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Single-center study on transplantation of livers
donated after cardiac death: A report of 6 cases
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Abstract. Effective use of all available donated organs is
critical, in order to meet the increasing demand for transplants.
The present study explored liver transplantation with livers that
were donated following cardiac death (DCD). According to
the guidelines established by The Red Cross Society of China,
42 DCD organs were procured. Selected donors were treated
with extracorporeal membrane oxygenation (ECMO) prior to
the organ retrieval. The present single-center study included
6 liver transplantations of DCD organs (5 liver transplants
and 1 liver-kidney combined transplant). All 6 recipients had
a successful recovery without significant complications. The
serum alanine transaminase, total bilirubin and international
normalized ratio returned to the normal levels within a short
period of time following transplantation, and the liver function
remained normal during the follow-up period, which lasted up
to 24 months. The present report demonstrated the feasibility
of orthotopic liver transplantation using DCD livers. The
pre-conditioning DCD donors and optimization of the recipi-
ent's condition using ECMO, played a crucial role in ensuring
the success of transplantation.

Introduction

Chronic liver disease is considered a major cause of mortality
worldwide, and particularly in Asia (1). The majority of
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chronic liver diseases are initiated by hepatitis B virus (HBV)
and hepatitis C virus (HCV) infection (2,3). More than half
a million people with HBV infection die annually from
complications of chronic hepatitis B, such as hepatic cirrhosis
and liver cancer (4). Liver transplantation has been shown to
be the most effective therapy for patients with advanced liver
disease (5). Transplantation offers patients, whose lives have
been severely restricted or almost succumbed to the disease, a
marked improvement in their health and well-being; however,
the demand for organ transplants outreaches the number of
donated organs (6). Organ donation after cardiac death (DCD)
could maximize the use of these scarce resources. Previously
known as non-heart-beating organ donation, DCD has been
an end-of-life option for >30 years in the USA and Europe (7).
DCD is performed in cases where life support is withdrawn
from a patient after a physician has determined that there is no
long-term prognosis for recovery, or in patients who do not meet
the criteria for neurological death. The option of DCD should
be offered prior to life support withdrawal, but only after the
decision to withdraw has been reached (8).

Initially, DCD presented various limitations, such as poor
organ function following transplantation. However, advances
in medication and surgical techniques have markedly improved
the outcomes for recipients of DCD organs. These advances,
along with the severe shortage of donated organs promote
DCD as an alternative for patients and families (8).

The use of DCD organs has rapidly developed in China
since the establishment of DCD standard by the Red Cross
Society and Ministry of Health of China in 2010 (9). The aim
of the present study was to document successful liver trans-
plantation using DCD organs and promote the development of
these transplantation techniques in China.

The present single-centre study reports 6 liver transplanta-
tions performed with DCD organs, including 5 liver transplants
and 1 liver-kidney combined transplant.

Case report
Between January 2011 and December 2013, 6 liver transplan-

tations (including 1 liver-kidney and 5 liver transplants) were
performed with DCD organs at the 303 Hospital of People's
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Table I. Recipient information.
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Estimated
Recipient Age, years Gender APACHE II score MELD mortality, %
1 42 Male 7 9 8
2 35 Male 14 38 12
3 37 Male 9 41 15
4 40 Male 11 34 11
5 47 Male 12 37 9
6 43 Male 6 13 25

APACHE II, acute physiology and chronic health evaluation II; MELD, model for end-stage liver disease.

Table II. Donor information.

Donor Age, years Gender Cause of mortality UW score WI length, min CLh
1 32 Male Traumatic brain injury 21 5.6 6.8
2 30 Male Cerebral hemorrhage 22 6.1 83
3 37 Male Traumatic brain injury 23 6.7 95
4 53 Male Cerebral hemorrhage 22 79 7.8
5 42 Male Traumatic brain injury 23 84 8.1
6 43 Male Traumatic brain injury 21 9.5 9.5

UW, University of Wisconsin score; WI, warm ischemia; CI, cold ischemia.

Liberation Army (Nanning, China), with the approval of the
Medical Ethics Committee at this institution. Written informed
consent was obtained from all patients. Transplant decisions
were made according to the availability of donors, blood type
and cross-matching. The 6 transplant recipients were males
aged 35-47 years, who suffered from cirrhosis-induced hepatic
decompensation (3 cases), primary liver cancer (2 cases) or
hepatic decompensation combined with renal failure (1 case).
Table I lists information obtained from the evaluation of the
recipients.

Acute physiology and chronic health evaluation II
(APACHE II) scoring system and the model for end-stage liver
disease (MELD) were used to evaluate the severity of liver
disease in the recipients. APACHE II point scores are based
upon values of 12 routine physiologic measurements, age and
previous health status, in order to provide a general measure
of the severity of disease (10). MELD predicts liver disease
severity based on serum creatinine, serum total bilirubin and
international normalized ratio (INR) (11).

Intotal,42 DCD livers were collected between January 2011
and December 2013 at the 303 Hospital of People's Liberation
Army from male patients aged 30-53 years, who succumbed
to cerebral hemorrhage (13 cases) or traumatic brain injury
(29 cases). The donation procedure followed the DCD guide-
lines of China (9). Of these, 32 donor livers were not procured
due to alcoholic cirrhosis, liver cancer, hepatic distomiasis and
long durations of hepatic warm ischemia (>30 min). Therefore,
10 DCD livers were successfully procured for transplantation,
4 of which were distributed to other centers through the Red

Cross Society of China (Beijing, China). Transplantations of
the remaining 6 livers were performed at the 303 Hospital of
People's Liberation Army.

Preoperative evaluation was performed on all donors, and
were found to be negative for human immunodeficiency virus,
hepatitis B surface antigen, HCV antibody and syphilis anti-
body (12). The blood oxygenation status and hemodynamics
were maintained by the intensive care unit (ICU) group. Based
on the stability of hemodynamics and blood oxygenation
status, 5 donors were further supported with extracorporeal
membrane oxygenation (ECMO) for 6-10 h prior to organ
retrieval. The 6 donors underwent controlled cardiac death,
with planned withdrawal of ventilatory and organ-perfusion
support in the face of catastrophic illness (Maastricht classifica-
tion class III; 13). The University of Wisconsin score (UW; 14)
was found to be 21-23 (Table II). The cardiac death occurred
immediately following the withdrawal of life support, and the
warm ischemia time was kept to within 10 min. Following the
confirmation of cardiac death, the DCD organs were procured
by a combined abdominal organ retrieval procedure (15).
Table II lists the relevant information of all 6 donors.

Orthotopic liver transplantation (OLT) was then performed
in the 6 liver transplant recipients. Liver transplantation by clas-
sical caval reconstruction was performed on 3 of the recipients
(nos. 1, 3 and 6; Table I), while 2 recipients (nos. 2 and 4)
received non-bypass OLT and 1 recipient (no. 5) underwent
the piggy-back technique.

The immunity of the recipient was suppressed through
the induction of rabbit anti-human T lymphocyte immuno-
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Figure 1. Dynamic observation of serum ALT. ALT, alanine transaminase.
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Figure 2. Changes in blood TBil. TBil, total bilirubin.
5 —+—Patient 1
4.5 ~-Patient 2
4 —#—Patient 3
3.5 ——Patient 4
3 -Patient 5
x —&—Patient 6
=z 25
2
15
1
0.5

10
Days post-operation

13

16 19 22 25 28

Figure 3. Measurements of INR. INR, international normalized ratio.

globulinG CD25 polyclonal antibody (100 mg/5 ml saline;
S520090069; Fresenius Biotech GmBH, Grafelfing, Germany),
followed by tacrolimus (0.15 mg/kg per day; Astellas Pharma
China,Inc.,Shanghai,China) and mycophenolate mofetil (3 mg/
day; Roche Diagnostics, Shanghai, China). Postoperatively,
all patients were maintained in the ICU for 5-10 days and
received routine monitoring of vital signs and organ functions.
The anastomotic sites of the transplanted livers were regularly
monitored using color Doppler sonography. With regard to

the patient that received the liver-kidney combined transplant,
the renal artery resistance index and renal blood supply of
the transplanted kidney were regularly examined. Recipients
were administered 0.15 mg/kg micafungin sodium (Astellas
Pharma China, Inc.) daily for the first 7-14 days following
transplantation in order to prevent and treat inflammation.
The 6 recipients recovered considerably well without
significant complications, such as primary graft failure, throm-
bosis, graft rejection or biliary stricture. The dynamic changes
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of serum alanine transaminase (ALT; Fig. 1), total bilirubin
(TBil; Fig. 2) and INR (Fig. 3) were routinely recorded. The
patient that received the liver-kidney combined transplant
presented normal urine levels immediately following surgery
(2,500 mlday) and the serum creatinine (Cr) levels had returned
to the normal values within 7 days. All liver recipients were
discharged from the hospital within 20-30 days after the trans-
plantation. Their liver function remained normal during the
entire follow-up period, which lasted up to 24 months.

Discussion

At present, the data for the long-term outcomes of OLT using
DCD livers are controversial. Certain studies using pooled
registry data (16,17) have reported inferior transplant outcomes
of DCD compared with donation following brain death (DBD),
while single-center studies have shown comparable survival
outcomes for the two types of organ donation (18,19). Since a
DBD program has not yet been established in China, the use of
DCD as a strategy to increase the limited availability of donor
livers is critical.

In the present study, controlled class III cardiac death
was observed in the 6 donors. The relatively short warm
ischemia time was ensured by a high-risk UW score following
the withdrawal of life support. The warm ischemia time
of these 6 donors was found to be <10 min. Recent reports
have indicated that the survival of DCD grafts, as well as
their recipients, are significantly affected by complications,
including primary non-function, hepatic artery thrombosis
and ischemic cholangiopathy (20,21). Such complications,
however, did not occur in any of the 6 recipients of the present
study. Recipient 2 exhibited a high TBil, which may be associ-
ated with his preoperative status (MELD 38) or the quality
of the transplanted liver. MELD is widely used to predict the
severity of liver disease and is proportionally correlated with
mortality risk (11). The high TBil of recipient 3 was due to
the moderate steatosis observed in the DCD liver. A rapid
decease in TBil was observed in recipients 1,4, 5 and 6, who
had low MELD scores and did not present liver steatosis. In
recipients 2 and 3, the increase in INR may have been due to
the high MELD scores and presence of liver steatosis.

The use of fatty livers (with steatosis) as grafts is relatively
risky, since it has been found that the incidence of primary
non-function in transplant recipients with liver steatosis is
considerably higher compared with that in patients with
normal livers (22). The early malfunction of grafted livers is
proportionally associated with the extent of liver steatosis (23).
A comparative study on the 3-month survival rate following
liver implantation, length of stay in the ICU and hospital, as
well as Child-Pugh evaluation (24) and liver function, demon-
strated that the prognosis was not significantly affected by
mild (10-30%) or moderate (30-60%) steatosis of the grafted
liver (25). Kwon et al (26) analyzed 245 liver transplants with
mild steatosis between 1999 and 2005, and divided the liver
recipients into three groups, according to the degree of liver
steatosis (the 0-9, 10-19 and 20-30% groups). No statistically
significant differences were observed in detected parameters,
including length of surgery, blood loss, peak value of TBil,
serum aspartate aminotransferase and incidence of complica-
tions, among the three groups. The results were similar to
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those observed in 30 and 50% alcoholic cirrhosis livers (27).
In the present study, 3 liver transplant recipients with moderate
hepatic steatosis (recipients 4, 5 and 6) exhibited high ALT
and TBil levels, which returned to the normal levels on day 17
following transplantation. In patients with normal liver grafts
(recipients 1 and 2), ALT reached 200-400 Ul and returned
to its normal levels on days 7 (recipient 1) and 9 (recipient 2)
following transplantation. Notably, recipient 3 exhibited a fast
recovery of liver function without any indication of hepatic
steatosis.

China is of the counties with the highest demands of liver
transplants worldwide, mainly due to the extremely high
incidence of HBV and liver cancer (28). The appropriate
application of DCD may be able to maximize the use of these
scarce resources, in order to save more lives. In the present
study, the transplantation of DCD livers with moderate
steatosis indicated that controlled class III, high UW score and
short warm ischemia time are essential factors in determining
the success of transplantation. ECMO was able to maintain
steady hemodynamics and high blood oxygenation, thereby
improving donor liver function prior to organ retrieval, which
played an important role in the successful short- and long-term
outcomes of liver transplantation.
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