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 Background: We have ligated spontaneous portosystemic shunts (SPSS) in living donor liver transplantation (LDLT) when a 
postoperative interventional radiology (IVR) approach was impossible or the intraoperative hepatopetal flow 
was insufficient. This retrospective study from a single center in Nagasaki, Japan aimed to investigate the man-
agement of SPSS in 231 patients who underwent LDLT between January 2006 and December 2019.

 Material/Methods: SPSS were identified in 63 patients (27.3%). Perioperative factors and survival rates were compared in the study 
population with SPSS divided into 2 groups: the ligation group and the non-ligation group. The post-transplant 
course was examined in greater detail in the non-ligation group.

 Results: SPSS were ligated in 20 patients (31.7%). The indication for shunt ligation was an impossible postoperative 
approach (10 patients; 50%) or poor intraoperative hepatopetal flow (10 patients; 50%). There was no signif-
icant difference in the 1- and 5-year overall survival rates between the ligation and non-ligation group (80%, 
80% vs 76%, 55%, respectively, P=0.17). Of the 34 patients in the non-ligation group who could be observed 
for 6 months, 14 patients (48.3%) had a spontaneous regression of SSPS. Additionally, 5 patients who required 
postoperative IVR had a good clinical course. There was no graft failure or adverse events in the non-ligation 
group.

 Conclusions: Unnecessary ligation could be avoided by using our criteria. When postoperative IVR is possible with sufficient 
intraoperative hepatopetal flow, SPSS do not always need to be ligated in LDLT.
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Background

In patients with liver cirrhosis, portal hypertension leads to de-
velopment of spontaneous portosystemic shunts (SPSS), which 
are potentially hemodynamically significant [1,2]. SPSS are chan-
nels that bypasses the high vascular resistance of the portal 
system, flowing down a pressure gradient to a low-pressure 
systemic venous system [3]. In approximately 20-60% of cirrhot-
ic patients, some types of SPSS are detected by imaging [4,5].

Despite the relatively high frequency of SPSS due to portal hy-
pertension in liver transplantation (LT) patients, there are no 
guidelines on their management [1]. SPSS are rarely ligated in 
deceased donor liver transplantation (DDLT) because whole-liv-
er grafts have a larger capacitance for portal flow and can ef-
fectively decompress the portal system, thereby closing down 
the SPSS in a shorter time [6]. However, in living donor liver 
transplantation (LDLT), SPSS leads to the portal flow steal phe-
nomenon, and subsequent decreased portal inflow to the graft; 
thus, they are associated with an increased risk of postopera-
tive graft failure, portal vein thrombosis, and hepatic enceph-
alopathy [7,8]. Although ligation of SPSS prevents these com-
plications [9-11], access to SPSS may be a technically difficult 
procedure that is often associated with massive bleeding due 
to remarkably high portal pressure in patients with liver cirrho-
sis [12]. Additionally, ligation of SPSS sometimes leads to inferi-
or vena cava (IVC) thrombosis [13] and can cause severe portal 
hypertension, resulting in small-for-size graft dysfunction [14].

A study by Gómez-Gavara et al that included 66 patients with spl-
enorenal shunts of >1 cm reported that approximately half of them 
underwent shunt ligation during liver transplantation (LT) [12], 
which supports routine ligation of large SPSS during LT whenev-
er feasible. A recent review by Vidal-González et al reported that 
management of SPSS in LT is still controversial. Additionally, when 
there is persistence of symptomatic large SPSS during long-time 
follow-up, interventional radiology (IVR) could be considered, al-
though experience in IVR after LT is extremely limited [15].

This retrospective study from a single center in Nagasaki, Japan 
aimed to investigate the management of SPSS in 231 patients 
who underwent LDLT between January 2006 and December 
2019. Regarding the management, if the hepatopetal flow 
was not stolen and IVR was available for SPSS, there was no 
need for ligation. Additionally, the present study aimed to clar-
ify the conditions under which SPSS should be ligated in LDLT 
and how SPSS affect the outcome after LDLT.

Material and Methods

This study was conducted in accordance with the Declaration 
of Helsinki, with approval of the Ethics Committee of Nagasaki 

University Hospital (approval no. 20012022). Due to the retro-
spective nature of the study, an informed opt-out procedure 
was used instead of obtaining informed consent.

Patients

The present study, which involved retrospective review of the 
patients’ medical and imaging records, was approved by our 
research ethics committee (IRB: 20012022). This study was a 
retrospective analysis of all consecutive adult patients who un-
derwent LDLT at Nagasaki University Hospital in Japan from 
January 2006 to December 2019. Standard indications for LDLT 
and the surgical techniques for both the donor and recipient 
operations have been described in detail elsewhere [16]. The 
study population included all consecutive patients who under-
went LDLT with or without SPSS ligation. Patients with SPSS 
were divided into 2 groups: the ligation group and the non-li-
gation group. Additionally, the non-ligation group was divided 
into 2 groups: the survivor group and the non-survivor group.

Definition of Spontaneous Portosystemic Shunts (SPSS)

A shunt was defined as the presence of collateral veins on pre-
transplant diagnostic imaging, including a 3-dimensional com-
puted tomography (CT) scan. SPSS was defined as a venous 
communication between the portal and venous systems of ³10 
mm in largest diameter [9,10,12]. SPSS was identified and clas-
sified as the following types of shunts: spleno-renal, gastro-
renal, left gastric-azygous, and mesenteric-iliac. In this study, 
no patients with SPSS underwent pretransplant embolization.

Strategy for SPSS Ligation

The strategy for SPSS ligation in our department is shown in 
Figure 1. First, we considered - using preoperative CT – wheth-
er postoperative IVR for SPSS were possible. If postoperative 
IVR was impossible, SPSS were ligated during the operation. 
For example, when no SPSS (such as a renal-splenic shunt) 
was observed, there was no pathway to approach the left gas-
tric-azygous shunt, and the left gastric vein was ligated. If a 
postoperative approach was possible or the hepatopetal flow 
was sufficient, we did not occlude the SPSS during LT. If hepa-
topetal flow was poor, we ligated the SPSS. Specific values on 
Doppler ultrasound (DUS) were not determined because the 
hepatopetal flow differs in individual cases. The portal vein 
was opened before the anastomosis to remove the thrombus 
and to actually assess the momentum of the hepatopetal flow. 
After LT, DUS was routinely performed twice a day for 1 week 
and once a day for 1 month. Postoperative portal steal syn-
drome was defined as a stagnant hepatopetal flow on post-
operative DUS examinations without any evidence of anasto-
motic stenosis or thrombosis.
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If the hepatopetal flow was poor, IVR was performed to occlude 
the SPSS after LDLT. Poor hepatopetal flow was assumed to be 
a clear decrease compared to the time of LT. Specific values 
were not determined because the hepatopetal flow immedi-
ately after LT differs in individual cases. Additionally, the blood 
test (elevated hepatobiliary enzymes and PT-INR) was also con-
sidered as indicating hepatic function. IVR was performed as 
soon as possible if the hepatopetal flow was poor due to SPSS 
and there were no other obvious causes. In the case of hepat-
ic encephalopathy, IVR was also performed, even if the hepa-
topetal flow was sufficient. The detail indication of IVR for he-
patic encephalopathy due to SPSS is symptoms and persistent 
high ammonia levels despite amino acid therapy. IVR was per-
formed when the patient’s condition was not improved by con-
servative treatment and no cause other than SPSS was evident.

Follow-Up and Data Analysis

Routine blood tests, including ammonia (NH3), were performed 
in the perioperative period. Evaluations were performed pre-
operatively, on postoperative day 1, and on postoperative day 
7. Amino acid preparations were not used for hepatic insuffi-
ciency unless the NH3 level was unusually high (>200 μg/dl) 
or hepatic encephalopathy was observed.

SPSS were evaluated by CT. Routine CT was also performed on 
postoperative day 7 and at 1, 3, and 6 months, then once a 
year after discharge. Additional CT was performed in the event 
of DUS abnormalities and/or unexplained rebounding of trans-
aminase levels. SPSS regression was defined as a >50% de-
crease in the maximum variceal diameter.

Statistical Analysis

All data were statistically analyzed using BellCurve for Excel 
version 2.21 for Windows (Social Survey Research Information 
Co., Ltd., Tokyo, Japan). All quantitative data are expressed as 
the median (range). Univariate analyses were performed us-
ing the Mann-Whitney U test or paired t test for continuous 
variables and the c2 or Fisher’s exact test for categorical vari-
ables. Overall survival was calculated using the Kaplan-Meier 
method, and differences between curves were evaluated using 
a log-rank test. Survival was measured from the time of LT to 
the last follow-up or the date of death from any cause. P val-
ues <0.05 were considered to indicate statistical significance.

Results

Patients Characteristics

A total of 231 patients, excluding those undergoing re-trans-
plantation, underwent LDLT at our institution during the study 
period. In the present study population, SPSS were identified 
in 63 patients (27.3%). The SPSS were classified as splenore-
nal (n=23; 36.5%), gastrorenal (n=7; 11.1%), left gastric-azy-
gous (n=25; 39.7%), and mesenteric-iliac (n=8; 12.7%). Twenty 
patients underwent SPSS ligation (31.7%). Intraoperatively, 
both groups obtained satisfactory portal flow. The indication 
for SPSS ligation was an impossible postoperative approach 
(n=10; 50%) or poor intraoperative hepatopetal flow (n=10; 
50%). In the non-ligation group, 26 patients survived, 16 pa-
tients died, and 1 patient underwent re-transplantation 5 years 
after transplantation. No patients were lost to follow-up. The 
patient characteristics are shown in Table 1. The coexistence 
of hepatocellular carcinoma was detected in 29 patients. The 

During LT

Post-LT

SPSS (n=63)

Ligation of SPPS (n=20)

Non-ligation of SPPS (n=43)

n=3

Postoperative approach Ligation of SPSS
Impossible

Possible

Postoperative hepatopetal �ow Closure of SPSS by IVR
Poor

Su�cient

n=2

n=38 (※ n=34 survived six months)

Hepatic encelopathy

Observation

Closure of SPSS by IVR
Yes

No

Intraoperative hepatopetal �ow Ligation of SPSS
Poor

Su�cient

Figure 1.  Criteria for spontaneous 
portosystemic shunts (SPSS) 
ligation in our department. First, we 
considered whether postoperative 
interventional radiology (IVR) for 
SPSS was possible. If postoperative 
IVR was impossible, SPSS were 
ligated during the operation. Next, 
we observed the hepatopetal flow 
during liver transplantation (LT). If the 
hepatopetal flow was poor, we ligated 
the SPSS. After LT, if the hepatopetal 
flow was poor, IVR was performed 
to occlude the SPSS. In case of 
hepatic encephalopathy, IVR was also 
performed, even if the hepatopetal 
flow was sufficient. SPSS was defined 
as venous communication between 
the portal and venous systems with a 
largest diameter of ³10 mm.
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 Ligation (n=20) Non-ligation (n=43) P value

Age, years  58 (50-72)  58 (33-68) 0.73

Sex, male  12 (60.0)  22 (48.9) 0.59

Etiology

 HCV  10 (50.0)  19 (44.2)

 HBV  3 (15.0)  9 (20.9)

 Alcoholic cirrhosis  4 (20.0)  2 (4.7)

 PBC  1 (5.0)  4 (9.3)

 PSC  0 (0)  3 (7.0)

 Others  2 (10.0)  6 (14.0)

HCC  8 (40.0)  21 (48.8) 0.59

Child-Pugh score  11.5 (7-14)  10 (7-14) 0.49

MELD score  17.5 (10-31)  16 (8-38) 0.99

Graft, left lobe  10 (50.0)  29 (67.4) 0.27

GW/SLV,%  45.2 (25.6-63.6)  38.1 (26.4-60.3) 0.04

Operative time, minutes  740.5 (634-999)  814 (503-1159) 0.09

Blood loss, g  4931 (1620-18 000)  5880 (1,120-18 400) 0.66

Splenectomy  10 (50.0)  27 (62.8) 0.41

Postoperative hospital stay (days)  48.5 (22-220)  50 (19-112) 0.74

Table 1. Patient characteristics (ligation group vs non-ligation group).

Data are presented as n (%) or the median (range). HCV - hepatitis C virus; HBV - hepatitis B virus; PBC - primary biliary cirrhosis; 
PSC - primary sclerosing cholangitis; HCC: hepatocellular carcinoma; MELD - model for end-stage liver disease; GW - graft weight; 
SLV - standard liver volume.

 Ligation (n=20) Non-ligation (n=43) P value

SPSS

 Left gastric  11 (55.0)  14 (32.6)

 Splenorenal  5 (25.0)  18 (41.9)

 Gastrorenal  3 (15.0)  4 (9.3)

 Mesenteric-iliac  1 (5.0)  7 (16.3)

Maximum diameter, mm  18 (10.0-31.2)  14 (10.0-25.6) 0.01

NH3, μg/dl

 Pre-operation  83 (10-211)  101 (10-204) 0.14

 POD1  52 (10-92)  154 (20-154) <0.01

 POD7  36.5 (10-153)  52 (11-167) 0.43

Table 2. The feature of spontaneous portosystemic shunts (SPSS) and the perioperative level of NH3.

Data are presented as n (%) or the median (range). SPSS - spontaneous portosystemic shunts; POD - postoperative day.
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Survivors

(n=26)
Non-survivors/ 

re-transplantation (n=17)
P value

Age, years  58 (33-68)  57 (40-66) 0.84

Sex, male  13 (50.0)  9 (52.9) 1.00 

Etiology

 HCV  10 (38.5)  9 (52.9)

 HBV  7 (26.9)  2 (11.8)

 Alcoholic cirrhosis  2 (7.7)  0 (0)

 PBC  2 (7.7)  2 (11.8)

 PSC  2 (7.7)  1 (5.9)

 Others  3 (11.5)  3 (17.6)

HCC  12 (46.2)  9 (52.9) 0.76

Child-Pugh score  10 (7-14)  10 (7-14) 0.98

MELD score  16.5 (8-38)  16 (8-28) 0.98

Graft, left lobe  15 (57.7)  14 (82.4) 0.11

GW/SLV, %  40.5 (26.4-60.3)  37.4 (26.9-53.9) 0.64

Operative time, minutes  818 (652-1159)  814 (503-1000) 0.56

Blood loss, g  7150 (1860-18 400)  4500 (1,120-14 171) 0.21

Splenectomy  18 (69.2)  9 (52.9) 0.34

Postoperative hospital stay (days)  49 (25-105)  51 (19-112) 0.90 

Table 3. Characteristics of the non-ligation group (survivors vs non-survivors/re-transplantation).

Data are presented as n (%) or median (range). HCV – hepatitis C virus; HBV – hepatitis B virus; PBC – primary biliary cirrhosis; 
PSC – primary sclerosing cholangitis; HCC – hepatocellular carcinoma; MELD – model for end-stage liver disease; GW – graft weight; 
SLV – standard liver volume.
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Figure 2.  Overall survival of patients with 
spontaneous portosystemic shunts 
(SPSS) in ligation and non-ligation 
groups. The overall survival rate at 
1, 3, and 5 years were 80%, 80%, 
and 80%, respectively, in the ligation 
group, and 76%, 68%, and 55%, 
respectively, in the non-ligation group. 
This difference was not statistically 
significant (P=0.17).
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2 groups were comparable with regard to age, sex, Child-Pugh 
score, model for end-stage liver disease (MELD) score, graft, 
operative time, blood loss, splenectomy, and postoperative 
hospital stay. However, the graft weight (GW)/standard liver 
volume (SLV) was significantly lower in the non-ligation group 
(ligation group, 45.2%; non-ligation group, 38.1%; P=0.04).

Comparison of SPSS, Survival Between the Ligation and 
Non-Ligation Groups

The features of the SPSS and perioperative NH3 levels are 
shown in Table 2. Left gastric-azygous shunt accounted for half 
of the shunts in the ligation group, while splenorenal shunt 
accounted for over 40% of shunts in the non-ligation group. 
The maximum shunt diameter was significantly greater in the 
ligation group (18 mm vs 14 mm; P=0.01). The NH3 level on 
POD1 was significantly higher in the non-ligation group (52 
vs 154 μg/dl; P=0.01).

The median follow-up periods of the ligated and non-ligation 
groups were 39.5 months (range, 1.0-146.3) and 36.5 months 
(range, 0.5-154.6), respectively. No patients were lost to follow-
up or excluded from the survival analysis. The overall survival 
rates at 1, 3, and 5 years were 80%, 80%, and 80%, respective-
ly, in the ligation group; and 76%, 68%, and 55%, respectively, 
in the non-ligation group (P=0.17, Figure 2). There was no sig-
nificant difference in overall survival between the ligation and 
non-ligation groups and a type 2 error appeared to be unlikely. 

In the non-ligation group, 1 patient who had received trans-
plantation 4 years previously required re-transplantation due 
to graft failure. The cause of death of 4 patients in the liga-
tion group was bacterial infection, while the causes of death in 
the non-ligation group were bacterial infection (n=7), recurrent 
hepatocellular carcinoma (n=2), cytomegalovirus (n=1), cho-
lestasis (n=1), portal thrombosis (n=1), fungal infection (n=1), 
cardiac failure (n=1), arrhythmia (n=1), and cerebral hemor-
rhage (n=1). No deaths were related to SPSS in either group.

Comparison of Outcomes of the Survivor Group and the 
Non-Survivors/Re-Transplantation Group Among Patients 
Managed without Ligation

No patients had liver dysfunction or primary nonfunction after 
LDLT. The characteristics of the non-ligation group are shown 
in Table 3. All features of the 2 groups were comparable. The 
features of SPSS, the perioperative level of NH3, and postop-
erative IVR are shown in Table 4. Splenorenal shunt account-
ed for >50% of the non-survivor/re-transplantation group. The 
maximum diameter of the SPSS was significantly greater in 
the survivor group (survivor group, 15.4 mm; non-survivor/
re-transplantation group, 12 mm; P=0.02), but the periopera-
tive NH3 values of the 2 groups did not differ to a statistical-
ly significant extent.

Three patients in the survivor group and 2 patients in the non-sur-
vivor/re-transplantation group received IVR after LT. The remaining 

 
Survivors 

(n=26)
Non-survivors/ 

re-transplantation (n=17)
P value

SPSS

 Left gastric  10 (38.5)  4 (23.5)

 Splenorenal  9 (34.6)  9 (52.9)

 Gastrorenal  2 (7.7)  2 (11.8)

 Mesenteric-iliac  5 (19.2)  2 (11.8)

Maximum diameter, mm  15.4 (10.0-25.6)  12 (10.0-21.0) 0.02

NH3, μg/dl

 Pre-operation  99.5 (32-174)  106 (10-204) 0.77

 POD1  65.5 (20-154)  81 (33-144) 0.35

 POD7  47.5 (11-125)  63 (19-167) 0.29

Postoperative IVR  3 (11.5)  2 (11.8) 1.00

Table 4.  Features of spontaneous portosystemic shunts (SPSS), perioperative level of NH3, and postoperative interventional radiology 
(IVR) in the non-ligation group.

Data are presented as n (%) or the median (range). SPSS – spontaneous portosystemic shunts; IVR – interventional radiology; 
POD – postoperative day; IVR – interventional radiology.
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58 patients (92.1%) did not receive IVR or surgical ligation. In 
the survivor group, 1 patient underwent surgical ligation of the 
SSPS because the hepatopetal flow was not improved by IVR. 
In the non-survivor/re-transplantation group, 1 patient who re-
ceived IVR due to hepatic encephalopathy had no problems for 
4 years, and then underwent re-transplantation. The indication 
for re-transplantation was cholestasis and was not considered 
to be related to SPSS. The other patient who received IVR due to 
poor hepatopetal flow died due to brain bleeding 3 years after 
LT. The other 2 cases in which IVR was performed had improved 
hepatopetal flow or encephalopathy without complications.

Of the 34 patients who were observed for 6 months in the 
non-ligation group, 5 required IVR, while approximately half of 
the patients (14/29, 48.3%) had spontaneous regression of the 
SSPS. Two representative cases are shown in Figure 3. The case 
of gastrorenal shunt showed remarkable shrinkage at 2 years 
after LT. In another case, the left gastric-azygous shunt was too 
thin to detect at 6 months after LT. In the other 15 patients, 
the SPSS was not enlarged or significantly changed after LT.

Discussion

In the present study, SPSS were identified in 63 of 231 patients, 
and approximately 30% of them were ligated. Intraoperatively, 
either ligation or non-ligation had good hepatopetal flow. There 
was no significant difference in survival between the ligation 
and non-ligation groups, and there were no cases of liver fail-
ure or shunt-related death. Detailed examinations of the non-
ligation group revealed that patients who required postoper-
ative IVR had a good clinical course. Additionally, regression 
was observed in half of the cases in the non-ligation group. 
Although Gómez-Gavara et al reported that routine ligation of 
large SPSS during LT should be performed whenever feasible 
[12], the present single-center study using our criteria showed 
that SPSS should not be always ligated.

SPSS has been associated with hepatic encephalopathy [17,18]. 
Simón-Talero et al showed that hepatic encephalopathy was 
more frequent in SPSS (³8 mm), indicating that the diameter of 
the shunt plays a role in this complication [19]. Regarding the 

Gastrorenal shunt

Pre-transplant 2 year after transplantation

Left gastric-azygous shunt

Pre-transplant 6 months after transplantation

A

B

Figure 3.  Regression of spontaneous portosystemic shunts (SPSS). (A) Gastrorenal shunt: The gastrorenal shunt had shrunk 
remarkably at 2 years after liver transplantation (LT). (B) Left gastric-azygous shunt: The left gastric shunt was too thin to 
detect 6 months after LT.
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management of SPSS, Gomez et al suggested that SPSS liga-
tion should be routinely performed during liver transplantation 
whenever feasible. Some studies reported post-liver transplant 
encephalopathy caused by persistent portosystemic shunts de-
spite good graft function, and was treated with IVR [20,21]. In 
the present study, SPSS tended to be ligated. Consequently, 
NH3 levels were successfully lowered and hepatic encephalop-
athy was prevented. However, even if postoperative hepatic 
encephalopathy occurs without SPSS ligation, it can be treat-
ed with IVR. Therefore, in our study population, it was possi-
ble to cope with perioperative hepatic encephalopathy by per-
forming selective SPSS ligation, regardless of the diameter.

IVR treatment for vascular and biliary complications after liv-
er transplantation has become a common procedure [22,23]. 
IVR after liver transplantation typically involves stent inser-
tion and balloon angioplasty for portal vein stenosis [24,25]; 
however, there are a few reports of IVR for SPSS occlusion in 
the treatment of hepatic encephalopathy or poor hepatope-
tal flow after LT [26,27]. Balloon-occluded retrograde transve-
nous obliteration (BRTO) is an effective and less invasive IVR 
method for the occlusion of gastric varices [28]. Furthermore, 
in SPSS occlusion, the BRTO technique can even be applied in 
the treatment splenorenal [29], gastrorenal, and mesenteric-
iliac shunts. In the present study, 5 patients received IVR in-
cluding BRTO for the treatment of hepatic encephalopathy or 
poor hepatopetal flow. There were no complications and all 
patients recovered from hepatic encephalopathy or increased 
portal flow. Thus, IVR for the SPSS occlusion after LT was a 
safe and effective method for treating hepatic encephalopathy.

Many authors recommend routine ligation of SPSS during LDLT 
to avoid the portal steal phenomenon and graft hypoperfusion 
[12,30,31]. However, in cases involving a small-for-size graft, 
SPSS ligation leads to high portal pressure, which can cause 
graft injury in the immediate post-transplant period due to 
sinusoidal hypertension and a reciprocal reduction in hepatic 
flow. Reddy et al proposed that SPSS ligation should be con-
sidered in 2 situations during LDLT [32]. The first is when the 
SPSS steals blood flow from the graft after reperfusion. The 
second is when the portal pressures are acceptable but are as-
sociated with poor hepatopetal flow. In our criteria, both sit-
uations could be overcome in LDLT or during the post-trans-
plantation period. During transplantation, we can check the 
hepatopetal flow by DUS and help determine whether ligation 
of the SPSS is required. After transplantation, we could also 
check the hepatopetal flow by DUS and decide when to per-
form IVR. The present study showed that, when our criteria 
were applied, the survival rate did not differ between the li-
gation and non-ligation groups. Therefore, it is not necessary 
to perform ligation in every case.

Few studies have investigated the hepatopetal flow dynam-
ics in DDLT. SPSS has been rarely acknowledged as an impor-
tant problem in DDLT because the grafts are large enough to 
accept hepatopetal flow. Additionally, DDLT grafts can decom-
press the portal system; thus, the regression of SPSS occurs 
faster [6]. Although small-volume grafts in LDLT cannot decom-
press the portal system as effectively, the SPSS may close with 
time. In some of the cases in the present study that were man-
aged without ligation, the SPSS shrank within a few months 
after LDLT (Figure 3). This delayed shrinkage occurs because 
of the time taken to regenerate the liver volume. By following 
our criteria, shrinkage of the SPSS was possible, even in LDLT.

This study has some limitations. First, we were unable to mea-
sure the portal flow precisely. However, the hepatopetal flow 
was estimated by DUS during LDLT and in the post-transplant 
period. The information was sufficient to judge whether the 
post-transplant hepatopetal flow was significantly lower than 
during transplantation. Second, it was a retrospective study and 
depended on the completeness of medical records. Third, the 
outcomes were obtained from a single LDLT center. Therefore, 
the conclusions may not be directly applicable to others center.

Conclusions

In the present single-center study, unnecessary ligation could 
be avoided in LDLT when our criteria were applied. Therefore, 
in cases where the hepatopetal flow is maintained and post-
operative IVR is possible, SPSS may not always require liga-
tion in patients undergoing LDLT.
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