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ABSTRACT

Background: The liver transplantation program of Fundeni Clinical Institute reached a
milestone (1000 operations performed by the same team in 20 years). It is a program for
both adults and children, including cadaveric and living donor liver transplantations. We
analyze the indications and results to emphasize the advantages of a combined program.
Methods: Between April 2000 and March 2020, 957 patients received 1,000 LTs at a single
institution (Fundeni Clinical Institute, Bucharest, Romania). The demographics of donors
and recipients, indications for liver transplantations, surgical procedures and results were
analyzed.

Results: Deceased donor liver transplantation (DDLT): 831 DDLTSs in 790 patients (83.1%):
whole LT in 769 patients (80.4%), split LT in 17 patients (2%), reduced-size LT in 2 patients
(0.5%), auxiliary LT in 1 patient (0.1%) and domino LT in 1 patient (0.1%). Living donor liver
transplantation (LDLT): 169 LDLTs in 167 patients (17.2%) using right hemiliver in 121
patients (12.6%), left lateral section in 28 patients (2.9%), left hemiliver in 9 patients (0.9%),
left hemiliver with segment 1 in 6 patients (0.6%), and dual graft LDLT in 3 patients (0.3%).
Overall major morbidity rate was 42.2% (422 patients), while perioperative mortality was
8.3% (79 patients). Retransplantation rate was 4.5% (43 patients). The estimated 1-, 3-, 5-
and 10-year overall survival rates for LT patients were 82.3%, 77.8%, 76.3% and 71.2%,
respectively.

Conclusions: A combined cadaveric and living donor LT program including all surgical
variant LT procedures offers the possibility to increase the volume with the well-known
consequences on the postoperative results. The living donor program has a positive
influence on the waiting list mortality; using both cadaveric and living donors enhance the
possibilities in the case of an urgent retransplantation.
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INTRODUCTION

Since the first human deceased donor liver trans-
plantations (DDLT) performed by T.E. Starzl in 1963 (1),
followed by R. Calne (2), R. Pichimayer, and H. Bismuth
(3), and the first living donor liver transplantations
(LDLT) performed by S. Raia, R.W. Strong, C. Broelsch in
pediatric patients (4-6), and M. Makuuchi (7), K. Tanaka
(8), S. T. Fan (3) in adult starting with 1989, significant
improvements occurred regarding: indications, donor-
recipient matching and optimal timing, prolongation of
the ischemic tolerance, surgical techniques, new
immunosuppressive regimens, etc. LT has become an
established therapy with over 20.000 procedures
yearly worldwide (9). Survival rates after LT have
significantly improved due to refinement in surgical
techniques, anesthetic management, aggressive
nursing care and prompt detection and treatment of
complications. The request for LT continues to increase
while the donor pool size remains inadequate.

Development of liver transplantation
in Romania

In Romania, after several experimental LTs carried
out during the second half of the 20th century, the LT
program was started in Fundeni Clinical Institute by
Irinel Popescu (Chief of Surgical Department) and the
late Dan Tulbure (Chief of Intensive Care Department),
in cooperation with Domenico Forti and Abdallah Slim
(Italy) for the cadaveric program, and with Christoph
Broelsch and Massimo Malago (Germany) for the living
program. The first (unsuccessful) cadaveric LT was
performed in 1997, followed by the first successful
whole graft LT in 2000, while the first pediatric living
donor liver transplantation (LDLT) in a child (successful)
later the same year (10), and the first adult LDLT
(successful) in 2003. By the end of 2006, the transplant
center reached 20 LTs per year, the minimum number
recommended for satisfactory results (11-14). Later on,
in 2011, the center became a high-volume center
exceeding 50 LTs per year (11-14), with the highest
number of 122 LTs in 2013.
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MATERIAL AND METHODS
Waiting list

Our policy for the management of the waiting list
(WL) was described elsewhere (15).

Recipients

Between April 2000 and March 2020, 957 pts who
received 1000 LTs (including retransplantation) in a
single institution (Fundeni Clinical Institute, Bucharest,
Romania) were retrospectively analyzed. All recipients
were regularly followed-up by a multi-disciplinary
team. Main medical records were retrospectively
analyzed.

All candidates for LT were evaluated using
standardized criteria based on general status, clinical
symptoms, laboratory tests, imagery, MELD/PELD
score, and liver tumor features replaced recently by
the LIRADS score. Our protocol for managing the
recipients prior to LT was previously described (15).

Complications classified as at least Il A Dindo-
Clavien grade were considered as major complications
(16). Perioperative mortality accounted for the intra-
operative and 30-day postoperative deaths.

To compare the results, the recipients were
allocated to the 3 periods of transplantation center
development: low-volume center, defined as up to 20
recipients yearly (Group 1), mid-volume center
(Group 2), defined as 20 to 50 recipients yearly, and
high-volume center defined as over 50 recipients yearly
(11-14). Hence, Group 1 encompassed 96 recipients
transplanted from April 2000 to December 2006, Group
2 - 148 recipients transplanted from January 2007
to December 2010, and Group 3 - 713 recipients trans-
planted from January 2011 to March 2020.

Indications for liver transplantation

LT was offered to both adult and pediatric patients
based on standardized indications (15).

Surgical technique

The surgical techniques for graft harvesting and
implantation were standard and described elsewhere
(17-19).
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Of note, in whole graft LT, for venous reconstruction
we used the triangular cavo-cavostomy as standard
technique (15), that replaced the techniques described
by the Starzl and Belghiti (initially used, till 2003) (20).
For bile duct reconstruction, we used choledoco-
choledocal anastomosis without T-tube biliary drainage
as standard technique; the use of the T-tube was
abandoned after our initial experience. For LDLT, we
favored the use of the right hemiliver leaving the middle
hepatic vein in the donor, thus reconstructing the
venous drainage in case of segmental veins of at least 5
mm in diameter; the artery was anastomosed using
microsurgery when the diameter was under 5 mm.

Immunosuppression

The used immunosuppressive regimens were
according to the international recommendations and
were previously described (15,20).

Donors

Both deceased and living donors were used. In
Romania, the non-heart beating donation was not
introduced yet.

Deceased donors

The protocol for the deceased donors was described
elsewhere (15,20).

Extended criteria liver graft donors

Our policy for the extended criteria donors (ECD)
was according to international recommendations (21),
and was previously described (15).

Other sources for liver grafts were considered, such
as methanol-poisoning, liver trauma, benign liver
tumors and Takayasu syndrome (22).

Hypothermic oxygenated mechanical perfusion
of liver grafts

The lack of donor organs and ischemia—reperfusion
injury after static cold preservation of liver graft have
led to the clinical implementation of machine oxygena-
tion and perfusion technique of grafts, aiming to
improve graft function and to reduce posttransplant
complications, especially in case of ECD grafts. The
HOPE (hypothermic oxygenated mechanical perfusion)
procedure proved to have such benefits, therefore we
introduced in the year 2016.

According with perfusion temperature, the proce-
dure may be normothermic (36-37°C) (23), sub-
normothermic (20-28°C) (24) and hypothermic
oxygenated perfusion (12-14°C) (25). Moreover, the
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procedure may involve dual perfusion (both portal vein
and hepatic artery) or single perfusion (portal vein only)
(26). In our experience, we used the hypothermic
oxygenated mechanical perfusion, with both single and
dual approaches, using the LiverAssist® device
(OrganAssist, Holland) and Belzer UW® machine
perfusion solution. We performed dual HOPE in grafts
with liver steatosis or grafts with multiple extended
criteria, as we felt more confident to use both portal and
artery approaches for improving the graft function. For
the other grafts, we preferred the single HOPE for its
simplicity and avoidance of potential artery injuries due
to cannulation and mechanical perfusion.

Living donors

Our protocol for assessing the living donors prior
to transplantation was according to the generally
accepted guidelines and described elsewhere (15,18,27).

Donor-recipient matching

The main criteria for donor-recipient matching that
we used were body mass index, graft weight and ABO
blood type compatibility. We usually allocated grafts
with multiple criteria for ECD to recipients with liver
cirrhosis with low MELD score with HCC beyond Milan
criteria. When decompensated possible, we avoided to
use ECD grafts for transplantation in recipients with
severe comorbidities, high MELD score and/or with
HCV infection. Additionally, we usually avoided liver
grafts from cadaveric donors with age above 50 years
for transplantation in recipients with HCV-related
cirrhosis, in order to avoid early post-transplant HCV
recurrence (28). For recipients with HCC within Milan
Criteria with stable disease, we applied the same policy
as for the non-HCC recipients, while for recipients with
HCC within Milan Criteria but with aggressive disease
progression while on waiting list, or those beyond
Milan Criteria, we usually used ECD grafts or grafts from
living donors (27). For urgent LT and retransplantation,
we developed protocols for ABO-incompatible LT (29).

Statistical analysis

The analyzed parameters were: waiting list related
parameters (indication for LT, MELD/PELD score),
patient demographics (age, blood type, body mass
index), graft type, intraoperative features (operative
time, blood loss, warm and cold ischemia time), short
and long-term outcome. Categorical information was
evaluated using the Chi-squared test. Continuous
data were characterized by the median and range and
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evaluated using Student's t-test. Overall survival and
comparative survival in the 3 groups - Group 1 (2000-
2006), Group 2 (2007-2010), and Group 3 (2011-2020)
- were investigated based on overall mortality (peri-
operative and postoperative mortality). To compare
the long-term survival in terms of LT indications, only
the postoperative mortality (deaths after at least 1
month after transplantation) was considered, in order
to eliminate from the analysis the mortality unrelated
to the scrutinized LT indications. The survival was
statistically analyzed using the Kaplan-Meier method
and the Log rank test. A p value of <0.05 was
considered statistically significant.

RESULTS

Waiting list

In our center, the waiting list for LT was constantly
increasing since 2000, with 162 patients by the end of
2005, and 427 patients at the beginning of 2011. Since
2011, the inclusion rate on the WL remained rather
stable. By the end of 2019, there were 468 patients on
the WL. Overall, 2415 patients were included on the WL
since 2000.

The 1- and 3-year mortality rate on the WL for 2000-
2010, 2011-2016, and 2017-2020 were 25.3%, 13%
and 18.6% (p<0.0001), and 46.5%, 23.5% and 29%,
respectively (p<0.0001). This was probably due to the
increase of the donor number after 2011.

In what time to LT in relation to blood groups is
concerned, before 2011, the median time to LT for
patients with blood type group O, A, B, and AB were
67.1, 99.8, 39.8, and 59.5 months, respectively. After
2011, the time to LT for the blood type groups decreased
to 20, 40.3, 32.5 and 28.4 months, respectively
(p<0.001).

Recipients

In the overall group of 957 recipients, the male/
female ratio was 566/391, the adult/pediatric ratio was
887/70, and the mean age was 46 yrs (median 50, range
7 months — 68 yr) (fig. 1).

Indications

In our experience, HBV cirrhosis (262 pts; 26.2%),
HCC (212 pts; 21.2%), and HCV cirrhosis (142 pts;
14.2%) were the main indications for LT (fig. 2). The
indications in adult and pediatric recipients are
depicted in figs. 3 and 4, respectively. The evolution of
the indications over time are illustrated in fig. 5; of
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Figure 1 - Gender and age distribution of LT recipients

note, the incidence of VHB-related cirrhosis
decreased while the VHC-related cirrhosis increased.
In recipients with HBV-related cirrhosis, HDV co-
infection was recorded in 188 out of 262 pts (71.7%).
HBV infection was associated with HCV-related
cirrhosis in 13 out of the 142 pts (9.1%). Out of the
212 recipients transplanted for HCC, 138 recipients
were within Milan Criteria (65%).

Liver transplantation

We performed 831 DDLTs in 790 patients (83.1%),
and 169 LDLTs in 167 patients (16.9%) (table 1 and
fig. 6); 41 patients required retransplantation using
DDLT and 2 patients required retransplantation using
LDLT. For the 790 DDLT recipients, we used whole
graft (769 pts; 80.4%), split graft LT (17 pts; 1.7%),
reduced-size graft LT (2 pts; 0.2%), domino LT (1 pt;
0.1%), and auxiliary LT (1 pt; 0.1%) For split graft LT,
we used 5 left lateral sections, 2 left hemilivers, 3
right hemilivers, and 7 extended right hemilivers.
The split graft LT procedures in adult and pediatric
programs are showed in table 1 and table 2. For the
domino LT, we used a whole liver retrieved from a
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Figure 2 - Indication for LT in the overall group
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Figure 3 - Indication for LT in adult patients

living donor with homozygous familial hypercholes-
terolemia that was transplanted in a recipient with
HCC on cirrhosis, while the first patient received an
extended right hemiliver as split LT. For the auxiliary
LT, we used a left lateral section coming from a
splited graft (the other partial graft was allocated to
another center). For the 167 LDLT recipients, we
used 121 right hemilivers, 28 left lateral sections,
9 left hemilivers, 6 left hemilivers plus segment 1;
6 donors donated for 3 dual graft LDLTs. The LDLT
procedures in adult and pediatric programs are

100% -
90% | g
80% |
70%
60% |
50% |
40% |
30%
20% |
10%

0%

Biliary atresia/hipoplasia/ductopenia
Wilson's disease
Retransplantion
Glycogenosis |
Congenital liver fibrosis |
Acute liver failure
Biliary cirrhosis
Autoimmune cirrhosis m— 3.8
Alagille syndrome s 2.5
Hepatoblastoma mesm 2.5
Primary sclerosing cholangitis mesm 2.5
Caroli disease mmmm 2.5
Cryptogenic cirrhosis mmmm 2.5
Hereditary fructosemia wm 1.3
FNH & adenomas mm 1.3
Fibrolamellar HCC wm 1.3
Histiocytosis mm 1.3
HCV cirrhosis mm 1.3
HBV cirrhosis mm 1.3
0.0 5.0

100 150 200

Figure 4 - Indications for LT in pediatric patients (%)

showed in table 1 and table 2. Dual graft LDLT was
performed in 3 recipients: 2 recipients received a
right hemiliver and a left lateral section each, while
the third recipient received a left hemiliver and a left
lateral section. The types of LT used for both adult
and pediatric programs are showed in table 2. The
technical features of both DDLT and LDLT (cold and
warm ischemia times, operative time, and intra-
operative blood loss) are showed in table 3.

Postoperative results

Fig. 7 shows the distribution per year of the LT
procedures. The major morbidity rates in the overall,
DDLT, and LDLT series were 42.2% (422 out of 1000LTs),
38.5% (320 out of 831 LTs) and 60.3% (102 out of
169 LTs), respectively (p<0.01). Moreover, the major

= Other

= Hepatocellular
carcinoma

@ Alcoholic cirrhosis
= HCV cirrhosis

1 HBV cirrhosis

B S S P S ST s s s

Figure 5 - Evolution of main indications for LT in the overall group
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Table 1 - Type of procedures

Table 2 - LT types used in the adult and pediatric programs

LT types  Patients LT types Patients
Deceased donortt 81 7190 Adult  Pediatric  Adult  Pediatric
Whole liver DDLT 804 769 Deceased donor LT 79 » %3 21
s s Whole ver DDLT 2 T80 19
e D S Split LT 11 9 10 7
SplitLT 20 Ll Left lateral section 0 8 0 6
Ex-situ 7 Left hemiliver 2 0 2 0
In-situ— - , 3 Right hemiliver 1 1 1 1
Extended right hemiliver and left lateral section 8 Extended right hemiliver 3 0 7 0
: N T S B
Awdliary LT L O 0.
Living donor LT 12 5 LS.
LDLT 122 44 122 42
Left lateral section 0 30 0 28
Left hemiliver 3 6 3 6
Left hemiliver and S1 4 2 4 2
. Right hemiliver mo 6 o 6 ..
DuallDLT ... 2 L 2
TOTAL 920 80 887 70
Table 3 - Comparative operative parameters of recipients of ]
deceased (DDLT) and living (LDLT) donor liver transplantation hceogsony LT ] d
Parameters (mean and SD) DDLT LDLT Domino LT | 1
(N=790) (N=167)
Agelvean) o f2=16 325 Dual LOLT | 3
Gender (W/F) . A8TR03 7988 1
Operative time (min) B1a104  Ar2etzr o Fedwedll }
Cold ischemia time (min) 950407 142£99 st J 20
Warm ischemia time (min) : Sr=2r . 282 1
Blood loss () 55+79 6.3+99 LDLT 166
Whole LT 804
morbidity rates in the 3 historical groups were 55% (55 0 50'0 1060

out of 100 LTs), 48.4% (76 out of 157 LTs), and 39.2% %
(291 out of 743 LTs), respectively (p = 0.017), while the
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Figure 6 - Surgical techniques used for LT in the overall group
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Figure 7 - Year distribution of LT number
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mortality rates were 11.5% (11 out of 96 pts), 8.1%
(12 out of 148 pts), and 7.9% (56 out of 713 pts),
respectively (p = 0.078).

The retransplantation rates in the overall, DDLT
and LDLT series were 4.5% (43 pts), 3.4% (27 out of
790 pts), and 9.6% (16 out of 167 pts), respectively
(p<0.01) (table 4). In the DDLT series, the 27
procedures that needed retransplantation were: 25
whole graft LTs, 1 reduced-size LT and 1 auxiliary LT. In
the LDLT series, the 16 procedures that needed
retransplantation were: 5 LDLTs with left lateral
section, 1 LDLT with left hemiliver, 9 LDLT with right
hemiliver, and 1 dual graft LDLT (with right hemiliver
and left lateral section).

In the 43 retransplanted patients we used 41
DDLTS (95,3%) and 2 LDLTs (4,7%). For the 41
retransplanted patients using DDLT, we used: 35
whole grafts, 3 reduced-size grafts, 3 split grafts (2
left lateral sections, and 1 right hemiliver). These
patients were initially transplanted using 26 DDLTs
(24 whole grafts, 1 reduced-size graft, and 1 auxiliary
LT) and 15 LTLD (4 left lateral sections, 1 left hemiliver,
9 right hemilivers, and 1 dual graft LDLT). For the 2
retransplanted patients using LDLT, we used 2 left
lateral sections from living donors for patients
initially transplanted using LDLT with left lateral
section, and whole DDLT, respectively. The LT
procedures used in the retransplanted adult and
pediatric patients are showed in table 5.

The perioperative mortality rate in the overall, DDLT,
and LDLT series were 8.3% (79 out of 957 pts), 7.1%
(56 out of 790 pts) and 13.8% (23 out of 167 pts),
respectively (p= 0.033).

Median follow-up was 59 months (mean 65, range
5-250). The overall estimated survival rates of patients
at 1-, 3-, -5 and 10-year were 82.3%, 77.8%, 76.3% and
71.2%, respectively. Male vs female long-term 1-, 3-, -5
and 10-year estimated survival rates were 90.1%,
84.3%, 82.1% and 76.2% (males), and 88.8%, 85.6%,
84.9% and 80.8% (females), respectively (p=0.28). In
pediatric vs adult patients, the long-term 1-, 3-, -5 and
10-year estimated survival rates were 94.2%, 90.2%,
90.2% and 78.4% (0-17 yrs.), and 89.3%, 84.5%, 82.8%
and 78.3%, respectively (p=0.55).

The long-term 1-, 3-, -5 and 10-year estimated
survival rates in HBV-related cirrhosis, HCV-related
cirrhosis, alcoholic cirrhosis, and HCC were: 93.1%,
90.1%, 88.1%, 86.7% and 86.7%; 83.5%, 78.6%, 77.6%,
and 70.9%; 90.5%, 86.6%,84.9 and 82.2%; 89.4%,
77.8%, 74.7%, and 71.5%, respectively (p=0.013) (fig. 8).

The longest survival is the first successfully
transplanted patient (a 46-yr old male transplanted in
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Table 4 - Procedures used in the retransplanted patients (N=43)

LT requiring reLT ReLT procedure

DeceaseddonorLT 21 . “a
Whole liver DDLT 25 35

adult 23 32
..... pediatric e B
L 0 e S
Reduced-size LT o e S
ARy LT e
Livingdomor LT M6 2
LDLT 15 2

adult 15 0
..... pediatric e 2
Dual LDLT 1 0

April 2000 with a whole graft for HBV cirrhosis), who is
alive and well after almost 21 years.

In the low-, mid- and high-volume center groups,
the long-term 1-, 3-, -5 and 10-year estimated survival
rates were 78.8%, 73.8%, 72.5% and 63.8% (Group 1),
92.6%, 85.3%, 80.9% and 75.6% (Group 2), and 89.7%,
85.3%, 84.4% and 83.2% (Group 3), respectively
(p=0.006) (fig. 9).

Donors

For the 957 recipients, we retrieved grafts from 992
donors.

Deceased donors

We retrieved 831 grafts from 820 deceased donors,
with a median donor age was 44 yrs. (mean 41; range
2-78), and male/female ratio was 533/287. The blood
types were: Ol in 286 donors (34.9%), All in 353 donors
(43%), Blll in 123 donors (15%), and ABIV in 58 donors
(7.1%).

Table 5 - The initial and the retransplantation LT types used
in adult and pediatric programs

LT requiring reLT ReLT procedure

Adult  Pediatric  Adult Pediatric
Deceased donor LT 2 LA < S L
Whole liver DDLT 28 2 2 S ...
SpLT o 0 O 2 .
Reduced-size LT 0 LIS O . S ...
Auxilary LT . LI O e O 0.
Livingdonor LT 9 LA 0 2 .
LT 8 LA— O 2 .
DualLDLT .. LI O O . 0.
TOTAL 33 10 33 10
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Figure 8 - Long-term survival according to the indications
for liver transplantation (LT) (p=0.013)

Of these, 780 grafts were allocated for whole LT, 8
whole (splited) grafts and 1 partial graft (extended right
hemiliver) for split LT, 2 whole grafts for reduced LT, and
1 whole graft for domino LT. For retransplantation, we
allocated 35 grafts for whole relT, 3 grafts for reduced-
size relT, and 2 left lateral sections and 1 extended right
hemiliver for 3 split relT.

Most of the deceased donors had the age between
18 and 45 yrs. (370 donors; 44.5%). Stroke was the main
cause of death (387 donors; 47.3%), with an incidence
that increased with time, followed by cerebral trauma
(372 donors; 44.9%) (fig. 10). Other causes (61 donors;
7.5%) were asphyxiation (19 donors), cerebral tumor (3
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Figure 9 - Patient survival during the 3 periods of the main center
development (low-, mid-, and high-volume center) (p=0.06)

donors), resuscitated cardiac arrest (20 donors), intoxi-
cation (16 donors), and acute hydrocephalus (3
donors).

The overall, adult, and pediatric median whole
graft weight were 1580 g (mean 1577; range 300-
3150), 1600 g (mean 1600; range 638-3150), and
920 g (mean 660; range 230-1640), respectively. The
median split graft weight was 600 g (mean 750; range
230-1750). The median cold and warm ischemia times
were 5:47 h (mean 9:10; range 1:20 - 16:41) and
0:31 h (mean 0:37; range 0:05 - 05:38), respectively.

Out of the 804 grafts used for whole graft DDLT,
412 were ECD grafts (54.3%). Out of these, 151 ECD

9 5 4 3

Other
Trauma
w. Stroke

Figure 10 - Evolution of causes of death in donors

Surgery, Gastroenterology and Oncology, 26 (1), 2021

37



Florin Botea et al

grafts (36.6%) had multiple criteria (table 6).

We also used particular sources of liver grafts (17
pts; 2%): methanol-poisoning (4 donors), liver graft
trauma (10 donors), benign tumors in liver graft
(3 donors) and Takayasu’s syndrome (1 donor).

Hypothermic oxygenated mechanical perfusion
of liver grafts

We applied the hypothermic oxygenated
mechanical perfusion on 14 ECD liver grafts. In 4
grafts we applied dual HOPE, while in the other 10
grafts we applied the single HOPE. There were no
complications related to liver function in the trans-
planted patients, except in one case who developed
artery thrombosis (the artery of the graft was not
mechanically perfused in this case). The perfusion
time varied between 1:50 minutes and 5:10 hours,
the main monitored parameter being the lactate,
with a threshold of 3 mmol/L.

Living donors

We retrieved grafts from 172 living donors (17.1% of
total number of donors): 121 right hemilivers (12.6%),
30 left lateral sections (2.9%), 9 left hemilivers (0.9%), 6
left hemilivers with segment 1 (0.6%), and 6 partial
grafts for 3 dual graft LDLT (0.6%). Out of these, 2 left
lateral sections were used for retransplantation.

The overall median age of the living donors was 33
yrs. (mean 34; range 19-53), and male/female ratio was
74/98. The donor blood types were: Ol in 69 donors
(40.1%), All in 68 donors (39.5%), BIll in 23 donors
(13.4%), and ABIV in 12 donors (7%). Most donors were
between 18 and 45 years old (N=153; 89%), with a
male/female ratio of 69/84. Major complication rate was

2.9% (5 pts), with a reoperation rate of 2.3% (4 pts), and
no mortality.

The median graft weight was 700 g (mean 656; range
180-1300). The median cold and warm ischemia periods
were 131 min (mean 142; range 53 - 347) and 49 min
(mean 52; range 3 - 171), respectively.

Donor-recipient matching

For urgent LT, 12 recipients underwent ABO-
incompatible LT for acute liver failure (8 patients), and
urgent retransplantation for primary graft non-
function (3 patients) and hepatic artery thrombosis
(1 patients). For these recipients, we performed
11 DDLTs and 1 LDLT. 90-day survival was 84%. The
desensitization protocol included a single dose of
rituximab in two patients and plasma exchange in all
patients. Plasma exchange was performed both before
liver transplantation and in consecutive sessions
during the early postoperative period to lower ABO-
antibodies titre. In order to rebalance the severe
inflammatory response associated with both acute
liver failure and graft non-function consecutive sessions
consisting of hemodiafiltration and hemoadsorbtion
were applied during the perioperative period.

DISCUSSION

LT is a well-established treatment providing
significant longer survival and improved quality of
life when compared to other methods. Of note, the
lengthiest post-LT survival recorded is 42 years (30).

The number of LTs continuously rises worldwide.
For example, in 2012 were recorded 23,986 LTs,

Table 6 - Extended criteria for liver grafts (N=412)

Extended criteria for liver grafts No of pts
Donor-related features: Age > 65 yrs. 37
______________________________________________ Body mass index>30kg/ A
Factors related to ICU: ICU stay and ventilation support >7 days 59
Hypotension and inotropic support (= 2 pressors at any time, high-dose dopamine or epinephrine) 136
______________________________________________ Resusciated cardiacartest B
Liversteatosis: Macrosteatosis (-30% but <60%) . o
Biochemical imbalances: Hypernatremia (peak serum Na >165 mEq/L) 45
______________________________________________ Liver disfunction (ASTIALT-X;BT>3mgd) %
Cod ischemiatime 2 OIS e LI
Viral infections: Positive serology for HBV hepatitis 18
AgHBs (+) 6
AgHbc (+) 1
.............................................. Positive serology for HOV hepatifis e
Sepsis-related factors: Sepsis with positive blood culture 4
Malignancy risk factors: History of extrahepatic malignancy L
Non-heart beating donors 1
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while in 2018 - 34,074, with an increase of 5% when
compared to 2017 (31). Romania started the LT
program as a stringent requirement in 2000, while in
Europe over 4,500 procedures were recorded that
year, and almost 45,000 worldwide (32).

Waiting list

The number of patients on the WL for LT has
continuously increased over the past decade, mainly
because of the lack of organs, with consequent
increased mortality rate on the waiting list, lengthy
waiting time, and paucity of supply for urgent LT (33)
(34). In US, approximately 10,000 patients are
enrolled each year on the WL, with around 15,000
patients still waiting for LT by the end of the given
year. In Romania, the number of patients enrolled on
the WL has constantly increased over time, with 468
patients listed in 2019. However, 1- and 3-year
mortality on WL diminished significantly over time,
from 25% and 46% (in the interval 2000-2010),
respectively, to 18% and 29% (in the interval 2017-
2020), respectively (p<0.0001). Despite the increase
in LT number, the mortality on the waiting list
remains between 5%-10% worldwide (34), while in
Romania varied from 13% to 25%. Generally, patients
must cope with long times on the WL. Our main goal
was to decrease the mortality and drop-out rates on
the WL by reducing the waiting time for LT.

Recipients

LT has become a recognized lifesaving treatment
that grew from an experimental procedure retained
for desperately ill patients. Nevertheless, many
features related to LT indication, surgical techniques,
infectious complications, and immunosuppressive
treatment are still to be fully assessed, and vary
significantly between transplant centers.

In our experience, HBV-related cirrhosis was the
leading indication for LT. In Western countries, HCV-
related cirrhosis declined in prevalence in patients
aged 18-50 years, leading to a significant decrease in
WL enrollment (35). Nowadays, nonalcoholic fatty
liver disease (NAFLD) is the most common cause for
chronic liver disease in developed countries and will
most likely grow to be one of the main indications for
LT in the United States (36,37).

Recipient’s age has increased in the last decade,
with around 30% of the patients on the WL and
ultimately transplanted were over 60 years old.
Elderly recipients generally have a weaker immune
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system, with consequent reduced need for immuno-
suppressive treatment, and probably lower incidence
of acute allograft rejection. Despite good overall post-
operative survival, long-term survival may be
impaired by complications not necessarily related to
transplantation, such as malignancy and vascular
disease (38). In our experience, 12.6% of recipients
(121 pts) were over 60 years old. The recipient’s age
increased during the analyzed period, in agreement
with the literature data: Group 3 had a higher
mean age compared to Group 1 (46 yrs. vs 36 yrs.,
respectively; p=0.031).

Since the first successful DDLT performed by
Starzl TE (USA) in 1967 (1), whole organ LT remains
the main procedure in LT. However, the necessity to
boost the number of LTs, despite the deceased
donor’s shortage, lead to implementing other tech-
niques, such as LDLT, split graft LT, and domino LT.

LDLT represents one of the most remarkable steps
in pediatric LT in particular, and in LT in general. It was
first described in 1969 (39), but introduced much later,
in 1989 (6). LDLT uses a unique source of grafts,
addressed to a specific candidate, with no need for an
allocation system. In Europe, LDLT represents around
4% (32) of all LT procedures, while in US —around 22%
(40), and in Asia (except China) - over 90% (41). For
pediatric recipients, LDLT has become the main source
of donors, while in adults represents a good indication
in selected cases. Advantages of this procedure
comprise the facility to be performed electively, with
optimal timing and no waiting time, with a graft in
excellent state (carefully selected graft, healthy
young donor), with short ischemic time, while the
indications may be extended (i.e., HCC beyond Milan
criteria). As drawbacks, LDLT involves donor mortality,
even though as low as 0.5-1% (42) (43), higher rates of
vascular (5-15%) and biliary (10-30%) complications,
and risk of small-for-size syndrome in both donor and
recipient (44). These drawbacks, especially the donor
mortality, had led to a drastic decrease of LDLT
number, mainly in the Western countries, after the
initial boost. In contrast, we maintained and continu-
ously developed the living program, considering it a
very important part of our LT program. Recently, even
the Western countries started to reconsider the LDLT
due to the huge success and excellent results of the
programs in the Far East (South Korea, Hong Kong,
Japan, Taiwan) and Turkey (45).

Despite higher postoperative complication rate
when compared to DDLT, with proper treatment the
long-term outcome may be similar (46). Although
complex and expertise demanding, dual graft LDLT
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has proven to be a safe procedure and a feasible
solution to overcome the risk of small-for-size graft
syndrome, when the selection of an optimal single
donor fails (18,47,48). Even though we performed
only 3 cases, it remains part of our strategy to
increase the number of LTs.

Split graft LT demands a liver with normal
anatomy and function. Currently, split LT represents
only around 5% of total LTs, but up to 20% of donors
are actually potential candidates, hence the necessity
of proper identification and harvest (49). In-situ split LT
may provide comparable long-term survival results
with those for whole liver LT, even though with a
higher incidence of biliary and vascular complica-
tions (50). The drawbacks of ex-vivo split LT include
time-consuming procedure, prolonged cold ischemia
time, increased ischemia-reperfusion injury, poor
graft function, while for in-situ split LT the drawbacks
are lengthy retrieval time and necessity for more
expertise.

Domino LT, although rare, remains a viable
alternative in selected cases with hereditary meta-
bolic disease, such as familial amyloidotic poly-
neuropathy and homozygous familial hypercholes-
terolemia (19,51,52,53).

Auxiliary LT emerged as a technical variant for LT
from the concept based on the potential for sponta-
neous regeneration of the native liver and eventual
withdrawal of immunosuppressive drugs. A signifi-
cant minority of patients with ALF who fulfil trans-
plant criteria would have had complete morphologi-
cal and functional recovery of their native liver if
they had not undergone OLT. The favorable outcome
reported in European series using auxiliary partial
orthotopic liver transplantation (APOLT) and the
expertise gained from SLT and LDLT have revived the
interest in this approach (54).

We improved our results over time, in terms of
operative key factors (i.e., cold and warm ischemia
time, operative time and blood loss), major morbidity
and postoperative results. The major morbidity and
perioperative mortality rates decreased significantly
from 57.3% and 11.5% in Group 1 (low-volume center
period) to 40.7% and 7.9% in Group 3 (high-volume
center period), respectively (p=0.041 and p=0.056,
respectively).

In our series, the overall long-term 1-, 3-, and
5-year estimated survival rates were like the one
reported by ELTR (55) and OPTN/SRTR (35): 89% at 1
year and 75% at 5 years. The long-term results also
significantly improved over time, mainly in Group 2
and 3 (mid- and high-volume center periods)
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compared to Group 1 (low-volume center period),
with 1-, 3-, and 5-year estimated survival rates of
78.8.1%, 73.8%, and 71.3% (Group 1), 92.6%, 85.3%,
and 80.9% (Group 2), and 89.7%, 85.3%, and 84.4%
(Group 3), respectively (p=0.06).

Donors

Cadaveric donors account for most liver grafts (over
90% in Europe and China). However, but this resource is
severely limited by social, cultural, or legal factors.
Romania is the Vth among Eastern European countries,
with a donation rate of 6.1 pmp (32). About 75-80% of
donors provide a liver for LT.

During early 1990s, severe cerebral trauma after
traffic crashes represented the main cause of death for
donors worldwide, decreasing progressively over time
and currently replaced by stroke. A similar trend was
recorded in Romania, with a decrease of trauma
incidence from 65.1% in Group 1 (44 out of 67
deceased donors) to 38.4% in Group 3 (236 out of 614
deceased donors) (p=0.012), and a concomitant
increase of stroke incidence from 34.3% in Group 1 (23
out of 67 deceased donors) to 50.3% in Group 3 (309
out of 614 deceased donors) (p=0.031).

In our early experience, we avoided donors over 65
yrs., but we accepted them over time (1.5% and 8.1% in
Group 2 and 3, respectively). Spain and ltaly have the
highest percentage of over 70-year donors in Europe,
representing over 20% of total donors (56).

The use of extended criteria grafts has become a
common policy worldwide because of organ short-
age. The boundaries of extended criteria were con-
tinuously pushed, and organs previously deemed
improper for LT are nowadays accepted for trans-
plantation. However, presence of multiple extended
criteria appears to adversely impact on graft function
(57). Development and implementation of methods
to avoid and/or treat the ischemia/reperfusion graft
injuries, such as the graft machine perfusion, repre-
sents the key to further push the limits of extended
criteria while improving the LT outcome (58). HBV-
positive organs are no longer a contraindication for
LT. Also, the new effective antiviral drugs have made
more HCV-positive organs available (35).

Aggressive usage of extended donors and reduced-
size, split, and living-related liver transplantation
continues to expand the organ donor pool, though
these efforts still fail to meet the need for organs.
Additional sources for liver grafts, such as methanol-
poisoned donors, grafts with trauma lesions, benign
tumors, or certain rare conditions (e.g., Takayasu’s
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syndrome), even though rare, represent a source for
grafts that should not be neglected.

Recently, there has been a steady increase of living
donors worldwide, mainly because of the lack of
deceased donors. In 2018, LDLT represented 19% of all
LTs (31). A similar trend was recorded in Romania:
Group 3 included 67.1% (112 pts) of all 167 LDLT, while
Group 1 and 2 included only 17.9% (30 pts), and 16.1%
(27 pts), respectively.

In terms of organ retrieval, preservation and
transportation, major improvements are being made
worldwide, as in our country, to optimize distribution
and to ensure suitable matches.

Hypothermic oxygenated mechanical
perfusion of liver grafts

Static cold storage, the main method of preserva-
tion, causes injury to the liver graft. The liver
reperfusion after ischemia is responsible for the
hepatocellular damage and liver failure (59). The main
modifications are destruction of sinusoidal endothelial
cells, sinusoidal constriction, inflammatory reaction,
platelet aggregation and formation of microthrombi.

The machine perfusion comes as an alternative to
the static cold storage, and it improves the quality of
marginal grafts. It provides nutrients to the liver,
removes toxic substances, restores mitochondrial
function by oxygenated MP, resulting in an increased
adenosine triphosphate (ATP) tissue concentration
while adequately oxygenating the graft. Preliminary
clinical results showed less biliary complications,
short ICU stay and shorter hospital stay in compari-
son to patients receiving a liver preserved only with
static cold storage (60,61), findings that are to be
confirmed in a multicenter randomized clinical trial
in which our center will take part.

We introduced this graft therapy method in
Romania in 2016 with good results. We are very
confident that this method will continuously
increase its use worldwide and will become a
standard procedure for improving quality at least in
ECD grafts, thus significantly decreasing the post-
transplant complications.

ABO-incompatible liver transplantation

The lack of organs has led to the implementation
of anti-A/B antibody reducing immunosuppressive
protocols, with similar results compared to ABO-
compatible LT: 3-year graft survival rate of 91% vs
90%, respectively (62). The application of these
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protocols is extensively studied in LDLT, while in LDLT
the experience is still limited (63). The major compli-
cation after ABO-incompatible LT remains the delayed
antibody-mediated rejection, consisting in intra-
hepatic biliary strictures which seems to be similar to
the nonanastomotic biliary strictures associated with
DDLT. Since the machine perfusion seems to reduce
the risk for the latter (64), this procedure may
be taken into consideration as part of the ABO-
incompatible protocol. However, whether the biliary
complications in ABO-incompatible LT and non-
anastomotic biliary strictures after DDLT have the
same pathophysiological mechanisms remains to be
determined.

Policy

Our main strategy to increase the number of LTs
was based on the expansion of the donor pool by
improving the organ donation laws, training the
medical professionals, mass education, and by
optimizing the donor hospital protocols (15). The use
of deceased donors was maximized by ECD grafts
and use of other sources for liver grafts, such as
poisoned donors (methanol) and grafts with certain
lesions (trauma, benign tumors, etc.). Technical
variant grafts, such as LDLT, split LT, dual graft LT,
auxiliary LT and domino LT, were also used to further
increase the number of LTs. Despite our efforts, the
number of LTs significantly decreased in the last 5
years, mainly because of administrative issues. Of
note, the analyzed period coincidentally finishes
roughly when the COVID pandemic started, event
that further decreased the number of LTs.

CONCLUSION

In conclusion, a combined cadaveric and living
donor LT program is resourceful, offering all surgical
variant LT procedures (LDLT, split LT, dual LDLT, auxiliary
and domino LT). The increase of both deceased and
living donors is mandatory to significantly extend the
donor pool. Various strategies are recommended to
expand the donor pool and increase the number of LTs,
including the use of extended criteria donors, and of
the variant LT techniques. Optimal donor-recipient
matching is the key for the proper use of marginal and
surgical variant grafts. However, ABO-incompatible LT
remains a useful strategy for insuring urgent LT.

Multi-disciplinary approach is the main feature of a
LT program, that involves many disciplines like surgery,
imaging, endoscopy, interventional radiology, micro-
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biology, pathology, psychology, etc.

A combined program of cadaveric and living donor
liver transplantation uses all sources of liver grafts,
contributes to expertise buildup, and quickens the
development to high volume center. In this way, it
reduces the mortality on the waiting list, waiting time
for LT, and overall postoperative results.

Patients with immediate need for LT (acute liver
failure, retransplantation) are offered best chance for
transplantation in a combined cadaveric and living-
related program. A modern liver transplant center
achieves this goal by offering its patients all liver
transplant techniques available, independent of the
donor type.

New challenges are to be faced to maintain and to
further develop this program, in the context of socio-
economic crisis.
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