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INTRODUCTION 

The prevalence of acute and chronic heart failure is increasing 
despite improvement in medical, interventional and surgical treat-
ment modalities. Since the first human heart transplantation was 
performed in 1967, the number of heart transplantations has in-
creased remarkably worldwide, which was contributed by advance-
ment in understanding immunology and rejection, pharmaceuti-
cal development and clinical management of the donors and re-
cipients. Donor shortage is the major factor limiting the transplan-
tation rate nowadays. Heart transplantation was the only option 
for refractory end stage heart failure to allow durable survival, un-
til recently. However, technical advancement of left ventricular as-

sist device (LVAD) made its application feasible in daily practice 
and improved survival comparable to transplantation and emerged 
as another valuable option for long term cardiac assist in transplant 
ineligible patients. 

CURRENT STATUS OF HEART TRANSPLANTATION 
WORLDWIDE

Transplantation rate has been increased since 1980s until its 
peak in 1990s, when it became more stable in recent days. More 
than 4,000 heart transplantations were done in 2011 in over 200 
centers around the world as reported by ISHLT (The International 
Society for Heart and Lung Transplantation) (Fig. 1A). Regarding 
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Heart transplantation is the last treatment option in refractory end stage heart failure, 
which can prolong survival. The number of heart transplantations has increased and the 
survival rate has improved during the last few decades which was contributed by advanced 
understanding of immunologic mechanism of rejection, pharmaceutical development 
and clinical management of donors and recipients. However, only a fraction of patients can 
be offered to transplantation due to shortage of donor heart and many patients suffer 
high mortality while waiting. Meanwhile, technical advancement of mechanical assist de-
vice in recent years enabled long term implantable left ventricular assist devices (LVAD) to 
bridge the patients with high mortality in the waiting list to transplantation and to assist as 
a long term destination therapy for patients who are not eligible for transplantation. De-
velopment of solid phase assay increased the sensitivity and the specificity of detection of 
anti-human leukocyte antigen (HLA) antibodies in the recipient. It enabled identifying un-
acceptable HLA antigens, acquire calculated Panel Reactive Antibodies and perform virtual 
cross match that can enhance the efficacy of donor allocation system to decrease the wait-
ing time, obviate prospective cross match to decrease ischemic time and to assess the risk 
of rejection in presensitized patients. Antibody mediated rejection is a challenging entity 
in diagnosis and management. However, standardized classification of histology and im-
munology of endomyocardial biopsies was made recently and immunotherapy is moving 
toward targeted therapies directed at antibody production and function. This review fo-
cuses on those major changes in the heart transplantation field in the last decade. 
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103, 299 cases of pediatric and adult heart transplants which were 
undergone between 1982 and 2011 in the world, 1-year survival 
rate was 81%, 5-year survival rate 69%, median survival rate 11 
years for all the patients and 13 years for those surviving after the 
first year of transplantation according to ISHLT report (Fig. 2A)
[1]. It is clear that heart transplantation is now a valuable treatment 
option for refractory end stage heart failure.

Survival rate improved continuously over the last 3 decades which 
was mostly contributed by reduction of mortality in the first-trans-
plant year. Risk factors for 1-year survival are underlying causes 
for heart failure, donor and recipient age, recipient Body Mass In-
dex (BMI), donor and recipient BMI ratio, allosensitization status 
of recipient, clinical status of recipient prior to transplantation, 
such as hospitalization and inotropic support, ventilator support, 
mechanical circulatory support (MCS), co-morbidities of recipient 

such as infection, diabetes mellitus (DM), renal dysfunction, liver 
dysfunction, high pulmonary vascular resistance, and malignan-
cy. History of previous open heart surgery of recipient, ischemic 
time and volume of transplant center are the significant procedure 
related variables that affect early outcome. Risk factors for five year 
and long term survival are similar but additional factors such as 
number of rejection, non-use of calcineurin inhibitors (CNI), car-
diac allograft vasculopathy (CAV), retransplantation, become sig-
nificant [1].

Regarding underlying etiology of heart failure, dilated cardio-
myopathy and ischemic cardiomyopathy are the two most com-
mon causes of transplantation which showed favorable prognosis 
compared to congenital heart disease and retransplantation in ear-
ly survival. However, congenital heart disease is not a risk factor 

Fig. 1. (A) Number of heart transplantation worldwide from the 2013 
ISHLT report [1], (B) Number of heart transplantation in Korea (from 
presentation at APCHF 2013), (C) Number of LVAD in US from 5th IM-
TERMACS report [14].
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Fig. 2. (A) Kaplan-Meier survival curve of heart transplantation from 
the 2013 ISHLT report [1], (B) Survival curve in Korea during 1992-2012 
(from presentation at APCHF 2013), (C) Survival curve of continuous 
flow LVADs and BiVADs from 5th INTERMACS report.
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any more for long term survival. 
Heart transplantation can be considered in the advanced heart 

failure patients who are in critical condition with no other long 
term option or in chronically refractory to conventional treatment 
and inotrope dependent patients or in ambulatory but frequently 
hospitalized patients due to decompensated heart failure. To bet-
ter evaluate the ambulatory heart failure patients, VO2max is an ex-
tremely valuable parameter which can assess cardiac output indi-
rectly and noninvasively in response to exercise. Moreover, other 
risk factors should be considered or avoided to achieve the best re-
sult possible which are comorbidities such as advanced DM, irre-
versible renal, hepatic and pulmonary dysfunction (kidney, liver, 
lung co-transplantation can be considered), fixed pulmonary vas-
cular resistance >6 Wood unit, acute infection (beside infection 
associated with VAD which can only be treated by device remov-
al), past history of malignancy in addition to age, BMI, socioeco-
nomic and psychological aspects. However, no single parameter 
can determine the selection of the transplantation candidates, in-
stead all of the factors should be considered. Several risk assess-
ment models such as HFSS (Heart Failure Survival Score), SHFM 
(Seattle Heart Failure Model), ADHERE study, and OPTIME-

CHF study are available for stratification of the risk and prognosis, 
and to assist in the selection of appropriate candidates for heart 
transplantation [2]. Above all, clinical discretion based on careful 
assessment of risk factors is the mandatory initial step for success-
ful heart transplantation. 

When a donor heart becomes available, a heart transplantation 
allocation system such as the OPTN/UNOS (Organ Procurement 
and Transplantation Network/United Network of Organ Sharing) 
in US, the Eurotransplant in EU and the KONOS (Korean Network 
for Organ Sharing in Korea would match the candidate by the rank 
prioritized by medical urgency, accumulated waiting time, blood 
group compatibility, distance or zone from donor hospital (Table 
1) [3-5].

HEART TRANSPLANTATION IN KOREA

In Korea, a total of 903 heart transplantations were done by De-
cember 2013 since its first performance in 1992. It increased steadi-
ly from less than 30 cases a year by the mid 2000s to more than 100 
cases annually since 2011 (Fig. 1B). However, the waiting list for 
transplantation increased sharply compared to the transplantation 

Table 1. Comparison of KONOS and UNOS medical urgency status [4,5]

KONOS UNOS

Status O Status 1A
1. Mechanical ventilator with LVAD or RVAD 
2. Mechanical ventilator with ECMO

1. MCS  for acute hemodynamic decompensation with LVAD or RVAD for 30 days at any point  
    after implantation under discretion of the physician after clinical stabilization
① LVAD and/or RVAD
② TAH
③ IABP
④ ECMO

2. MCS for > 30 days with objective evidence of device related complications
3. Mechanical ventilation
4. Continuous infusion of single, high dose inotrope or multiple, high dose inotropes with  
    continuous hemodynamic monitoring of left heart filling pressure

Status 1 Status 1B
1. Artificial heart 
2. LVAD or RVAD
3. ECMO
4. IABP
5. HF with mechanical ventilator requiring urgent transplantation
6. IV inotropics continued longer than 4 weeks

1. LVAD or RVAD implanted for > 30 days
2. Continuous infusion of IV inotropes

Status 2 Status 2
IV inotropics continued less than 4 weeks All heart transplant candidates who do not meet the criteria of Status 1A or 1B

Status 3
Does not meet status 0, 1, 2

Status 7 Status 7
Temporarily unsuitable to receive organ transplant Temporarily unsuitable to receive organ transplant

MCS, mechanical circulatory support; LVAD, left ventricular assist device; RVAD, right ventricular assist device; TAH, total artificial heart; IABP, intra-aortic balloon pump; ECMO, 
extracorporeal membrane oxygenation; HF, heart failure; IV intravenous.
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rate in the same period. Dilated cardiomyopathy is the most com-
mon cause of transplantation which comprises 56% of all transplan-
tations, which is followed by ischemic cardiomyopathy in 16%. KO-
NOS status 0 and 1 which corresponds to UNOS 1A comprised 
about 50% of transplantations and about 11% was bridged by me-
chanical circulatory support during 2006 to 2012 mostly with IABP 
(Intra-Aortic Balloon Pump) and ECMO (Extra-Corporeal Mem-
brane Oxygenation) (Table 1) [4,5]. For 658 adult heart transplant 
recipients who were followed up for a median of 47 months (range 
21.1-93.7 months), median survival rate was 18.5 years, 1 year sur-
vival rate of 87%, 5 year survival rate of 76%, 10 year survival rate 
of 64% which was comparable to or surpassing ISHLT data (Fig. 
2B). Cause of death was similar to ISHLT data, of which the most 
common cause was graft failure in the first month, infection was 
the most common cause after the first month during the first year, 
rejection peaked in the first to third post transplantion year and ma-
lignancy and CAV became the major cause of death thereafter [6-8].

CURRENT STATUS OF LEFT VENTRICULAR ASSIST 
DEVICE

REMATCH trial in 2001 was the first study that showed long 
term survival benefit of the first generation pulsatile pump LVAD 
(Heart Mate XVE®, Thoratec Co, USA) over medical treatment in 
refractory heart failure who were ineligible for transplantation) 
[9]. In 2008 and 2010, second generation continuous flow axial 
pump LVAD (Heartmate II®, Thoratec Co, USA) was approved by 
the US FDA as a long term implantable device for bridge to trans-
plant (BTT) and destination therapy (DT) by improved durability 
and significantly less side effects compared to the pulsatile pumps 
[10,11]. Third generation continuous flow centrifugal pump LVAD 
(HVAD®, HeartwareInc, USA) has the advantage of pocketless, 
bearingless smaller size pump which can avoid pocket infection 
and is suitable for patients of small body habitus. It was approved 
for BTT in 2012 [12] and clinical trials for DT is ongoing [13]. Since 
2010 when HM II was approved for DT, more than 95% of DT pa-
tients have been implant ed with continuous flow LVAD. 

Compared to stable transplantation rate, implantation of LVAD 
increased sharply in recent years. More than one third of trans-
plantations are now bridged by LVAD and more than 40% of all 
the LVAD implantation in US are performed for DT according to 
INTERMACS (The Interagency Registry for Mechanically Assist-
ed Circulatory Support, USA) (Fig. 1C) [14]. The number of BTT 

also increased and improved the survival rate of transplant candi-
dates in waiting list [15]. On the other hand, there is concern that 
increase of VAD complications which accompany increase in BTT 
such as systemic or local infection, bleeding from coagulopathy, 
throm bembolic events, pump failure and presensitization of can-
didates, would render the candidates to more prolonged waiting 
time and complicated transplantation. However, after the debate 
over the post- transplantation survival with BTT [16], the short 
and long term survival rate in durable continuous flow LVAD era 
seem to be comparable to that of heart transplantation without 
LVAD except for the transplantations with few complications such 
as device infection [17,18].

Nowadays LVAD is indicated in patients who are chronically or 
acutely decompensated and dependent on high dose of inotropes 
or intolerable to inotropes or who are frequently hospitalized (IN-
TERMACS 2-4) for BTT or DT. They should fulfill the inclusion 
criteria of transplantation but several risk factors which may have 
precluded them from listing such as age, obesity, pulmonary hy-
pertension, recent malignancy, HIV infection and moderate renal 
or hepatic dysfunction are permitted in LVAD [19].

In the current era of continuous flow LVAD, 1 year survival rate 
is 80%, 2 years survival rate is 70%. LVAD for DT has slightly high-
er risk than BTT (Fig. 2C) [20,22]. Freedom from adverse events is 
about 30% at 1 year and quality of life measures are generally posi-
tive for at least the first year after implantation. Old age (especially 
over 70), INTERMACS level (1 or 2 vs others), BTT vs DT, renal 
dysfunction (severe dysfunction requiring dialysis), right ventric-
ular dysfunction (especially requiring Biventricular Assist Device 
[BiVAD]), surgical complexity (prior cardiac surgery and concom-
itant cardiac procedures) are the risk factors for early mortality [14]. 
With durable continuous flow LVAD, early postoperative mortali-
ty is not related with device malfunction, instead it was related to 
patient factors which emphasizes the importance of selection of 
appropriate patients and timing of implantation. 

Most of the implantations were done in INTERMACS level 1-2 
in the early LVAD era which was too critical to expect the best ben-
efit of LVAD, so the trend nowadays is to implant in an earlier stage 
before development of irreversible end organ dysfunction, right 
ventricular failure, or cardiogenic shock. However, too early im-
plantation may not justify the possible adverse effects of LVAD. 
There are several risk scoring systems to predict postoperative or 
long term survival after VAD implantation, however, art of clini-
cal judgment along with comprehensive analysis with scoring sys-
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tem is critical. In the setting of INTERMACS stage 1-2, temporary 
mechanical circulatory support (MCS) such as VA ECMO, IABP, 
short-term VAD such as CentriMag® VAD (Thoratec Co, USA), 
percutaneous LVAD such as Impella® (AbioMedInc, USA), Tan-
dem Heart® (CardiacAssistInc, USA) are indicated immediately 
for bridge to decision (BTD) and are evaluated for candidacy for 
long term strategy as soon as MCS is placed (Table 2) [21-23].

Depending on the change of patient’s clinical status after LVAD 
implantation such as resolved pulmonary hypertension, improved 
renal and hepatic function, decreased overweight, etc., patient’s 
management strategy can change. In contrary, adverse events after 
VAD may delist the patient from transplantation candidacy. So 

designation of BTT, DT, BTD are interchangeable rather than per-
manent. 

Common complications of VAD, which are bleeding, arrhyth-
mia, infection, thromboembolic event, pump failure, and aortic 
insufficiency decreased meaningfully when compared to pulsatile 
LVAD. However, there are still limitations in long term survival 
and quality of life which results in frequent rehospitalization and 
economic burden. About 18-29% of cost was added to the initial 
budget by readmission due to adverse events [24]. Cost effective-
ness is not yet high with LVAD in this era and it is one of the im-
portant reasons to select the most appropriate patient in the ap-
propriate time. 

Table 2. Various long term and short term mechanical circulatory support devices in commercial use or ongoing clinical studies [21]

Device type Device name & manufacturer Device characteristics US FDA approval status 

Durable devices 
1st generation pulsatile flow  
   extracorporeal device

Thoratec PVAD 

Berlin Heart Excor VAD

Pneumatic pump, BiVAD capable, short to  
   intermediate term support
Pneumatic pump, BiVAD capable, intermediate  
   term support

US FDA approved for BTT (1995) postcardiotomy  
   recovery (1998)
US FDA approved child version under  
   Humanitarian Device Exemption (HDE) (2008)

1st generation pulsatile flow  
   intracorporeal device

Thoratec Heart Mate IP, Heart Mate VE, XVE

Thoratec IVAD

Pneumatic pump, electric vented pump,  
   intermediate to long term support
Implantable version of Thoratec PVAD, short  
   to intermediate term support only FDA  
   approved-implantable BiVAD

Heart Mate XVE approved for BTT (2001) DT  
   (2003), rarely used nowadays
US FDA approved for BTT/postcardiotomy  
   recovery (2004) 

2nd generation continuous  
   axial flow device

Thoratec Heart Mate II
Micromed Debakey VAD
Jarvik 2000

Axial flow pump 
Axial flow pump
A xial flow pump, small pump size with intra-

cardiac location, post-auricular cable capable

US FDA approved for BTT (2008) DT (2010)
US FDA approved child version under HDE (2005)
US FDA permitted usage under Investigational  
   device exemption (IDE)

3r d generation continuous  
centrifugal pump

Berlin Heart Incor VAD
Heartware HVAD

Terumo Duraheart
Thoratec Heart Mate III

Magnetically suspended axial flow pump
Hydromagnetically suspended centrifugal  
   pump, intrapericardial location 
Magnetically suspended centrifugal pump 
Magnetically suspended centrifugal pump,  
   smaller size, intrathoracic location

Not approved in US
US FDA approved for BTT (2012)
On clinical trial for DT 
US FDA permitted usage under IDE
On clinical trial 

Total artificial Heart Syncardia TAH

AbioCor TAH

Pneumatic pump, replaces both of the ventricle  
   and four heart valves 
Motor-driven hydraulic pumping system

US FDA approved for BTT (2004)

US FDA approved under HDE who are  
   ineligible to heart transplantation or LVAD  
   for DT

Temporary device
Surgically implanted Abiomed AB5000

Abiomed BVS 5000
LevotronixCentrimag

Biomedicus

Pneumatic pump, BiVAD capable, ambulatory  
   version of BVS 5000
Pneumatic pump, BiVAD capable
Magnetically suspended centrifugal pump,  
   BiVAD capable
Motor driven centrifugal pump, BiVAD capable

US FDA approved for BTR (2003)

US FDA approved for BTR (2003)
US FDA approved for BTD/BTR for 6 hr for LV  
   support, 30 days for RV support under HDE
US FDA approved for BTD or BTR for 6 hr for  
   LV support, 30 days for RV support

Percutaneously implanted Tandem Heart

Impella

Motor driven centrifugal pump, interatrial  
   septal puncture needed
Mixed microaxial pump located within a  
   catheter implanted retrograde into the left  
   ventricle 

US FDA approved for BTD/BTR for 6 hr for LV  
   support or support for high risk intervention
Impella 2.5 is US FDA approved for BTD/BTR  
   for 6 hr for LV support or support for high  
   risk intervention

PVAD, paracorporeal ventricular assist device; BiVAD, biventricular assist device; BTT, bridge to transplant; DT, destination therapy; BTR, bridge to recovery.



http://www.e-hmr.org      191

Sook Jin Lee, et al.  •  Current Status of Heart Transplantation and Left Ventricular Assist Device HMR

Hanyang Med Rev 2014;34:185-196190      http://www.e-hmr.org

Sook Jin Lee, et al.  •  Current Status of Heart Transplantation and Left Ventricular Assist DeviceHMR

Hanyang Med Rev 2014;34:185-196

IMMUNE MONITORING, DIAGNOSIS AND 
MANAGEMENT OF ALLOSENSITIZATION

1.  Solid phase assay as a new method of detection of 

presensitization of recipient

Presensitization may result from previous transfusion, pregnan-
cy, prior transplantation, prior cardiac surgery with homograft, 
infection and VAD and it is the major cause of hyperacute rejec-
tion, acute rejection, antibody-mediated rejection (AMR), long term 
complication of CAV, decreased survival and prolonged waiting 
time to transplantation [25,26].

Donor specific antibodies (DSA) can be avoided by crossmatch-
ing recipient’s serum with potential donor cells prior to transplan-
tation. However, routine prospective crossmatching is not always 
possible in heart transplantation because of limited ischemic time. 
So the need for prospective crossmatching is usually decided by 
the presensitization status of recipient which is measured by Panel 
Reactive Antibody (PRA). PRA is based on traditional complement-
dependent cytotoxicity method which is the percentage of positive 
crossmatch when the recipient serum is reacted with various anti-
HLA antigens from various donors of the region. It is the measure 
of allosensitization of the transplant candidate, which may reflect 
how difficult the patient can find a donor heart and how much risk 
of rejection the recipient may have after transplantation [27]. How-
ever, the drawback is that the panel of antigens being tested is not a 
perfect representation of the donor pool, the cutoff where sensiti-
zation is defined and the way of reporting PRA (peak PRA vs PRA 
prior to transplantation) is not standardized and the crossmatch 
can detect both anti-HLA Ab and non-HLA Ab of which clinical 
relevance is not defined yet. 

Meanwhile, solid phase assay (SPA) using single HLA antigen 
(Ag) attached to bead (Luminex®, OnelambdaInc, USA) has been 
developed in the last decade which enabled more sensitive, more 
specific identification and quantification of affinity of anti-HLA 
Abs. This technology enabled identification of high titer anti-HLA 
Abs in recipient against potential donor HLA Ag which is called 

“the unacceptable Ag” and based on this technology, calculated 
PRA (cPRA) and virtual crossmatch are developed to find a prop-
er donor in a shorter waiting time and has enabled the avoidance 
of a prospective crossmatch. cPRA is originally derived from kid-
ney donors in the US between 2003 and 2005 and it represents the 
percentage of organ donors that express one or more unacceptable 
anti-HLA Ags in the donor pool, thus allowing the prediction of 

the probability of finding a donor heart without unacceptable Ag 
[28]. Virtual crossmatch compares the HLA Ag of donor and HLA 
Ab of recipient virtually before transplantation, which can avoid 
prospective crossmatching and save time to allow an acceptable 
ischemic time until the donor heart arrives; thus enabling an in-
crease in the available donor pool [29]. Defining the cutoff of un-
acceptable Ag is upto each center, which is generally more than 
5,000-10,000 MFI (Mean Florescence Intensity); but it also depends 
on the ability and willingness of the center to deal with high risk 
transplantation (Fig. 3). 

2. Desensitization

Surprisingly, there are few observational studies, but no rando-
mized controlled trials that studied the benefit of desensitization 
in presensitized patients. Many centers practice desensitization 
therapies with various combinations of intravenous immunoglob-
ulin (IVIg), plasmapheresis (PP), cyclophosphamide, rituximab to 
decrease burden of DSA in presensitized candidates. However, 
there are no consensus on protocol, clinical goal and benefit of de-
sensitization, yet. 

Schaffer et al. retrospectively analyzed a large number of trans-
plant recipients before 2004 comparing the group of presensitized 
patients,whose peak PRA higher than 20%, significantly reduced 
after densensitization treatment with the group of presensitized 
patients with trivial reduction of PRA. They reported the peak PRA 
and percent reduction of PRA before transplantation are the most 
significant prognostic factors that made a significant graft surviv-

Fig. 3. Proposed strategy of management of the sensitized patients 
[51]. *May vary among transplantation centers. 
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al difference in the first 30 days after transplantation, although 10 
year long term survival was worse than nonsensitized patients [30].

Kobashigawa et al. showed comparable 5 years survival rate and 
CAV rate among group of patients with highest pretransplant PRA 
with desensitization (average PRA 70.5±28.9%) and patients with 
moderately high PRA without desensitization (average PRA 18.8

±8.5%) and group of non-sensitized patients (average PRA 0.9±

2.2%) [31], which showed benefit of desensitization therapy.
PP aims to remove preformed antibodies, but it is usually com-

bined with IVIg or other B cell suppressive drugs to block antibody 
rebound. There are small observational studies with various com-
bination of drugs that showed significant decrease of the risk of 
rejection and survival rate compared to non-sensitized patients. 
But, it is an invasive procedure and carries risk of infection. 

IVIg is a pool of IgG from random donors and it has immuno-
modulatory effect in high dose (1-2 g/kg) by various mechanisms 
such as direct cytokine inhibition, Fc receptor binding, C3 block-
ade, and modulating anti T cell, B cell, and APC activity. There are 
various timing and dosing schedules for PP and IVIg among trans-
plant centers. 

Rituximab is a chimeric monoclonal Ab against B cell receptor 
CD20, which is primarily used in B cell neoplasm. It has limited 
experience in heart transplantation but a small series coming from 
renal transplantation was shown effectiveness for desensitization 
and treatment of AMR along with IVIg [32,33].

Bortezomib is a 26S proteasome inhibitor approved in multiple 
myeloma and lymphoma which decreases production of alloanti-
bodies by plasma cells and induces cell apoptosis. It has been re-
ported to be effective in a few cases of desensitization and treatment 
of AMR in heart and kidney co-transplantation [34,35].

POST TRANSPLANTATION MONITORING AND 
IMMUNOSUPPRESSIVE THERAPY

1. Induction therapy

Although there are still controversies over indication, clinical 
effect, timing or dosing strategy of induction immunotherapy, it is 
widely practiced especially in subpopulations such as primary graft 
failure, presensitized patients and poor renal function who can 
delay starting of CNI by induction therapy. Due to the risk of hy-
persensitivity and infection, OKT3 (murine anti-CD3 monoclonal 
Ab) is withdrawn from the clinical arena and replaced by polyclonal 
agents such as thymoglobulin (rabbit anti-thymocyte globulin 

(ATG), Genzyme Co, USA) and ATGAM (equine ATG, Pfizer, 
USA). 

Basiliximab (Simulect, NorvartisPharma AG, Swiss) and dacli-
zumab (Zenapax, Roche, Swiss) are anti CD25 monoclonal Abs 
which decrease the risk of acute rejection when added to standard 
triple regimen in heart transplant recipients compared to patients 
without induction therapy in a randomized clinical trial [36,37]. 
In contrast to ATG with the risk of infection, anti CD25 Abs have 
a good safety profile. However, daclizumabhas been withdrawn 
from the market for commercial reasons. 

Alemtuzumab (Campath-1H, Genzyme Co, USA) is human-
ized monoclonal anti CD52 Ab which showed profound and long 
lasting lymphocyte suppression when used as induction therapy 
and steroid resistant rejection in mainly renal transplantation, but 
it has very limited study in heart transplantation and has been with 
drawn from the market.

Eculizumab (Soliris, Alexion, USA) is humanized monoclonal 
Ab against complement 5 which inhibits cleavage of C5 into C5a 
and C5b which is a component of the membrane attack complex 
(MAC) of the classical pathway. It has been shown to reduce AMR 
in renal transplantation but no evidence has been seen in heart 
transplantation yet. 

2. Immune and clinical monitoring after transplantation

Endomyocardial biopsy (EMB), therapeutic drug monitoring 
(TDM), serology for donor specific Abs (DSA), and echocardiog-
raphy are all done periodically for surveillance of graft function 
and early sign of rejection, especially in the first year of transplan-
tation; however, no one method can replace all the others.

EMB is the sine qua non essential tool for the diagnosis of acute 
and chronic rejection at present since the diagnostic criteria is based 
on pathologic findings. However, it is an invasive procedure which 
has low but definite side effects and has the probability of missing 
the patch distribution of rejection. The pathologic findings appear 
in the late stage, so there is much effort made to replace or reduce 
EMB with noninvasive sensitive and specific tests. In the CARGO 
study, genetic markers of moderate/severe rejection were derived 
and validated with microarray technology. It showed good agree-
ment with ISHLT≥3A cellular rejection and was able to avoid EMB 
in the low rejection risk population after 6 months to 1 year of trans-
plantation [38,39].

Graft systolic function should be monitored through regular 
echocardiography along with EMB and serum DSA, but as systol-
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ic dysfunction is a late manifestation of rejection, clinical suspicion 
and immunopathologic findings are important for early diagnosis 
of rejection [40].

3. Maintenance immunotherapy

The cornerstone of longterm success of transplantation is the 
management of immunosuppressive drugs which are to prevent 
or to treat rejection and minimize complication.

Introduction of cyclosporine in the early 1980s was a milestone 
in transplantation history which decreased rejection related mor-
tality remarkably compared to the time prior to cyclosporine. In-
troduction of tacrolimus (FK 506) in the 1990s seems to have su-
perior prevention in acute rejection with comparable risk of renal 
dysfunction and infection with cyclosporine, although there was 
no difference in 1 year survival rate [41,42].

Mycophenolate Mofetil (MMF) showed superior prevention of 
acute rejection and better long term survival by reducing CAV com-
pared to azathioprine when added to cyclosporine or tacrolimus 
[43,44]. MMF seems to ameliorate the side effects of CNI of hyper-
tension, hyperglycemia, hyperlipidemia and renal dysfunction by 
reducing CNI doses without compromising immunosuppressive 
effect which makes it a useful combination with CNI. In terms of 
malignancy, azathioprine seems to have higher risk of developing 
malignancy than MMF when combined with cyclosporine. Ta-
crolimus has less risk of malignancy than cyclosporine when com-
bined with MMF. Since the 1990s long term survival increased with 
decrease in acute and chronic rejection as tacrolimus and MMF 
replaced cyclosporine and azathioprine.

PSI/mTOR inhibitor (Proliferation signal inhibitor/mammali-
an target of rapamycin inhibitor) sirolimus and its derivative evero-
limus have been more recently introduced and they are more ef-
fective in reducing acute rejection than azathioprine in combina-
tion with cyclosporine. Everolimus showed similar risk of acute 
rejection compared with MMF in combination with cyclosporine 
[43,45,46]. Sirolimus had similar risk of acute rejection compared 
with MMF but had more side effects when combined with tacroli-
mus [47]. PSI/mTOR inhibitors decrease the incidence of CAV and 
maximal intimal thickness in IVUS (Intravascular Ultrasound) by 
inhibiting smooth muscle proliferation and decreasing CMV in-
fection compared to azathioprine or MMF, which is independent 
of CMV prophylaxis and donor/recipient CMV serostatus [46]. 
Converting maintenance regimen from standard CNI to everoli-
mus with reduced CNI offers significant improvement in renal 

function, although switch back to standard CNI may be occasion-
ally needed because of side effects of PSI/mTOR inhibitors such as 
delayed wound healing, severe proteinuria, severe hyperlipidemia 
and potential infection. However, renal benefit was not proven in 
de novo PSI/mTOR inhibitor with CNI regimen in comparison to 
MMF with CNI yet [48]. PSI/mTOR inhibitor has antineoplastic 
effect by PI3K pathway and p53 pathway to sensitize the tumor cell 
to apoptosis and everolimus is a certified agent for advanced renal 
cell carcinoma and breast cancer. There are case reports on regres-
sion of Kaposi sarcoma, lymphoma, non-melanoma skin cancer 
and renal cell cancer with everloimus in renal and heart transplan-
tation. Tacrolimus in combination with everolimus seem to be as 
effective in immunosuppression as cyclosporine, but evidence is 
limited.

Considering their high efficiency in preventing acute rejection, 
CNI based regimens are still the cornerstone of maintenance ther-
apy. However, due to notorious nephrotoxicity, CNI minimization 
or CNI free maintenance protocol have been studied to preserve 
renal function and the immunological safety at the same time. There 
are ample studies comparing MMF or PSI/mTOR inhibitor with 
decreased CNI dose switched from azathioprine with standard 
CNI dose, and non-switched patients, reporting improved renal 
function and immunologically safe outcome. But there are no data 
on cyclosporine target level where renal and immunological out-
comes are both met. 

There are few studies on CNI free maintenance regimen, which 
further pursue renal preservation but there are still controversial 
on the efficacy, safety and the time when CNI should be withdrawn. 
CNI free regimen during the first post transplantion year is not 
unanimously recommended and there are few pilot studies on CNI 
free regimen from the onset of transplantation with induction ther-
apy, but further studies are warranted. 

Compared to the established role of MMF as secondary agent in 
maintenance regimen, the role of PSI/mTOR inhibitor in the main-
tenance regimen is not yet established due to side effects and lack 
of long term safety and efficacy data. At present, PSI/mTOR in-
hibitor combined with low dose CNI regimen is adopted mainly 
in patients with established CAV and malignancies. 

Glucocorticoid is the standard regimen for induction, mainte-
nance and anti-rejection therapy, although no appropriate rando-
mized controlled trials have been done so far. However, because of 
its deleterious side effects, it is usually tapered to low dose or with-
drawn within the first year. Moreover, there is increasing tendency 
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for withdrawing the drug earlier. Only 63% of patients were using 
prednisone at 1 year post-transplant between 2006 and 2007, only 
54% were maintaining the drug at 5 year post-transplant who were 
transplanted between 1982 to 2006 according to the ISHLT [42].
There are 2 approaches to steroid withdrawal, early withdrawal 
which tapers within the first month and late withdrawal which ta-
pers during 6 to 12 month. Steroid and CNI minimization strate-
gies are especially important in pediatric transplantation to mini-
mize the side effects. 

There are no gold standard in immunosuppressive protocols 
and each drug or combinations of drugs have different impact on 
transplantation survival. So it is important to individualize the 
choice of immunosuppressive agents depending on the risk of re-
jection and comorbidities of the patients. 

4. Diagnosis and treatment of acute cellular and humoral rejection 

Acute cellular rejection (ACR) is a T cell mediated inflammato-
ry response to the graft with infiltration of lymphocytes and mac-
rophages. ACR can occur at any time after transplantation but 
most frequently during the first 3-6 months and is related to lapse 
in immunosuppressive therapy. Nearly 40% of adult heart trans-
plant patients have one or more acute rejection episodes to some 
degree in the first month, about 60% experience rejection in 6 mon-
ths and only one third remain free of rejection at 1 year after trans-
plantation. Risk factors are younger age of recipient, female gender 
of donor and recipient, higher HLA mismatch, and black recipient. 
ACR is a risk factor for CAV and mortality.

Diagnosis is made by EMB with the grading system proposed 
by Billingham initially in 1990 which was revised in 2004 (Table 3)
[49]. Treatment is guided by clinical symptom, graft dysfunction 
and severity of ISHLT criteria on EMB. In asymptomatic patients 
with low grade ISHLT grade without graft dysfunction, augmen-

tation of current immunosuppressive therapy or a course of ste-
roid bolus can be given. In patients with graft dysfunction, intra-
venous pulse steroids are usually indicated to decrease the myo-
cardial injury along with or without ATG (Table 5). 

Antibody mediated rejection (AMR) or humoral rejection or 
vascular rejection is characterized by features of vasculitis affect-
ing capillaries such as capillary endothelial change, macrophage 
and neutrophil infiltration, interstitial edema and perivascular ac-
cumulation of antibodies and complements. It is perceived as a 
clinicoimmunopathologic spectrum from latent phase of circulat-
ing Ab only, to silent phase of circulating Ab with C4d deposition 
in graft, to subclinical phase with circulating Ab, C4d deposition 
and histologic change in graft, to symptomatic phase with clinical 
manifestation.

It is more commonly associated with hemodynamic compro-
mise with graft dysfunction, increased graft loss, CAV and high 
mortality. It often presents in the first month after transplantation 

Table 3. ISHLT standardized grading of pathologic diagnosis of acute cellular rejection [49]

2004                                                        1990

Grade OR No rejection Grade 0 No rejection

Grade 1R, mild Interstitial and/or perivascular infiltration  
   with up to 1 focus of myocyte damage

Grade 1, mild 
A-focal 
B-diffuse

Grade 2, moderate (focal)

Focal perivascular and/or interstitial infiltration without myocyte damage
Diffuse infiltration without myocyte damage
One focus of infiltration associated with myocyte damage

Grade 2R, moderate Two or more foci of infiltration with myocyte  
   damage

Grade 3, moderate
A-focal 
B-diffuse

Multifocal infiltration with myocyte damage
Diffuse infiltration with myocyte damage

Grade 3R, severe Diffuse infiltration with multifocal myocyte  
   damage± edema± hemorrhage± vasculitis

Grade 4, severe Diffuse polymorphous infiltration with extensive myocyte  
   damage± edema± hemorrhage± vasculitis

Table 4. 2010 ISHLT consensus grading on pathologic diagnosis of 
AMR [50,51] 

Immunopathology

- +

Histopathology   - pAMR 0
Negative AMR

pAMR 1-i
Suspicious AMR with positive   
   immunopathology only

  + pAMR 1-h
Suspicious AMR with  
   positive  histopathology  
   only

pAMR 2
Positive AMR with positive  
   both on histopathology and  
   immunopathology
pAMR 3
Severe histopathologic finding  
   with myocardial destruction

Histologic finding includes endothelial activation with intravascular macrophages 
and capillary destruction. Immunologic finding includes complement and anti HLA 
Ab deposition. Severe AMR denotes histopathologic findings of interstitial hemor-
rhage, capillary fragmentation, mixed inflammatory infiltrates, endothelial pyknosis 
and/or karyorrhexis and marked edema.
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accompanied by increase of DSA. About 15% seem to develop AMR 
in adult heart transplant patients. Risk factors are female gender, 
high pretransplant PRA, positive crossmatch, CMV seropositivity 
and prior VAD or retransplantation.

AMR was first described in 1987 as a type of rejection charac-
terized by arteriolar vasculitis with poor outcome. Since then, di-
agnosis and treatment remained unsolved because of unstandard-
ized diagnostic criteria and current immunosuppressive regimens 
were largely targeting T cells. However, consensus were driven at 
the 2010 ISHLT meeting and nowadays diagnosis of AMR is based 
on the 2010 report (Table 4) [50,51]. The new criteria is based on 
EMB with histologic findings of AMR of endothelial activation, 
intravascular macrophages, capillary destruction and immuno-
logic finding of perivascular precipitation of antibodies and com-
plement (C4d, C3d, CD68 for macrophage etc.) without clinical 
diagnosis and DSA. Although not included in diagnostic criteria, 
presence of DSA inclines to aggressive treatment. Similar to ACR, 
decision for treatment is based on the clinical finding of symptom, 
graft function, EMB grade and/or presence of DSA.

Though it is still controversial, asymptomatic incidental finding 
of AMR (pAMR1 or pAMR2 without DSA) on surveillance proto-
col do not warrant treatment in general if cardiac function is pre-
served. There are reports that they are prone to increased mortali-
ty and CAV, however, it is unclear if interrogation would affect the 
clinical outcome. 

Symptomatic or asymptomatic AMR with graft dysfunction 
needs aggressive treatment with steroid pulse, IVIg, rituximab or 
bortezomib targeting to block antibody production by B cell and 
plasma cell. In the setting of heart failure or cardiogenic shock, 
since ACR and AMR are merged together, patients require a com-
prehensive approach with high dose steroid pulse, ATG, PP, IVIg 
with or without IABP or ECMO for hemodynamic support, alth-
ough mortality remains very high in these patients (Table 5). 

There is no evidence based guidelines for the treatment of acute 
rejection in heart transplantation because of the lack of random-
ized controlled trials, thus, surveillance monitoring and treatment 
protocols for rejection remain largely empiric and vary among dif-
ferent transplant centers. 

5. Cardiac allograft vasculopathy as chronic allograft rejection

CAV is an important chronic complication limiting long term 
graft survival which is mediated by predominantly immunologic 
mechanism, but shares major risk factors with conventional ath-
erosclerosis. One third of patients develop CAV within 5 years and 
a half within 10 years. IVUS can increase sensitivity in addition to 
standard diagnostic coronary angiography. PSI/mTORinhibitors 
(sirolimus and everolimus) have been shown to decrease the inci-
dence of CAV compared to standard regimen with CNI. Oral statin 
therapy seems to decrease the incidence of CAV, therefore it should 
be prescribed in every cardiac transplant patient with consider-
ation of drug interactions. Percutaneous coronary intervention 
(PCI) can relieve symptoms in favorable coronary anatomy but 
often end up listing for retransplantation with poor prognosis. 

CONCLUSION

Heart transplantation is the final option that can offer long term 
survival benefit in refractory end stage heart failure patients in 
this era. Advancement of immunology, sensitive and specific im-
mune monitoring technology, refined and targeted immunosup-
pressive drugs, advancement in the management of complications 
and mechanical assist devices for the rescue therapy contributed 
to these achievements. Appropriate patient selection and individu-
alized immunosuppression is the key to the successful outcome in 
heart transplantation. 

Donor shortage is the major limitation of heart transplantation. 
However, there are ongoing efforts to improve donor heart alloca-
tion and graft preservation. Moreover, technical advancement en-
abled LVAD to be implanted in replacement of for destination ther-
apy in transplantation ineligible patients and offered LVAD as a 
bridge to transplantation for the morbid candidates in the waiting 
list. It has improved survival benefit compared to medical treat-
ment alone but device associated complications and cost limits its 
widespread application. Further refinement in technology of me-
chanical assist device is necessary to overcome the barriers in the 
future. 

Table 5. Treatment options for ACR and AMR according to severity [49]

Asymptomatic Reduced EF Heart failure/shock

Cellular  Target higher CNI levels 
 Oral steroid bolus/taper

 Oral steroid bolus/taper
 Or
 IV pulse steroid

 IV pulse steroid
 ATG
 Plasmapheresis
 IV Immune globulin
 Inotropic therapy
 IABP or ECMO  
  support

Humoral  No treatment?  
  (controversial)

 Oral steroid bolus/taper
 Or
 IV pulse steroid
 And/or
 IV Immune globulin

CNI, calcineurin inhibitors; ATG, anti-thymocyte globulin; IABP, intra-aortic balloon 
pump; ECMO, extracorporeal membrane oxygenation.
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There has been steady increase in heart transplantations in Ko-
rea but candidates in waiting lists are increasing even faster. The 
short and long term survival is comparable to the survival of ISHLT 
and widespread application of mechanical assist device in heart 
failure is expected to happen in the very near future.
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