
niques such as splenectomy and portosystemic shunt. Bile duct
reconstruction was performed in a Roux-en-Y manner. A jeju-
nostomy tube was placed in the afferent limb for intrabowel de-
compression.

Endoscopic Examination for Assessment of Esophagogastric

Varices

Endoscopic examination was performed by two experienced
operators before and after LDLT using a model GIF XW240 en-
doscope (Olympus Optical Corp., Tokyo, Japan). The endoscop-

284 Dig Surg 2014;31:283-290
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ic features of esophageal and gastric varices were evaluated ac-
cording to the grading system outlined in “The General Rules for
Recording Endoscopic Findings of Esophageal Varices’ prepared
by the Japanese Research Committee on Portal Hypertension
[12]. The form (F) of the varices was classified as either small,
straight (F1), enlarged and tortuous (F2), large and coil-shaped
(F3), or no varices (F0) after treatment. Red color sign (RC) re-
ferred to dilated, small vessels or telangiectasia on the variceal
surface, the grading being categorized as RCO, RC1, RC2, or
RC3.

EMDS Examination for Evaluation of Esophagogastric

Varices

EMDS was performed by a single operator with the patient in
the left lateral decubitus position breathing gently. If respiratory
motion prevented adequate measurement, the vein was examined
during breath-holding. The equipment used was the display unit
of the Pioneer Multi-Channel Transcranial Doppler Monitor Sys-
tem (Pioneer TC2020; EME Co. Ltd., Germany) [6]. An ultrasonic
microprobe (20 MHz) with a diameter of 1 mm was connected to
the system and passed down through the accessory channel of the
endoscope. The location of varices was recorded clearly in order to
compare the velocity at exactly the same place before and after
LDLT. The microprobe was placed directly on esophagogastric
varices. Color Doppler ultrasonography provides a color display of
blood flow, and displays blood flowing towards the probe appears
hues of red and orange, whereas that flowing away from the probe
appears shades of green, with the brightness increasing and de-
creasing with flow velocity.

Measurement of Portal Vein Pressure

In 10 of the 16 patients, we measured the portal vein pressure
of the native diseased liver before hepatectomy, and also after graft
implantation, by direct puncture with a 25-gauge needle and pres-
sure tubing attached to a normal central venous pressure-monitor-
ing transducer [13].

Statistical Analysis

Continuous variables were expressed as mean + SD or the me-
dian with range, and statistical analysis of hemodynamic data was
performed using paired samples t test. Calculations were per-
formed using the JMP 8.0 software package (SAS Institute, Inc.,
Cary, N.C., USA). Differences at p < 0.05 were considered to be
statistically significant.

Results

Recipient Characteristics

" Detailed demographic data for the enrolled patients
are presented in table 1. The median age of the recipients
was 54.5 years (range 22-66), and 5 of them were men.
All of the patients had a cirrhotic liver and 4 had associ-
ated hepatocellular carcinoma. The etiology of liver cir-
rhosis was hepatitis C in 8 patients, primary biliary cir-
rhosis in 4, alcoholic liver disease in 2, Alagille syn-
drome in 1, and biliary atresia with hepatitis Cin 1. The
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Table 1. Characteristics of the patients enrolled

Patient Age, Sex Etiology HCC MELD Child-Pugh GV/SLV Posttransplant
No. years score ratio complications
1 57 13 LC (HCV) no 17 C 34.3% hepatitis C recurrence
2 65 F LC (HCV) no 26 C 41.1% acute renal failure
3 66 F LC (HCV) yes 15 C 36.0% hepatitis C recurrence
4 22 M Alagille syndrome no 20 B 36.3% none
5 62 M LC (alcoholic) yes 7 A 46.5% none
6 60 .M LC (HCV) yes 10 B 44.6% outflow block
7 54 F PBC no 26 C 39.2% CMV
8 56 F LC (HCV) yes 17 C 37.9% none
9 50 F PBC no 15 C 36.1% none
10 55 E PBC no 16 B 45.1% none
11 54 F LC (HCV) no 18 C 36.9% none
12 . 63 M LC (HCV) no 14 C 35.2% none
13 36 F LC (HCV) no 10 B 41.3% hepatitis C recurrence
14 50 M LC (alcoholic) no 15 C 54.0% none
15 34 F biliary atresia, HCV  no 21 C 52.3% none
16 43 F PBC no 18 C 42.7% none

LC = Liver cirrhosis; HCV = hepatitis C virus; PBC = primary biliary cirrhosis; HCC = hepatocellular carcinoma.

median model for end-stage liver disease (MELD) score
calculated for the liver recipients before LDLT was 17
(range 7-26). Among the 16 recipients, 11 had Child-
Pugh class C disease, 4 had class B disease, and 1 had
class A disease. Overall mean actual GV was 456 + 89 g
(median 425, range 350-690), which was equivalent to
41.2 + 6.0% (median 40.1, range, 34.3-54.0) of the re-
cipient SLV. The GV/SLV ratio was <40% in 8 of the 16
cases.

Endoscopic Findings (table 2)

The median interval between LDLT and posttrans-
plant endoscopic examination was 129 days (range 20-
624). Esophagogastric varices were observed in all 16 pa-
tients, and RC sign was recognized in 6 of them. Esopha-
gogastric varices were graded as F2RCI in 4 patients,
F2RCO in 4, FIRC1 in 2, and F1RCO in 6. After LDLT,
esophagogastric varices improved from F2 to F0 in 4 pa-
tients, from F2 to F1 in 4, and from F1 to F0 in 7. Esoph-
agogastric varices remained unchanged in only 1 patient.
The F factor improved after LDLT in 15 of 16 patients
(94%). With regard to the RC sign, it improved from RC1
to RCO in all 6 patients in whom it was evident by endo-
scopic examination before LDLT (100%). Gastric varices
were identified in 5 of the 16 patients. The gastric varices
were graded as F2RCO in 2 patients and as FIRCO in 3.
After LDLT, these improved from F2 to F1 in 2 patients

Varices after Liver Transplantation

and from F1 to FO in 2. In the remaining patient whose
gastric varices remained unchanged, the RC sign deterio-
rated from RCO to RCL.

EMDS Findings

EMDS was carried out in 12 of the 16 patients with
esophagogastric varices before and after LDLT. The me-
dian interval between LDLT and posttransplant EMDS
examination was 112 days (range 64-624). The changes
in blood flow velocity in esophagogastric varices are
shown in figure 1a. The mean variceal blood flow veloc-
ity after LDLT was significantly lower than that before
LDLT (8.8 3.6 vs. 0.9 £ 1.2 cm/s, p < 0.001). Figure 1b
shows a representative example of improvement of
esophagogastric varices; here, there was an improvement
from F2 to F1, and blood flow velocity decreased from 14
to 1 cm/s. EMDS was performed in 4 of 5 patients with
gastric varices before and after LDLT. Figure 2a shows
the change in blood flow velocity in the gastric varices.
Although the change did not reach a statistically signifi-
cantlevel, blood flow velocity in the gastric varices showed
a tendency to decrease after LDLT (from 6 to 4, from 25
to 6, from 2 to 0, and from 20 to 0 cm/s, respectively).
Figure 2b shows a representative example of improve-
ment of gastric varices; here, there was an improvement
from F2 to F1, and blood flow velocity decreased from 25
to 6 cm/s.
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Table 2. Endoscopic assessment of esophageal varices and gastric varices before and after LDLT

Patient Esophageal varices Judge  Gastric varices Judge  Time from
No. before LDLT  after LDLT before LDLT after LDLT LDLT, days
1 LmF2RCl1 LiF1RCO I FO FO NC 99
2 LmF2RCO LiFIRCO I FO FO NC 92
3 LiF1IRCO LiFORCO I FO Fo NC 106
4 LmF2RC1 LmF1RCO I Lg-cFIRCO  Lg-cFIRCl1 D 64
5 LiF1IRCO FO I FO FO NC 572
6 LiF2RCO FO I Lg-fF2RCO  Lg-fFIRCO I 342
7 LiF1RCO FO I FO FO NC 237
8 LmF1RCO LmF1RCO NC FO FoO NC 413
9 LiF2RCO FO I FO FO NC 20
10 LmF2RC0 LiF1RCO I FO FO NC 139
11 LmF1RCO Fo I FO FO NC 624
12 LiF1IRCO Fo I Lg-cF2RCO  Lg-cF1RCO I 876
13 LiFIRC1 FO I Lg-cFIRCO FO I 118
14 LmF2RC1 FO I Fo Fo NC 106
15 LmF2RC1 Fo 1 Lg-cFIRCO  FO I 279
16 LiFIRC1 Fo I FO FO NC 435

I =Improvement; NC = no change; D = deterioration.

Change in Portal Vein Pressure

The mean portal vein pressure before transplantation
was 25.2 + 5.2 mm Hg (median 24.0, range 16-35), and
that after graft implantation was 23.1 + 3.6 mm Hg (me-
dian 24, range 17-27); the changes in these values were
not statistically significant (fig. 3).

Discussion

Although the decision to proceed to transplantation
evaluation for patients who have suffered variceal hemor-
rhage should be driven by the degree of hepatic decom-
pensation and not simply by the history of gastrointestinal
bleeding, liver transplantation can be regarded as the ulti-
mate treatment for portal hypertension. Without the op-
tion of liver transplantation, the 5-year survival of patients
with Child C cirrhosis and variceal bleeding is approxi-
mately 25%, whereas that after liver transplantation it is
70-75% [14]. It has already been reported that bleeding
esophagogastric varices and portal hypertension improve
after liver transplantation. The present study clearly
showed that LDLT ameliorated esophagogastric varices,
as demonstrated endoscopically by improvement in the F
factor (94%) and the RC factor (100%). The beneficial ef-
fects of LDLT on esophagogastric varices were also reflect-
ed in reduced variceal blood flow velocity after surgery.

286 Dig Surg 2014;31:283-290
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A high risk of re-bleeding has been observed after
split-liver transplantation in comparison with whole-
liver transplantation [4, 5]. The reduction in liver vas-
culature induces an increase of portal venous pressure
[13, 15, 16]. Our data showed that portal vein pressure
did not decrease immediately after LDLT. This may de-
lay the disappearance of collateral circulation and thus
esophagogastric varices. Jiang et al. [17] reported an
improvement of esophagogastric varices on postopera-
tive day 14 after surgery in patients who underwent
whole-liver transplantation, whereas no change was
observed in those who underwent LDLT. Gastrointes-
tinal bleeding commonly occurs within 1 month after
LDLT, and the small liver graft regenerates almost to

SLV within that time. The rapid regeneration of hepa-

tocytes compresses the hepatic sinusoids, and this com-
pression may be another cause of portal hypertension
[18, 19].

Changes in portosystemic collaterals and splenic vol-
ume after LDLT have been investigated [20, 21]. Al-
though approximately 2 months after LDLT, varices
and splenic volume became stable, the rate of volume
reduction of the varices and spleen was significantly
correlated with the weight of the transplanted liver. Pa-
tients who received large liver grafts showed a greater
decrease in collaterals and spleen volume than patients
with small liver grafts [20]. We have been performing
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Fig. 2. a Although the change was not sta-
tistically significant, blood flow velocity in
gastric varices showed a tendency to de-
crease after LDLT (from 6 to 4, from 25 to
6, from 2 to 0, and from 20 to 0 cm/s, re-
spectively). b A representative patient who
showed improvement of gastric varices. F2
varices improved to F1 varices, and blood
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Fig. 3. Mean portal vein pressures before and after left lobe LDLT
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p =0.22).

adult-to-adult LDLT using a left lobe graft with a pre-
operatively estimated GV/SLV ratio of 230%, without
either splenectomy or portocaval shunt in any of the
patients [10]. LDLT using a left lobe graft requires more
time for recovery of stable hepatic hemodynamics than
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