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ABSTRACT
Objective: To compare the outcome of small-for-size grafts versus standard-size grafts regarding the frequency of postopera-
tive complications, early graft dysfunction, and 1-year survival.
Study Design: Retrospective cohort study.
Place and Duration of Study: Pir Abdul Qadir Shah Jeelani Institute of Medical Sciences (PAQSJIMS) Hospital, Gambat, Sindh,
Pakistan from March 2019 to April 2020.
Methodology: A total of 147 living donor liver transplant recipients' data were retrospectively evaluated. Study participants
were divided into two groups; small-for-size graft (GRWR <0.8%) and standard-size graft (GRWR >0.8%). Recipients’ demo-
graphics, graft characteristics, operative parameters, postoperative complications, and graft survival were compared in both
groups.
Results: Out of 147 recipients, 21 were found to have small-for-size graft, while 126 patients had the standard-size graft. Mean
GRWR in small-for-size graft group was 0.73 + 0.4 (0.63-0.79), while 0.93 + 0.82 (0.81-3.0) in standard-size graft group. A statis-
tically  significant  difference  was  found  while  comparing  body  mass  index  (p  <0.001),  hepatic  venous  reconstruction  (p  =
0.013), and liver attenuation index (p <0.001) between both study groups. While all other recipient and donor characteristics,
demographical data, operative variables, postoperative lab, and complications were comparable in both groups (p >0.05).
Kaplan-Meier analysis showed that 1-year survival rate for small-for-size graft recipients was 90.5%, while the survival rate for
the standard-size graft was 96.0% (p = 0.272).
Conclusion: Frequency of post-op complications was comparable in both groups. The graft survival in small-for-size grafts was
as good as for standard-size grafts.
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INTRODUCTION

Liver  transplantation  (LT)  is  considered  a  well-established
treatment  nowadays  for  end-stage  liver  diseases.1  In  the
deceased donor LT, graft volume is not of concern, but the
quality of the graft might be low, secondary to elderly donors or
graft  injury,  taking place during the course of  brain death,
organ retrieval, and storage. Contrary to this, the graft quality
is  usually  exceptional  in  living  donor  liver  transplantation
(LDLT), but low graft volume can be the cause of graft dysfunc-
tion.2 Small-for-size grafts are those having a graft-to-recipient
weight ratio (GRWR) of <0.8%.
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These grafts are considered insufficient to fulfill the recipient’s
metabolic demands and may lead to small-for-size syndrome
(SFSS), which is characterised by the presence of any of these
two  i.e.,  coagulopathy  (INR  >2),  hepatic  encephalopathy
(grade 3/4) and hyperbilirubinemia (>5.8 mg/dL) during the
1st week post-LT, after ruling out any technical abnormality. The
documented  pathophysiology  of  SFSS  is  enhanced  liver
parenchymal  injury,  secondary  to  high  portal  pressure  and
perfusion.3-8

The standard protocol in LDLT is to use grafts having a GRWR
≥0.8%. The supporting evidence for this cutoff value is rela-
tively weak and based on an initial study from Asia.2 However,
Tanaka et al.,  in their  landmark study, pointed out that low
GRWR leads to early graft dysfunction and poor graft survival.9

Few other authors also reported similar results.2-4

With a better understanding of the pathophysiology of SFSS
over time, various technical modifications were attempted to
improve the outcome of small-for-size grafts and for preventing
SFSS in LDLT recipients. These modifications were inflow modu-
lation (reducing portal pressure) and outflow modulation (con-
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sidering grafts with MHV).10 Inflow modification includes splenic
artery ligation, splenectomy, splenorenal, and hemi-portocaval
shunting.11-13 Lee et al. concluded a low GRWR <0.7 is safe in
adult LDLT recipients, having a low model for end-stage liver
disease (MELD) score, and did not need any portal flow modula-
tion.14 Furthermore, Alim et al. also reported that a low GRWR up
to 0.6% might be safe in LDLT recipients with a MELD score of
<20,  donor  age  of  <45  years,  and  grafts  with  minimal
steatosis.15 Till date, the lowest successful GRWR reported in
liver recipients is between 0.40% and 0.46%.16

From a recipient perspective, the outcome of recipients with a
low  GRWR  is  unclear.  Further  literature  and  evidence  are
required to support the comparable outcome of small-for-size
grafts as the utilisation of small-for-size grafts would increase
the  donors'  pool  in  LDLT.  This  study  aimed to  compare  the
outcome of  small-for-size  grafts  versus  standard-size  grafts
regarding the frequency of postoperative complications, early
graft dysfunction, and 1-year survival.

METHODOLOGY

This single-center retrospective cohort study was conducted at
the Liver Transplant Department, Pir Abdul Qadir Shah Jeelani
Institute of Medical Sciences. In 14 months duration, 147 recipi-
ents underwent LDLT from 1st March 2019 to 31st April 2020.
These 147 recipients’ data were analysed retrospectively. Data
were collected from patients' charts. For study purposes, recipi-
ents were divided into two groups: small-for-size grafts (GRWR
<0.8%)  and  standard-size  grafts  (GRWR  >0.8%).  Various
parameters, including recipients’ demographics, graft charac-
teristics, operative parameters, postoperative labs and compli-
cations,  and  graft  survival  were  compared  between  both
groups.

The donor selection criteria were as already published.17 The
recipient liver transplant listing criteria include patients with
child-turcotte-pugh C, MELD score of >15, and patients with
hepatocellular carcinoma (HCC) having tumor burden within
Milan criteria. The recipients’ upper age limit was 65 years. All
the  patients  in  this  study  received  right  lobe  grafts  with  or
without  middle  hepatic  vein  (MHV)  reconstruction.  Pediatric
age recipients who received left lobed grafts, recipients whose
indication  of  the  transplant  was  acute  liver  failure/acute  on
chronic failure, those who received jump graft, or were re-trans-
planted were excluded from the study.

Future  liver  remnant  (FLR)  >30%  with  optimal  segment  IV
venous drainage was made sure in all donors. Donor hepatic
parenchymal transection was carried with a water-jet dissector
or ultrasonic surgical aspirator without inflow occlusion. The
explanted graft weight measurement was done with a digital
weight machine. The graft was then implanted with the piggy-
back technique. The right hepatic vein (RHV) anastomosis was
done with the recipient RHV with a continuous non-absorbable
4/0 monofilament suture. The portal vein anastomosis was also
done in an end-to-end fashion with a running non-absorbable
5/0 monofilament suture. Graft perfusion was done after portal

vein  reconstruction.  Then  graft  hepatic  artery  was  anasto-
mosed end-to-end to the recipient hepatic artery primarily, with
non-absorbable 8/0 interrupted sutures under 3.5 magnifying
loupes. Biliary duct to duct anastomosis was performed with 5/0
sutures  interrupted  fashion.  Routine  portal  flow  pressure
measurement was not done but only in cases with SFSG portal
pressure were measured, and pressure >20 mm of Hg was set
as the cutoff for portal flow modulation. However, none of the
recipients underwent portal venous inflow modulation. Intraop-
erative doppler ultrasonography was done for hepatic arterial
and portal vein flow and velocity and outflow assessment. Stan-
dard immune-suppressants included tacrolimus, while steroids
were administered only for the first three months. The targeted
tacrolimus level kept was 8 to 12 ng/mL. All the recipients had a
minimum follow-up of one year.

Data  were  analysed  using  SPSS  version  25.  The  arithmetic
means with standard deviations were calculated for the quanti-
tative variables, and percentages were calculated for qualita-
tive variables. Qualitative variables were compared between
the two groups using the Chi-Square test. At the same time, an
independent sample T-test was used to compare quantitative
variables like mean hospital stay duration, bilirubin, ALT and
AST levels, and INR value. Kaplan-Maier survival analysis was
done to calculate 1-year survival of patients in two groups, and a
95% confidence interval was calculated. A p-value less than
0.05 was considered statistically significant.

Figure 1: Kaplan-Meier curve showing 12-months survival for small-size
grafts (GRWR <0.8%) vs. standard-size grafts (GRWR >0.8%).

RESULTS

Out of 147, 21 recipients’ grafts were found to be small-for-size.
Mean age in small-for-size group and standard-size grafts group
was 44.29 + 6.36 years and 39.51 + 12.67 years, respectively.
Mean GRWR in small-for-size group and standard-size group was
0.73 + 0.4 (0.63-0.79) and 0.93 + 0.82 (0.81-3.0), respectively.

The  most  common  indication  of  liver  transplantation  was
hepatitis B in both groups. A statistically significant difference
was found while comparing body mass index (p <0.001) and
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diabetes mellitus (p = 0.001) between both study groups. Mean
BMI in small-for-size grafts was 27.75 + 3.55 Kg/m2 and 22.19 +
4.26 kg/m2 in standard-size grafts (p = <0.001). All other demo-
graphics and preoperative parameters of both groups' recipients
were comparable (p >0.05, Table I).
Table I: Comparison of baseline characteristics between both groups,
small-for-size  grafts  (GRWR  <0.8%)  vs.  standard-size  grafts  (GRWR
>0.8%).

Parameters
Small-size-grafts
(GRWR <0.8%)

N=21

Standard-size grafts
(GRWR >0.8%)

N=126
p-value

Recipient mean age (years) 44.29 + 6.36 39.51 + 12.67 0.093
Mean BMI (Kg/m2) 27.75 + 3.55 22.19 + 4.26 <0.001
Recipient Gender
Male
Female

 
19 (90.47%)

2 (9.52%)

 
112 (88.89%)
14 (11.12%)

0.829

Etiology
HBV
PSC
BCS
PFIC
HBV&HDV
HCV
HBV&HCV
Cryptogenic
Wilsons’s disease
NASH

 
9(42.85%)
1(4.76%)

0
0

4(19.04%)
6(28.57%)

0
1(4.76%)

0
0

 
45(35.71%)

0
5(3.96%)
2(1.58%)

39(30.95%)
20(15.87%)

5(3.96%)
6(4.76%)
3(2.38%)
1(0.79%)

0.247

HCC 4 (19.04%) 19 (15.07%) 0.643
DM 4 (19.04%) 3 (2.38%) 0.001
HTN 0 1 (0.79%) 0.682
Child score
Class A
Class B
Class C

 
0
4

17

 
4

27
95

0.674

Mean MELD score 19.33 + 3.56 18.56 + 5.14 0.524
Donor Mean Age (years) 24.33+7.34 23.66+5.85 0.695
Donor Mean BMI (kg/m2) 21.22+3.21 20.85+2.89 0.591
Donor Mean LAI 5.42+1.36 2.36+1.99 <0.001
Warm ischemia time (min) 32.62 + 9.30 33.53 + 8.60 0.657
Cold ischemia time (min) 10.05 +4.65 10.62 + 4.35 0.582
Operation time (min) 527.14 + 50.01 531.67 + 58.97 0.740
Portal Flow Modulation 00 00  
Venous outflow
Reconstruction
1. MHV
2. Neo-MHV
(Reconstructed MHV)

 
12
09

 
8

10
0.013

BMI; Body Mass Index, PSC; Primary Biliary Cholangitis, BCS; Budd Chiari Syndrome, HCV, Hepatitis C;
HBV; Hepatitis B; HDV, Hepatitis D; NASH; Non-alcoholic steatohepatitis; PFIC Progressive familial
intrahepatic cholestasis; LAI, Liver attenuation index

Table  II:  Comparison  of  5th-day  postoperative  labs,  drain  output,
encephalopathy, hospital stay, and complications between two groups.

5th POD Lab values Small-for-size
grafts

(GRWR <0.8%)

 Standard-size
grafts

(GRWR >0.8%)

p-value

Total bilirubin (mg/dl) 2.12 + 1.72 2.40 + 2.11 0.591
INR 1.49 + 0.46 1.70 + 1.77 0.615
Drain output (ml/day) 1449.44 + 924.01 1899.78 +1602.92 0.248
Encephalopathy (grade III/IV) 00 00 -
ALT (IU/mL) 223.05 + 303.35 244.03 + 264.61 0.754
AST (IU/mL) 192.68 + 404.83 150.85 + 196.28 0.472
Creatinine (mg/kg/24 h) 0.94 + 0.58 0.80 + 0.48 0.269
Complications    
Biliary complications
Biliary stricture
Biliary leak

 
4 (19.05%)
2 (9.52%)

 
22 (17.46%)
2 (1.59%)

 
0.767
0.127

Portal vein thrombosis 0 0 -
Acute cellular rejection 1(4.76%) 2 (1.59%) 0.372
Hepatic artery thrombosis 1(4.76%) 7 (5.56%) 0.379
INR: International normalised ratio, ALT: Alanine aminotransferase, AST: Aspartate
aminotransferase,

The comparison of the donor and grafts characteristics and opera-
tive  parameters  showed  a  significant  difference  in  hepatic
venous reconstruction (p = 0.013) and liver attenuation index
(LAI, p <0.001) between both groups (Table I). The frequency of

postoperative complications was almost comparable between
both groups (Table II).

Kaplan-Meier analysis showed that the 1-year survival rate in
recipients with GRWR <0.8 was 90.5%, while the survival rate in
recipients with GRWR >0.8% was 96.0% (Figure1). Mean 01-year
survival  time  in  1st  group  (SFSG;  GRWR  <0.8%)  was  11.47
months (95% CI; 10.059-12.893), while the mean survival time in
2nd  group  (Standard-size  grafts;  GRWR  >0.8%)  was  11.73
months (95% CI; 11.452-12.008, 1-year log-rank p=0.272).

DISCUSSION

The increasing LDLT trend is due to decreased availability of
deceased  donors,  especially  in  Asian  countries.  The  donors
have to  be  blood-  and legally-related to  the  recipient  to  be
eligible for donation.18  The lower GRWR (<0.8%) scenario in
adult LDLT often happens unintentionally due to unavailability
of a suitable donor, as sometimes a donor with a borderline graft
volume is considered for donation. Moreover, due to the overes-
timation of graft volume by CT volumetric software, the actual
GRWR comes to <0.8% after explantation.10 Usually, we avoid
borderline donors, but that's not always possible.

In this study, the mean BMI of small-size grafts recipients was
27.75 + 3.55 Kg/m2, while the mean BMI in the standard-size
grafts was 22.19 + 4.26 Kg/m2. The majority of these overweight
recipients resulted in small-for-size grafts. This higher BMI was
also recorded by Agarwal et al. in their study, and they also
reported that grafts in higher BMI recipients in LDLT become
small-for-size.19

Smaller graft volume may have a role in SFSS development, but
it may not be the only solo factor. SFSS is considered to have a
multifactorial pathophysiology.19 There can be many potential
reasons for the comparable outcome of small-for-size grafts in
this study. The authors took out the majority of small-for-size
grafts with complete or partial middle hepatic vein (Neo-MHV)
to prevent anterior sector congestion. Hence, functionally excel-
lent  grafts  were  implanted  in  all  of  these  recipients.  While
comparing grafts with MHV and neo-MHV reconstruction, both
groups showed significant differences (p=0.013). The authors
reconstructed any of the MHV tributaries (segments V and VIII)
having a good backbench flow. Inferior hepatic veins were also
reconstructed and anastomosed with IVC routinely. Many other
authors had also reported that good venous outflow reconstruc-
tion is very important for implanting fully functional graft, as it
prevents anterior segment congestion.10,19

Secondly, all the donors had age <40 years with no comorbidi-
ties per the protocol with a good LAI. Literature review revealed
that donors with the age of <45 years, having minimal steatosis,
yield good outcomes in small-for-size grafts.15

The mean MELD score of both groups of recipients at the study
centre was less than <20. Alim et al. also reported that small--
for-size grafts in recipients with MELD score of <20 results in a
good  outcome  and  a  comparable  survival  to  standard-size
grafts. This had been shown by another study as well.15 More-
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over, the graft warm and cold ischemia times were much lower
than reported literature.19 All the above factors might be respon-
sible for the comparable outcome in small-for-size grafts in this
study.

Few studies have recommended portal flow modulation tech-
niques like splenectomy, splenic artery ligation, splenorenal or
portocaval shunting to reduce portal vein pressure and prevent
SFSS.11-13,20 The notable feature of this study was that no portal
flow modulation procedures were performed in the recipients,
as the authors did not record high portal flow pressure (>20 mm
Hg). Few other studies also concluded that portal flow modula-
tion in  small-for-size grafts  is  not  necessary.  Lee et  al.  also
reported that small right lobe grafts are safe without portal flow
modulation, as the majority of their patients did not develop
SFSS.14 Agarwal et al. also experienced that portal flow modula-
tion is not needed in all low GRWR obese recipients.19

Regarding postoperative laboratory parameters and complica-
tions, i.e., vascular and biliary complications and acute cellular
rejection incidence were comparable in both groups. Any of the
recipients did not develop SFSS. Disparate to this study, few
authors  have  reported  a  higher  incidence  of  hepatic  artery
thrombosis  with  small-for-size  grafts,  resulting  in  increased
graft loss and mortality.7 The authors did not experience such
thing. Multiple studies have also reported a comparable rate of
postoperative complications.19,21-23

The present data showed that smaller grafts did not have an infe-
rior outcome compared to standard-size grafts. Kiuchi et al.
reported that GRWR <0.8% are extra small and result in early
graft dysfunction and poor graft survival.2 Fan et al. also showed
the inferior outcome of small-for-size grafts.24 The outcome of
these initial studies was contradictory to this study. The results
of these studies were concluded from early LDLT experiences
with various confounding variables like mixed right and left lobe
grafts inclusion, pediatric age recipients, and with no focus on
venous outflow reconstruction.2 However, studies by Nishizaki
et al. and Shimada et al. reported good outcomes with the small--
for-size  grafts.19,25  Selzneret  et  al.  compared  post-LDLT
outcomes of LDLT recipients with small-for-size grafts, standard-
-size grafts, and those who underwent DDLT. They found no
difference in terms of normalisation of serum bilirubin and INR.
The recipient overall survival rates were also similar in all these
three groups.8 Similar results have been shown by another study
in which obese patients received small-for-size grafts.18 In this
study, the 1-year survival rate in recipients with the standard--
size grafts was slightly higher (96%) than the survival rate in
recipients with small-for-size grafts (90.5%), but was statically
not significant.

This study showed a good outcome of small-for-size grafts in
terms of survival rate and comparable postoperative complica-
tions.  Proper  planning  and  strategy  can  prevent  early  graft
dysfunction and improve survival in cases with GRWR <0.8%.
This  will  increase  the  potential  donor  pool  in  LDLT  centres,
where they constantly struggle for potential donors.

The limitations of this study are single-centre, retrospective
nature, and a relatively smaller sample size. The authors recom-
mend further studies from established centres to validate and
augment these results.

CONCLUSION

This study showed that the outcome of small-for-size grafts is
comparable with the standard- size grafts in terms of incidence
of SFSS, postoperative complications, and 1-year graft survival.
Key factors to have a good outcome in such cases are good
donor selection in terms of young age and good LAI, low MELD
scores recipients, and a good outflow reconstruction in the form
of MHV or Neo-MHV.
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