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Introduction

Cardiac transplantation is the only therapeutic option

that ensures long-term survival in patients with end-stage

heart disease [1,2]. Despite the consolidated experience

and the important improvements in selection criteria,

graft preservation, surgical techniques, immunosuppres-

sive therapy, rejection surveillance and treatment of trans-

plant coronary artery disease, some recipients still develop

early and late graft failure, thus becoming potential candi-

dates for heart retransplantation. The three main prob-

lems leading to this surgical option are early graft failure

(EGF; <30 days), acute rejection (AR) and chronic rejec-

tion (CR); acute rejection and chronic rejection can be

classified as late graft failure (LGF; >30 days). Today,

cardiac retransplantation represents 2% of cardiac trans-

plants in adults and 6–7% in pediatric patients (age:

1–17 years) [3], but these numbers are expected to

increase with time. In this scenario, challenged by the lack

of donors, the consequent supply-demand imbalance

and ethical and financial concerns, the crucial question

to ask is when a retransplantation is justifiable. In case

of chronic rejection the operation can usually be

programmed electively, on hemodynamically stable and

metabolically balanced recipients. The context is different

in case of early graft failure, because of the fact that

patients are usually clinically compromised, often with

inotropic or mechanical support, and retransplantation is

frequently performed in emergency conditions [4]. With

these concerns in mind, we retrospectively reviewed our
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Summary

Cardiac retransplantation represents the gold standard treatment for a failing

cardiac graft but the decision to offer the patient a second chance is often

made difficult by both lack of donors and the ethical issues involved. The aim

of this study was to evaluate whether retransplantation is a reasonable option

in case of early graft failure. Between November 1985 and June 2008, 922

patients underwent cardiac transplantation at our Institution. Of these, 37

patients (4%) underwent cardiac retransplantation for cardiac failure resulting

from early graft failure (n = 11) or late graft failure (acute rejection: n = 2,

transplant-related coronary artery disease: n = 24). Survival at 1, 5 and 10 years

of patients with retransplantation was 59%, 50% and 40% respectively. An

interval between the first and the second transplantation of less than (n = 11,

all in early graft failure) or more than (n = 26) 1 month was associated with a

1-year survival of 27% and 73%, and a 5-year survival of 27% and 65%

respectively (P = 0.01). The long-term outcome of cardiac retransplantation is

comparable with that of primary transplantation only in patients with

transplant-related coronary artery disease. Early graft failure is a significant risk

factor for survival after cardiac retransplantation and should be considered as

an exclusion criteria.
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experience in Pavia with heart retransplantation over the

past 23 years. The aim of this study was to evaluate our

long-term experience on cardiac retransplantation, focus-

ing the discussion on the merit of such a procedure for

patients in early graft failure.

Patients and methods

Patients

During the period between November 1985 and June

2008, 922 cardiac transplantations were performed at our

institution for end-stage heart failure. Of these patients,

37 (4%) underwent heart retransplantation for cardiac

failure resulting from early graft failure (n = 11) or late

graft failure (n = 26) (acute rejection: n = 2, transplant-

related coronary artery disease: n = 24). There were 29

(78%) male and 8 (22%) female patients, ranging in age

from 25 to 67 years (mean age ± standard devia-

tion = 53 ± 10 years). Twenty-two patients were retrans-

planted in elective conditions (all in LGF) while in 15

cases surgery was performed on very compromised and

hemodynamically unstable recipients (EGF: n = 11; LGF:

n = 4). Five patients (EGF: n = 3; LGF: n = 2) were sup-

ported with extra-corporeal membrane oxygenation

(ECMO) before retransplantation. The underlying diagno-

sis for primary transplantation in these patients was:

dilated cardiomyopathy (n = 14; 38%), ischemic cardio-

myopathy (n = 13; 35%), end-stage valvular heart disease

(n = 5; 13.5%), hypertrophic cardiomyopathy (n = 2;

5.4%), postpartum cardiomyopathy (n = 1; 2.7%), con-

genital heart disease (n = 1; 2.7%) and post myocarditis

heart failure (n = 1; 2.7%). Selection criteria for retrans-

plantation were similar to those for primary heart trans-

plantation. Contraindications to cardiac retransplantation

are listed in Table 1.

Operative technique

Donors were brain-dead, beating-heart individuals (mean

age 35 ± 15 years) who had suffered from head injuries

(n = 21; 56.8%) or cerebrovascular accidents (n = 16;

43.2%). Allografts were harvested locally or distantly and

organ preservation was achieved with a combination of

topical hypothermia and cold crystalloid cardioplegic

solution. In our series, the mean ischemic time was

131 ± 50 min. All cardiac retransplantations were per-

formed orthotopically, using the technique described by

Lower and Shumway (n = 35; 94.6%) or the bicaval tech-

nique (n = 2; 5.4%). The average time needed for cross-

clamping was 59 ± 11 min, with a mean cardiopulmonary

bypass (CPB) time of 138 ± 85 min.

Immunosuppression and rejection surveillance

Our immunosuppressive protocol is based on a triple-

therapy with cyclosporine, Azathioprine and corticoster-

oids. At the time of retransplantation, most patients

already have therapeutic cyclosporine levels, which means

it can usually be re-administered from the 3rd postopera-

tive day onwards maintaining a serum concentration of

300 ng/ml (radioimmunoassay). Tacrolimus can be used

instead of cyclosporine in case of recurrent acute rejec-

tions or in young patients gravely disturbed by the sec-

ondary minor effects of the cyclosporine. The

antithymocyte globulin induction therapy is not used sys-

tematically in case of retransplantation as patients are

usually already immunosuppressed and as there is a risk

of anaphylactic shock. Antithymocyte globulins are

administered for the first few days after retransplantation

only in patients with severe renal dysfunction; in these

cases, the use of mycophenolate mofetil (since 2000)

instead of azathioprine is also preferred. Methylpredniso-

lone is administered intraoperatively (500 mg at the end

of the aortic cross-clamping) and postoperatively (3 doses

of 125 mg every 8 h). Prednisone is then administered at

a daily oral dose of 1 mg/kg/day and is gradually tapered

over the following months. Finally, since 2005, it has been

possible to administer everolimus instead of mycopheno-

late mofetil in patients retransplanted for graft-related

coronary artery disease. Rejection surveillance in case of

retransplantation is similar to post primary heart trans-

plant procedures. Acute rejection is diagnosed by frequent

systematic echocardiography and endomyocardial biopsy,

scored according to the International Society for Heart

and Lung Transplantation (ISHLT) grading system. Ini-

tially, biopsies are performed weekly for the first month,

then every 2 weeks for 2 months, then every month for

3 months, then every 2 months for 6 months, then every

3–6 months for 1 year and finally every 6–12 months

thereafter. Grade II or III rejections are treated with

intravenous methylprednisolone (500 to 1000 mg daily

for 3 days), followed by a bioptic control 1 week after.

If rejection persisted even after two courses of methyl-

prednisolone therapy, antithymocyte globulins and/or

Table 1. Contraindications to heart retransplantation.

Pulmonary hypertension (wood units/m2 ‡ 4 after vasodilator therapy)

Positive donor-specific lymphocyte cross-match

Active infections or sepsis

Patient noncompliance after primary transplantation

Severe parenchymal dysfunction

Renal dysfunction

Hepatic dysfunction

Chronic lung disease

Insulin-dependent diabetes mellitus with end-organ damage

Severe vascular disease
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tacrolimus can be used. Chronic rejection is monitored

by annual coronary angiography to assess the presence

and progression of graft atherosclerosis. When a trans-

plant-related coronary artery disease is diagnosed, angio-

graphic controls can be performed every 6 months.

Statistical analysis

The Shapiro-Wilk’s test was used to test the normal dis-

tribution of quantitative variables. If they were normally

distributed, mean and standard deviation (SD) were used

to summarize the results; otherwise, we used median and

interquartile range (IQR; 25�–75�percentile). Kaplan-

Meier cumulative survivals (95% CI) were computed and

the log-rank test was used for univariable comparisons.

Cox regression analysis was used to identify independent

factors for survival. Hazard ratios and 95% CI were calcu-

lated. Variables reaching P < 0.2 at univariable analysis

were included in the multivariable model. P < 0.05 was

considered statistically significant. All tests were two-

sided. Data analysis was performed with stata statistical

package (vers: 9; Stata Corporation, College Station, 2008,

TX, USA).

Results

In our study population, the time interval between the

two transplants ranged from 1 day to 17 years (median

5.3 years, IQR 0.04–9.3 years). The median durations

between transplants for patients undergoing retransplan-

tation for EGF, AR and CR were 4 days, 2.3 months and

8.3 years respectively. Median follow-up time for the

entire cohort was 15.9 months (IQR = 0.4–70.2)

(mean ± SD = 48 ± 61 months). The actuarial survival at

1, 5 and 10 years of patients undergoing retransplantation

was 59% (95% CI: 0.41–0.73), 50% (95% CI: 0.31–0.66)

and 40% (95% CI: 0.21–0.57) respectively, while survival

of primary transplanted patients was 85% (95% CI: 0.83–

0.87), 76% (95% CI: 0.73–0.79) and 60% (95% CI: 0.56–

0.64) respectively (P < 0.001). Therefore, survival rates

were significantly lower in the retransplantation group,

and these findings are even more accentuated if we com-

pare primary transplantations with retransplantations for

EGF (P < 0.0001) (Fig. 1). On the other hand, the differ-

ence in the actuarial survival was not statistically signifi-

cant (P = 0.15) between patients undergoing primary

transplantations and patients retransplanted who were not

in EGF (Fig. 1). In fact, if we consider the time interval

between the two procedures, an interval between first and

second transplantation of less than (n = 11) or more than

(n = 26) 1 month was associated with a 1-year survival of

27% and 73%, and a 5-year survival of 27% and 65%

respectively (P = 0.01). Most deaths occurred in the peri-

operative period: the overall hospital mortality rate was

38%, varying from 64% for the EGF group to 27% for

the LGF series. After 12 months, the actuarial curves

tended to parallel one other (Fig. 1). Patient characteris-

tics at retransplantation are presented in Table 2. Six

patients (EGF: n = 4; LGF: n = 2) were supported with

ECMO after retransplantation. Of these patients, five died

in hospital and in only one case (patient no.�8, re-trans-

planted in early graft failure) the ECMO assistance was

removed on the 6th postoperative day and the patient

was still alive at follow up. Surgical revision for bleeding

was necessary in three patients. The main causes of hospi-

tal death after retransplantation were: low output syn-

drome (EGF: n = 1; LGF: n = 4), multiorgan failure

(EGF: n = 2; LGF: n = 1), early graft failure (EGF: n = 3)

and infection (EGF: n = 1; LGF: n = 2). The main causes

of late death were: chronic rejection (EGF: n = 1; LGF:

n = 2) and cancer (LGF: n = 2). The univariate analysis

of the risk factors affecting outcome after cardiac retrans-

plantation is presented in Table 3. Early graft failure

(P = 0.01) and cardiopulmonary bypass time (P = 0.04)
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Figure 1 Actuarial survival of patients

undergoing primary cardiac transplanta-

tion versus patients undergoing cardiac

retransplantation for early graft failure

(at an interval of less than 30 days after

the first transplant) or late graft failure

(at an interval of more than 30 days

after the first transplant). Tx, transplan-

tation; Re-Tx, retransplantation; EGF,

early graft failure; LGF, late graft failure.
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were shown as significant risk factors for death after

retransplantation, whereas other variables were not statis-

tically significant. Multivariate analysis (Table 4) revealed

only early graft failure (P = 0.02) as an independent

predictor of mortality after retransplantation.

Discussion

The increasing number of patients undergoing heart

transplantation worldwide has inevitably led to an

increasing number of recipients that may eventually

require cardiac retransplantation. In fact, despite the

important advancements in various medical fields and the

consequent improved survival of heart transplanted

patients, some recipients still develop early and late graft

failure, thus becoming potential candidates for heart

retransplantation. This scenario, hindered by the shortage

of donors, has raised ethical and financial concerns

regarding the appropriateness of a second cardiac trans-

plant. Although different surgical and medical options

have been proposed to overcome end-stage heart failure,

such as coronary artery bypass graft (CABG) surgery,

partial left ventriculoplasty, coronary angioplasty, laser

myocardial therapy, mechanical assistance and new

Table 2. Patient characteristics at retransplantation.

Patient

number Gender

Age

(year)

Cause of

Re-Tx

Delay between

first Tx and

Re-Tx (days)

Ischemic time

(min)

Hemodynamic

instability at

Re-Tx

Delay between

Re-Tx and

death (days)

Cause of

death

1 M 44 EGF 15 130 + 2135 REV

2 M 41 EGF 18 110 + 1 EGF

3 F 31 EGF 8 133 + 4582 CR

4 M 62 EGF 1 110 + 13 MOF

5 M 57 EGF 1 156 + 20 LOS

6 M 62 EGF 1 155 + 239 Infection

7 F 56 EGF 6 148 + 3 EGF

8 M 25 EGF 1 180 + Still alive ———

9 M 55 EGF 5 180 + 9 MOF

10 M 59 EGF 4 175 + 3 EGF

11 M 64 EGF 3 115 + 13 RHF

12 M 51 LGF 33 123 + 52 Infection

13 M 52 LGF 107 147 ) 4 LOS

14 M 48 LGF 320 120 ) 5242 CR

15 M 31 LGF 1209 122 ) Still alive ———

16 M 53 LGF 1479 145 ) Still alive ———

17 M 55 LGF 2319 180 ) 3413 CR

18 M 65 LGF 2315 216 ) 61 MOF

19* M 59 LGF 3707 117 ) Still alive ———

20 M 55 LGF 3071 110 ) Still alive ———

21 F 51 LGF 1940 52 ) 7 LOS

22 M 62 LGF 1008 119 ) 1652 Cancer

23 M 65 LGF 2767 107 ) 15 Infection

24 M 65 LGF 2000 80 ) Still alive ———

25 F 43 LGF 2906 180 ) Still alive ———

26 F 60 LGF 5099 60 ) 1514 Cancer

27 M 63 LGF 3179 174 + Still alive ———

28 F 48 LGF 1522 40 ) Still alive ———

29 M 59 LGF 3802 70 ) Still alive ———

30 M 64 LGF 6139 230 ) Still alive ———

31 M 53 LGF 4176 61 ) 4 LOS

32 M 67 LGF 5847 230 ) Still alive ———

33 M 44 LGF 4955 48 ) 13 LOS

34 M 41 LGF 4057 180 + Still alive ———

35 M 66 LGF 3867 180 + Still alive ———

36 F 47 LGF 3416 90 ) Still alive ———

37 F 55 LGF 3035 105 ) Still alive ———

*Combined heart-kidney transplant.

TX, transplantation; Re-TX, retransplantation; EGF, early graft failure; LGF, late graft failure; REV, rupture of esophageal varices; MOF, multiorgan

failure; LOS, low output syndrome; RHF, right heart failure.

Heart retransplantation in early graft failure Vistarini et al.

ª 2009 The Authors

50 Journal compilation ª 2009 European Society for Organ Transplantation 23 (2010) 47–53



pharmacologic regimens [5–10], heart retransplantation

remains the only therapy which can achieve the long-term

survival of these patients. Since the first case, performed

by Copeland and colleagues in 1977 [11], several centers

have reported their results on cardiac retransplantation

[4,12–17]. From our experience, the overall survival of

cardiac retransplantation was significantly lower com-

pared with that of primary transplantation (P < 0.001).

However, such poor survival was directly related to the

higher perioperative mortality of patients retransplanted

in early graft failure and with an interval shorter than

1 month between the first and second transplantation. In

fact, if we compare the outcome of patients undergoing

primary transplantations and patients retransplanted in

LGF (or with an interval between the two procedures of

more than 1 month), the difference in actuarial survival

was not statistically significant (P = 0.15). These findings

are similar to those reported by other centers

[12,14,15,17] and by the ISHLT registry report [3], even

though, in their experience, a worse survival rate was seen

when the interval between the first transplantation and

the retransplantation was less than 6-to-12 months. Sev-

eral factors may be related to the worse survival rate in

recipients with a short interval between transplantations:

heavy immunosuppression, hemodynamic instability,

intensive pharmacologic or mechanical support, lack of

time to recover from the first operation. Moreover, con-

sidering the usually urgent conditions of these patients,

the possibility of accepting less than optimal donors can

be tempting. This, however, is an option that can often

lead to disastrous results. In our experience, because of

the extremely compromised condition of the recipient,

the decision was made to accept a marginal donor for

one patient in EGF. This decision, made before we had

much experience, ended up being a wrong one and

resulted in the rapid rejection of the retransplant and

death of the patient, as this added a further risk to an

already difficult situation. Conversely, in the case of late

graft failure, the retransplantation can be often pro-

grammed electively, on hemodynamically stable and met-

abolically balanced recipients, who can wait for an

optimal graft. In this situation, the operative survival rate

approaches that of primary transplant. Consequently, the

explanation of our hospital mortality rate of 38% must

be looked for in the fact that the EGF group represented

as much as 30% of our whole population, which is con-

siderably higher when compared with the reported experi-

ence of other centers (Columbia University 4.6%,

Stanford University 13.6%, La Pitié Paris 16.6%)

[12,14,15]. Our statistical analysis of the risk factors

affecting outcome after cardiac retransplantation showed

that only early graft failure (P = 0.02) was an indepen-

dent predictor of mortality after retransplantation.

Although in these cases the only chance for survival could

be a salvage retransplantation, the poor outcome in this

subgroup of patients calls into question whether or not it

Table 3. Univariate analysis for

predictors of mortality. Variable Hazard ratio 95% Confidence interval P value

Recipient

Age 1.03 0.98, 1.07 0.18

Gender 1.03 0.34, 3.09 0.95

Diabetes mellitus 1.53 0.35, 6.68 0.57

CMV 1.61 0.64, 4.06 0.31

BMI 0.98 0.87, 1.10 0.76

Wood units 0.93 0.57, 1.50 0.75

ICM at 1st transplantation 2.11 0.87, 5.11 0.09

Early graft failure 3.15 1.30, 7.63 0.01

ECMO before retransplantation 0.76 0.17, 3.31 0.72

Hemodynamic instability 2.41 0.99, 5.86 0.05

Donor

Age 1.01 0.97, 1.04 0.59

Gender 1.85 0.71, 4.85 0.21

Perioperative factors

Ischemic time 0.99 0.98, 1.01 0.82

Cardiopulmonary bypass time 1.01 1.00, 1.01 0.04

CMV, cytomegalovirus; BMI, body mass index; ICM, ischemic cardiomyopathy; ECMO, extra-corpo-

real membrane oxygenation.

Table 4. Multivariate analysis for predictors of mortality.

Variable

Hazard

ratio

95% Confidence

interval P value

Early graft failure 2.81 1.10, 7.11 0.02

Cardiopulmonary bypass time 1.00 0.99, 1.01 0.27
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is justifiable to use resources and precious organs for

patients with EGF [4,14]. A hypothetical solution for

these patients, especially in the context of lack of donors,

could be to use a ventricular assist device (VAD) as a

bridge to retransplantation. Several centers have reported

their experience in this field [8,18–21], but unfortunately

the results achieved with this approach are far from satis-

factory. Ventricular assist devices can be helpful for late

retransplantation but do not improve poor survival in

case of early retransplantation [21]. At our center, the

policy is to avoid implanting VAD into immunosup-

pressed patients because of the fact that the already high

risk of infection with the device alone is dangerously

higher in the case of transplanted patients and the high

cost of VADs do not justify this risk. What should be

done, therefore, for these patients? Many ethical and

financial concerns have been raised on the merits of such

a procedure in connection with the severe lack of donors

[22–24], and some authors have suggested that cardiac

retransplantation should not be allowed, in any case, even

in the case of chronic rejection [25]. We can understand

the concerns about ‘organ wasting’ when we look at the

lower survival rate for patients undergoing retransplanta-

tion as compared with first-time transplant recipients. We

share the doubts about the fairness of allowing some

individuals to get multiple transplants while others die

awaiting their first. We also acknowledge that hospital

expenses can be two or three times higher in the case of

retransplantation. However, we do feel a commitment to

patients on whom we have already performed a cardiac

transplantation and who have no chance for survival

other than by a salvage retransplantation. We believe that

cardiac transplantation cannot be considered a ‘one-time

treatment option’ for all patients. In our experience, in

view of the encouraging long-term survival achieved, it

can clearly be justified in the case of late retransplantation

in otherwise healthy recipients. In fact the difference in

the actuarial survival rate was not statistically significant

(P = 0.15) when compared with that of patients undergo-

ing primary transplantation (Fig. 1). The situation is

different in case of early retransplantation for EGF (less

than 1 month between the procedures): recipients are

usually very compromised, often with inotropic or ECMO

support and, in our series, survival was significantly worse

(P < 0.0001). For this reason, we feel that EGF should be

considered an exclusion criteria for retransplantation.

Consequently, at our Institution, priority for cardiac

retransplantation has been given, over the years, to the

patients with transplant-related coronary artery disease.

In conclusion, the overall survival rate of cardiac

retransplantation is significantly lower than that of pri-

mary transplantation. This result is related to the higher

perioperative mortality of patients retransplanted in early

graft failure and with an interval of less than 1 month

between the first and the second transplantation. Early

graft failure is, in effect, an independent predictor of

mortality after cardiac retransplantation and should there-

fore be considered an exclusion criterion, in order to

avoid dissipation of resources and waste of organs. On

the other hand, the long-term survival after retransplanta-

tion in patients with late graft failure is comparable with

that of primary transplantation. Therefore heart retrans-

plantation is clearly justified in the case of late rejection,

on condition that rigorous selection criteria are applied.
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