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Abstract
Aim: Little evidence about whether to apply graft-to-recipient body weight ratio 
(GRWR) or graft weight to standard liver weight (GW/SLW) for graft selection has 
been published. The aim of the present study was to clarify the importance of the 
correct use of GRWR and GW/SLW for selecting graft according to the recipients’ 
physique in living donor liver transplantation (LDLT).
Methods: Data were collected for 694 recipients who underwent LDLT between 
1997 and 2020.
Results: One of the marginal grafts meeting GW/SLW ≥ 35% but GRWR < 0.7% has 
been used in more recipients with men and higher body mass index (BMI), and the 
other meeting GRWR ≥ 0.7% but GW/SLW < 35% has been used in more recipients 
with women with lower BMI. In the cohort of BMI > 30 kg/m2, the recipients with 
GRWR < 0.7% had a significantly higher incidence of small-for-size graft syndrome 
(SFSS) compared to those with GRWR ≥ 0.7% (P = 0.008, 46.2% vs 5.9%), and using 
the cutoff of GW/SLW < 35% could not differentiate. In contrast, in the cohort of 
BMI ≤ 30 kg/m2, the recipients with GW/SLW < 35% also had a significantly higher 
incidence of SFSS (P  =  0.013, 16.9% vs 9.4%). Multivariate analysis showed that 
GRWR < 0.7% [odds ratio (OR) 14.145, P = 0.048] was the independent risk factor 
for SFSS in obese recipients, and GW/SLW < 35% [OR 2.685, P = 0.002] was the 
independent risk factor in non-obese recipients.
Conclusion: Proper use of the formulas for calculating GRWR and GW/SLW in choos-
ing graft according to recipient BMI is important, not only to meet metabolic demand 
for avoiding SFSS but also to ameliorate donor shortages.
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1  | INTRODUC TION

Living donor liver transplantation is being increasingly carried 
out worldwide to address the shortage of donor organs.1 Surgical 
techniques result in a partial graft that has a reduced overall pa-
renchymal mass compared with whole organ allograft.2 Smaller 
grafts incapable of meeting all of the metabolic, synthetic, and 
hemodynamic demands of recipients have been implicated as a 
cause of early allograft dysfunction.3 The constellation of per-
sistent ascites, cholestasis, and coagulopathy in the setting of a 
reduced-size graft without an obvious technical cause has been 
termed SFSS.4,5

Smaller-size grafts can enhance donor safety and expand donor 
availability; however, they also cause SFSS, which has high mortality 
and morbidity rates.6,7 There are two ways to calculate the required 
graft volume for the recipient: (a) GRWR (%, GW/recipient body 
weight × 100), and (b) GW to SLW (%, GW/SLW).8,9 At most high-vol-
ume centers for LDLT, the minimum acceptable GRWR is 0.6%–0.8% 
or GW/SLW 30%–40%.10–17 However, some patients have SFSS 
even with adequate GW. Furthermore, it is unclear whether GRWR 
or GW/SLW is more accurate in predicting sufficient GW and is ef-
fective in preventing SFSS after LDLT. This discrepancy may highlight 
the importance of other factors responsible for graft dysfunction in 
the small-for-size graft. Local hemodynamic effects such as portal 
hyperperfusion, impaired venous outflow, and recipient disease se-
verity also contribute to graft injury and therefore influence critical 
graft size.18,19

To the best of our knowledge, little evidence about whether to 
apply GRWR or GW/SLW for graft selection has been published. 
Furthermore, there are no reports that these two parameters are 
used properly according to the recipients’ physique.

Therefore, the aim of the present study was to clarify the im-
portance of properly using GRWR and GW/SLW for graft selection 
according to the recipients’ physique in the setting of LDLT.

2  | METHODS

2.1 | Patient characteristics

Consecutive adult recipients who underwent LDLT at Kyushu 
University Hospital (Fukuoka, Japan) from May 1997 through May 
2020 were enrolled in the study and data were collected. Indications 
for LDLT (n  =  694) were liver cirrhosis resulting from hepatitis C 
(n = 238), cholestatic cirrhosis (n = 135), acute liver failure (n = 82), 
hepatitis B (n = 61), alcohol abuse (n = 60), non-alcoholic steatohepa-
titis (n = 37), autoimmune hepatitis (n = 20), and other conditions 
(n = 61).

Living donor liver transplantations were carried out after obtain-
ing full informed consent from all patients and approval by the Liver 
Transplantation Committee of Kyushu University. The study proto-
col was carried out in accordance with The Code of Ethics of the 
World Medical Association (Declaration of Helsinki) and the Kyushu 
University Hospital Institutional Review Board (No. 2019-186).

2.2 | Graft selection

Donors were required to be spouses or within the third degree of 
consanguinity with the recipients as well as between the ages of 20 
and 65 years. For a donor who was not within the third degree of 
consanguinity, individual approval was obtained from the Kyushu 
University Hospital Ethics Committee.20 We used three-dimensional 
computed tomography (CT) for preoperative volumetric analysis and 
delineation of vascular anatomy. SLW of recipients was calculated 
according to the formula: 706.2 ×  body surface area + 2.4.21 The 
two formulas of GRWR and GW/SLW are the formulas for predicting 
SFSS and measuring the indication for LT “before LDLT”; therefore, 
BW-related values, such as BMI and body surface area, were cal-
culated by using wet BW which includes ascites volume. GW was 
predicted by computed tomographic volumetric analysis.

We have used only GW/SLW for the indication of LDLT, with-
out GRWR; GW/SLW is above 35%.19,22 The type of graft selected 
for the recipients was based on the preoperatively predicted GW/
SLW.10 A left lobe graft with or without the caudate lobe was pro-
cured if the estimated GW/SLW was ≥35%. A right lobe graft was 
procured if the estimated GW/SLW using the extended left lobe 
with the caudate lobe was <35% and the preoperatively predicted 
remnant liver volume of the donor was ≥35%. A right posterior sec-
tor graft was considered when the remnant liver volume after right 
hepatectomy was <35%.23 When using a right lobe graft, the middle 
hepatic vein tributaries draining segment 5 and 8 veins (V5 and V8) 
and the inferior right hepatic vein were detected by preoperative 
three-dimensional CT. Reconstruction of these veins was indicated 
when their diameter was ≥5 mm or their volume was ≥10% of the 
GW.22

Regarding portal flow modification, our basic strategy was to 
close any shunts as much as possible to prevent the phenomenon 
of portal steal and graft hypoperfusion. An exceptation is that when 
the portal pressure increased above 20 mm Hg by shunt clamping, 
we leave large shunts.24 The indications for simultaneous splenec-
tomy are portal hypertension indicated by splenomegaly, huge por-
tosystemic shunt, risky esophagogastric varices, portal pressure 
above 20  mm  Hg after portal reperfusion, severe hypersplenism, 
and ABO blood type-incompatible donor, and splenic artery aneu-
rysms.19 The graft types included: left lobe with caudate lobe graft 
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(n = 341), right lobe graft without the middle hepatic vein (n = 321), 
left lobe without caudate lobe graft (n = 16), right lobe graft with the 
middle hepatic vein (n = 3), and posterior segment graft (n = 13). For 
analysis, the actually procured GW was used, not the GW that was 
estimated preoperatively.

2.3 | Postoperative management

The graft harvesting technique, recipient surgery, and recipient 
perioperative management, including immunosuppression regi-
mens, have been previously described.2,7 Immunosuppression was 
initiated with a protocol based on tacrolimus (Prograf; Astellas 
Pharma Inc., Tokyo, Japan) or cyclosporine A (Neoral; Novartis 
Pharma KK, Tokyo, Japan), with a steroid and/or mycophenolate 
mofetil (Chugai Pharmaceutical Co., Ltd, Tokyo, Japan).5,6 The 
target trough concentration for tacrolimus was set at 10  ng/mL 
for 3 months after LDLT, followed by 5-10 ng/mL thereafter. The 
target trough concentration for cyclosporine A was set at 250 ng/
mL for 3 months after LDLT, followed by 150-200 ng/mL there-
after. Methylprednisolone was initiated on the day of LDLT, and 
then tapered and converted to prednisolone 7  days after LDLT. 
Prednisolone treatment was tapered and discontinued 6 months 
after LDLT. Mycophenolate mofetil was used in 547 recipients 
(82.5%) and was started at 2000 mg/d on the next day after LDLT, 
and then tapered and discontinued until 6 months after LDLT. All 
recipients had monthly follow ups. The median follow-up period 
was 2482 days; 719 days and 3996 days corresponded to the 25th 
and 75th percentiles, respectively.

2.4 | Definition of SFSS

Small-for-size graft syndrome was defined as having both prolonged 
functional cholestasis and intractable ascites.4 Prolonged functional 
cholestasis was defined as total bilirubin > 10 mg/dL at postopera-
tive day (POD) 14, without any other definitive causes for choles-
tasis. Ascites production was defined as the daily volume of ascites 
through indwelling drains. Intractable ascites was defined as a daily 
production of ascites of >1 L at POD 14 or >500 mL at POD 28.

2.5 | Statistical analysis

All statistical analyses were carried out using JMP statistical soft-
ware, version 15 (SAS Institute Inc., Cary, NC, USA) and R, version 
3.2.1 (R Foundation for Statistical Computing, Vienna, Austria). 
Continuous variables were expressed as the mean ±  standard de-
viation and compared using the nonparametric Wilcoxon test for 
independent samples. The chi-squared test was used to compare 
categorical values. A logistic regression analysis was applied to the 
multivariate analyses.5,25 Survival was calculated with the Kaplan-
Meier product-limited method; differences in survival between the 

groups were compared with the log-rank test. P-values < 0.05 were 
considered statistically significant.

3  | RESULTS

3.1 | Correlation between GRWR and GW/SLW

We measured the correlation between GRWR and GW/SLW in all 694 
recipients by using the actual GW. GRWR and GW/SLW were signifi-
cantly correlated with R2 = 0.840 (P < 0.0001) (Figure 1). Regarding 
GW for LDLT, in many institutions, the accepted safe and ideal cutoff 
value for GRWR is 0.7% and for GW/SLW is 35%.10,11,15,26 By using 
these cutoff values, we checked the difference in the correlation 
between these two calculated values (GRWR and GW/SLW). This 
study population (n = 694) was divided into three groups: type 1 (the 
cohort with a consistent correlation between GRWR and GW/SLW 
values), type 2 (the cohort of GRWR ≥ 0.7% but GW/SLW < 35%), 
type 3 (the cohort of GW/SLW ≥ 35% but GRWR < 0.7%). Next, the 
difference in the recipients’ characteristics differentiated by these 
three types of physiques was measured; the results are shown in 
Figure  2. There was no significant difference in age among these 
three groups. Compared with type 1 and type 2, type 3 had signifi-
cantly higher numbers of men, higher height, and heavier weight. 
Type 3 also had significantly higher BMI and body surface area.

Collectively, these data demonstrated that the recipients can be 
divided into three population types depending on the physique; one 
of the marginal grafts meeting GW/SLW ≥ 35% but GRWR < 0.7% 
has been used in more male recipients and recipients with larger 
physique, and the other meeting GRWR ≥ 0.7% but GW/SLW < 35% 
has been used in more female recipients and recipients with smaller 
physique.

3.2 | Difference between GW/SLW and GRWR for 
predicting SFSS according to physique

The incidence of SFSS was examined by each cutoff value of GW/
SLW 35%-40% or GRWR 0.7%-0.8% (Figure 3). When the GW cutoff 
was set to GW/SLW 35%, the recipients whose GW was below the 
cutoff had a significantly higher incidence of SFSS than those above 
the cutoff level (P  =  0.013, 17.3% vs 10.0%). Similar results were 
obtained for both GW cutoff as GW/SLW 40% (P = 0.045, 14.4% 
vs 9.5%) and GRWR 0.7% (P = 0.019, 16.0% vs 9.7%). There was no 
significant difference in the SFSS incidence between the recipients 
with GRWR < 0.8% and those with GRWR ≥ 0.8%.

Next, considering the fact that the physique was different in the 
recipients in whom the differences were between the GRWR and 
GW/SLW values, we focused on whether the optimal cutoff values 
of GW/SLW or GRWR could properly differentiate the incidence of 
SFSS by using the physique of the recipient. Because BMI was the 
factor that had the most difference between GW/SLW and GRWR, 
we set the cutoff as BMI 30 kg/m2, which is defined as obesity by 
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the World Health Organization.27 Table 1 shows the characteristics 
of the recipients, donors, operation, and clinical course after liver 
transplantation according to the two groups: the recipients with 
BMI ≤ 30 kg/m2 (n = 664) and with BMI > 30% (n = 30). Compared 
with recipients with BMI ≤ 30 kg/m2, the obese group (BMI > 30 kg/
m2) included fewer males (P  =  0.029), more recipients with Child-
Pugh grade C (P = 0.017), more recipients with right lobe (P = 0.001), 
more recipients who had a higher incidence of SFSS (P  =  0.042), 

and longer postoperative 30-day mortality (P  =  0.001). Regarding 
the GW, the obese group (BMI > 30 kg/m2) also had a significantly 
heavier GW (P  =  0.001); however, they had a lower rate of GW/
SLW < 35% (P = 0.017) and a similar rate of GRWR < 0.7%, com-
pared with the recipients with BMI ≤ 30 kg/m2.

In the cohort with BMI  ≤  30  kg/m2, the recipients with GW/
SLW ≤ 35 kg/m2 had a significantly higher incidence of SFSS com-
pared with those with GW/SLW > 35 kg/m2 (P = 0.013, 16.9% vs 

F I G U R E  1   Graft-to-recipient body 
weight ratio (GRWR) and graft weight to 
standard liver weight (GW/SLW) were 
significantly correlated by using the actual 
GW in living donor liver transplantation 
(LDLT; n = 694). Recipients were divided 
into three physique groups by the 
cutoff values of GRWR 0.7% and GW/
SLW 35%; type 1 (n = 595, the cohort 
with a consistent correlation between 
GRWR and GW/SLW values), type 2 
(n = 18, the cohort of GRWR ≥ 0.7% but 
GW/SLW < 35%), and type 3 (n = 81, 
the cohort of GW/SLW ≥ 35% but 
GRWR < 0.7%). GW, graft weight; SLW, 
standard liver weight

F I G U R E  2   Differences in the characteristics of living donor liver transplant recipients by the three physique types defined in Figure 1 
(n = 694). A, There was no significant difference in age among these three groups. B–F, Compared with type 1 and type 2, type 3 had 
significantly more men (B), taller height (C), and heavier weight (D). In addition, type 3 had significantly higher body mass index (E) and body 
surface area (F)
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9.4%) (Figure 4A); however, there was no significant difference be-
tween the two groups when the GW cutoff was set to GRWR of 
0.7% (Figure 4B). In contrast, in the cohort of BMI > 30 kg/m2, the 
recipients with GRWR < 0.7% had a significantly higher incidence 
of SFSS compared with those with GRWR ≥ 0.7% (P = 0.008, 46.2% 
vs 5.9%); however, there was no significant difference between the 
two cohorts when the GW cutoff was set to a GW/SLW of 35% 
(Figure 4C,D).

Collectively, for predicting SFSS after LDLT, calculation of the 
GW cutoff value should be changed according to the physique of the 
recipient; the GW cutoff should be set as GRWR of 0.7% when the 
recipients have a BMI > 30 kg/m2 and GW/SLW of 35% when the 
recipients have a BMI ≤ 30 kg/m2.

3.3 | Independent risk factors for SFSS

Univariate logistic regression analysis for postoperative SFSS in the 
recipients with BMI ≤ 30 kg/m2 showed the following risk factors: the 
presence of hepatocellular carcinoma (P = 0.037), Child-Pugh grade 
C (P  =  0.036), preoperative status at hospitalization (P  =  0.003), 
donor age > 50 years (P = 0.024), left lobe graft (P = 0.038), GW/
SLW < 35% (P = 0.011), portal vein pressure at closure > 20 mm Hg 
(P = 0.002), and the absence of splenectomy (P = 0.000) (Table 2). 
Next, multivariate logistic regression analysis using these eight fac-
tors showed that GW/SLW < 35% [odds ratio (OR) 2.685, 95% con-
fidence interval (CI) 1.440-5.008, P = 0.002] and four other factors: 
Child-Pugh grade C (P = 0.001), donor age > 50 years (P = 0.002), 
portal vein pressure at closure  >  20  mm  Hg (P  =  0.022), and the 
absence of splenectomy (P = 0.000) were independent risk factors 
for SFSS after LDLT in the recipients with BMI ≤ 30 kg/m2 (Table 2). 
In contrast, in the recipients with BMI > 30 kg/m2, multivariate lo-
gistic regression analysis using the two factors, which were revealed 
as the predictors for SFSS by univariate analysis, showed that both 
GRWR < 0.7% [OR 14.145, 95% CI 1.025-195.263, P = 0.048] and 
PV pressure at closure > 20 mm Hg (P = 0.039) were independent 

risk factors for SFSS after LDLT in the recipients with BMI > 30 kg/
m2 (Table 3).

Taken together, these data demonstrate that both GW cutoff 
values of GW/SLW 35% for the recipients with BMI ≤ 30 kg/m2 and 
GRWR 0.7% for the recipients with BMI > 30 kg/m2 can be clinically 
used to predict SFSS after LDLT.

4  | DISCUSSION

This is the first report to demonstrate the importance of proper use 
of GRWR and GW/SLW for graft selection according to recipient 
physique in the setting of LDLT. Taken together, the way to calculate 
the GW cutoff values should be changed, according to the recipi-
ent BMI value; a GRWR of 0.7% should be set as the minimum GW 
cutoff for the recipients with BMI > 30 kg/m2 and GW/SLW of 35% 
for the recipients with BMI  ≤  30  kg/m2, to prevent postoperative 
SFSS after LDLT.

Unlike deceased donor liver transplantation, where GW is rela-
tively irrelevant as the graft is taken from the whole liver, securing 
a sufficient GW for the recipient is important in LDLT. The accepted 
safe and ideal cutoff value for GRWR has been reported in many in-
stitutions to be 0.7% and for GW/SLW to be 35%.10,11,15,26 However, 
the choice of living donors is often limited, and it may not be possi-
ble to find a graft with adequate GW in all cases. In such situations, 
the surgeon is often faced with the difficult option of accepting a 
graft of low volume, raising the risk of SFSS. Another point is that 
with the two major methods to calculate adequate GW (GRWR and 
GW/SLW), no report has been published discussing which approach 
provides the better cutoff value. The former calculates the SLW 
from the height and weight of the recipient, and in the latter only 
the weight of the recipient is the main factor. In fact, it is also true 
that there is a certain degree of difference between the two calcula-
tions, even in the same recipient. From 2005, we have applied a graft 
meeting the GW/SLW > 35% criterion as the method to measure 
the minimum GW for LDLT with a favorable outcome.4,10 However, 

F I G U R E  3   Differences in the incidence of small-for-size graft syndrome (SFSS) by each cutoff value of graft weight to standard liver 
weight (GW/SLW; 35% and 40%) and graft-to-recipient body weight ratio (GRWR; 0.7% and 0.8%) in the recipients who underwent living 
donor liver transplantation (LDLT; n = 694). A, Recipients with GW/SLW < 35% had a significantly higher incidence of SFSS compared with 
those with GW/SLW ≥ 35% (P = 0.013, 17.3% vs 10.0%). B, Recipients with GW/SLW < 40% had a significantly higher incidence of SFSS 
compared with those with GW/SLW ≥ 40% (P = 0.045, 14.4% vs 9.5%). C, Recipients with GRWR < 0.7% had a significantly higher incidence 
of SFSS compared with those with GRWR ≥ 0.7% (P = 0.019, 16.0% vs 9.7%). D, There was no significant difference in the SFSS incidence 
between the recipients with GRWR < 0.8% and those with GRWR ≥ 0.8%. GW, graft weight; SLW, standard liver weight
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some recipients developed postoperative SFSS even when the graft 
had sufficient volume with GW/SLW  ≥  35%; 16.0% of recipients 
(13/81) with the grafts of GW/SLW ≥ 35% but GRWR < 0.7% had 
SFSS after surgery. There were some factors to be addressed, such 
as recipient condition, Model for End-stage Liver Disease score, 
donor age, and portal vein pressure5,6,19; however, we have clini-
cally predicted that physique of the recipient is also a major factor 
for SFSS. Therefore, the present finding that the method for cal-
culating the GW cutoff value should be changed according to the 
physique (GRWR 0.7% for recipients with BMI > 30 kg/m2 and GW/
SLW 35% for recipients with BMI ≤ 30 kg/m2) has developed to be 
clinically useful for the recipients who undergo LDLT.

Regarding the relationship between portal hypertension and 
the two formulas for GW, in the recipients with BMI ≤ 30 kg/m2 

(n = 664), of the cohort of PV pressure at closure > 20 mm Hg, 
the recipients with GW/SLW < 35% had a significantly higher in-
cidence of SFSS than those with GW/SLW ≥ 35% (15.7% vs 8.2%, 
P = 0.013). Similarly, in the cohort of PV pressure ≤ 20 mm Hg, the 
recipients with GW/SLW  <  35% had a tendency of higher inci-
dence of SFSS than those with GW/SLW ≥ 35% (28.6% vs 21.7%, 
P = 0.603). Besides, in the recipients with BMI > 30 kg/m2 (n = 30), 
both in the cohort of PV pressure > 20 mm Hg and ≤20 mm Hg, the 
recipients with GRWR < 0.7% had a tendency of higher incidence 
of SFSS than those with GRWR ≥ 0.7% (PV pressure > 20 mm Hg, 
22.2% vs 6.7%, P  =  0.273; PV pressure  ≤  20  mm  Hg, 100% vs 
0%, P = 0.006). Collectively, each formula adds some predictabil-
ity (about 7 to 16%), for SFSS according to the recipients’ phy-
sique without depending on the presence of portal hypertension; 

TA B L E  1   Comparison of clinical characteristics between the patients with BMI ≤ 30 kg/m2 (n = 664) and BMI > 30 kg/m2 (n = 30)

Variables (n = 694) BMI ≤ 30 kg/m2 (n = 664) BMI > 30 kg/m2 (n = 30) P value

Recipient

Age (years) 53.5 ± 11.5 54.9 ± 9.9 0.498

Gender (male, %) 46.5 26.7 0.029

Etiology: HCV/ HBV/ ALF/ Others (%) 33.9/ 8.9/ 11.9/ 45.3 43.3/ 6.7/ 10.0/ 40.0 0.766

Presence of HCC (%) 38.3 40.0 0.848

Child-Pugh C (%) 63.1 83.3 0.017

MELD score 16.2 ± 7.8 19.0 ± 6.1 0.051

Preoperative condition: hospitalized (%) 39.0 53.3 0.121

Donor

Age (years) 37.6 ± 11.2 36.5 ± 10.6 0.598

Gender (male, %) 62.4 73.3 0.213

Blood type: ABO incompatible (%) 12.8 20.0 0.282

Graft type: Right lobe (%) 45.2 80.0 0.001

GW (g) 482.1 ± 113.6 574.9 ± 110.3 0.001

GW/SLW < 35% (%) 23.2 6.7 0.017

GRWR < 0.7% (%) 31.0 43.3 0.167

Operation

PV pressure at laparotomy (mm Hg) 24.6 ± 6.1 25.8 ± 5.2 0.306

PV pressure at closure (mm Hg) 15.9 ± 3.7 17.0 ± 6.5 0.150

Cold ischemic time (min) 99.4 ± 57.9 126.2 ± 66.6 0.140

Warm ischemic time (min) 41.7 ± 12.8 44.4 ± 19.8 0.274

Portal vein flow (L/min) 1600.7 ± 634.0 1765.0 ± 120.2 0.180

Hepatic artery flow (L/min) 122.7 ± 94.3 133.4 ± 99.4 0.547

Splenectomy (%) 65.5 76.7 0.194

Operative time (min) 754.2 ± 164.5 794.6 ± 152.3 0.187

Blood loss (mL) 6973 ± 519 9615 ± 2440 0.290

Clinical course after LT

SFSS (%) 11.1 23.3 0.042

Postoperative 30-day mortality (%) 3.6 20.0 0.001

Note: P < 0.05 is shown in bold as statistical significant.
Abbreviations: ALF, acute liver failure; BMI, body mass index; GRWR, graft-to-recipient weight ratio; GW, graft weight; HBV, hepatitis B virus; HCC, 
hepatocellular carcinoma; HCV, hepatitis C virus; MELD, Model for End-Stage Liver Disease; PV, portal vein; SFSS, small-for-size graft syndrome; 
SLW, standard liver weight.
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however, in the future, a new detailed analysis is needed after the 
accumulation of case numbers.

Graft volume and remnant liver volume are critical factors for 
recipient survival and donor safety, respectively.2,6,7 However, many 
institutions manage to select the appropriate graft in consideration 
of the recipient’s metabolic demands for liver regeneration postop-
eratively.10–17 Because the metabolic needs of the recipient may be 
determined by the physique of the recipient and multiple additional 
factors, such as age of both recipient and donor, gender, status of 
infection, portal hypertension, presence of major collateral vessels, 
other organ status as well as the Model for End-stage Liver Disease 
score, there is no accurate and determinant indicator to measure the 
metabolic needs so far. In general, the grafts with GW/SLW < 35% 
but GRWR ≥ 0.7% (type 2) and the grafts with GRWR < 0.7% but 
GW/SLW  ≥  35% (type 3) indicated the marginal donors in LDLT. 
Indeed, using the criteria of our hospital (GW/SLW ≥ 35%), the type 
2 grafts cannot be applied; however, 18 patients underwent LDLT 
at another hospital where the criterion is GRWR ≥ 0.7%. However, 
81 patients underwent LDLT (type 3) that cannot be performed at 
an institution where the criterion is GRWR ≥ 0.7% but can be per-
formed in our hospital. From the present results, if BMI matches, 

the recipients who undergo LDLT using these marginal grafts are 
expected to have a graft that meets the metabolic demands after 
LDLT, with a favorable clinical course and without SFSS. This may 
help ameliorate the stagnation of LDLT because of donor shortages. 
The mechanism of the relationship between physique and metabolic 
demand for liver regeneration or preventing SFSS after LDLT should 
be elucidated in the future.

The other important issue that needs to be addressed is the 
increasing incidence of obese and overweight recipients in most 
transplant centers, even in Asia. The concern relates to the impact of 
obesity on the outcomes after LDLT.28 For the relationship between 
GRWR and the incidence of SFSS, Lee et al26 reported SFSS in three 
out of 23 (13%) recipients of grafts with GRWR < 0.7%, and in the 
study of Selzner et al,29 9% of recipients with low GRWR < 0.8%, 
developed SFSS after LDLT. The same features were also seen in the 
present study where 16.0% of recipients with GRWR  <  0.7% had 
SFSS as a consequence. However, when the recipients were limited 
to overweight or obese recipients with BMI  >  30 kg/m2, a recent 
study of 1325 patients reported significantly increased morbidity, 
such as SFSS and infective complications, in overweight and obese 
recipients – even in deceased donor liver transplantation.30 Contrary 

F I G U R E  4   Differences in the incidence of small-for-size graft syndrome (SFSS) by the cutoff values of graft weight to standard liver 
weight (GW/SLW) 35% and graft-to-recipient body weight ratio (GRWR) 0.7% in recipients with body mass index (BMI) ≤ 30 mg/m2 (n = 664) 
and those with BMI > 30 mg/m2 (n = 30). (A,B) In the cohort of BMI ≤ 30 kg/m2, the recipients with GW/SLW < 35% had a significantly 
higher incidence of SFSS compared with those with GW/SLW ≥ 35% (P = 0.013, 16.9% vs 9.4%). There was no significant difference in the 
incidence of SFSS between the two when the cutoff values were set to GRWR 0.7%. (C,D) In the cohort of BMI > 30 kg/m2, the recipients 
with GRWR < 0.7% had a significantly higher incidence of SFSS compared with those with GRWR ≥ 0.7% (P = 0.008, 46.2% vs 5.9%). There 
was no significant difference in the incidence of SFSS between the two when the cutoff values were set to GW/SLW 35%. GW, graft weight; 
SLW, standard liver weight
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to that result, Agarwal et al31 suggested that there was no difference 
in the postoperative outcomes between the two groups (n = 864); 
body weight  ≥  100  kg group (mean BMI, 35.8  kg/m2) and body 
weight  <  100  kg group (mean BMI, 25.2  kg/m2). However, in this 
study, the mean GRWR was relatively high at 1.02% in the normal 
BW group and even 0.74% in the overweight group that meet our 
GW criteria. From the clinical standpoint in that report, that most 
recipients had sufficient GW, it was difficult to examine the efficacy 
of applying the GRWR calculation in obese recipients. However, we 
demonstrated that in obese recipients with BMI > 30 kg/m2, the re-
cipients with GRWR ≥ 0.7% had a significantly lower incidence of 
SFSS at 5.9%, compared with those with GRWR < 0.7% at 46.2%. 
Regarding the prognosis, in the obese recipients, the recipients with 
GRWR < 0.7% had a significantly higher incidence of 30-day mortal-
ity (38.5% vs 5.9%, P = 0.024) than those with GRWR ≥ 0.7%, and a 
higher tendency of 6-month graft loss (46.2% vs 17.7%, P = 0.091). 
Furthermore, the cutoff value of GW/SLW 35% could not signifi-
cantly differentiate the incidence of SFSS and short-term prognosis. 
Taken together, GRWR is likely to be much more effective for the re-
cipients who are obese with BMI > 30 mg/m2 in LDLT. The threshold 

of the minimum GW can be adjusted individually according to the 
physique of the recipient.

A limitation of the present study is the small number of recipients 
with BMI > 30 kg/m2 (30 patients). Therefore, further investigations 
will be needed.

In conclusion, proper use of the formulas for calculating GRWR 
and GW/SLW in choosing the graft according to recipient BMI for 
LDLT is very important, not only to meet the metabolic demand for 
liver regeneration after LDLT, but also to ameliorate the donor short-
age. In addition, the mechanism of the relationship between phy-
sique and metabolic demand after LDLT warrants further research.
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