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Abstract
Background/purpose  Living donor liver transplantation (LDLT) is vital for pediatric end-stage liver disease due to organ 
shortages. The graft-to-recipient weight ratio (GRWR) preoperatively measured predicts the outcomes of LDLT. We typi-
cally target between 0.8 and 3.0–4.0%, but the ideal GRWR remains controversial. We compared the outcomes of LDLT 
according to the GRWR to examine whether the criteria could be expanded while ensuring safety.
Methods  We retrospectively reviewed 99 patients who underwent LDLT in our department by dividing them into three 
groups according to their GRWR: Group S, with GRWR values lower than the normal range (GRWR < 0.8%); Group M, 
with GRWR values in the normal range (GRWR ≥ 0.8 to < 3.5%); and Group L, with GRWR values above the normal range 
(GRWR ≥ 3.5%).
Results  In Groups S and L, 46.2 and 44.4% of patients underwent splenectomy and delayed abdominal wall closure, respec-
tively. After these intraoperative adjustments, there were no significant differences between the groups in 5-year patient 
survival, 5-year graft survival, or the occurrence of post-transplantation thrombosis.
Conclusion  When the GRWR is beyond the normal threshold, the risk of complications associated with graft size might be 
reduced by adjustments to provide appropriate portal blood flow and by delayed abdominal wall closure.
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Introduction

Liver transplantation (LT) is widely accepted as a cura-
tive treatment for end-stage liver disease in children. Cur-
rently, living donor liver transplantation (LDLT) is widely 
performed, especially in Japan, due to the severe shortage 
of cadaveric organs. In pediatric LDLT using adult donors, 
graft–recipient size mismatch remains a surgical challenge 
that can lead to graft failure and patient death if not prop-
erly addressed [1]. In infant recipients, left lateral segment 
(LLS) grafts from adult donors, reduced LLS grafts, or 

mono-segmental grafts have been used to adjust for size [2, 
3]; however, they may still be too large for some infants.

In contrast, the grafts may be too small to meet the 
metabolic demands of the recipient in recipients who have 
reached puberty or adulthood. To maximize donor safety, 
the graft size that can be procured must be limited. Thus, the 
main limitation of LDLT is whether this size is appropriate 
for recipients who have reached adolescence or adulthood 
[4]. Undersized grafts can cause a condition, called small-
for-size syndrome, and are mainly characterized by mas-
sive ascites, prolonged cholestasis, and coagulopathy after 
transplantation, sometimes leading to graft dysfunction and 
hepatic encephalopathy [5, 6].

The graft-to-recipient weight ratio (GRWR) has been 
used as a predictor of graft size mismatch and has been 
reported to be associated with post-transplant outcomes 
[7]. Previous studies have indicated that the ideal GRWR 
range to avoid major complications related to size mismatch 
should be between 0.8 and 3.0–4.0% [8–11]. However, the 
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impact of graft–recipient size mismatch on LDLT outcomes 
is unclear due to some reports deviating from this range 
[12–15]. In addition, expanding the GRWR criteria while 
ensuring safety could be a solution to the donor shortage. 
Therefore, the purpose of this study was to review our 
single-center experience, retrospectively examine the post-
transplant outcomes of patients with graft size mismatch in 
LDLT, and evaluate the safety of the procedure.

Materials and methods

From January 1996 to December 2022, 137 patients 
underwent LDLT at Kyushu University Hospital, with the 
approval of the Kyushu University Ethics and Indications 
Committee. After excluding 38 cases with missing data, a 
total of 99 cases were included in the present study. First, we 
divided the 99 patients into three groups according to their 
GRWR: Group S, with GRWR values lower than the nor-
mal range (GRWR < 0.8%; n = 13); Group M, with GRWR 
values within the normal range (GRWR ≥ 0.8% to < 3.5%; 
n = 77); and Group L, with GRWR values above the normal 
range (GRWR ≥ 3.5%). We then retrospectively reviewed 
their demographic data, disease-related data, intraoperative 
data, biochemical profiles, and postoperative complications 
from medical records.

Donor data

The donors were willing to volunteer as living donors, 
spouses or within third-degree consanguinity of the recipi-
ent, and 20–60  years of age. We performed computed 
tomography (CT) of the donors for a volumetric analysis 
and delineation of the vascular anatomy. Using the 3D image 
analysis application SYNAPSE VINCENT®, we estimated 
the volume of the graft and the donor’s remnant liver vol-
ume. When the estimated remnant liver volume of the donor 
was < 35% of the total liver volume, the donor was rejected. 
In this study, we retrospectively collected donor sex and age 
data from medical records.

Recipient data

We calculated the standard liver volumes of the recipi-
ents using Urata’s formula as follows [16]: liver volume 
(ml) = body surface area (BSA; m2) × 706.2 + 2.4. We deter-
mined the graft type for each recipient based on the graft 
volume/standard liver volume ratio (GV/SLV) and calcu-
lated the GRWR from the estimated graft volume, standard 
liver volume, and recipient weight. The approximate target 
for the GV/SLV ratio was ≥ 35%, while the approximate 
target for the GRWR was ≥ 0.8 to 3.5%. In some cases, 
multiple types of grafts met the above criteria; in others, 

regardless of the type of graft selected, the above criteria 
could not be met, and the appropriate type was selected 
based on the medical condition. We retrospectively col-
lected recipient data such as the age at LDLT, sex, weight 
at LDLT, indication for LDLT, and ABO match from the 
medical records. In addition, we calculated the MELD 
score for recipients older than 12 years and the PELD score 
for recipients younger than 12 years to compare the liver 
function before transplantation. We used the online MELD 
or PELD calculator based on previously described formu-
las [17, 18]: MELD = 3.78 × log[TB (mg/dL)] + 11.2 × l
og[INR] + 9.57 × log[serum creatinine (mg/dL)] + 6.43, 
PELD = 0.436 (age (< 1 year)) − 0.687 × log (serum albu-
min (g/dL)) + 0.480 × log (TB (mg/dL)) + 1.857 × log 
(INR) + 0.667 (growth retardation (< − 2 SD)).

Intraoperative data

Based on the preoperative decisions, we procured grafts 
from donors. After anastomosing the graft with the recipi-
ents’ vessels, we measured the portal and hepatic arterial 
blood flow velocities. Patients with preoperative portal 
hypertension and splenomegaly had a high portal blood flow 
velocity. In such cases, we ligated the collateral blood ves-
sels or performed splenectomy according to the surgeon's 
preference to adjust the portal blood flow rate. The abdomi-
nal wall closure method was selected based on the tension 
created by suturing the skin and muscles at the end of the 
transplant. In cases where there is concern that a closed 
wound will reduce graft blood flow or cause abdominal com-
partment syndrome, we cut a polytetrafluoroethylene sheet 
(Gore-Tex sheet®) to size and sutured it circumferentially 
to the fascia.

We collected clinical data, including the operation time, 
anhepatic period, cold and warm ischemic time, post-anasto-
motic portal vein flow (PVF), and post-anastomotic hepatic 
artery flow (HAF). To correct for differences in body size 
in each group, we calculated portal blood flow velocity per 
graft weight (PVF/GV) and hepatic artery blood flow veloc-
ity per graft weight (HAF/GV).

Postoperative data

We compared the patient and graft survival rates, as well 
as the ratio of portal vein thrombosis (PVT), hepatic artery 
thrombosis (HAT), hepatic vein thrombosis (HVT), compli-
cations related to the bile duct, and other complications. We 
also compared other clinical data, such as the postoperative 
biochemical and coagulation profile on postoperative days 
(PODs) 1, 3, 7, 14, 21, and 28, the volume of ascites on 
POD7, and complications.
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Statistical analysis

The Chi-square test and Student’s t test were used for 
continuous data to assess the significance of differ-
ences between each group. Values are expressed as the 
mean ± standard deviation. Categorical variables are 
expressed as numbers and percentages. Fisher’s exact 
test was used to determine the significance of differ-
ences. Cumulative analyses were performed using the 
Kaplan–Meier method with the Wilcoxon test. We com-
pared the clinical data of Groups S and L with the data 
of Groups M. P values of < 0.05 were considered to indi-
cate statistical significance. P values between Group S 
and Group M are denoted as pSM, while those between 
Group M and Group L are denoted as pML. All statistical 
analyses were performed using JMP (version 16.0; SAS 
Institute, Cary, NC, USA).

This study was conducted in accordance with the Ethi-
cal Guidelines for Clinical Research published on July 
30 (revised 2008) by the Ministry of Health, Labor, and 
Welfare of Japan and complied with the 1964 Helsinki 
Declaration (revised 2008). Our university’s institutional 
review board approved this study (No. 23348-00).

Results

Patient characteristics

Table 1 presents the patient demographic data. The mean 
age of recipients at LDLT was significantly older in Group 
S (17.1 ± 4.3 years) and younger in Group L (0.6 ± 0.1 years) 
than in Group M (3.9 ± 6.0 years) (pSM < 0.01, pML = 0.09). 
The mean age of donors was also significantly older 
in Group S (42.2 ± 9.7  years) and younger in Group L 
(29.8 ± 5.6  years) than in Group M (35.3 ± 7.9  years) 
(pSM < 0.01, pML = 0.05). There was no significant difference 
between the groups in terms of the indications for LDLT 
or ABO blood type compatibility. The pretransplant liver 
function, as estimated by the MELD score, in Groups S and 
M did not differ to a statistically significant extent (S vs. 
M = 15.2 ± 8.1 vs. 10.7 ± 1.5; pSM = 0.2). However, there was 
a significant difference in the PELD scores of Groups M and 
L (M vs. L = 11.5 ± 12.1 vs. 21.3 ± 8.7; pML = 0.02).

Intraoperative data

The intraoperative data are summarized in Table  2. 
More cases in Group S used extended left lobe grafts 
(n = 8, 61.5%), whereas more cases in Group L used 
left lateral segment grafts (n = 8, 88.9%). There was a 

Table 1   Demographic data

LDLT living donor liver transplantation, MELD model for end-stage liver disease score, PELD pediatric 
end-stage liver disease score
*Significant difference
† Data from patients older than 12 years of age Group M (n = 6)
‡ Data from patients younger than 12 years of age in Group M (n = 71)
a Described as the mean ± standard deviation

S (n = 13) M (n = 77) L (n = 9) pSM pML

Age (years)a 17.1 ± 4.3 3.9 ± 6.0 0.6 ± 0.1 < 0.01* 0.09
Sex (female/male) 11/2 47/30 5/4 0.1 0.75
Body weight (kg)a 57.4 ± 8.6 13.2 ± 12.2 5.6 ± 1.0 < 0.01* 0.06
Donor age (years)a 42.2 ± 9.7 35.3 ± 7.9 29.8 ± 5.6 < 0.01* 0.05
Indications for LDLT [n (%)] 0.85 0.19
 Cholestatic 9 (69.2%) 46 (59.7%) 8 (88.9%)
 Metabolic disease 1 (7.7%) 12 (15.6%) 0
 Fulminant hepatic failure 2 (15.4%) 8 (10.4%) 0
 Hepatoblastoma 1 (7.7%) 9 (11.7%) 0
 Others 0 2 (2.6%) 1 (11.1%)

ABO-blood type compatibility [n (%)] 0.07 0.51
 Identical 10 (76.9%) 37 (48.0%) 6 (66.7%)
 Compatible 3 (23.1%) 20 (26.0%) 2 (22.2%)
 Incompatible 0 20 (26.0%) 1 (11.1%)

MELDa 15.2 ± 8.1 10.7 ± 1.5† – 0.2 –
PELDa – 11.5 ± 12.1‡ 21.3 ± 8.7 – 0.02*
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significant difference in the distribution of graft types 
between Groups S and M (pSM < 0.001; pML = 0.53). There 
was also a significant difference between the groups in 
GV/SLV (S vs. M vs. L = 38.6 ± 9.0% vs. 67.8 ± 18.2% 
vs. 102.5 ± 2.6%; pSM < 0.001, pML < 0.001) and GRWR 
(S vs. M vs. L = 0.69 ± 0.1% vs. 2.3 ± 0.8% vs. 3.9 ± 0.3%; 
pSM < 0.001, pML < 0.001). The operating time in Group S 
was significantly longer than that in Groups M and L (S 
vs. M vs. L = 908.3 ± 243.8 min vs. 720.2 ± 149.0 min vs. 
749.7 ± 169.5 min; pSM < 0.001, pML = 0.61). We could not 
find any difference in the anhepatic period, cold ischemic 
time, or warm ischemic time between the groups.

The PVF was significantly higher in Group S and lower in 
Group L than in Group M (S vs. M vs. L = 1061.3 ± 287.9 ml/
min vs. 478.0 ± 426.6 ml/min vs. 211.9 ± 147.1 ml/min; 
pSM < 0.001, pML = 0.06). On the other hand, when the PVF/
GV values were compared, we found a significant differ-
ence between Groups M and L, but not between Groups 
S and M (S vs. M vs. L = 273.2 ± 86.8 ml/min/100 g vs. 
478.0 ± 426.6 ml/min/100 g vs. 93.3 ± 58.7 ml/min/100 g; 
pSM = 0.06, pML = 0.01). No significant difference was seen 
in HAF/GV (S vs. M vs. L = 273.2 ± 86.8 ml/min/100 g vs. 
478.0 ± 426.6 ml/min/100 g vs. 93.3 ± 58.7 ml/min/100 g; 
pSM = 0.06, pML = 0.01). Splenectomy was performed to 

regulate portal blood flow in 6 (46.2%) of the 13 patients in 
Group S, which was a significantly higher rate than that in 
Group M. In addition, 44.4% (four cases) of the patients in 
Group L underwent delayed abdominal wall closure, which 
was a significantly higher rate than that in Group M.

Postoperative data

There were no cases of early death or re-transplantation in 
Groups S or L, with the exception of one patient in Group 
L who died of graft failure at 95 days after transplantation. 
Figure 1 shows the Kaplan–Meier survival curves. The 
5-year survival rates were 100% in Group S and 88.9% in 
Group L; these values were not significantly different from 
the survival rate of Group M (90.8%). The graft survival 
rates of the groups did not differ to a statistically significant 
extent.

The occurrence of post-transplant complications is pre-
sented in Table 3. We did not find any significant differences 
in the incidence of PVT between Groups S and M or between 
Groups L and M (S vs. M vs. L = 1 [7.7%] vs. 5 [6.5%] vs. 0 
[0%], pSM = 0.88, pML = 0.43). HAT and HVT only occurred 
in Group M, and the incidence in the groups did not differ to 
a statistically significant extent. Furthermore, the incidence 

Table 2   Intraoperative data

LLS, left lateral segment; LL, left lobe; Ex.LL, extended left lobe; RL, right lobe; GRWR, graft-to-recip-
ient weight ratio; GV/SLV, graft volume / standard liver volume ratio; AHP, anhepatic phase; CIT, cold 
ischemic time; WIT, warm ischemic time; PVF, portal blood flow; PVF/GV, portal blood flow velocity 
per graft weight; HAF, hepatic artery blood flow velocity; HAF/GV, hepatic artery blood flow velocity per 
graft weight
*Significant difference
a Described as the mean ± standard deviation

S (n = 13) M (n = 77) L (n = 9) pSM pML

Graft type (n (%)) < 0.01* 0.53
 Reduced LLS 0 17 (22.1%) 1 (11.1%)
  LLS 1 (7.7%) 46 (59.7%) 8 (88.9%)
  LL 2 (15.4%) 4 (5.2%) 0
  Ex.LL 8 (61.5%) 6 (7.8%) 0
  RL 2 (15.4%) 4 (5.2%) 0

GRWR (%)a 0.7 ± 0.1 2.3 ± 0.8 3.9 ± 0.3 < 0.01* < 0.01*
GV/SLV (%)a 38.6 ± 9.0 67.8 ± 18.7 102.5 ± 2.6 < 0.01* < 0.01*
AHP (min)a 119.4 ± 75.5 137.8 ± 72.6 178.1 ± 98.5 0.42 0.13
CIT (min)a 118.6 ± 72.9 111.5 ± 68.1 90.9 ± 28.4 0.72 0.38
WIT (min)a 46.2 ± 25.7 52.0 ± 11.0 51.6 ± 10.2 0.16 0.93
Operation time (min)a 908.3 ± 243.8 720.2 ± 149.0 749.7 ± 169.5 < 0.01* 0.61
PVF (ml/min)a 1063.1 ± 287.9 478.0 ± 426.6 211.9 ± 147.1 < 0.01* 0.06
PVF/GV (ml/min/100 g)a 273.2 ± 86.8 199.9 ± 132.7 93.3 ± 58.7 0.06 0.01
HAF (ml/min)a 135.5 ± 68.0 84.2 ± 62.2 71.1 ± 36.5 < 0.01* 0.55
HAF/GV (ml/min/100 g)a 34.5 ± 16.9 36.9 ± 22.4 32.9 ± 15.9 0.71 0.86
Splenectomy [n (%)] 6 (46.2%) 5 (6.5%) 1 (11.1%) < 0.01* 0.61
Delayed abdominal wall 

closure [n (%)]
0 (0%) 4 (5.3%) 4 (44.4%) – < 0.01*
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of biliary complications in the two groups did not differ to 
a statistically significant extent. Gastrointestinal complica-
tions, mostly intestinal perforation, were significantly more 
common in Group S (7 of 13 patients, 53.9%) than in Group 
M (13 of 77 patients, 16.9%) (pSM < 0.01) (Table. 3).

The volume of ascites at 1 week post-transplantation was 
significantly higher in Group S than in the other groups (S 
vs. M vs. L = 1485.9 ± 1304.4 ml vs. 260.3 ± 446.9 ml vs. 
138.6 ± 151.2 ml, pSM < 0.001, pML = 0.57). Still, there was 
no significant difference when the volume of ascites per 
body weight was compared (S vs. M vs. L = 26.5 ± 22.7 ml/
kg vs. 22.2 ± 29.8 ml/kg vs. 24.0 ± 26.2 ml/kg, pSM = 0.63, 
pML = 0.87).

Regarding the postoperative biochemical and coagulation 
profiles, no obvious significant differences were observed in 
the postoperative trends of AST or PT–INR. Regarding ALT, 
recipients in Group S had a significantly higher value than 
those in the other groups at 1-month post-transplantation. 
This characteristic of Group S was also observed in the level 
of T-Bil, which remained significantly higher than that of 
Group M from 3 days to 3 weeks post-transplantation. On 
the other hand, in Group L, the T-Bil level was significantly 
higher than that of the other groups even before transplanta-
tion and remained higher for a while after transplantation. 
However, after 1 month, the value had decreased to a similar 
level to Group M (Fig. 2).

Fig. 1   Survival rate and graft survival rate in each group

Table 3   Postoperative data

PVT portal vein thrombosis, HAT hepatic artery thrombosis, HVT hepatic vein thrombosis
*Significant difference
a Described as the mean ± standard deviation

S (n = 13) M (n = 77) L (n = 9) pSM pML

Vascular Complications
 PVT [n (%)] 1 (7.7%) 5 (6.5%) 0 0.88 0.43
 HAT [n (%)] 0 3 (3.9%) 0 0.47 0.55
 HVT [n (%)] 0 2 (2.6%) 0 0.56 0.62

Biliary Complications [n (%)] 1 (7.7%) 3 (3.9%) 1 (11.1%) 0.54 0.33
Gastro-Intestinal Complications [n (%)] 7 (53.9%) 13 (16.9%) 1 (11.1%) < 0.01* 0.65
Ascites (ml)a 1485.9 ± 1304.4 260.3 ± 446.9 138.6 ± 151.2 < 0.01* 0.57
Ascites/BW (ml/kg)a 26.5 ± 22.7 22.2 ± 29.8 24.0 ± 26.2 0.63 0.87
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Discussion

In Japan, the number of transplants from deceased donors 
increased with the revision of the Transplant Law. However, 
deceased pediatric donors are still uncommon, resulting in 
a serious shortage of size-matched pediatric liver grafts 
[19]. Therefore, most liver transplantations are performed 
from living donors in Japan, and LDLT from adult donors is 
widely performed in pediatric recipients. Before performing 
LDLT, the graft volume is estimated from a preoperative 
contrast-enhanced CT scan of the donor and the appropri-
ate type of graft is selected. For infant recipients, reduced 
LLS grafts or mono-segmental grafts may also be selected to 
optimize the graft to match the recipient's abdominal cavity 
or prevent vascular complications and abdominal compart-
ment syndrome. On the other hand, for adolescent or adult 
recipients, the right or left lobe may be selected as the graft 
to minimize risk to both the donor and recipient and allow 
for safe transplantation while still providing adequate liver 
volume for the patient. The appropriate size of a graft is 
determined by an index calculated by comparing it to the 
recipient's body size, and GRWR is one of those indices.

It has been reported that the liver accounts for approxi-
mately 2–3% of the body weight of a healthy adult [7, 20], 
which is equivalent to the GRWR of a healthy adult. Sev-
eral clinical studies have reported clinical information on 

the safe limit of graft size mismatch. In terms of reports 
regarding the lower limit of GRWR, Lee et al. reported that 
a GRWR of less than 0.8 was identified as a risk factor for 
graft loss [8] in a multivariate analysis. Similarly to this 
report, 0.8 is often considered to be the lower limit for low-
risk GRWR. In contrast, Kusakabe et al. showed that graft 
survival in the GRWR > 0.6% to < 0.8% group was compa-
rable to that in the GRWR < 0.8% group, suggesting that 
grafts can be safely transplanted with a GRWR of < 0.8% 
[12]. Alves et al. reported that patients with a MELD score 
of > 18 and a GRWR of < 0.8% have a high risk of graft 
loss at 3 months after transplantation [21], while Ben et al. 
reported that Child–Pugh A patients have a good prognosis 
with a GRWR of approximately 0.6% [13]. Based on these 
findings, graft size should be considered depending on the 
preoperative liver function. Moon et al. reported a signifi-
cantly higher risk of graft loss in patients with a GRWR 
of < 0.8% and a donor of age > 44 years [22]. This suggests 
that donor age may also be another factor to consider when 
using smaller grafts. In this study, graft survival in Group 
S was similar to that in Group M and did not differ to a sta-
tistically significant extent. Considering the characteristics 
of the patients in Group S, grafts from young donors (mean 
donor age, 42 years) were used in patients with relatively 
preserved preoperative liver function (mean MELD score, 
15.2). In two cases, the recipients' brothers were selected as 

Fig. 2   Postoperative laboratory data in each group. *Significant difference between Groups S and M. #Significant difference between Groups M 
and L
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donors for recipients who had reached adulthood, suggesting 
that such selection may have led to better outcomes.

One of the adverse effects of small grafts is a postop-
erative change called the small-for-size syndrome (SFSS). 
Although there is no consensus about the definition and 
pathogenesis of SFSS, we diagnosed it as protracted chol-
estasis, coagulopathy, and massive ascites in disparity with 
the normalization of transaminase levels, together with nor-
mal inflow and outflow on Doppler ultrasonography [13, 
23]. Dahm et al. proposed “the presence of two of the fol-
lowing on three consecutive days: bilirubin > 100 umol/l 
(5.8 mg/dL), INR > 2, and encephalopathy grade 3 or 4.” as 
the definition of SFSS [6], and several papers have reported 
this accordingly [22, 24]. Furthermore, portal hyperperfu-
sion has been suggested to be a causative factor of SFSS. 
Several animal studies have reported graft injuries caused 
by portal hyperperfusion. In a pig liver transplant model, 
small-for-size grafts showed frank rupture of the sinusoidal 
lining and parenchymal hemorrhage 1 h after reperfusion 
[25]. In another report, electron microscopic examination 
of grafts from rats undergoing liver transplantation with 
small-for-size grafts showed sinusoidal congestion, irregu-
lar large gaps of sinusoidal lining cells, and collapse of the 
space of Disse [26]. Similar effects of portal hyperperfu-
sion have been reported in human grafts affected by SFSS, 
where changes such as the predominance of biliary stasis in 
the central lobular region, vacuolar injury of hepatocytes, 
ballooning degeneration, and punctate necrosis have been 
observed [27]. On the other hand, there have been reports of 
massive ascites suggesting SFSS even in patients with por-
tal hyperperfusion even with grafts with a GRWR of ≥ 0.8 
[28]. We have reported that some patients with a GRWR 
of > 0.8 could suffer from hyperbilirubinemia or persistent 
thrombocytopenia, depending on portal venous flow, and 
that the graft volume-to-splenic volume ratio is an important 
predictor [5].

Although it was necessary to adjust the portal blood flow 
of Group S by performing splenectomy in this study, the 
PVF/GV ratio was not significantly different from that of 
Group M. After these adjustments, there were no signifi-
cant differences in patient or graft survival rates. In addi-
tion, there were no significant differences in ascites volume 
per body weight or liver enzymes after transplantation, and 
the only significant difference in postoperative changes 
was in T-Bil levels. This suggests that the incidence of 
SFSS, which is one of the greatest concerns in cases with a 
GRWR below the reference value, can be reduced if blood 
flow can be adequately adjusted. In this study, there were 
few cases with a GRWR of < 0.6%, and it was difficult to 
statistically determine a lower limit; however, the lack of 
major problems in Group S suggested that the lower limit 
of GRWR should be < 0.8%. In contrast, patients with high 
preoperative MELD scores had prolonged high T-Bil levels 

after transplantation, suggesting that large grafts should be 
aggressively considered in patients with a poor pretransplant 
liver function.

This study revealed that the operative time in Group S 
was significantly longer in comparison to the other groups. 
This was thought to be partly because many patients in 
Group S used the right lobe, which required a longer bench 
surgery for venoplasty. In addition, Group S, which included 
many cases of biliary atresia in which transplantation was 
performed in older children or adults, was expected to have 
strong intra-abdominal adhesions due to repeated cholangi-
tis and other problems during the long-term course of their 
disease. The time required for detachment of these adhesions 
may have contributed to the longer operative time and higher 
rate of gastrointestinal tract perforation in comparison to the 
other groups, as we have previously reported [29].

While a large graft size is a relatively rare problem, it 
can still be encountered in neonatal and infantile transplants 
[14]. In a national survey reviewing reports on the maximum 
GRWR, Kasahara et al. [10] reported that the survival rate 
was poor in patients under 1 year of age who received grafts 
with a GRWR of > 4.0%. In contrast, Joao Seda Neto et al. 
[14] reported that grafts with a GRWR of > 4.0% had no 
negative effect on patient survival, while Marek Stefanow-
icz et al. [15] reported that a GRWR of up to 5.0% may be 
acceptable based on the results of a retrospective study of 
four groups divided by GRWR. One of the well-known sec-
ondary risks of oversizing is an increased risk of impaired 
perfusion, leading to vascular thrombosis [1]. Graft com-
pression due to a small abdominal cavity volume can cause 
inadequate tissue perfusion [14]. Uchida et al. reported that 
the GRWR was significantly higher in patients with HAT 
than in those without HAT (HAT vs. non-HAT = 3.16% vs. 
2.5% [median]) and that the GRWR was an independent risk 
factor for HAT [30]. Chang et al. [11] also reported that 
a GRWR of > 3.0 is a risk factor for PVT. Based on these 
reports, we used a GRWR of 3.5% as the cutoff value for 
grouping in this study.

Several other collateral risks of oversizing due to a small 
abdominal cavity volume are of concern in small children. 
Among them, ventilation problems and prolonged ventila-
tion support have been reported. Levesque et al. reported 
that patients with a GRWR of > 2.5% experienced longer 
intubation management times and suggested that the use 
of large grafts may lead to cranial compression of the dia-
phragm, which may lead to airway closure and reduced lung 
capacity. The risk of abdominal compartment syndrome 
due to the small size of the recipient's abdominal cavity has 
been a concern for some time [7, 10]. Notably, it has been 
reported that transplant recipients with acute liver failure 
are more likely to experience exacerbations of intestinal 
edema during portal vein clamping due to the absence of 
portal collateral circulation, making delayed abdominal wall 
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closure more likely to be considered [31]. A possible solu-
tion to these problems is delayed closure of the abdominal 
wall. Oikawa et al. reported a significantly higher GRWR 
in a group that underwent closure with a silicone sheet in 
comparison to their primary closure group. They suggested 
that if the GRWR is > 2.5%, special care should be taken to 
close the abdominal wall [32]. In this study, a significantly 
greater number of patients in Group L underwent delayed 
closure of the abdominal wall. There was no significant dif-
ference in the survival rates of Groups M and Ls, and there 
were no vascular complications in Group L. These results 
suggest that even if the GRWR is > 3.5%, blood flow to the 
graft may be maintained, and the prognosis may be good if 
delayed abdominal wall closure is considered in each case.

In this study, T-Bil was found to be significantly higher 
in Group L than in Group M up to 2 weeks after transplan-
tation. We hypothesized that this was not due to graft size, 
but rather due to the fact that many patients in Group L 
had severe hepatic dysfunction that required transplanta-
tion at an early age and took a long time to recover after 
transplantation. This may also be because all patients in 
Group L received transplants with cholestatic disease as 
the primary disease.

The limitation of this single-center retrospective study 
is that the number of cases outside the reference range 
was relatively small. This makes it difficult to present and 
statistically verify the specific lower and upper limits of 
GRWR. A multicenter study with a larger cohort is needed 
to determine the reference values more precisely. Another 
limitation is that ligation of collateral vessels, splenec-
tomy, or delayed abdominal wall closure is performed 
without objective indicators. We decide comprehensively 
whether to perform those procedure, considering the graft 
size, the portal vein blood flow velocity measured intraop-
eratively, or whether the graft is compressed by abdominal 
wall closure. Furthermore, it is difficult to say to what 
extent these procedures reduce the risk of complications. 
Further studies focusing on each technique’s outcome with 
objective indicators are warranted.

In conclusion, no significant difference was observed in 
graft survival in cases beyond the GRWR threshold. When 
the GRWR is < 0.8 or > 3.5, the risk of complications asso-
ciated with graft size might be overcome with adjustments 
to provide appropriate portal blood flow or by considering 
delayed abdominal wall closure.
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