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Summary

Clinical data relating to rabbit antithymocyte globulin (rATG) induction in heart

transplantation are far less extensive than for other immunosuppressants, or

indeed for rATG in other indications. This was highlighted by the low grade of

evidence and the lack of detailed recommendations for prescribing rATG in the

International Society for Heart and Lung Transplantation (ISHLT) guidelines.

The heart transplant population includes an increasing frequency of patients on

mechanical circulatory support (MCS), often with ongoing infection and/or pre-

sensitization, who are at high immunological risk but also vulnerable to infectious

complications. The number of patients with renal impairment is also growing due

to lengthening waiting times, intensifying the need for strategies that minimize

calcineurin inhibitor (CNI) toxicity. Additionally, the importance of donor-

specific antibodies (DSA) in predicting graft failure is influencing immunosup-

pressive regimens. In light of these developments, and in view of the lack of

evidence-based prescribing criteria, experts from Germany, Austria, and Switzerland

convened to identify indications for rATG induction in heart transplantation and

to develop an algorithm for its use based on patient characteristics.
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Introduction

Heart transplant recipients frequently receive induction

with rabbit antithymocyte globulin (rATG; Thymoglobu-

lin�, Genzyme Corporation, Cambridge, MA, USA). Over-

all, approximately a fifth of all adult heart transplant

patients in the US [1,2] and 30% of patients in Europe [2]

receive rATG induction, and approximately half of all pedi-

atric recipients [3], but its use varies widely between coun-

tries and between centers. This is partly due to the fact that

although rATG has been licensed for 30 years, there is still

a remarkable paucity of well-conducted trials examining its

efficacy and safety in solid organ transplantation. Most of

the available studies have been carried out in kidney trans-

plant populations. Heart transplantation, however, repre-

sents unique challenges that mean data from other organ

types are not necessary applicable. Heart transplant recipi-

ents are generally in a more unstable condition and often

maintained on mechanical circulatory support (MCS)

devices; allograft rejection is more frequent and often more

severe; and there is no viable alternative if the graft fails.

The recent ISHLT guidelines for the care of heart trans-

plants included proposals for the use of rATG but high-

lighted that these were based largely on expert consensus

[4]. The guidelines noted that universal administration of

induction therapy in heart transplant recipients does not

improve outcomes. Instead, the recommendations advise

that rATG may be beneficial in patients at high risk for

acute rejection and that polyclonal antibody preparations

in general can support delaying calcineurin inhibitor (CNI)

introduction in cases where there is a high risk of renal dys-

function [4].

Several recent developments have a potential impact on

the decision whether and how to use rATG induction.

First, rATG dosing has declined over the last decade [5],

reducing dose-dependent complications. Second, donor

heart allocation schemes in some countries now preferen-

tially assign grafts to high-urgency cases. In the US, the

proportion of recipients with the highest medical urgency

status (1A) has increased fourfold in the last decade [1].

In Germany, changes to the allocation system mean that

in practice only high-urgency hospitalized patients now

receive a graft. These patients are in poor health or fre-

quently on MCS and often have renal dysfunction, with a

higher risk of infections at the time of transplant [6].

Thirdly, a widening choice of immunosuppressive thera-

pies means that rATG is increasingly used as part of pro-

tocols to minimize exposure to CNIs or steroids in the

early post-transplant period. Lastly, awareness of the prog-

nostic importance of donor-specific antibodies (DSA), lar-

gely based on data in kidney transplantation [7,8] is

influencing initial immunosuppressive protocols according

to patients’ pretransplant DSA status.

In the absence of evidence-based prescribing criteria,

experts from Germany, Austria, and Switzerland convened

to consider (i) the types of patients for whom rATG is a

suitable option, and (ii) appropriate early maintenance

immunosuppression in these cases, based on the available

data and their own clinical experience.

Efficacy of rATG induction in heart transplantation

Heart transplant patients at high risk of acute rejection

show a reduced risk of death secondary to graft rejection if

lymphocyte-depleting induction is administered [9]. No

randomized trial, however, has compared rATG induction

specifically versus controls. Three randomized trials have

assessed interleukin-2 receptor antagonist (IL-2RA) induc-

tion versus no induction [10–12], two of which observed a

significant reduction in risk of rejection [11,12]. No sur-

vival benefit was detected. Two randomized trials have

compared rATG versus IL-2RA induction in heart trans-

plants at standard immunological risk. One of these dem-

onstrated a lower rate of biopsy-proven acute rejection

(BPAR) of grade 3 or 4 with rATG [13], while the second

trial showed no significant difference between induction

therapies based on BPAR grade >1B [14]. Retrospective

studies (all with fewer than 50 patients) have observed a

lower incidence or severity of acute rejection using rATG

versus IL-2RA induction in standard-risk heart transplant

populations [15–17]. In kidney transplantation, a much

larger randomized trial (n = 278) of high-risk patients

found that a 5-day course of rATG (cumulative dose

7.5 mg/kg) achieved a significantly lower rate of acute

rejection and treated rejection in rATG-treated patients

compared with the group given IL-2RA induction,

although graft survival was unaffected [18].

Although the evidence base remains sparse, rATG induc-

tion in heart transplant patients at high risk of rejection

(e.g., presensitized patients, younger patients, African

American recipients) may be beneficial, as noted by the

ISHLT [4].

Impaired renal function

The challenge of kidney dysfunction

Over half of all heart transplant recipients have chronic

renal disease stage 3A or worse prior to surgery [19,20].

Following heart transplantation, kidney output frequently

improves in response to improved hemodynamics. Some

patients exhibit a markedly higher estimated GFR (eGFR)

at hospital discharge versus pretransplant, followed by a

decline over the first year post-transplant and a slower rate

of deterioration thereafter [19,21]. A quarter of all patients,

however, develop acute renal failure after heart transplanta-

tion [22]. Pre-existing chronic renal insufficiency and
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the use of cardiopulmonary bypass during surgery increase

the risk of acute renal failure, which negatively affects

short-term survival [22]. By 10 years, chronic kidney dis-

ease stage 3A or worse is almost universal [19] and approxi-

mately 10% of heart transplant patients eventually progress

to chronic renal failure [23]. As would be expected, patients

with poor kidney function pretransplant are significantly

more likely to show deteriorating renal function after heart

transplantation [20,21,24]. Other risk factors include older

age [21,25] and possibly the presence of diabetes or hyper-

glycemia [20,21].

When planning the immunosuppressive regimen, it is

important to identify recipients with predominantly hemo-

dynamically mediated renal dysfunction in whom function

is likely to resolve spontaneously post-transplant in

response to adequate renal blood flow. Classifying patients

according to the type of cardiorenal syndrome [26] can be

helpful. Type 1 or 2 cardiorenal syndrome can be expected

to show at least acceptable renal recovery after transplanta-

tion, and in these individuals, CNI minimization is less of a

priority. In patients with Type 3 or 4 cardiorenal syndrome,

long-term renal deterioration is largely inevitable and reno-

protective strategies are a priority.

Renal histopathology after heart transplantation is com-

plex to interpret [27], but progressive functional decline is

partly due to chronic CNI exposure [23,28,29]. Early renal

insufficiency caused by direct CNI-mediated renal arterio-

lar vasoconstriction can also occur [30]. In patients who

have impaired renal function at the time of transplantation,

reduced CNI exposure is associated with significant benefit

for renal function [31], and renoprotective strategies center

on CNI minimization, particularly delayed introduction to

avoid the nephrotoxic effects of CNI therapy for as long as

possible in the early post-transplant period.

rATG with delayed CNI introduction

Delaying CNI initiation is a widely used technique to pro-

tect the graft in the first few days after transplantation,

when CNI exposure is conventionally highest, allowing the

kidney to recover. rATG induction can provide immuno-

suppressive cover until CNI therapy is introduced. Retro-

spective studies of heart transplant patients receiving rATG

have reported varying times for delay of CNI introduction

[16,32–34], ranging from 3 days [16] to as long as 18 or

20 days [33,34]. In 2004, Cantarovich and colleagues pub-

lished retrospective data demonstrating that rATG induc-

tion with delayed CNI (started only when serum creatinine

fell below 150 lmol/l) provided comparable efficacy to

rATG with immediate CNI [33]. A case-control study by

Delgado et al. [16] reported outcomes in seven patients

given rATG induction with cyclosporine (CsA) delayed

until a mean of 3.2 days post-transplant and in seven

patients who received basiliximab induction with CsA

started at a mean of 7.3 days. All patients had pre-operative

renal dysfunction. Patients in both groups showed

improved renal function after transplantation, with slightly

better function in the rATG group (significant at month

30). Cellular rejection was less frequent in the rATG arm

[16].

The optimal timing for CNI initiation in patients receiv-

ing rATG induction has not been established. It is usual,

however, to start CNI during days 4–7, or when eGFR and

urinary output increases. Some centers monitor the T-cell

or CD3+ lymphocyte count to determine when to initiate

CNI. Comparative studies of different rATG induction reg-

imens in heart transplantation would be very helpful.

rATG with reduced-exposure CNI

There is good evidence that rATG induction with reduced-

exposure CNI, a mammalian target of rapamycin (mTOR)

inhibitor, mycophenolate mofetil (MMF), and steroids

provides similar efficacy to a conventional CNI regimen

[35,36]. The recent SCHEDULE study compared low-expo-

sure CsA with everolimus (ERL) versus standard-exposure

CsA, both with MMF and steroids, in de novo heart trans-

plant patients [35]. All patients received rATG induction.

At 7–11 weeks post-transplant, CsA was withdrawn in the

ERL arm and ERL exposure was increased. By month 12,

there was a clear improvement in renal function in the

reduced-exposure CNI group (mean eGFR 79.8 vs.

61.5 ml/min/1.73 m2, P < 0.001). During the period up to

CNI withdrawal, the rates of any BPAR, BPAR ≥2R or

treated rejection were similar in both groups. After CNI

withdrawal, however, BPAR became more frequent in the

CNI-free arm. A randomized trial of maintenance heart

transplant patients with mild-to-moderate renal insuffi-

ciency who continued standard CNI therapy or switched to

sirolimus observed that low MMF dose (≤1000 mg/day)

and nonwhite race were independent predictors for risk of

rejection after switch to mTOR inhibition [37].

Another randomized trial (A2310) compared reduced-

exposure CsA with ERL versus standard-exposure CsA with

MMF, both with steroids, in de novo heart transplant

patients [36]. Approximately 30% of patients received

rATG induction. The incidence of BPAR grade ≥3A to

month 12 was similar in both groups. However, rATG-trea-

ted patients receiving reduced-CsA with ERL showed a

higher rate of early (<3 months) infectious deaths, particu-

larly in patients on a ventricular assist device (VAD) prior

to transplant [36], suggesting overimmunosuppression.

Lower initial CNI targets than the A2310 study in patients

receiving rATG induction appear preferable if rATG is

used, particularly in VAD patients, when given with ERL or

MMF plus steroids. The CsA target in the A2310 trial was
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200–350 ng/ml during month 1, but there are no data to

indicate what lower level of exposure may be appropriate.

The initial CNI target should certainly be reduced consider-

ably in heart transplant patients if rATG is given and both

ERL and MMF are given concomitantly, based on results of

the SCHEDULE study, for example, CsA 75–175 ng/ml.

There are no data to indicate an appropriate tacrolimus

(TAC) target range with concomitant ERL in heart trans-

plantation; some centers have used ranges of 5–8 ng/ml or

even 3–5 ng/ml, but no recommendations can be made.

ERL, if used, should be maintained indefinitely in the range

3–8 ng/ml and if MMF is given the dose remains at 2 g/

day. After month 6, steroid doses can be reduced and ste-

roid withdrawal may be feasible after 12–18 months.

rATG with CNI avoidance

Delayed and/or reduced CNI exposure can only partly coun-

teract the chronic nephrotoxic effect of CNI therapy in the

long-term. However, rATG induction with complete CNI

avoidance does not appear to offer adequate immunosup-

pressive efficacy in de novo heart transplant patients. Data

with rATG are lacking, but in a pilot trial Meiser et al. [38]

examined CNI avoidance in eight patients using a regimen

of sirolimus, MMF, and corticosteroids, with ATG-Fresenius

induction. The acute rejection rate was 25% during 3- to 12-

month follow-up, and renal function improved then

remained stable throughout follow-up. However, a subse-

quent retrospective analysis showed that among 15 patients

receiving this regimen at the same center, there was numeri-

cally more acute rejection than in patients given CNI ther-

apy, and there were more frequent discontinuations from

the CNI-free regimen due to intolerance [39]. Confirmatory

data are lacking but the frequency of switch to CNI therapy

and high rates of sirolimus-related side effects [38,39]—and

the need for a very high biopsy rate to monitor for subclini-

cal rejection—mean that this is unlikely to be a successful

protocol. It cannot provide a safe and stable patient course

in the sensitive early period after heart transplantation.

Patient selection based on renal function

Renal dysfunction pre- or peri-operatively is a relatively

well-established indication for rATG induction with

delayed CNI administration for 4–5 days or based on renal

recovery (Fig. 1a). As eGFR has only limited accuracy in

this setting, it is advisable to measure 24-h urine output

prior to transplantation, with estimated GFR and protein:

creatinine ratio for supplementary information. A suitable

threshold may be eGFR <40 ml/min/1.73 m2, although

some centers apply a higher cut-off (e.g., 60 ml/min/

1.73 m2) and some centers also stipulate a protein/creati-

nine ratio ≥0.3 when defining renal dysfunction, although

it should be noted that neither eGFR nor proteinuria corre-

late with renal fibrosis on biopsy [40].

Renal dysfunction is particularly frequent in recipients

on a VAD or an intra-aortic balloon pump pretransplant,

who are also at increased risk of acute renal failure post-

transplant [41]. In this high-risk group, rATG with delayed

CNI may maximize early renal function but the situation is

complicated by the high risk of infection in patients on

VAD. Extreme caution is warranted in light of data from

the A2310 data showing increased early deaths from infec-

tious causes in VAD patients. IL-2RA induction, or low-

dose rATG with low-exposure CNI and an mTOR inhibitor

and steroids may be a suitable option in VAD patients with

severe pretransplant renal insufficiency, but this cannot be

supported by evidence. It is important to note that mTOR

inhibitor therapy is not recommended in patients on MCS

until after 4 weeks post-transplant due to the risk of wound

healing complications [42].

If acute renal failure develops immediately post-trans-

plant, introduction of rATG induction with delayed CNI or

switch to a reduced-CNI strategy could be an appropriate

option, but again this is unsupported by data. Alternatively,

this situation could prompt CNI reduction with introduc-

tion of an mTOR inhibitor or MMF and no induction. Tri-

als to determine the optimal management in this situation

are required.

Certain caveats must be considered. Patients with renal

dysfunction who are at high risk for rejection (e.g., highly

sensitized patients) are not suitable candidates for CNI

delay or reduction even with rATG induction. De novo

immunosuppression with rATG induction, reduced-expo-

sure CNI and an mTOR inhibitor is not advisable if pro-

teinuria is >0.5 g/day at the time of transplant. Later switch

to a CNI minimization regimen should not be considered if

the patient has experienced early acute cellular rejection

(grade ≥IIR [43]) or any antibody-mediated rejection

(AMR). Moreover, rATG induction with CNI delay or

minimization requires close monitoring of maintenance

drug concentrations and regular biopsies. Thus, patients

who are geographically remote may be less suitable. If a

patient proves to be poorly compliant, low-exposure CNI

targets may need to be revised upwards to reduce the risk

of break-through rejection. Conversely, older recipients

with a lower risk of rejection may do well on a reduced-

CNI regimen and are attractive candidates for renal-sparing

regimens because age is a risk factor for renal failure after

heart transplantation.

Steroid minimization

In kidney transplantation, rATG induction with early with-

drawal of steroids (days 7–8 post-transplant) achieves simi-

lar rejection rates to a standard steroid regimen [44,45].
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In heart transplantation, however, the potentially fatal con-

sequences mean a more cautious approach to aggressive

steroid minimization. A small trial randomized 32 low-risk

heart transplant recipients to rATG induction with no ste-

roids or to no induction with standard steroids [46]. All

patients received TAC at a relatively high exposure (15–
20 ng/ml to month 3) with MMF. The incidence of acute

cellular rejection was similar in both arms, but the high

CNI exposure is a potential cause for concern. In children,

where the imperative for steroid minimization is greatest, a

retrospective analysis of 70 patients (six of whom were sen-

sitized) assessed outcomes after rATG induction and a sin-

gle intravenous dose of methylprednisolone but no oral

steroids, combined with TAC and MMF [47]. Steroids were

introduced as maintenance therapy in 16% of patients. The

incidence of rejection at 6 months was 8%. This encourag-

ing result has not been confirmed by other centers although

there are sporadic reports of steroid-free maintenance in

children treated with rATG induction [48]. Overall, the

data on rATG induction with steroid-free immunosuppres-

sion or very early steroid withdrawal after heart transplan-

tation are too sketchy to draw any firm conclusions.
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Figure 1 Suggested algorithm for use of rATG induction in heart transplant patients (a) without mechanical circulatory support (MCS) or (b) with

MCS. CNI, calcineurin inhibitor; HTx, heart transplantation; rATG, rabbit antithymocyte globulin. (a) 1High immunological risk (e.g. pre-transplant

DSA, >4 HLA mismatches, black); post-puertum females; older age (>60–65 years); younger age (e.g. <35 years); children (e.g. <10 years); postoper-

ative bleeding; history of malignancy. 224-h urine output, estimated GFR, protein/creatinine ratio; define cause of renal dysfunction. 3Estimated GFR

≥60 ml/min/1.73 m2 and protein:creatinine ≤0.3 in 24-h urine output analysis. (b) 1Driveline orificium; mediastinitis; positive blood culture; tempera-

ture >38.5 °C (F). 224-h urine output, estimated GFR protein/creatinine ratio; define cause of renal dysfunction. 3Estimated GFR ≥60 ml/min/1.73 m2

and protein:creatinine ≤0.3 in 24-h urine output analysis.
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Patients on mechanical circulatory support

Death from infection is a major cause of mortality after heart

transplantation, particularly in the first year [2] (Fig. 1b).

Patients on MCS are at particularly high risk of a bloodstream

infection [6] and infectious death [48], a growing problem as

the use of VAD continues to increase [1]. This presents a clin-

ical dilemma because these patients are more sensitized [49]

and at increased immunological risk [50], exhibiting raised

levels of cytokines [51], B-cells and immunoglobulins [52].

Rejection is more severe in VAD patients [53].

In patients on VAD who have an ongoing infection, IL-

2RA induction with delayed CNI [16,32] or, preferably,

reduced-exposure CNI [36,54] may be feasible. However, it

should be noted that the only available IL-2RA agent, basil-

iximab, is licensed exclusively for use in kidney transplanta-

tion. Recently, a warning about off-label use of IL2-RA

induction after heart transplantation was distributed in Ger-

many by the manufacturer in agreement with the European

Medicines Agency (EMA) because of an increased risk of

cardiac events (e.g., arrhythmia) in heart transplant recipi-

ents compared to other induction therapies. If renal dys-

function is severe, a short/low dose of rATG could be

considered with reduced-exposure CNI, but in the presence

of infection minimizing the risk of infectious death is likely

to be the paramount clinical concern. Even if there is no

infection at the time of transplant, rATG may be inadvisable

to minimize the risk of post-transplant infection [36] and

for VAD patients with adequate renal function rATG should

not be given. Some centers entirely avoid rATG induction in

VAD patients. No comparative studies of different immuno-

suppressive regimens have been carried out specifically in

patients on VAD prior to transplant, but results from the

subpopulation of VAD patients in the A2301 study [36]

have raised concerns about infectious deaths if rATG induc-

tion is administered with standard early maintenance immu-

nosuppression in this group of patients.

Presensitized patients

Heart transplant patients are at particular risk of sensitiza-

tion prior to transplant. In addition to standard risk factors

in solid organ recipients such as blood transfusion [55],

pregnancy [56], cryopreserved allograft tissue [57], and

retransplantation [58], many have become sensitized by

previous cardiac surgery or by use of a MCS device [49,59].

Children, in particular, are often presensitized from use of

allograft material during previous reconstructive cardiac

surgery. Additionally, heart grafts are less well-matched

than for kidney transplantation, as the pool of organs is

smaller, transplantation is more urgent, and graft storage

times are shorter. Recipients with pretransplant DSA are far

more likely to experience antibody-mediated or cellular

rejection [60] and graft failure [61] despite desensitization

measures [62,63], which tend to be applied more aggres-

sively than in other types of solid organ transplantation

because it is often not possible to await the results of cross-

match testing.

A consensus conference in 2009 recommended that

rATG induction should be considered for presensitized

heart transplant patients due to the risk of AMR, with

TAC, MMF, and steroids as maintenance immunosuppres-

sion [62]. The rationale for use of rATG is based on its

multiple cellular targets: rATG targets plasma cells in addi-

tion to peripheral T-lymphocytes, B-lymphocytes and natu-

ral killer (NK) cells [64,65]. Surface antigens on plasma

cells are believed to play a key role in the onset of AMR.

Data in heart transplantation are lacking, however, regard-

ing the effect of rATG induction on the rate of AMR and

on development of de novo DSA. In kidney transplantation,

a prospective nonrandomized study of 114 moderately sen-

sitized patients receiving rATG or IL-2RA induction

reported a significantly lower rate of de novo DSA and

AMR in the rATG-treated patients [66]. Multivariate analy-

sis showed that induction with rATG was the single most

important variable associated with either event.

On a practical note, it should be borne in mind that if

rATG is in the bloodstream when plasmapheresis is carried

out in presensitized patients, it will be filtered out and

rATG levels are likely to become subtherapeutic unless

another dose is given. To help minimize this effect, rATG

infusion can be carried out at the end of a plasmapheresis

session, allowing a 24–48 h window before the next session.

Also, in this high-risk group, initial maintenance therapy

with TAC and MMF may help to avoid the need for subse-

quent regimen switches, which can trigger rejection.

Evidence relating to rATG and the risk of DSA produc-

tion and risk of AMR in heart transplant patients is awaited

with interest and may lead to the use of rATG induction in

presensitized individuals. Specifically, prospective studies

with protocol-specified DSA monitoring to establish the

effect of rATG induction versus no induction or IL-2RA

induction are required to assess DSA recurrence after

desensitization, rates of AMR in presensitized or otherwise

high-risk individuals, and development of de novo DSA.

More generally, the challenge remains to identify accurate

criteria to define ‘high risk’ for de novo DSA or for AMR

other than pretransplant DSA. Previous pregnancy is one

relatively well-established risk factor [55] and, particularly

for multiple pregnancies, may necessitate more intensive

induction following heart transplantation.

Risk of malignancy

Experience from the 1980s to the mid-1990s showed a sig-

nificantly increased risk of lymphoma with rATG induction
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[67,68] unless antiviral prophylaxis was given [68]. Since,

both rATG dose levels [5] and the overall burden of immu-

nosuppression has declined, particularly lower CNI expo-

sure and lower steroid doses [69]. More recently, an

analysis of ISHLT data based on 3,895 heart transplants

during 1995–1997 found no association between rATG use

and risk of malignancy [69]. Consistent with this, a system-

atic review of studies published during 1999–2009 found a

low rate of post-transplant proliferative disorder (PTLD) at

a median follow-up of 5 years after heart transplantation in

rATG-treated patients (1.05%) [70]. The authors found no

evidence that use of rATG was associated with PTLD,

although there was a nonsignificant trend to more PTLD

when rATG dose was 7.5 mg/kg or higher (1.55% vs.

0.50% with lower doses, P = 0.18) and the rate of PTLD

was highest (2.62%) in heart transplant patients given

rATG ≥7.5 mg/kg with no antiviral prophylaxis [70]. An-

tiviral prophylactic therapy is now generally routine for the

first 3 months post-transplant.

Pediatric recipients, particularly those aged <10 years,

are at vastly increased risk of lymphoma compared to older

patients [67]. There is evidence from pediatric heart trans-

plant populations that a higher cumulative dose of rATG

increases risk of PTLD [71] and that rATG induction per se

is a risk factor for increased Epstein Barr virus load [72],

although the literature also includes reports of low rates of

lymphoma in rATG-treated children given relatively high

doses [73,74]. In view of the very high rate of lymphoma in

children undergoing heart transplantation, and the appar-

ent increase in risk with high-dose rATG [70,71], a maxi-

mum cumulative rATG dose of 3–4.5 mg/kg may be

appropriate, but this is unconfirmed by trial data.

In summary, the risk for developing lymphoma or other

neoplasias after rATG induction has not been elevated in

recent studies using an adequate dosage. An elevated inci-

dence of cancer was reported in earlier studies with extre-

mely high rATG doses. In patients with a history of

malignancy more than 1 year prior to heart transplanta-

tion, there is no evidence to contraindicate rATG adminis-

tration.

rATG dosing

The rATG license recommends a dose of 1.5 mg/kg/day for

7–14 days in kidney transplants. In fact, rATG dosing has

declined successively over the last decade and no longer

reflects the license [5]. In kidney transplantation, a cumula-

tive dose of 6 mg/kg achieves similar efficacy to higher

doses [75] and is generally considered appropriate [65,76];

lower doses may be suitable in patients at low immunologi-

cal risk such as living-donor [77] or elderly patients [78].

As rATG is used off-label outside kidney transplantation,

there is no dosing recommendation for heart transplant

patients and there is almost a complete absence of compar-

ative dosing studies in heart transplantation. One retro-

spective study, in which rATG 1.5 mg/kg/day was given for

7 days in 166 high-risk heart transplant patients and for

5 days in 87 lower-risk patients, reported similar rates of

rejection and survival to 1 year and no increase in infection

or malignancy with the longer dosing regimen [79], but

other comparative analyses of different doses are lacking.

Currently, rATG dosing in heart transplantation is lar-

gely empiric and there is a wide variation in protocols.

Generally, doses are lower than in the past, with few centers

administering total doses >7.5 mg/kg and some centers giv-

ing only a single dose of 1 mg/kg/day or a cumulative dose

of 3.5 mg/kg in total. Studies of outcomes associated with

different dosing strategies are urgently required.

Similarly, there is no consensus on the use of intra-oper-

ative administration prior to clamp opening. One factor to

take into account is the dose-dependent thrombocytopenic

effect of rATG [5]. Mild thrombocytopenia has been

reported in children receiving intra- and peri-operative

rATG [73]. Where used, the dose should take into account

the risk of thrombocytopenia induced by the intra-opera-

tive pump, and the fact that VAD patients are prone to

postsurgical bleeding. An alternative strategy is to wait up

to 4–6 h after closure to see if bleeding occurs and post-

pone rATG if necessary.

The duration of rATG infusions is now often extended,

in some centers to as long as 24 h, to avoid infusion-related

adverse events such as a rise in temperature, but the effect

of different timings has not been assessed.

Conclusions

When assessing rATG induction in heart transplantation,

the most striking feature is the shortage of data from con-

trolled trials, as reviewed recently [80]. This compels the

clinician to base prescribing on suboptimal study data and

clinical experience.

We have suggested a proposed algorithm for rATG

induction decision-making (Fig. 1), but fully recognize that

in many areas this cannot be supported by clinical evi-

dence. Furthermore, we have also suggested an overview of

rATG induction and early maintenance regimens in partic-

ular categories of heart transplantation (Table 1). These are

derived from our own experience where data are lacking—
experience that is biased toward organ allocation to high-

urgency cases and in which immunosuppressive intensity is

generally lower than some other parts of the world, notably

the US. Finally, we have recommended priorities for future

studies of rATG induction, focusing on those which we

consider to be the most urgent (Table 2).

The evidence base for rATG induction in heart trans-

plantation is far less extensive than for other immunosup-
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pressive agents, or indeed for rATG in other indications.

Nevertheless, it is a valuable component of the immuno-

suppressive armamentarium, particularly for reducing

rejection in high-risk individuals and supporting the delay

or early minimization of CNI exposure to restore renal

function. Further trials should be undertaken to refine the

largely empiric approach which currently governs its use in

the heart transplant population.

Table 1. Suggested strategy for rATG induction according to characteristics of heart transplant patients.

Characteristic Category/comment Suggested strategy

Renal dysfunction*,† Cardiorenal Type 1 or 2 (no structural

damage to kidneys)

rATG induction with delayed CNI, consider CNI minimization

depending on renal recovery

Cardiorenal Type 3 or 4 (structural damage

to kidneys, for example, diabetic

nephropathy)

rATG induction with delayed CNI and CNI minimization

Acute renal failure (e.g., due to surgical

trauma)

rATG induction with delayed CNI, consider CNI minimization

depending on renal recovery

High immunological risk (e.g.,

pretransplant DSA, >4 HLA

mismatches, black)

High risk of rejection Reduced risk of rejection with rATG induction

Tacrolimus + MMF as initial immunosuppression may reduce

need for switch

Post-puertum females Can be highly sensitized Strong candidates for rATG induction

Older age (>60–65 years) Tend to have impaired renal function

Lower risk of rejection

May be at increased risk of infectious death

Good candidates for lower-dose rATG induction with low CNI

Younger age (e.g., 10 to

<35 years)

Increased risk of rejection versus older

recipients

More likely to benefit from rATG induction to reduce risk of

rejection than older recipients

Children (e.g., <10 years) Markedly increased risk of PTLD/lymphoma Avoid overimmunosuppression

Consider low-dose rATG with low-dose CNI

VAD No renal dysfunction Unlikely to require rATG if VAD (concern over risk of infectious

death)

Renal dysfunction As per ‘renal dysfunction’ above if severe renal insufficiency is

present (concern over infectious death)

Ongoing infection No induction due to high risk of infectious death or, if renal

dysfunction is severe, consider lower/shorter rATG induction

with decreased maintenance immunosuppression

Postoperative bleeding Particularly likely in VAD patients

Dose-dependent risk of thrombocytopenia

with rATG therapy

Consider delaying rATG for 4–6 h postoperatively to check if

bleeding occurs

If rATG is given during bleeding, also administer thrombocytes

and repeat after every dose of rATG

History of malignancy No evidence for increased risk or recurrence

with rATG induction

rATG induction if indicated by risk status or renal function, with

CNI minimization

CNI, calcineurin inhibitor; DSA, donor-specific antibodies; HLA, human leukocyte antigen; MMF, mycophenolate mofetil; PTLD, post-transplant lym-

phoproliferative disorder; rATG, rabbit antithymocyte globulin; VAD, ventricular assist device.

CNI minimization should be avoided or undertaken cautiously in patients who have early acute rejection (grade > IIR) or any antibody-mediated rejec-

tion, are noncompliant, geographically remote due to difficulties in follow-up, and necessitates regular protocol biopsies. Patients with proteinuria

>0.5 g/day may be unsuitable for mTOR inhibitor therapy.

*Assess estimated GFR (e.g., abbreviated MDRD formula) and urine output, and identify cause, for example, diabetic nephropathy, chronic congestive

heart failure.

†Threshold for ‘renal dysfunction’ has not been established, for example, 40–60 ml/min/1.73 m2.

Table 2. Suggested priorities for future studies of rATG induction in heart transplantation.

Comparison Heart transplant population Key endpoints

rATG versus no induction Sensitized patients Rejection rate, de novo DSA development, AMR

rATG + delayed CNI (day 7) for 7 days versus IL-2RA

induction or no induction

Patients with renal impairment Rejection rate, renal function, need for dialysis early after TX

rATG + low-exposure CNI versus no

induction + standard-exposure CNI

Standard cohort Rejection, renal function, side effects, infections

AMR, antibody-mediated rejection; CNI, calcineurin inhibitor; DSA, donor-specific antibodies; rATG, rabbit antithymocyte globulin.
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