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Background. Living donor liver transplantation (LDLT) provides an alternative to deceased donor liver transplantation (DDLT) for
patients with end-stage liver disease in the circumstance of scarcity of deceased grafts. However, the outcomes of LDLT remain
controversial. Method. A systematic review and meta-analysis were performed to compare the outcomes of LDLT with DDLT.
Twelve outcomes were assessed. Results. Thirty-nine studies involving 38563 patients were included. LDLT was comparable in
red blood cell transfusion, perioperative mortality, length of hospital stay, retransplantation rate, hepatitis C virus recurrence rate,
and hepatocellular carcinoma recurrence rate with DDLT. Cold ischemia time was shorter and duration of recipient operation was
longer in LDLT. Postoperative intra-abdominal bleeding rate occurred less frequently in LDLT recipients (odds ratio (OR) = 0.64, 95
%confidence interval (CI) = 0.46 — 0.88, P = 0.006), but this did not decrease the perioperative mortality. LDLT was associated with
significantly higher biliary (OR = 2.23, 95%CI = 1.59 — 3.13, P < 0.00001) and vascular (OR = 2.00, 95%CI = 1.31 — 3.07, P = 0.001)
complication rates and better overall survival (OS) (1 year: OR =1.32, 95%CI=1.01 —1.72, P=0.04; 3 years: OR =1.39, 95%
CI=1.14-1.69, P=0.0010; and 5 years: OR=1.33, 95%CI=1.04 —1.70, P =0.02). According to subgroup analysis, biliary
complication rate and OS improved dramatically as experience increased, while vascular complication rate could not be
improved because it was mainly caused by the difference of the donor type itself. Conclusions. LDLT remains a valuable option
for patients in need of liver transplantation for it provides an excellent alternative to DDLT without compromising recipient
outcomes. Further refinement in biliary and vascular reconstruction techniques and the accumulation of liver transplantation
centers’ experience are the key factors in expanding the application of LDLT.

1. Introduction

Liver transplantation (LT) is a well-established therapeutic
option for patients with irremediable end-stage liver disease.
However, the worldwide scarcity of deceased donor livers is
the greatest challenge nowadays. Nearly a quarter of patients
with liver failure died while waiting for liver grafts [1-4].
Fortunately, in 1966, the idea of living donor liver transplan-
tation (LDLT) was aroused [5], and in 1989, the first success-
ful LDLT was performed [6]. After decades of development,
LDLT has been widely considered as an alternative to
deceased donor liver transplantation (DDLT). Compared
with DDLT, it is generally accepted by us that LDLT has

shorter waiting time, younger donor age, and better organi-
zation of surgery time. Oppositely, LDLT is criticized for its
smaller graft volume, donor risk, and ethical controversies.
The efficacy of LDLT versus DDLT is controversial.
Although lots of studies comparing the clinical outcomes of
LDLT with DDLT were carried out in the past decades, the
issues remained for the inconformity of conclusions.
Whether a distinct disparity exists between these 2 therapeu-
tic regimens and which type of LT can obtain better clinical
outcomes need further investigation. Therefore, with the
aim of comparing the outcomes of LDLT with DDLT, we
systematically summarized the current available data and
performed a meta-analysis.
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2. Materials and Methods

2.1. Literature Search and Study Selection. We adhered to the
2009 preferred reporting items for systematic reviews and
meta-analysis statement. To provide an adequate overview
of the current literature, databases of PubMed, Embase, and
the Cochrane Library from inception to 21 November 2019
were chosen for screening; an additional search with Google
Scholar was performed to supplement the primary search. A
combination of the following terms was used as a strategy of
literature search: living donor, deceased donor, cadaveric
donor, CLT (cadaveric liver transplantation), LDLT, DDLT,
and liver transplantation. Two authors (Tang and Qiu) car-
ried out the search independently and any discrepancies
regarding the study selection were resolved by them. No
restriction of language or publication type was set in the
search. The study protocol was approved by the Science
and Research Office of the First Affiliated Hospital of Chong-
ging Medical University.

2.2. Inclusion and Exclusion Criteria. The inclusion criteria
were (1) published prospective or retrospective cohort stud-
ies and randomized controlled trials, (2) studies comparing
LDLT with DDLT in adult patients, and (3) studies with at
least 1 of the aforementioned outcomes. The exclusion cri-
teria were (1) case reports, reviews, letters, editorials, and
conference reports; (2) studies lacking a control group; (3)
studies without available data; (4) studies investigating emer-
gency LT; (5) studies without a clear description of methods
or baseline characteristics; and (6) studies with less than 100
recipients in total. Moreover, for studies from the same data-
base, only the one with the largest sample size was included.

2.3. Outcomes of Interest. We assessed 12 outcomes of LT in
this meta-analysis, including cold ischemia time (CIT),
amount of allogeneic red blood cell (RBC) transfusion, dura-
tion of the recipient operation (DRO), postoperative intra-
abdominal bleeding rate, perioperative mortality, length of
hospital stay, vascular complication rate, biliary complication
rate, retransplantation rate, hepatitis C virus (HCV) recur-
rence rate, hepatocellular carcinoma (HCC) recurrence rate,
and patient overall survival (OS).

2.4. Quality Assessment and Data Extraction. The methodo-
logical quality of each included study was assessed using the
Newcastle-Ottawa quality assessment scale [7] by 2 reviewers
(Cai and Cheng) independently. The extracted data included
general information (first author, year of publication, source
journal, country, study design, sample size, diagnoses of
patients, recipient and donor age, follow-up period, gender,
and the source of clinical data) and 12 outcomes (CIT, RBC
transfusion, DRO, postoperative intra-abdominal bleeding
rate, perioperative mortality, length of hospital stay, vascular
complication rate, biliary complication rate, retransplanta-
tion rate, HCV recurrence rate, HCC recurrence rate, and
OS). The obtained data were then compared by the reviewers,
inconsistencies were discussed, and a third reviewer (Du) was
consulted to reach a consensus if necessary.

BioMed Research International

2.5. Statistical Analysis. The meta-analysis was carried out in
accordance with the Cochrane Reviewer’s Handbook, and
statistical analyses were performed with the Review Manager
(RevMan) software (Version 5.3, The Cochrane Collabora-
tion, The Nordic Cochrane Center, Copenhagen, Denmark).
The results were presented by odds ratio (OR) with 95%
confidence interval (CI) for dichotomous data and mean dif-
ference (MD) with 95% CI for continuous data. For data
which were reported as medians and ranges, the methods
described by Hozo et al. [8] and Higgins and Green [9] were
used to transform into mean and standard deviation. Hetero-
geneity among studies was estimated using the Chi*-square
test (P<0.10 represented statistically significant hetero-
geneity) and the I* test (I* >50% represented statistically
significant heterogeneity). When indicating no significant
heterogeneity, a fixed-effect model was used. Otherwise, a
random-effect model was used and a subgroup analysis was
performed to explore the discrepancy. Funnel plots were per-
formed to assess the publication bias, and the bias was
excluded if a symmetrical distribution was shown. Moreover,
a sensitivity analysis was performed by removing each study
in turn to evaluate the stability of a pooled estimate. Pooled
analyses were visualized with forest plots, and statistical sig-
nificance was considered at P < 0.05.

3. Results

3.1. Study Characteristics and Quality Assessment. As shown
in a flow diagram (Figure 1), 1439 articles were found using a
combination of search terms and 1390 irrelevant articles
were excluded according to the inclusion and exclusion cri-
teria after screening titles and abstracts. Then, 10 studies
were excluded after full text review for the following reasons:
2 studies were based on overlapping data from the same data-
base, 5 studies lacked a control group, 1 study had no avail-
able data, 1 study focused on pediatric LT, and 1 study was
about combined liver and kidney transplantation. Finally,
39 studies [4, 10-47] (7 prospective cohorts and 32 retrospec-
tive cohorts) were included in the meta-analysis.

The characteristics of the 39 included studies are pre-
sented in Table 1. All studies were well designed to compare
two arms: LDLT and DDLT. The follow-up period ranged
from 1988 to 2019. Fifteen studies investigated patients with
various liver diseases, 10 studies were about hepatitis B/C
virus-related diseases, and 14 studies focused on HCC. Three
studies [21, 37, 40] were derived from the Adult-to-Adult
Living Donor Liver Transplantation Cohort Study, 3 studies
[20, 39, 46] were based on the United Network for Organ
Sharing, 1 study [18] was derived from the University Health
System Consortium and Scientific Registry of Transplant
Recipients, 1 study [14] was based on the China Liver Trans-
plant Registry, and the rest of the studies were derived from a
single center or from multiple institutions. These studies
were conducted in the east (n = 14) and in the west (1 = 25).
Most of the included studies showed satisfactory quality
with selection criteria, comparability of patient characteris-
tics, and adequate follow-up. All cohorts got 6 or more
stars (Table 2).



BioMed Research International

Citation identified
during primary
search (n = 1485)

Identification

—)[ Duplicated studies (n = 46) ]

Articles reviewed in
detail

(n=1439)

Screening

—)[ Irrelevant studies (n = 1390)

A

Full-text articles
assessed for
eligibility (n = 49)

Studies included in
the meta-analysis

=

>
=
2
20
=)

Overlapping cohorts

(n=2)
Single-arm studies (n = 5)
Without available data

(n=1)

Pediatric LT (n=1)

Combined liver and

kidney transplantation (n = 1)

(n=39)

Included

Ficure 1: Flow diagram showing process of literature search and
study selection.

3.2. CIT. Six studies [11, 16, 20, 31, 32, 40] reported CIT, and
all six of them suggested it was shorter in LDLT. There was
significant heterogeneity (P < 0.00001, I? = 96%). A random-
effect model indicated a significant difference between LDLT
and DDLT, and CIT of LDLT was much shorter than DDLT
(WMD = -373.39, 95%CI = —399.41 to -347.37, P < 0.00001;
Figure 2).

3.3. RBC Transfusion. Four studies [32, 38, 43, 45] reported
RBC transfusion, with all four of them indicating no
significant difference between LDLT and DDLT. No signifi-
cant heterogeneity was observed (P=0.71, I*=0%). A
fixed-effect model was used, and pooled results showed that
LDLT was comparable with DDLT in RBC transfusion
(WMD =0.69, 95%CI = —0.14 to 1.51, P = 0.10; Figure 3).

3.4. DRO. DRO was reported in four studies [14, 34, 40, 45],
and all four of them showed that it was significantly longer in
LDLT. No significant heterogeneity was observed (P =0.13,
I? =47%). A fixed-model was used, and the pooled DRO of
LDLT was found to be significantly longer than that of DDLT
(WMD = 141.68, 95%CI=129.19 to 154.16, P <0.00001;
Figure 4).

3.5. Postoperative Intra-Abdominal Bleeding Rate. Six studies
[12-14, 31, 34, 40] reported the postoperative intra-
abdominal bleeding rate. While five of them [12, 14, 31, 34,
40] indicated no significant difference between LDLT and

DDLT, 1 study [14] showed a significantly lower intra-
abdominal bleeding rate in LDLT. Notably, pooled results
with a fixed-effect model revealed that the intra-abdominal
bleeding rate of LDLT was significantly lower than that
of DDLT (OR=0.64, 95%CI=0.46 to 0.88, P=0.006;
Figure 5). Moreover, no significant heterogeneity was
observed (P =0.37, I? = 8%).

3.6. Perioperative Mortality. Ten studies [18, 25-27, 32, 36,
38, 40-42] reported perioperative mortality, and all of them
suggested no significant difference between LDLT and
DDLT. No significant heterogeneity was observed (P =0.10,
1> =39%). A fixed-effect model suggested comparable peri-
operative mortality between LDLT and DDLT (OR =1.03,
95%CI =0.81 to 1.29, P = 0.82; Figure 6).

3.7. Length of Hospital Stay. Four studies [14, 31, 35, 45]
reported the length of hospital stay, and all of them showed
that no significant difference existed between LDLT and
DDLT. A fixed-effect model revealed a similar length of hos-
pital stay between LDLT and DDLT (WMD = 1.82, 95%CI
=-0.91 to 4.56, P = 0.19; Figure 7). There was no significant
heterogeneity observed (P = 0.61, I* = 0%).

3.8. Vascular Complication Rate. Six studies [31, 34, 38, 40,
42, 45] reported the vascular complication rate. While five
of them [31, 34, 38, 42, 45] suggested no significant difference
between LDLT and DDLT, 1 study [40] showed a signifi-
cantly higher vascular complication rate in LDLT. There
was no significant heterogeneity (P=0.11, I*=45%). A
fixed-effect model showed a significantly higher vascular
complication rate in LDLT (OR=2.00, 95%CI=1.31 to
3.07, P=0.001; Figure 8).

3.9. Biliary Complication Rate. Fourteen studies [10, 11, 13,
14, 17, 19, 23, 31, 34, 36, 38, 40, 42, 45] reported the biliary
complication rate. Four studies [10, 13, 17, 38] showed no
significant difference between LDLT and DDLT, while the
rest of the studies [11, 14, 19, 23, 31, 34, 36, 40, 42, 45]
indicated a significantly higher biliary complication rate
in LDLT. Significant heterogeneity existed (P <0.00001,
I*=77%). A random-effect model revealed a significantly
higher biliary complication rate in LDLT (OR =2.23, 95%
CI=1.59 to 3.13, P < 0.00001; Figure 9).

3.10. Retransplantation Rate. Eight studies [11, 15, 22, 24, 27,
31, 32, 42] reported the retransplantation rate. While six of
them [15, 22, 24, 27, 31, 32] indicated no significant differ-
ence between LDLT and DDLT, 2 studies [11, 42] showed a
significantly higher retransplantation rate in LDLT. No sig-
nificant heterogeneity was observed (P =0.20, I> =29%). A
fixed-effect model showed a comparable retransplantation
rate between LDLT and DDLT (OR =1.29, 95%CI = 0.87 to
1.93, P = 0.21; Figure 10).

3.11. HCV Recurrence Rate. Four studies [11, 23, 24, 46]
reported the HCV recurrence rate. Two of them [24, 46] sug-
gested no significant difference between LDLT and DDLT, 1
[23] showed a significantly higher HCV recurrence rate in
LDLT, and 1 [11] showed a lower HCV recurrence rate in
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TaBLE 2: Newcastle-Ottawa quality assessment scale for cohort studies.

Reference Selection Comparability Outcome Total

Humar et al. [10] 2 3 9

Fisher et al. [11]

Jiang et al. [12]

Kim et al. [13]

Hu et al. [14]

Jain et al. [15]
Ninomiya et al. [16]
Sandal et al. [17]
Hoehn et al. [18]
Macias Gémez et al. [19]
Thuluvath and Yoo [20]
Terrault et al. [21]
Schmeding et al. [22]
Garcia-Retortillo et al. [23]
Bozorgzadeh et al. [24]
Hwang et al. [25]
Sotiropoulos et al. [26]
Al-Sebayel et al. [27]
Xiao et al. [28]

Vakili et al. [29]

Sandro et al. [30]
Reichman et al. [31]
Azoulay et al. [32]

Park et al. [33]

Wan et al. [34]
Gallegos-Orozco et al. [35]
Liu et al. [36]

Kulik et al. [37]

Li et al. [38]

Russo et al. [39]

Freise et al. [40]

Shah et al. [41]

Lai et al. [42]

Selzner et al. [43]

Chen et al. [44]
Al-Sebayel et al. [45]
Bhangui et al. [4]

Sher et al. [46]

Shen et al. [47]
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NN O 00 N 0 N 00 00 o0 00 O o O WO VO 000 NN N VO O N 0 00 0o\ N o 0NN oo oo

LDLT. Significant heterogeneity was observed (P =0.001,
I? =81%). A random-effect model suggested no significant
difference between LDLT and DDLT (OR =1.10, 95%CI =
0.39 to 3.10, P = 0.86; Figure 11).

3.12. HCC Recurrence Rate. Eight studies [14, 16, 25, 26, 28,
33, 37, 44] reported the 1-year HCC recurrence rate; while
six of them [16, 25, 26, 33, 37, 44] showed no significant
difference between LDLT and DDLT, 2 [14, 28] suggested a
significantly lower recurrence rate in LDLT. Five studies

[14, 16, 26, 28, 37] reported the 3-year HCC recurrence rate;
three of them [16, 26, 28] indicated no significant difference
between LDLT and DDLT, 1 [14] showed a significantly
lower recurrence rate in LDLT, and 1 [37] suggested a higher
recurrence rate in LDLT. Eight studies [14, 16, 26, 28, 32, 33,
37, 44] reported the 5-year HCC recurrence rate; 5 of them
[16, 26, 28, 32, 44] indicated no significant difference between
LDLT and DDLT, 2 [33, 37] showed a significantly higher
recurrence rate in LDLT, and 1 [14] suggested a lower
recurrence rate in LDLT. Significant heterogeneity was
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Mean difference

LDLT DDLT Mean difference
Study or subgroup Weight
Mean SD Total Mean SD Total 1V, random, 95% CI 1V, random, 95% CI
Azoulay et al. 2016 120 102 75 552 156 576 15.9% —432.00 [-458.37, —405.63] -
Fisher et al. 2009 40.2 18 107 450 90 465 18.6% —409.80 [—418.66, —400.94] "
Freise et al. 2008 87 94 384 441 215 216 15.2% —354.00 [-384.17, —323.83] -
Ninomiya et al. 2015 80.1 49.5 133  466.1 186.5 362 16.9% —386.00 [-406.97, —365.03] =
Reichman et al. 2013 91 4 145 462 15 145 19.0% -371.00 [—373.53, —368.47]
Thuluvath et al. 2014 234 438 764 504 270 1470 14.4% -270.00 [-303.99, -236.01] -
Total (95% CI) 1608 3234 100.0% —373.39 [-399.41, —347.37] ¢
Heterogeneity: tau® = 926.05; chi’ = 125.59, df = 5 (P < 0.00001); I = 96% r T T 1
o ~1000 ~500 0 500 1000
Test for overall effect: Z = 28.13 (P < 0.00001) LDLT DDLT

FIGURE 2: Meta-analysis of studies comparing CIT between LDLT and DDLT recipients based on a random-effect model. CIT: cold ischemia

time; LDLT: living donor liver transplantation; DDLT: deceased donor liver transplantation.

LDLT DDLT Mean difference Mean difference
Study or subgroup Weight
Mean SD Total Mean SD Total 1V, fixed, 95% CI 1V, fixed, 95% CI
Al-Sebayel et al. 2007 4 16.3 45 6 6.7 77 2.7%  —2.00 [-6.99, 2.99]
Azoulay et al. 2016 48 59 75 43 6.1 576 335% 0.50 [-0.93, 1.93]
Lietal 2011 4.7 538 128 384 6.35 221 43.4% 0.86 [-0.39, 2.11]
Selzner et al. 2008 5 6 46 4 3.7 155 20.4% 1.00 [-0.83, 2.83]
Total (95% CI) 294 1029 100.0% 0.69[-0.14, 1.51]

Heterogeneity: chi* = 1.36; df =3 (P = 0.71); I = 0% -20

Test for overall effect: Z = 1.64 (P = 0.10)

T
-10 0 10 20

LDLT

DDLT

FIGURE 3: Meta-analysis of studies comparing RBC transfusion between LDLT and DDLT recipients based on a fixed-effect model. RBC: red

blood cell; LDLT: living donor liver transplantation; DDLT: deceased donor liver transplantation.

LDLT DDLT Mean difference Mean difference

Study or subgroup Weight

Mean SD Total Mean SD Total 1V, fixed, 95% CI 1V, fixed, 95% CI
Al-Sebayel et al. 2007 660 150 45 480 150 77 5.1%  180.00 [124.83, 235.17]
Freise et al. 2008 511 129 384 371 96 216 47.2% 140.00 [121.82, 158.18] -._.__
Hu et al. 2015 645 206.4 389 495.6 145.2 6471 36.0% 149.40 [128.59, 170.21]
Wan et al. 2014 553 105 40 445 75 80 11.7%  108.00 [71.55, 144.45]
Total (95% CI) 858 6844 100.0% 141.68 [129.19, 154.16] L 2
Heterogeneity: chi? = 5.69; df = 3 (P = 0.13); I* = 47% 200 —100 0 100 200
Test for overall effect: Z =22.24 (P = 0.00001) LDLT DDLT

FIGURE 4: Meta-analysis of studies comparing DRO between LDLT and DDLT recipients based on a fixed-effect model. DRO: duration of the
recipient operation; LDLT: living donor liver transplantation; DDLT: deceased donor liver transplantation.

LDLT DDLT Odds ratio Odds ratio

Study or subgroup Weight

Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Freise et al. 2008 27 384 17 216 20.1% 0.89 [0.47, 1.66] .
Hu et al. 2015 17 389 383 6471 41.3% 0.73 [0.44, 1.19] i
Jiang et al. 2013 2 70 4 191 2.1% 1.38 [0.25, 7.68] —
Kim et al. 2017 14 109 20 76 20.4% 0.41 [0.19, 0.88] -
Reichman et al. 2013 4 145 12 145 11.6% 0.31 [0.10, 1.00] I
Wan et al. 2014 1 40 7 80 4.5% 0.27 [0.03, 2.25]
Total (95% CI) 1137 7179  100.0% 0.64 [0.46, 0.88] ‘
Total events 65 443
Heterogeneity: chi? = 5.41, df =5 (P = 0.37); I* = 8% 0‘2)1 Ojl 1 1'0 1(')0
Test for overall effect: Z = 2.73 (P = 0.006) LDLT DDLT

FIGURE 5: Meta-analysis of studies comparing postoperative intra-abdominal bleeding rate between LDLT and DDLT recipients based on a
fixed-effect model. LDLT: living donor liver transplantation; DDLT: deceased donor liver transplantation.
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LDLT Control Odds ratio Odds ratio
Study or subgroup Weight
Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Al-Sebayel et al. 2015 12 222 17 269 10.3% 0.85 [0.40, 1.81] B
Azoulay et al. 2016 6 79 48 620 7.1% 0.98 [0.41, 2.37] -1
Freise et al. 2008 34 384 14 216 11.6% 1.40 [0.73, 2.67] ™
Hoehn et al. 2014 31 715 567 14282  36.7% 1.10 [0.76, 1.59] L d
Hwang et al. 2005 24 237 14 75 13.6% 0.49 [0.24, 1.01] -
Lai et al. 2009 0 86 11 403 2.9% 0.20 [0.01, 3.38]
Lietal. 2011 17 128 17 221 7.7% 1.84 [0.90, 3.74]
Liu et al. 2006 2 124 3 56 2.9% 0.29 [0.05, 1.78] B
Shah et al. 2007 2 154 11 350 4.7% 0.41 [0.09, 1.85] N
Sotiropoulos et al. 2007 9 45 5 55 2.6% 2.50 [0.77, 8.09] T
Total (95% CI) 2174 16547 100.0%  1.03 [0.81,1.29] ¢
Total events 137 707
. . 2 . _ _ LT2 0, r T T 1
Heterogeneity: chi* = 14.70; df = 9 (P = 0.10); I* = 39% 0.001 0.1 1 10 1000
LDLT DDLT

Test for overall effect: Z = 0.22 (P = 0.82)

FIGURE 6: Meta-analysis of studies comparing perioperative mortality between LDLT and DDLT recipients based on a fixed-effect model.
LDLT: living donor liver transplantation; DDLT: deceased donor liver transplantation.

Mean difference

LDLT DDLT Mean difference
Study or subgroup Weight
Mean SD Total Mean SD Total 1V, fixed, 95% CI 1V, fixed, 95% CI
Al-Sebayel et al. 2007 15 30 45 13 295 77 6.2%  2.00 [-8.97,12.97] I
Gallegos-Orozco et al. 2009 12 15 32 9 5 168 27.1%  3.00 [-2.25, 8.25] T
Hu et al. 2015 4567 37.07 389 4297 6202 6471 47.2% 270 [-1.28,6.68] ™=
Reichman et al. 2013 19.8 274 145 21.8 264 145 195% —2.00[-8.19,4.19] T
Total (95% CI) 611 6861 100.0% 1.82[-0.91, 4.56] r
I T T T 1
Heterogeneity: chi* = 1.84; df =3 (P = 0.61); I* = 0% -50 =25 0 25 50
LDLT DDLT

Test for overall effect: Z =1.31 (P =0.19)

FIGURE 7: Meta-analysis of studies comparing length of hospital stay between LDLT and DDLT recipients based on a fixed-effect model.
LDLT: living donor liver transplantation; DDLT: deceased donor liver transplantation.

LDLT DDLT QOdds ratio Odds ratio
Study or subgroup Weight
Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Al-Sebayel et al. 2007 4 45 2 77 4.5% 3.66 [0.64, 20.83] ]
Freise et al. 2008 36 384 5 216 19.4% 4.37 [1.69, 11.30] "
Lai et al. 2009 6 86 38 403 41.6% 0.72 [0.29, 1.76] -
Lietal 2011 4 128 6 221 14.3% 1.16 [0.32, 4.18] -
Reichman et al. 2013 15 145 6 145 18.0% 2.67 [1.01, 7.10] =
Wan et al. 2014 1 40 1 80 2.2% 2.03[0.12, 33.25]
Total (95% CI) 828 1142 100.0%  2.00[1.31,3.07] . 4
Total events 66 58
Heterogeneity: chi? = 9.10; df = 5 (P = 0.11); I = 45% 0 E)l 0'1 J 1'0 1(')0
Test fi 1l effect: Z = 3.19 (P = 0.001 . .
est for overall effec 9( ) LDLT DDLT

FIGURE 8: Meta-analysis of studies comparing the vascular complication rate between LDLT and DDLT recipients based on a fixed-effect
model. LDLT: living donor liver transplantation; DDLT: deceased donor liver transplantation.

observed (1 year: P=0.0007, I =72%; 3 years: P=0.001,
I>=78%; and 5 years: P<0.00001, I>=81%). Random-
effect models indicated comparable 1-, 3-, and 5-year
HCC recurrence rates between LDLT and DDLT (1 year:
OR =1.00, 95%CI=0.61 to 1.66, P=0.99, see Figure 12;
3 years: OR=0.86, 95%CI=0.52 to 1.41, P=0.54, see
Figure 13; and 5 years: OR =0.87, 95%CI=0.54 to 1.38,
P=0.55, see Figure 14).

3.13. OS. Eighteen studies [4, 11, 13-16, 21, 24-28, 34, 35, 39,
41, 44, 47] reported 1-year OS. Four of them [13, 14, 16, 28]
suggested a significantly higher 1-year OS in LDLT, and the
rest [4, 11, 15,21, 24-27, 34, 35, 39, 41, 44, 47] showed no sig-
nificant difference between LDLT and DDLT. A random-
effect model revealed a significantly higher 1-year OS in
LDLT (OR=1.32, 95%CI=1.01 to 1.72, P=0.04;
Figure 15). Fifteen studies [4, 10, 11, 14-16, 21, 25-30, 35,
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LDLT DDLT QOdds ratio Odds ratio
Study or subgroup Weight
Events Total Events Total M-H, random, 95% CI M-H, random, 95% CI
Al-Sebayel et al. 2007 12 45 2 77 3.3% 13.64 [2.89, 64.37]
Fisher et al. 2009 29 109 82 465 8.9% 1.74 [1.07, 2.83] T
Freise et al. 2008 161 384 53 216 9.6% 2.22[1.53,3.22] -
Garcia-Retortillo et al. 2004 16 22 21 95 5.3% 9.40 [3.27,27.01] -
Hu et al. 2015 81 389 721 6471 10.2% 2.10[1.62,2.71] -
Humar et al. 2019 36 245 110 592 9.4% 0.75 [0.50, 1.14] T
Kim et al. 2017 10 109 5 76 5.0% 1.43[0.47, 4.38] 1
Lai et al. 2009 15 86 34 403 7.7% 2.29 [1.19, 4.43] -
Lietal 2011 19 128 24 221 7.8% 1.43 [0.75, 2.73] I
Liu et al. 2006 32 124 4 56 5.1% 4.52 [1.51, 13.50] -
Macias Gémez et al. 2009 10 30 34 357 6.5% 4.75 [2.06, 10.97] -
Reichman et al. 2013 50 145 25 145  8.4% 2.53 [1.46, 4.38] _'_
Sandal et al. 2015 20 62 42 108  7.7% 0.75 [0.39, 1.45] e
Wan et al. 2014 11 40 6 80 5.1% 4.68 [1.58, 13.82] -
Total (95% CI) 1916 9362 100.0% 2.23[1.59, 3.13] ‘
Total events 502 1163
Heterogeneity: tau? = 0.27; chi? = 55.58, df = 13 (P < 0.00001); I* = 77% 0 '01 0'1 ] 1'0 ] 60
Test for overall effect: Z = 4.65 (P < 0.00001) LDLT DDLT

FIGURE 9: Meta-analysis of studies comparing the biliary complication rate between LDLT and DDLT recipients based on a random-effect
model. LDLT: living donor liver transplantation; DDLT: deceased donor liver transplantation.

LDLT DDLT Odds ratio Odds ratio

Study or subgroup Weight
Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI

Al-Sebayel et al. 2015 9 222 7 269 15.2% 1.58 [0.58, 4.32] ]
Azoulay et al. 2016 4 75 33 576 18.1% 0.93 [0.32, 2.69]
Bozorgzadeh et al. 2004 1 35 7 65 11.9% 0.24 [0.03, 2.07]
Fisher et al. 2009 10 107 20 465 17.0% 2.29 [1.04, 5.06] "
Jain et al. 2011 1 35 7 65 11.9% 0.24 [0.03, 2.07]
Lai et al. 2009 7 86 13 403 10.5% 2.66 [1.03, 6.87] "
Reichman et al. 2013 3 145 2 145 4.9% 1.51 [0.25, 9.18] -
Schmeding et al. 2007 2 20 33 269 10.3% 0.79 [0.18, 3.58] -
Total (95% CI) 725 2257 100.0% 1.29 [0.87,1.93] <>
Total events 37 122
Heterogeneity: chi? = 9.87, df = 7 (P = 0.20); I* = 29% 0.:)1 0!1 1 llo I(I)O
Test for overall effect: Z = 1.26 (P =0.21) LDLT DDLT

F1GURE 10: Meta-analysis of studies comparing the retransplantation rate between LDLT and DDLT recipients based on a fixed-effect model.
LDLT: living donor liver transplantation; DDLT: deceased donor liver transplantation.

LDLT DDLT Odds ratio Odds ratio
Study or subgroup Weight
Events Total Events Total M-H, random, 95% CI M-H, random, 95% CI
Bozorgzadeh et al. 2004 27 35 47 65  24.5% 1.29 [0.50, 3.37] ™
Fisher et al. 2009 7 51 94 253 25.7% 0.27 [0.12, 0.62] ol
Garcia-Retortillo et al. 2004 9 22 17 95 24.0% 3.18 [1.17, 8.62] ol
Sher et al. 2011 26 34 175 251 25.7% 1.41 [0.61, 3.26] -

Total (95% CI) 142 664 100.0% 1.10 [0.39, 3.10]
Total events 69 333

H ity: tau? = 0.91; chi? = 15.83, df = =0.001); I? = 819
eterogeneity: tau® = 0.91; chi® = 15.83, df = 13 (P = 0.001); I* = 81% 0.01 o1 ) 10 100
Test for overall effect: Z = 0.17 (P = 0.86)

LDLT DDLT

FIGURE 11: Meta-analysis of studies comparing HCV recurrence rate between LDLT and DDLT recipients based on a random-effect model.
HCV: hepatitis C virus; LDLT: living donor liver transplantation; DDLT: deceased donor liver transplantation.
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LDLT DDLT . Odds ratio Odds ratio

Study or subgroup Weight
Events Total Events Total M-H, random, 95% CI M-H, random, 95% CI

Chen et al. 2014 13 47 37 94  13.9% 0.59 [0.28, 1.26] e
Hu et al. 2015 84 389 2223 6471 19.4% 0.53[0.41, 0.67] -
Hwang et al. 2005 35 237 8 75  13.3% 1.45 [0.64, 3.28] -
Kulik et al. 2012 20 100 10 97  13.3% 2.17 [0.96, 4.93] .
Ninomiya et al. 2015 10 133 122 362 13.8% 1.26 [0.58, 2.73] "
Park et al. 2014 19 166 2 50 7.3% 3.10[0.70, 13.81] ] -
Sotiropoulos et al. 2007 3 45 1 55  3.9% 3.86 [0.39, 38.43]
Xiao et al. 2014 12 84 74 276  15.0% 0.45[0.23, 0.89]
Total (95% CI) 1201 7480 100.0% 1.00 [0.61, 1.66] 2
Total events 196 2377
Heterogeneity: tau? = 0.33; chi? = 25.29, df = 7 (P = 0.0007); I* = 72% 0.01 o1 j 10 100
Test for overall effect: Z = 0.01 (P = 0.99) LDLT DDLT

FIGURE 12: Meta-analysis of studies comparing 1-year HCC recurrence rate between LDLT and DDLT recipients based on a random-effect
model. HCC: hepatocellular carcinoma; LDLT: living donor liver transplantation; DDLT: deceased donor liver transplantation.

LDLT DDLT Odds ratio Odds ratio

Study or subgroup Weight
Events Total Events Total M-H, random, 95% CI M-H, random, 95% CI
Hu et al. 2015 141 389 3325 6471  27.0% 0.54 [0.44, 0.67] -
Kulik et al. 2012 34 100 19 97 19.1% 2.11[1.10, 4.05] bl
Ninomiya et al. 2015 18 133 50 362  20.5% 0.98 [0.55, 1.74] I
Sotiropoulos et al. 2007 5 45 10 55 11.2% 0.56 [0.18, 1.79] 1
Xiao et al. 2014 37 84 140 276 22.2% 0.76 [0.47, 1.25] =T
Total (95% CI) 751 7261  100.0% 0.86 [0.52, 1.41] ‘
Total events 235 3544
Heterogeneity: tau® = 0.23; chi®> = 18.06, df = 4 (P = 0.001); I> = 78% 0.01 o1 10 100
LDLT DDLT

Test for overall effect: Z = 0.61 (P = 0.54)

FIGURE 13: Meta-analysis of studies comparing 3-year HCC recurre

nce rate between LDLT and DDLT recipients based on a random-effect

model. HCC: hepatocellular carcinoma; LDLT: living donor liver transplantation; DDLT: deceased donor liver transplantation.

LDLT DDLT Odds ratio Odds ratio
Study or subgroup Weight
Events Total Events Total M-H random, 95% CI M-H, random, 95% CI
Azoulay et al. 2016 8 75 65 576 11.8% 0.94 [0.43, 2.04] T
Chen et al. 2014 20 47 51 94 12.5% 0.62 [0.31, 1.27] 1
Hu et al. 2015 149 389 3762 6471 16.8% 0.45 [0.36, 0.55] -
Kulik et al. 2012 44 100 29 97 13.7% 1.84 [1.02, 3.31] -
Ninomiya et al. 2015 20 133 54 362 14.0% 1.01 [0.58, 1.76] -1
Park et al. 2014 32 166 3 50 7.9% 3.74 [1.09, 12.79]
Sotiropoulos et al. 2007 5 45 14 55 8.8% 0.37 [0.12, 1.11] i
Xiao et al. 2014 40 84 151 276 14.6% 0.75 [0.46, 1.23] T
Total (95% CI) 1036 7981  100.0% 0.87 [0.54, 1.38] <>
Total events 318 4129
r T T 1
Heterogeneity: tau® = 0.32; chi* = 36.27, df = 7 (P < 0.00001); I* = 81% 0.01 0.1 1 10 100
Test for overall effect: Z = 0.60 (P = 0.55) LDLT DDLT

FIGURE 14: Meta-analysis of studies comparing 5-year HCC recurrence rate between LDLT and DDLT recipients based on a random-effect

model. HCC: hepatocellular carcinoma; LDLT: living donor liver tr

47] reported 3-year OS. Two [14, 16] suggested a significantly
higher 3-year OS in LDLT, and the rest [4, 10, 11, 15, 21, 25-
30, 35, 47] showed no significant difference between LDLT
and DDLT. A random-effect model revealed a significantly
higher 3-year OS in LDLT (OR=1.39, 95%CI=1.14 to

ansplantation; DDLT: deceased donor liver transplantation.

1.69, P =0.0010; Figure 16). Sixteen studies [4, 11, 14-16,
21, 26-30, 32, 34, 35, 41, 44] reported 5-year OS. Three stud-
ies [14, 16, 29] suggested a significantly higher 5-year OS in
LDLT, and the rest [4, 11, 15, 21, 26-28, 30, 32, 34, 35, 41,
44] showed comparable OS between LDLT and DDLT. A
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LDLT DDLT QOdds ratio QOdds ratio

Study or subgroup Weight
Events Total Events Total M-H, random, 95% CI M-H, random, 95% CI

Bhangui et al. 2011 31 36 108 120 3.7% 0.69 [0.23, 2.11] I
Bozorgzadeh et al. 2004 32 35 60 65 2.4% 0.89 [0.20, 3.96] - 1
Chen et al. 2014 41 47 73 94 4.4% 1.97 [0.73, 5.26] T
Fisher et al. 2009 88 107 400 465 7.3% 0.75[0.43, 1.32] T
Gallegos-Orozco et al. 2009 29 32 160 168 2.8% 0.48 [0.12, 1.93] - 1
Hu et al. 2015 338 389 4801 6471 9.5% 2.31[1.71, 3.11] -
Hwang et al. 2005 174 237 46 75 7.4% 1.74 [1.01, 3.01] T
Jain et al. 2011 32 35 59 65 2.6% 1.08 [0.25, 4.63] -
Kim et al. 2017 97 109 55 76 5.6% 3.09 [1.41, 6.75] -
Ninomiya et al. 2015 124 133 301 362 6.0% 2.79 [1.34, 5.80] -
Russo et al. 2004 243 279 3441 3955  9.0% 1.01 [0.70, 1.45] T
Sebayel et al. 2015 193 222 232 269 7.7% 1.06 [0.63, 1.79] T
Shah et al. 2007 140 154 326 350 6.3% 0.74 [0.37, 1.47] .
Shen et al. 2011 35 38 57 67 2.8% 2.05 [0.53, 7.95] ]
Sotiropoulos et al. 2007 30 45 45 55 4.7% 0.44 [0.18, 1.12] -
Terrault et al. 2014 166 195 144 180 7.5% 1.43 [0.84, 2.45] N
Wan et al. 2014 36 40 68 80 3.4% 1.59 [0.48, 5.28] -1
Xiao et al. 2014 69 84 191 276 6.9% 2.05[1.11, 3.78] -
Total (95% CI) 2217 13193 100.0% 1.32[1.01, 1.72] *
Total events 1898 10567

Heterogeneity: tau? = 0.17; chi? = 43.62, df = 17 (P = 0.0004); I* = 61%
Test for overall effect: Z = 2.06 (P = 0.04)
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FIGURE 15: Meta-analysis of studies comparing 1-year OS between LDLT and DDLT recipients based on a random-effect model. OS: overall
survival; LDLT: living donor liver transplantation; DDLT: deceased donor liver transplantation.

LDLT DDLT QOdds ratio QOdds ratio

Study or subgroup Weight
Events Total Events Total M-H, random, 95% CI M-H, random, 95% CI

Bhangui et al. 2011 29 36 98 120 3:5% 0.93 [0.36, 2.40]
Fisher et al. 2009 82 107 359 465 8.6% 0.97 [0.59, 1.59] —r
Gallegos-Orozco et al. 2009 28 32 148 168 2.5% 0.95 [0.30, 2.98] e E—
Hu et al. 2015 273 389 3508 6471 153% 1.99 [1.59, 2.48] -
Humar et al. 2019 211 245 474 592 10.3% 1.54 [1.02, 2.34] —
Hwang et al. 2005 174 237 46 75 77% 1.74 [1.01, 3.01] —
Jain et al. 2011 29 35 50 65  2.9% 145 [0.51, 4.15] —
Ninomiya et al. 2015 116 133 262 362 7% 2.60 [1.49, 4.55] e —
Sandro et al. 2009 19 25 128 154 3.1% 0.64 [0.23,1.77] -
Sebayel et al. 2015 183 222 219 269 93% 1.07 [0.67, 1.70] T
Shen et al. 2011 30 38 49 67 3% 1.38 [0.53, 3.56] 1
Sotiropoulos et al. 2007 28 45 37 55  44% 0.80 [0.35, 1.83]  —
Terrault et al. 2014 123 195 105 180 10.3% 1.22[0.81, 1.85] I
Vakili et al. 2009 24 28 52 74 24% 2.54[0.79, 8.18] 7]
Xiao et al. 2014 42 84 119 276 87% 1.32[0.81, 2.15] T
Total (95% CI) 1851 9393 100.0% 1.39 [1.14, 1.69] ) 2
Total events 1391 5654
Heterogeneity: tau’ = 0.05; chi? = 23.76, df = 14 (P = 0.05); I> = 41% 0.05 02 | s 2
Test for overall effect: Z = 3.30 (P = 0.0010) LDIT DDLT

FIGURE 16: Meta-analysis of studies comparing 3-year OS between LDLT and DDLT recipients based on a random-effect model. OS: overall
survival; LDLT: living donor liver transplantation; DDLT: deceased donor liver transplantation.

random-effect model revealed a significantly higher 5-year
OS in LDLT (OR=1.33, 95%CI=1.04 to 1.70, P=0.02;
Figure 17). Significant heterogeneity was observed (1 year:
P =0.0004, I = 61%; 3 years: P = 0.05, I* = 41%; and 5 years:
P <0.0001, I* = 66%).

3.14. Subgroup Analysis. To investigate the source of hetero-
geneity among studies, a subgroup analysis was carried out

by stratifying the analysis according to several important fac-
tors, including study design, sample size, transplantation
area, and patient diagnosis (Table 3). Moreover, to probe into
the effect of sample size on the vascular complication rate, a
subgroup was performed for it through insignificant hetero-
geneity. Most subgroup results were in line with the main
results, while stratification of OS showed several points of
discordance. Notably, according to the subgroup analysis,



BioMed Research International

13

LDLT DDLT Odds ratio Odds ratio

Study or subgroup Weight
Events Total Events Total M-H, random, 95% CI M-H, random, 95% CI
Azoulay et al. 2016 55 75 420 576 7.1% 1.02 [0.59, 1.76] -1
Bhangui et al. 2011 26 36 98 120 4.7% 0.58 [0.25, 1.38] I
Chen et al. 2014 30 47 47 94 5.7% 1.76 [0.86, 3.62] T
Fisher et al. 2009 81 107 335 465 7.7% 1.21 [0.74, 1.97] T
Gallegos-Orozco et al. 2009 26 32 136 168 4.1% 1.02 [0.39, 2.68] R
Hu et al. 2015 258 389 3039 6471 10.1% 2.22[1.79, 2.76] -
Jain et al. 2011 28 35 42 65 4.1% 2.19[0.83, 5.79] N
Ninomiya et al. 2015 112 133 230 362 7.4% 3.06[1.83,5.11] -
Sandro et al. 2009 17 25 118 154 4.3% 0.65 [0.26, 1.63] 1
Sebayel et al. 2015 176 222 213 269 8.1% 1.01 [0.65, 1.56] 1T
Shah et al. 2007 123 154 284 350 7.7% 0.92 [0.57, 1.48] T
Sotiropoulos et al. 2007 26 45 34 55 5.1% 0.85[0.38, 1.89] - T
Terrault et al. 2014 72 195 55 180 8.2% 1.33[0.87, 2.05] N
Vakili et al. 2009 23 28 43 74 3.6% 3.32[1.14, 9.68]
Wan et al. 2014 30 40 53 80 4.7% 1.53 [0.65, 3.59] T
Xiao et al. 2014 36 84 106 276 7.6% 1.20[0.73, 1.97] T
Total (95% CI) 1647 9759 100.0% 1.33 [1.04, 1.70] ‘
Total events 1119 5253
e e T 3 o T T T T

Heterogeneity: Tau? = 0.15; Chi® = 44.40, df = 15 (P < 0.0001); I* = 66% 0.02 01 1 10 50

Test for overall effect: Z =2.27 (P = 0.02)
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FIGURE 17: Meta-analysis of studies comparing 5-year OS between LDLT and DDLT recipients based on a random-effect model. OS: overall
survival; LDLT: living donor liver transplantation; DDLT: deceased donor liver transplantation.

the ORs of OS were significantly higher and the OR of the bil-
iary complication rate was significantly lower in subgroups
with a bigger sample size, while this phenomenon could not
be observed in the vascular complication rate. It indicated
that OS and the biliary complication rate might dramatically
improve as the centers’ experience increased, while the dis-
parity between the vascular complication rate of LDLT and
that of DDLT was mainly caused by the difference of the
donor type itself, and thus, it could not be improved with
an accumulation of experience.

3.15. Publication Bias Assessment and Sensitivity Analysis.
There was no evidence of publication bias for RBC transfu-
sion, DRO, postoperative intra-abdominal bleeding rate,
perioperative mortality, length of hospital stay, vascular com-
plication rate, retransplantation rate, HCV recurrence rate,
HCC recurrence rate (5-year), and OS, with a symmetrical
appearance on funnel plots. For CIT, biliary complication
rate and HCC recurrence rate (1- and 3-year), funnel plots
showed an asymmetry which suggested that negative studies
might be less reported. According to the sensitivity analysis,
most of the overall results did not change after the exclusion
of a single study except vascular complication rate, HCC
recurrence (3-year), and OS (1- and 5-year).

4. Discussion

LDLT, which can provide a large pool of organs, is widely
perceived as an alternative to DDLT for overcoming the scar-
city of liver grafts. The survival of patients with end-stage
liver diseases has been hugely improved with the advent of
LDLT in the past decades. Furthermore, for emergency
patients with fulminant hepatic failure, LDLT is also the opti-
mal choice to timely save the patients’ lives given the lack of

deceased donor grafts [48]. However, LDLT involves a
healthy donor, and the median mortality and morbidity of
a donation are 0.2% and 16.1% [49]. It brings up controver-
sies and ethical problems. Whether LDLT can provide com-
parable or better outcomes than DDLT is particularly
important to the ethical acceptance and development of
LDLT. Thus, with the aim of clarifying this issue and provid-
ing doctors and patients a reference to consider the risk-
benefit balance, we conducted this study.

Currently, no satisfactory treatment is available to eradi-
cate HCV infection; HCV recurrence is an important out-
come related to the long-term survival of patients and
usually occurrs around 0.5-1.5 years after LT [24, 50].
Whether the difference of donor types influenced the recur-
rence rate after transplantation was controversial. Related
studies [51-54] indicated a rapid regeneration of hepatocytes
caused by a compensatory regenerative process after LDLT,
and better human leukocyte antigen (HLA) matching
between donor and recipient might facilitate intrahepatocyte
HCV proliferation; the former was verified in vitro, where a
higher HCV internal ribosome entry site activity and replica-
tion were found in actively dividing cells [55, 56]. Contrarily,
some other studies [57-59] thought less immunosuppression
dose and acute cellular rejection (ACR) after LDLT might
reduce HCV recurrence rate. In our study, the synthesis of
the aforementioned factors showed a similar recurrence rate
between LDLT and DDLT.

Whether HCC recurrence is more frequent in LDLT
remains controversial. Independent risk factors of HCC
recurrence after LT for HCC included tumor size (exceeding
5cm in diameter), low-grade histologic differentiation, and
gross invasion of major hepatic vessels [25]. Furthermore,
Park et al. [33] believed that LDLT itself was an independent
risk factor of HCC recurrence. At present, the following
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TaBLE 3: Subgroup analysis.
Inconsistency
Outcomes Subgroup Studies (n) Effect estimate (95% CI) P value Heterogeneity with the
overall results
DDLT < 400 3 -371.10 (-373.60, -368.60) P <0.00001  P=0.20, 2 =37%
CIT DDLT > 400 3 -372.02 (-445.71, -298.34) P <0.00001 P < 0.00001, 2 =97%
Overall 6 -373.39 (-399.41, -347.37) P <0.00001 P <0.00001, I =96%
LDLT < 100 3 1.05 (0.51, 2.16) P=0.89 P=0.24,1*=30% Equivalent
:;‘::E“lar complication LDLT > 100 3 2.89 (1.62, 5.16) P=0.0003 P=026,1° = 26%
Overall 6 2.00 (1.31, 3.07) P=0.001 P=0.11,1>=45%
LDLT < 100 6 3.71 (1.58-8.71) P=0.003 P <0.0001, 1% =82%
LDLT > 100 8 1.77 (1.27, 2.48) P=0.0008 P=0.0008,1°=72%
DDLT < 100 5 4.80 (2.88-7.98) P<0.00001 P=0.10,I%> = 49%
Biliary complication rates ~ DDLT > 100 9 1.74 (1.24-2.43) P=0.001 P<0.0001, %> =77%
HCC related 2 2.21(1.72, 2.83) P<0.00001 P=0.16,1> =50%
Not HCC related 12 2.21 (1.46, 3.34) P=0.0002 P < 0.00001,> =79%
Overall 14 2.23 (1.59, 3.13) P <0.00001 P<0.0001, I =77%
DDLT < 100 2 1.92 (0.95, 3.87) P=0.07 P=0.20,1> =39%
HCV recurrence DDLT > 100 2 0.62 (0.12, 3.15) P=0.56 P=0.006, I = 87%
Overall 4 1.10 (0.39, 3.10) P=0.86 P=0.001,I°=81%
LDLT < 100 3 0.56 (0.35, 0.91) P=0.02  P=021,"=35% Favors LDLT
1-year HCC recurrence LDLT = 100 5 1.29 (0.62, 2.71) P=049 P=0.0002,1>=81%
Overall 8 1.00 (0.61, 1.66) P=0.99 P=0.0007,1>=72%
LDLT < 100 2 0.73 (0.46, 1.14) P=0.17 P=63,1>=0%
3-year HCC recurrence LDLT > 100 3 0.99 (0.44, 2.23) P=098 P=0.0002,I% =89%
Overall 5 0.86 (0.52, 1.41) P=0.54 P=0.001, % = 78%
LDLT < 100 4 0.70 (0.50, 0.98) P=0.04 P=0.56,1=0%  Favors LDLT
5-year HCC recurrence LDLT > 100 4 1.19 (0.49, 2.90) P=0.70 P<0.00001,I*=91%
Overall 8 0.87 (0.54, 1.38) P=0.55 P<0.00001, > =81%
LDLT < 100 9 1.27 (0.90, 1.77) P=0.17 P=0.151* =33% Equivalent
LDLT > 100 9 1.43 (1.02, 2.01) P=0.04 P=0.0002,1% = 74%
1-year OS HCC related 9 1.68 (1.19, 2.37) P=0.003 P=0.051* = 49%
Not HCC related 9 1.07 (0.87, 1.32) P=0.50 P=0.14,I> =35% Equivalent
Overall 18 1.32 (1.01, 1.72) P=0.04 P=0.0004,1*=61%
LDLT < 100 8 1.17 (0.87, 1.58) P=0.29 P=0.70,1% = 0% Equivalent
LDLT > 100 7 1.52 (1.18, 1.95) P=0.001  P=0.02,1*=60%
3-year OS HCC related 9 1.55 (1.17, 2.04) P=0.002  P=0.081I*=43%
Not HCC related 6 1.21 (0.98, 1.50) P=0.07 P=0.751>=0% Equivalent
Overall 15 1.39 (1.14, 1.69) P=0.0010 P=0.051*=41%
LDLT < 100 10 1.20 (0.95, 1.52) P=0.13 P=0.22,17 =24% Equivalent
LDLT =100 6 1.49 (1.02, 2.16) P=0.04 P<0.0001,%=81%
5-year OS HCC related 10 1.43 (1.01, 2.03) P=0.05 P=0.0003,1>=71%
Not HCC related 6 1.15 (0.92, 1.42) P=0.21 P=0.64,1*=0% Equivalent
Overall 16 1.33 (1.04, 1.70) P=0.02 P<0.0001, > =66%
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reasons were thought to cause a higher HCC recurrence in
LDLT. First, with a short and inadequate waiting time before
LDLT, the aggressiveness of tumor biology might not be
readily recognized and clinically undetectable micrometas-
tases or vascular invasion might not become apparent; this
is called the “test of time” [37, 60-62]. As a result, a higher
recurrence rate was induced in LDLT recipients than in
DDLT recipients who had a relatively longer waiting time.
This hypothesis was supported by some studies. Kulik and
Abecassis [63] found a 15% HCC recurrence rate in patients
with a T, or T, stage in the short waiting time group that was
sharply in contrast to 0% in patients with T; or T, tumors in
the long-waiting-time group. Moreover, significant activa-
tion of cell signaling pathways which led to tumor migration
and invasion in small size grafts was demonstrated to pro-
mote tumor growth and metastasis after LT in an animal
study [64]. Second, the regeneration of liver grafts is a natural
course after LDLT [65]. However, the rapid regeneration of
the liver might release more upregulation factors such as
growth factors and cytokines, which might establish a favor-
able environment for tumor progression in cases of persistent
occult extrahepatic tumor foci and accelerate the growth of
tumor cells; this progress finally increases the HCC recur-
rence rate in LDLT [66, 67]. Third, it was thought that LDLT
was more likely to result in acute phase graft injury in low
graft recipient weight ratio LT, which might lead to cell adhe-
sion, angiogenesis, and migration and provide a more favor-
able environment for the growth of tumor cells [68, 69].
Fourth, the greater bile duct and hepatic artery length and
the preservation of vena cava in LDLT recipients might leave
residual tumor or violate the tumor capsule; the greater
manipulation of the livers might also lead to tumor embolus
detachment through the hepatic veins [44]. Although numer-
ous theories support the fact that LDLT recipients suffered a
higher HCC recurrence rate, slight but not significantly lower
1-, 3-, and 5-HCC recurrence rates in LDLT were observed in
our study. It was confusing, and some opposite factors must
work in this process. Further studies at the molecular or
genetic level are needed.

Postoperative biliary complications have been commonly
viewed as the “Achilles heel” of LT [70], and concern about
an increased risk for biliary complications in LDLT has been
a worry. Although a short CIT and decreased ACR in LDLT
could reduce the occurrence of biliary complications [58, 71,
72], numerous studies still indicate higher biliary complica-
tions in LDLT recipients for technical factors. Some studies
have shown that biliary complications could be decreased
dramatically with increased experience [40, 73-75]. We have
seen this also in the subgroup analysis; the OR of the biliary
complication rate of a bigger sample size group was much
lower than that of a smaller sample size group. It indicated
that greater experience was critical in considerably minimiz-
ing the technical complications in LDLT. Except for the
learning curve, other possible explanations for a higher bili-
ary complication rate in LDLT included inferior quality of
the LDLT grafts [76-82], high frequency of double or multi-
ple biliary anastomoses, high Model for End-stage Liver Dis-
ease (MELD) score associated with relatively inadequate
arterial perfusion [83], and dislodgement of the biliary drain-
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age tube or biliary leakage after removal of the tube [84]. For-
tunately, biliary complications might not be lethal in most
situations for the application of radiological interventions
[85].

Postoperative vascular complications, especially hepatic
artery problems, were another major surgical morbidity. In
our study, LDLT was associated with a significantly higher
rate of vascular complications. This might be due to insuffi-
cient length for reconstruction, smaller vessel diameter, and
greater risk of a twist of the vascular pedicle of LDLT grafts
[86]. Different from biliary complications, vascular compli-
cations did not decrease as centers gained greater experience.
This might indicate that the higher vascular complication
rate was mainly caused by the difference of donor types itself
and could not be reduced with an accumulation of experi-
ence. Further studies are needed to explain this issue.

In our study, pooled patient OS were significantly better
in LDLT recipients. It might be related to a better quality of
living grafts and better conditions of the patients when
receiving LT. Most studies showed that the mean donor age
was significantly higher in DDLT, while the use of grafts from
donors older than 40 to 50 years of age has been proven to
result in poor patient survival [87, 88]. Simultaneously,
DDLT groups had notably higher MELD scores and longer
waiting time; this generally resulted in a more debilitated
overall state by the time the patients received LT [10] and
finally had a negative impact on patients’ survival. Moreover,
ACR, which was less in LDLT for better HLA matching, was
also identified as a negative factor in DDLT [35, 89-91]. It is
worth highlighting here that OS of LDLT patients improved
dramatically as centers’ LDLT experience increased. When
detecting significant heterogeneity in the synthesis of OS by
LDLT size (<100 or >100), the ORs of OS were significantly
greater in subgroups with a bigger size. It indicated that cen-
ters’ LDLT experience greatly influenced the patient’s OS and
“learning curve” might contribute in OS. Improvements in
patient selection and technical advances might account for
the improved OS in experienced centers.

Besides, LDLT had a significantly shorter CIT and lower
postoperative intra-abdominal bleeding rate. A long CIT was
related to late biliary complications [71, 72] and was a signif-
icant predictor of the overall risk of graft failure [40], while a
short CIT could reduce the severity of hepatocellular injury
in the early postoperative period as measured by the peak
serum aspartate aminotransferase and alanine aminotrans-
ferase levels [31]. Lower postoperative intra-abdominal
bleeding rate in LDLT might be due to the higher quality of
living graft. Furthermore, whether a difference of coagulation
function existed in different donor types was worth investi-
gating deeply. Notably, perioperative mortality did not
decrease in LDLT though there was a significantly lower
postoperative intra-abdominal bleeding rate.

However, we have to acknowledge some limitations in
our study. First, the definition of some complications were
not clear or uniform in different studies. Second, the exis-
tence of significant heterogeneity in several outcomes could
not be explained well enough by subgroup analysis. Third,
included studies were conducted in different regions where
policies and ethics about LT were different, and this might
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cause potential bias. Moreover, studies based on databases
were included in our meta-analysis, and this might cause
unknown overlapping of data.

In conclusion, this meta-analysis represents the latest and
the most comprehensive comparison of LDLT and DDLT.
Our study demonstrated that LDLT was not inferior to
DDLT in consideration of RBC transfusion, length of hospi-
tal stay, perioperative mortality, retransplantation rate, HCV
recurrence rate, and HCC recurrence rate, but it was an
improvement in CIT, postoperative intra-abdominal bleed-
ing rate, and OS. Therefore, LDLT remains a valuable option
for patients in need of LT for it provides an excellent alterna-
tive to DDLT; the application of LDLT should be considered
more especially in areas with an extremely limited deceased
donor pool. However, there is a significantly higher incidence
of biliary and vascular complications associated with LDLT.
Further refinement in biliary and vascular reconstruction
techniques and the accumulation of LT centers’ experience
are the key factors in expanding the application of LDLT.
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