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Liver transplantation is a well-established treatment of patients with end-stage liver disease and
selected liver tumors. Remarkable progress has been made over the last years concerning nearly all
of its aspects.

The aim of this study was to evaluate the evolution of long-term outcomes after liver transplanta-
tions performed in the Department of General, Transplant and Liver Surgery (Medical University of
Warsaw).

Material and methods. Data of 1500 liver transplantations performed between 1989 and 2014 were
retrospectively analyzed. Transplantations were divided into 3 groups: group 1 including first 500
operations, group 2 including subsequent 500, and group 3 comprising the most recent 500. Five year
overall and graft survival were set as outcome measures.

Results. Increased number of transplantations performed at the site was associated with increased
age of the recipients (p<0.001) and donors (p<0.001), increased rate of male recipients (p<0.001), and
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increased rate of piggyback operations (p<0.001), and decreased MELD (p<0.001), as well as decreased
blood (p=0.006) and plasma (p<0.001) transfusions. Overall survival was 71.6% at 5 years in group 1,
74.5% at 5 years in group 2, and 85% at 2.9 years in group 3 (p=0.008). Improvement of overall sur-
vival was particularly observed for primary transplantations (p=0.004). Increased graft survival rates

did not reach the level of significance (p=0.136).

Conclusions. Long-term outcomes after liver transplantations performed in the Department of Gen-
eral, Transplant and Liver Surgery are comparable to those achieved in the largest transplant centers
worldwide and are continuously improving despite increasing recipient age and wider utilization of

organs procured from older donors.

Key words: liver transplantation, survival, outcomes, donors, center experience, center volume

Liver transplantation remains the only
available method of treatment of patients with
end-stage insufficiency of this organ. Further-
more, transplantation is gaining more and
more importance in the treatment of patients
with selected liver malignancies. Data pub-
lished by the European Liver Transplant
Registry, (ELTR: http://www.eltr.org/) indicate
that between 1968 and 2013 more than 118,000
transplantations were performed in Europe
alone. The situation in the USA is similar,
since the number of transplantations per-
formed there between 1988 and 2014, included
in the OPTN database (Organ Procurement
and Transplantation Network, http://optn.
transplant.hrsa.gov/), exceeded 130,000.

The most common indications for liver
transplantation include currently cirrhosis
caused by infection with hepatotropic viruses
[hepatitis B/C virus, HBV (fig. 1) and HCV (fig.
2)] and alcoholic liver disease (fig. 3) as well
as focal lesions of hepatocellular carcinoma
(HCC) (fig. 4). The best long-term results have
been achieved for liver transplantation in au-
toimmune diseases, such as primary sclerosing
cholangitis (PSC), primary biliary cirrhosis

Fig. 2. Liver cirrhosis caused by hepatitis C virus
(HCV) infection

(PBC) (fig. 5) and cirrhosis caused by autoim-
mune hepatitis (AIH) (1, 2). On the other hand,
the lowest rates of long-term, 5-year survival
were achieved in patients undergoing liver
transplantation due to cirrhosis caused by
HCYV infection and HCC (2). In the first case
this is related to low effectiveness of treatment
of common recurrences of viral infection, while
in the other case — recurrences of the malig-

Fig. 1. Liver cirrhosis caused by hepatitis B virus
(HBV) infection
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Fig. 3. Alcoholic liver cirrhosis
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Fig. 4. Liver cirrhosis with hepatocellular carcinoma
(HCC)

nancy resulting in death. Negative results in
patients infected with HCV can substantially
improve after launching of new, significantly
more effective antiviral drugs (Direct Acting
Antivirals, DAA) (3). Limitation of risk of HCC
recurrence after the transplantation may be
achieved through improvement of current
qualification criteria to transplantation. Milan
criteria involving 1 tumor up to 5 cm or 2-3
lesions up to 3 cm, without extrahepatic lesions
and macroscopic infiltration of blood vessels,
are commonly accepted as the basis of the
qualification process and guarantee HCC re-
currence rate that does not exceed several per
cent over the 5-years of follow-up. However,
the analysis of the material from the Depart-
ment of General, Transplant and Liver Sur-
gery, Medical University of Warsaw demon-
strated that this risk can be effectively limited
by adding a biological criterion (concentration
of a-fetoprotein before the transplantation) to
the morphological criteria (4, 5).

The first successful liver transplantation in
an adult patient in Poland was performed in
this Department of General, Transplant and
Liver Surgery, Medical University of Warsaw
in 1994 (6). It was preceded by 2 attempts
undertaken at the Department in 1989 and
1993 as well as other attempts undertaken at
the sites in Szczecin, Katowice, Warsaw and
Wroctaw. According to data published by Pol-
transplant, the number of all performed liver
transplantations in Poland by the end of 2013
exceeded 3,000, while more than 2,500 proce-
dures were performed in adults (7).

Analysis of the first one thousand liver
transplantations performed at the Department
of General, Transplant and Liver Surgery,

Fig. 5. Primary biliary cirrhosis (PBC)

Medical University of Warsaw demonstrated
the structure of indications and achieved long-
term results that were compatible with data
published by the largest transplantation cen-
ters worldwide. What is more important, in-
creased experience of the transplantation team
resulted in almost complete elimination of in-
traoperative mortality and marked limitation
of perioperative mortality, which was reduced
more than 4-fold over the 18 years (8).

The aim of this study was to perform further
analysis of evolution of outcomes of liver trans-
plantations at the Department of General,
Transplant and Liver Surgery, Medical Uni-
versity of Warsaw based on the material ob-
tained after performance of 1,500 proce-
dures.

MATERIAL AND METHODS

This study was a retrospective analysis. The
material included data from 1,500 liver trans-
plantation performed at the Department of
General, Transplant and Liver Surgery,
Medical University of Warsaw between De-
cember 1989 and October 2014. The annual
number of transplantation rose from 6 in 1996
to 50 in 2001 and 103 in 2005, to 165 in 2013,
corresponding to almost 30-fold increase over
18 years (fig. 6). Among all 1,500 transplanta-
tions, 1496 (99.7%) were performed using or-
gans harvested from deceased donors and 4
(0.3%) from alive donors.

The primary endpoint of the study was
patient’s death over 5 years of follow-up. The
secondary endpoint of the study was retrans-
plantation within 5 years of the previous
transplantation. An overall survival after the
transplantation was defined as the time until
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Fig. 6. Number of transplantations performer in the
Department of General, Transplant and Liver Surgery,
Medical University of Warsaw in individual years

death or the last follow-up visit. The graft
survival was defined as the time from the pro-
cedure until the retransplantation, death or
the last follow-up visit. The material of 1,500
liver transplantations was divided into 3
groups: group 1 included the first 500 proce-
dures, group 2 included the next 500 proce-
dures, and group 3 included the last 500
transplantations. To analyze evolution of long-
term outcomes of transplantations, the above
mentioned 3 groups were compared with re-
gard to basic characteristics and 5-year overall
survival and graft survival.

The patients were qualified to the trans-
plantation during sessions of a multidisci-
plinary team. The transplantations were
performed using one of 2 surgical techniques,
i.e. piggyback with sparing of retrohepatic
segment of the inferior vena cava and conven-
tional that involved its resection and use of a
temporary veno-venous extracorporeal circula-
tion using so called biopump. The utilized
surgical techniques were described in detail in
the previous publication (8). Immunosuppres-
sion involved most often induction using anti-
CD25 and utilization of various combinations
of glycocorticosteroids, calcineurin inhibitors
and mycophenolate mofetil. mTOR (mamma-
lian Target Of Rapamycin) inhibitors were also
used in patients with hepatocellular cancer.

Quantitative variables were demonstrated
as medians with interquartile ranges, and
qualitative variables as numbers with percent-
ages. Kruskall-Wallis and Chi? tests were used
to compare quantitative and qualitative vari-
ables, respectively. Survival was calculated
using Kaplan-Meier method. Survival curves
were compared using a log-rank test. Median

follow-up period after the transplantation was
presented based on inverted Kaplan-Meier
method. Statistical significance was declared
at the 0.05 level. All calculations were per-
formed using STATISTICA software version
10 (StatSoft. Inc., Tulsa, Oklahoma, USA).

RESULTS

Table 1 presents basic characteristics of
1,500 transplantations. This group included
1404 primary transplantations and 96 retrans-
plantations. Marked majority of transplanta-

Table 1. Characteristics of 1,500 liver transplantations
performed at the Department of General, Transplant
and Liver Surgery, Medical University of Warsaw

Zakres
miedzykwartylowy
lub™% / Interquartile
range or %

Mediana
lubn/
Median or n

Age of the recipient 48 35-55
(years)
Sex of the recipient:
male 824 54,9%
female 676 45,1%
MELD (points) 13 10-20
HCYV infection 424 30,2%*
HBYV infection 286 20,4%*
ALD 261 18,6%*
PSC 157 11,2%*
PBC 120 8,5%*
ATH 90 6,4%*
HCC 215 15,3%*
Primary 1404 93,6%
transplantations
Retransplantations 96 6,4%
PRBC transfusion 4 2-7
(units)
FFP transfusions 8 5-10
(units)
Duration of cold 9,0 7,8-10,3
ischemia (hours)
Technique of
transplantation:
piggyback 1111 74,1%
conventional 388 25,9%
Age of the donor 44 31-53
(years)

* primary transplantation rate. MELD — Model for End-stage
Liver Disease; HCV — Hepatitis C virus; HBV — Hepatitis B
virus; ALD — Alcoholic Liver Disease; PSC — Primary Sclerosing
Cholangitis; PBC — Primary Biliary Cirrhosis; AIH — Autoim-
mune Hepatitis; HCC —Hepatocellular Cancer, conventional,;
PRBC — packed red blood cells; FFP — Fresh Frozen Plasma
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tions was performed using piggyback tech-
nique (74.1%). Median age of the recipients
was 48 years and males were slightly more
likely to receive the transplant (54.9%). The
most common cause of liver disease was HCV
infection (30.2% of recipients of the primary
transplant).

Other common etiologies included, in the
order of frequency, HBV infection (20.4%),
Alcoholic Liver Disease (ALD, 18.6%), PSC
(11.2%), PBC (8.5%) and AIH (6.4%).

A total of 215 transplantations were per-
formed in patients with conventional HCC,
constituting 15.3% of recipients of the primary
transplants. Median score in the MELD (Mod-
el for End-stage Liver Disease) system was 13.
Median intraoperative tranfusions of packer
red blood cells (PRBC) and fresh frozen plasma
(FFP) was 4 and 8 units, respectively, and me-
dian time of cold ischemia was 9 hours.

Median follow-up period was 4 years. Post-
operative mortality (up to 30 days after the
transplantation) was 7.3% for primary trans-
plantations and 29.2% for retransplantations
(fig. 7) (p<0.001). The overall survival and graft
survival 1, 3 and 5 years after the transplanta-
tion in the whole analyzed group was 84.8%,
78.5%, 74.7% and 81.5%, 74.8%, 70.6%. As
compared to first transplantations, retrans-
plantations were associated with lower 5-year
overall survival rates (54.2% vs 76.1%,
p<0.001) as well as 5-year graft survival rates
(50.7% vs 71.9%, p<0.001), (fig. 8).

Multiple significant differences were ob-
served between the liver transplantations in

Fig. 7. Liver retransplantation caused by hepatic
artery thrombosis

patients from groups 1, 2 and 3 (tab. 2). As the
number of transplantations in our center in-
creased, so did the recipient age (p<0.001) and
percentage of male recipients (p<0.001) in-
crease. The organs were also harvested from
progressively older donors (p<0.001). Median
of intraoperative blood and plasma transfu-
sions was reduced by 20% (p=0.006) and 40%
(p<0.001), respectively. The percentage of
conventional procedures involving excision of
the extrahepatic segment of the inferior vena
cava and utilization of temporary venovenous
extracorporeal circulation was reduced from
38.9% in group 1 to 19.6% in group 2 and 19.2%
in group 3 (p<0.001). Furthermore, gradual
reduction of median MELD score in the re-
cipients (p<0.001) was found. However, no
significant differences with regard to duration
of cold ischemia were found between the 3
transplantation groups (p=0.359).

Table 2. Differences in basic characteristics between 3 groups of patients qualified to the transplantation in various

years
Group 1 Group 2 Group 3
(1-500) (501-1000) (1001-1500) P
Age of the recipients 44 (33-51) 49 (35-55) 53 (39-59) <0,001
Sex of the recipients <0,001
male 245 (49%) 272 (54,4%) 307 (61,4%)
female 255 (51%) 228 (45,6%) 193 (38,6%)
MELD of the recipients 15 (11-21) 14 (9-22) 12 (9-18) <0,001
PRBC transfusion 5 (3-8) 4 (2-7) 4 (2-7) 0,006
FFP transfusion 10 (7-13) 8 (6-10) 6 (4-9,5) <0,001
Duration of cold ischemia 9,0 (7,7-10,3) 8,8 (7,8-10) 9 (7,8-10,4) 0,359
Technique of the transplantation <0,001
piggyback 305 (61,1%) 402 (80,4%) 404 (80,8%)
conventional 194 (38,9%) 98 (19,6%) 96 (19,2%)
Age of the donor 40 (26-48) 45 (31-54) 49 (37-58) <0,001

Qualitative and quantitative variables were presented as n (5) and median (interquartile range). MELD — Model for End-stage Liver
Disease; PRBC — Packed Red Blood Cells; FFP —Fresh Frozen Plasma
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Fig. 8. An overall survival (A) and graft survival (B)
after primary transplantation and retransplantation

Overall survival rates 1, 3, and 5 years after
the liver transplantation were 84.1%, 75%,
71.6% in group 1, 82.6%, 78.7%, and 74.5% in
group 2 and 87.7% (1 year) and 85% (2.9 years)
in group 3 (p = 0.008, fig. 9a). Improvement of
overall survival rates was observed in particu-
lar with regard to primary transplantation
(p=0.004, fig. 9b). However, no significant dif-
ferences were found between these 3 groups
with regard to overall survival after retrans-
plantation (p=0.104, fig. 9c).

Graft survival rates 1, 3, and 5 years after the
transplantation were 81%, 71.7%, 68.3% in group
1, 80.2%, 76.1%, 70.7% in group 2 and 82.7% (1
year) and 78.8% (2.9 years) in group 3 (p=0.136,
fig. 10a). Differences in graft survival between
these 3 groups were slightly below the level of
significance for the primary transplantation
(p=0.078, fig. 10b). Graft survival after retrans-
plantation did not significantly differ between
these 3 groups (p=0.200, fig. 10c).
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Fig. 9. Differences in overall survival after
transplantations performer in different time periods in
the whole analyzed group (A) and in subgroups of
primary transplantation (B) and retransplantation (C).
Group 1 — the first 500 transplantations; group 2 —
middle 500 transplantations; group 3 — the last 500
transplantations

DISCUSSION

The presented results reflect evolution of
the liver transplantation program at the De-
partment of General, Transplant and Liver
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Surgery, Medical University of Warsaw that
remains the largest liver transplantation cen-
ter in Poland. According to the data published
by the Organizational and Coordination Cen-
ter for transplantation “Poltransplant”, 165

transplantations that were performed at the
Department in 2013, constituted over 50% of
all liver transplantations utilizing organs har-
vested during this time from deceased donors
in Poland. Furthermore, such number of pro-
cedures performed annually is compatible with
values reported by the largest transplantation
centers worldwide (9, 10, 11).

As compared to the previous collective
analysis of outcomes of the liver transplanta-
tion at the Department of General, Transplant
and Liver Surgery, Medical University of War-
saw, further reduction of an early (30-day)
postoperative mortality from 8.9% to 7.3%
after primary transplantation and from 34.5%
to 29.2% after retransplantation must be em-
phasized (8). This report also present detailed
evolution of long-term outcomes of transplan-
tation, expressed as an overall 5-year survival
rates and 5-year graft survival rates. Marked
improvement of an overall survival after the
primary transplantation was observed both
between the first and middle 500 procedures
as well as between the middle and the last 500
transplantations. While the difference between
the 3 study groups with regard to the graft
survival did not reach the statistical signifi-
cance, the general tendency towards improve-
ment of results was maintained. Gradual in-
crease of survival rates probably results from
increased experience of individual operators
as well as continuous development of the liver
transplantation program at the Department.

This is compatible with data reported by
other authors, indicating that outcomes of
transplantations performed at high volume
centers are better than those from lower activ-
ity centers. Macomber et al. analyzed data
concerning more than 5,000 liver transplanta-
tions and demonstrated that procedures per-
formed at the highest volume centers (>76
transplantations annually) are associated with
lower mortality, shorter total hospitalization
duration, shorter stay at the intensive care unit
and lower procedure costs (12). Furthermore,
previous paper by Edwards et al. demonstrated
increased mortality rate at centers performing
less than 20 transplantations annually (13).

This improvement of patient survival after
transplantations occurred despite the fact that
the organs were harvested from progressively
older donors. This observation is compatible
with data available in the literature, indicating
that the highest volume centers significantly
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more commonly utilize organs harvested from
higher risk donors, including the older ones
(10, 14). Improved outcomes of transplanta-
tions performed at the highest volume centers
is also particularly evident for the highest risk
procedures, as indicated by the donor risk in-
dex (DRI) (10).

Reduction of frequency of intraoperative
transfusions of the blood products was a sig-
nificant factor potentially associated with im-
proved long-term outcomes. This was clearly
related to improved perioperative management,
and in particular to increased experience of the
surgical team. Volume of intraoperative blood
transfusion is one of the known risk factors of
worse survival after the transplantation (15,
16). Furthermore, achievement of better results
could have been related to more common use of
a surgical technique involving sparing of an
extrahepatic segment of the inferior vena cava
(piggyback). Data obtained in our Department
regarding transplantations due to HCC dem-
onstrated benefits of this technique (17).

Increased median age of the transplant
recipients in the analyzed period also must be
emphasized. Recently published analysis of
outcomes of the liver transplantation at our
Department in recipients over 60 years of age
demonstrated that despite highest incidence
of cardiovascular disease in this population,
long term transplantation outcomes were
similar to those obtained in younger recipients
(18). Qualification of older patients to the liver
transplantation is supported by reports by
other transplantation centers (19). A study by
Wilson et al. demonstrated also that trans-
plantations in older patients were more com-
mon in higher volume centers (20).

We must emphasize that improved out-
comes did not accompany increased number of
retransplantations. However, retransplanta-
tions have markedly worse prognosis as com-
pared to primary transplantations, which is
supported by the presented survival curves.
Retransplantation outcomes are much more
dependent on the patient’s condition and comor-
bidities and seem to be less dependent on in-
creased experience of the transplantation cen-
ter. This is supported by the analysis of almost
4,000 of retransplantations by Reese et al. who
did not observe any significant differences in
annual risk of failure of the transplanted organ
after retransplantations performed at low,
moderate and high volume centers (21).

The demonstrated structure of indications
to 1,500 liver transplantation does not differ
from this presented in the previous publication
(8). Infections with hepatotropic viruses, HCV
and HBV, were the most common. According
to reports by other authors, liver cirrhosis
caused by chronic HCV infection is associated
with relatively poorer long-term transplanta-
tion outcomes (2, 22). Analysis of the material
of our Department does not support such as-
sociation (23). However, high percentage of
HCV infected recipients is important in the
context of increasing age of the donors, and
this parameter adversely affects survival of
patients with HCV-induced cirrhosis (24).
Alcoholic liver disease was the third most com-
mon (after HCV and HBV infections) cause of
liver cirrhosis in the group of patients undergo-
ing primary transplantation. Qualification of
patients with a history of alcohol abuse to
liver transplantation is controversial is some
medical communities due to the risk of recur-
rence of this addiction that could ultimately
induce failure of the transplanted organ and
death. Depending on adopted criteria and time
frame, recurrence of alcoholic disease following
liver transplantation occurs in up to 40% of
transplant recipients (25).

Evaluation of the material of the Depart-
ment indicated that the alcoholic disease re-
curred in 33.5% patients during 10 years of
follow-up after the liver transplantation due to
ALD, while its risk was markedly higher in the
younger patients (26). Despite the fact that
recurrence of ALD was associated with worse
patient survival up to 5 years after the trans-
plantation, no significant differences were
found during this time with regard to long-term
transplantation outcomes due to ALD and
other indications. However survival of patients
with ALD was markedly worse within 5 to 10
years after the transplantation.

HCC was another common indication to
liver transplantation in the analyzed material.
Previously published analyzes of the transplan-
tation outcomes in this group demonstrated
that combination of morphological criteria with
a biological criterion (i.e. a-fetoprotein concen-
tration) may result in marked reduction of the
risk of malignancy recurrence (4, 5). The best
candidates for transplantation were patients
meeting one of the extended qualification cri-
teria, with a-fetoprotein concentration not
higher than 100 ng/ml (5). Good results
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achieved in the last group of the most common
disorders, 1.e. autoimmune diseases, were con-
firmed by numerous reports, also on the basis
of material of our Department (1, 2, 27).

Irrespective of improvement of long-term
transplantation outcomes, evolution of the
liver transplantation program affects results of
other surgical procedures involving hepatobil-
iary surgery. Nguyen et al. demonstrated that
mortality and complication rate after resection
of HCC tumors at high volume liver transplan-
tation centers were markedly lower than in
other centers (28). Analysis of the outcomes of
the liver resection due to HCC at our Depart-
ment demonstrated low postoperative mortal-
ity (1.6%) (29). Analysis of more than one
thousand liver resections performed between
2004 and 2009 demonstrated that perioeprative
mortality was lower than 1.5% (30).

SUMMARY

The Department of General, Transplant
and Liver Surgery, Medical University of War-
saw is the largest liver transplantation center
in Poland that annually performs more than
50% of all liver transplantations in adults in
Poland. Annual number of transplantations
performed at our Department is compatible
with the number of procedures performed at
the largest transplantation centers worldwide.
Increased number of transplantations over the
past years was accompanied by marked im-
provement of long term results, in particular
expressed as 5-year overall survival rates,
reaching 80%. This improvement of outcomes
was achieved despite requirement for organ
harvesting from high risk donors and increas-
ing age of the recipients.
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