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Abstract Primary graft dysfunction (PGD) is a life-
threatening complication of heart transplantation that presents
as left, right, or biventricular dysfunction occurring within the
first 24 hours of transplant surgery for which there is no
identifiable secondary cause. Myocardial injury caused by
acute catecholamine toxicity and the release of multiple pro-
inflammatory mediators in the donor, followed by ischaemia-
reperfusion injury sustained during retrieval, have been con-
sidered the predominant pathogenetic processes leading to
PGD. Donor, recipient, and procedural factors contribute to
the development and severity of the clinical syndrome. The
changing donor and recipient characteristics over the last two
decades, particularly the increasing donor and recipient age,
have led to heightened risk of PGD. PGD is graded from mild
to severe depending on the extent of circulatory support that is
required to maintain haemodynamic stability and vital organ
function. While advances in acute mechanical support devices
have improved the outlook for patients with PGD, the rate of
mortality remains high for those with severe PGD, reaching
40 %. Potential approaches to preventing or minimising the
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severity of PGD include optimising donor management, do-
nor heart preservation, and donor/recipient matching.
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Introduction

Heart transplantation is now well established as the most
effective therapy available to treat refractory end-stage heart
failure. Improvements in immunosuppression have dramati-
cally improved short- and long-term survival; however, trans-
plant recipients still face a 5 % to 10 % risk of mortality within
the first month post-transplant due to early failure of the
allograft. In some recipients, this is due to identifiable causes
such as hyperacute rejection or pre-existing pulmonary hyper-
tension. In the majority of cases, however, the primary cause is
severe myocardial injury sustained prior to and during trans-
plantation, a condition known as primary graft dysfunction
(PGD). Unfortunately, the lack of a clear definition of PGD
has made it difficult, if not impossible, to ascertain the true
incidence of this condition. For example, in the most recent
report of the ISHLT registry, 30-day and 90-day mortality for
the more than 100,000 recipients transplanted since 1982 were
10 % and 14 %, respectively [1, 2+¢]. Two-thirds of deaths
within the first month were attributed to either ‘graft failure’ or
‘multi-organ failure’ [1, 2¢¢]. It is likely that the large majority
of these early deaths were due to PGD.

The reported incidence and outcomes of PGD have varied
markedly among individual centres [3—5, 62, 7—10, 11¢]. Some
of this variability may reflect real differences (possibly
reflecting different policies regarding donor and recipient
acceptance criteria), but a more likely explanation for the
inter-institutional variability is the use of different diagnostic
criteria for PGD among centres. Recently, following a
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workshop convened by the International Society of Heart &
Lung Transplantation, a consensus definition and grading
system was established for PGD. This is a critical first step
in establishing the true incidence of PGD and its impact on
post-transplant morbidity and mortality. The purpose of this
review is to highlight recent advances in our understanding of
what is meant by the term PGD, its pathophysiology, and
clinical risk factors. We also review current recommendations
for prevention and treatment of this life-threatening condition.

Definition and Grading of Primary Graft Dysfunction

The recently established consensus definition of PGD is the
onset of left, right, or biventricular dysfunction occurring
within the first 24 hours of transplant surgery for which there
is no identifiable secondary cause. PGD may range from mild
to severe depending on the extent of myocardial dysfunction
and haemodynamic compromise, as well as the extent of
myocardial support required to maintain haemodynamic sta-
bility and perfusion of vital organs. Another term in common
usage is primary graft failure (PGF). Although not separately
defined, PGF corresponds to severe PGD in the new grading
system. The grading system of PGD is summarised in Table 1
(adapted from Kobashigawa et al. [2¢¢]).

Exclusion criteria include any secondary causes that can
produce a similar clinical presentation (e.g., hyperacute rejec-
tion, pulmonary hypertension, and cardiac tamponade) [2e¢].

Incidence

As previously mentioned, there has been a marked variation in
the reported incidence of PGD among studies from individual

Table 1 Definition and Grading of Primary Graft Dysfunction [2e¢]

centres, ranging from 2 % to 26 % [3-5, 6, 7—10, 11¢], largely
due to inconsistencies in the definition for PGD used by
different authors. In a large retrospective study of the United
Network of Organ Sharing (UNOS) database, Russo et al.
reported the incidence of PGF at 2.5 % [10]; however, the
authors defined PGF as postoperative death or
retransplantation within the first 90 days of transplant, indi-
cating that only the most severe cases were included in the
analysis. It is expected that with a standardised definition of
PGD, future studies will more accurately reflect the true
incidence of PGD. An important caveat is that as centres
increasingly utilise ‘marginal’ or ‘extended criteria’ donors,
there is a trend among some surgeons to ‘rest’ the transplanted
heart on ECMO or other temporary mechanical support for
periods of 24 hours or longer rather than attempt immediate
weaning from cardiopulmonary bypass in the operating room.
The rationale here is to allow the heart more time to recover
from the perioperative stresses that it has been subjected to
before imposing the further stress of supporting the recipient
circulation. Hence, if mechanical circulatory support is used
as a diagnostic criterion for severe PGD, this policy could lead
to an over-estimation of its incidence.

Aetiology and Pathogenesis

The aetiology and pathogenesis of PGD have been extensive-
ly covered in recent reviews [2¢e, 12]. At every step in the
transplant pathway, from the onset of brain death to weaning
of the heart from cardiopulmonary bypass in the recipient, the
heart is subjected to repeated insults. Historically, it has been
believed that the predominant pathogenetic process leading to
the development of PGD was myocardial injury caused by
acute catecholamine toxicity and the release of multiple

Grade Left or Biventricular Right Ventricular Support
Mild RA>15 mmHg, PAW>20 mmHg, RA>15 mmHg, PAWP<15 mmHg, Low-dose inotropic infusion
CI<2.0 I/min/m? (lasting>1 hour) CI<2.0 I/min/m?
Or Plus
LVEF 40-50 % TPG<15 mmHg and/or PA Sys<50 mmHg
Moderate RA>15 mmHg, PAW>20 mmHg, RA>15 mmHg, PAWP<15 mmHg, High-dose inotropic support (inotrope score>10)
CI<2.0 /min/m?>, MAP<70 mmHg  CI<2.0 I/min/m>, MAP<70 mmHg or
(lasting>1 hour) (lasting>1 hour) IABP
Or Plus
LVEF<40 % TPG<15 mmHg and/or PA Sys<50 mmHg
Severe As above As above Mechanical circulatory support beyond IABP
Plus Plus
LVAD or BiVAD (e.g., ECMO) RVAD

Inotrope Score: dopamine (x1)+dobutamine (x1)+amrinone (% 1)+milrinone (x15)+epinephrine (x100)+norepinephrine (x100) with each drug dosed

in meg/kg/min

(Adapted with permission from Kobashigawa J, Zuckermann A, Macdonald P, Leprince P, Esmailian F, Luu M, et al. Report from a consensus
conference on primary graft dysfunction after cardiac transplantation. The Journal of Heart and Lung Transplantation: The Official Publication of the
International Society for Heart Transplantation. 2014 Apr;33(4):327-40. PubMed PMID: 24661451) [2+¢]
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proinflammatory mediators in the donor, followed by
ischaemia-reperfusion injury sustained during retrieval and
transport [13—15, 16+, 17, 18]. More recently, the importance
of recipient determinants has been emphasised [11¢]. Activa-
tion of systemic inflammatory response syndrome (SIRS) and
development of vasoplegic syndrome in the recipient have
also been identified as potential contributors to the develop-
ment of PGD [19].

Risk Factors for PGD

Multiple risk factors have been identified for the development
of PGD [3, 6, 7-10, 11e, 16e, 22-24, 26]. Broadly, these can
be grouped into donor, procedural, and recipient factors, as
summarised in the Table 2. Despite the recognition that the
donor characteristics listed in Table 1 are associated with an
increased risk of adverse outcomes post-transplant, the scar-
city of ‘standard criteria’ donor organs has placed increasing
pressure on heart transplant programs to utilise these
‘marginal’ or ‘extended criteria’ donor hearts. In addition,
the success of heart transplantation as a treatment for end-
stage heart disease has resulted in a progressive increase in the
acceptance criteria for heart transplantation, particularly in
relation to recipient age. Patients accepted for heart transplan-
tation are not only older but also have higher rates of comor-
bidity. Moreover, an increasing proportion of patients waiting
for heart transplantation are reliant on mechanical circulatory
support. These trends were highlighted in the most recent
report of the International Society for Heart and Lung Trans-
plantation Registry [1]. The increasing prevalence of risk
factors for PGD, particularly donor and recipient age, is the
most likely explanation for the continuing high rate of PGD in
recent ISHLT registry reports.

A number of authors have highlighted the additive adverse
impact when multiple risk factors for PGD are present. In a

Table 2 Risk Factors for Primary Graft Dysfunction

large UNOS registry analysis, Russo et al. reported a negative
interaction between increasing donor age and ischaemic time
with regard to post-transplant survival [16]. In that review,
hearts from donors less than 20 years of age appeared to
tolerate ischaemic times beyond six hours with no adverse
impact on post-transplant survival, whereas hearts from do-
nors older than 33 years demonstrated reduced survival when
ischaemic time increased beyond 3.5 hours. In another study
from the Cardiac Transplant Research Database Group,
Stehlik et al. reported that donor recipient weight differences
interacted with age and gender [27]. In that study, weight
differences of up to 30 % did not affect survival so long as
the donor was 30 years or younger. Donor and recipient
gender further modified the degree of risk.

Recently, Segovia and colleagues developed a predictive
risk score for PGD based on six different variables, each of
which independently increased the risk of PGD approximately
twofold in their derivation study population [11¢]. They in-
cluded four recipient variables, one donor variable, and one
procedural variable to derive a RADIAL risk score, as fol-
lows: recipient Right atrial pressure>10 mmHg, recipient
Age>60 years, Diabetes and Inotrope dependence, donor
Age>30 years, and Length of ischaemic time>240 minutes.
In a subsequent validation study, they assigned one point for
each risk factor and stratified heart transplant recipients into
low-risk (0—1), intermediate-risk (2), and high-risk (>3)
groups based on the RADIAL score [28]. Moderate or severe
PGD developed in approximately 10 % in the low-risk group,
in approximately 20 % of the intermediate group, and almost
30 % of the high-risk group. Although a high RADIAL risk
score was clearly associated with increased risk of PGD, a
major constraint, as noted by the authors, was the limited
predictive power when applied to individual patients (as op-
posed to group data), as exemplified by the fact that most
patients in the high-risk group did not develop PGD. Another
potential limitation was the low use of VAD support in both

Donor Factors

Procedural Factors

Recipient Factors

* Increasing donor age
* Cause of death

- Spontaneous ICH

- Carbon monoxide
* Echocardiographic abnormalities
- Systolic dysfunction

- Left ventricular hypertrophy
* High inotropic requirements
 Comorbidities

- Diabetes mellitus
* Illicit drug use

* Ischaemic time
* Donor/recipient mismatching
» Gender mismatching
- Female donor/male recipient
» Concomitant lung retrieval

* Increasing recipient age
+ Inotrope dependence
* Ventilator support
* Mechanical circulatory support
* Pulmonary hypertension
» Comorbidities
- Diabetes mellitus
- Morbid obesity
- Renal disease

See text for details and references; /CH intracranial haemorrhage

(Data adapted from: Iyer A, Kumarasinghe G, Hicks M, Watson A, Gao L, Doyle A, et al. Primary graft failure after heart transplantation. Journal of
Transplantation. 2011;2011:175768. PubMed PMID: 21837269. PubMed Central PMCID: 3151502) [12]

@ Springer



260

Curr Transpl Rep (2014) 1:257-265

the derivation and validation studies, raising a question re-
garding the applicability of the RADIAL score in VAD-
supported transplant recipients. Regardless of these limita-
tions, however, the RADIAL risk score provides an excellent
example of the cumulative risk of PGD in the presence of
combined donor, procedural, and recipient risk factors.

Biomarkers of Primary Graft Dysfunction

There has been longstanding interest in the identification of
readily measureable biomarkers in the donor that might pre-
dict PGD. A variety of potential biomarkers have been exam-
ined, but studies have yielded contradictory results, and the
usefulness of biomarkers for this indication remains contro-
versial. The most commonly studied biomarker is troponin
(either troponin I or T), which is a highly sensitive marker of
myocyte necrosis [29—32]. Studies in patients suffering sub-
arachnoid haemorrhage or Takotsubo cardiomyopathy have
demonstrated a significant association between serum tropo-
nin levels and myocardial dysfunction. However, these same
studies have also shown that myocardial dysfunction is re-
versible, even in the presence of elevated troponin levels [33,
34]. Similarly, multiple studies in potential heart donors have
demonstrated a significant correlation between the level of
troponin I (or T) in donor serum and donor heart dysfunction,
although the relationship between donor troponin levels and
PGD has been inconsistent among studies [29—32]. Some
studies have reported that donor troponin levels were predic-
tive of PGD, whereas others found this not to be the case. A
potential confounder in the interpretation of these studies is
that serum troponin levels in donors whose hearts were not
used were higher than levels in donors whose hearts were
transplanted, and it is unclear whether knowledge of the
troponin level influenced the decision not to transplant the
heart. BNP or NT-proBNP is another easily measureable
serum biomarker that is a sensitive indicator of myocardial
dysfunction. As with troponin, several authors have reported a
significant correlation between elevated serum BNP (or NT-
proBNP) in the donor and donor heart dysfunction; however,
there has been an inconsistent relationship between donor
BNP and post-transplant graft function [35-38].

Other authors have examined levels of proinflammatory
mediators in donor serum. Examples include CRP, TNF -c,
IL-6 and procalcitonin (PCT) [39]. Of these, donor PCT was
found to correlate most closely with donor heart dysfunction
and non-use of a donor heart [39]. In another study ,
Aharinejad et al. identified SMARCALI from a protein array
and demonstrated that serum levels of this molecule in the
donor were strongly predictive of PGD [40]. Although simple
commercial assays have been developed for PCT and
SMARCALI, they are not widely utilised, and it is unclear
whether the results would be available in time to influence
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clinical decision-making. Several studies have suggested that
a combination of biomarkers may be more effective than
single-molecule assays in predicting PGD [32, 41]. However,
further studies are needed to establish whether any single
biomarker or combination of biomarkers can reliably distin-
guish between donor hearts that will function well post-
transplant and those that will fail.

Management

The management of PGD primarily involves haemodynamic
support to maintain perfusion while allowing the transplanted
heart time to recover. In mild cases, low-dose inotropic sup-
port is the only therapy required. By definition, moderate
cases require high-dose inotropic support (total inotrope
score>10) or intra-aortic balloon pump support. In severe
cases, mechanical support in combination with pharmacolog-
ical therapy is required to support the circulation until myo-
cardial recovery occurs or to permit retransplantation [2e¢].

The role of novel pharmacological therapies in addition to
standard inotropic support is uncertain. In one small uncon-
trolled study, levosimendan (0.1 pg/kg/min) was given to 12
patients with PGD, defined as an LV ejection fraction of less
than 30 %. Following a 24-hour infusion, levosimendan im-
proved ejection fraction and cardiac output, and patients
showed a rapid reduction of the required dose of inotropic
medications [42]. No patient required mechanical support, and
30-day survival in this series was 93 %. Subsequent three-year
follow-up, however, revealed very high late mortality [43]. In
addition, the vasodilator action of levosimendan is likely to
prevent its use in patients with severe PGD, who are usually
profoundly hypotensive in the absence of any vasopressor
support [44].

Mechanical support device options include VA extracorpo-
real membrane oxygenation (ECMO) support, acute LVAD,
BiVAD, and RVAD support, depending on the type of PGD.
Early reports describing the use of older mechanical devices
such as the ABIOMED BVS 500, Bio-Medicus, and Thoratec
VAD to treat severe PGD highlighted the high rate of compli-
cations and high mortality (up to 80 %) associated with their
use [45]. Improvements in membrane and pump design have
led to renewed enthusiasm for the use of ECMO as a mechan-
ical bridge for a range of indications, including severe PGD.
The greatest degree of experience of ECMO support for PGD
comes from D’Alessandro et al., who reported the outcomes
of ECMO support in 91 patients with severe PGD between
2003 and 2008 [6°]. The authors noted that 60 % of patients
were able to be weaned from support, with 46 % surviving to
discharge and 39 % surviving to one year post-transplant [6¢].
Marasco et al. reported 10 survivors in a group of 15 patients
with severe PGD requiring ECMO support [3]. Similarly,
Listijono et al. reported 30-day and six-month survival of
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82 % among 17 patients with PGD on ECMO support [8]. In
both of these studies, the authors emphasised the importance
of early institution of ECMO, often prior to leaving the oper-
ating room, before the onset of multi-organ failure.

Several novel and smaller percutaneous mechanical circu-
latory support systems have been developed to provide short-
term circulatory support. These include the Levitronix
CentriMag, Impella, and TandemHeart devices. The largest
share of experience with any of these newer devices has been
with the Levitronix CentriMag. A multicentre UK registry
analysis of the use of this device to support 38 patients with
severe PGD between 2003 and 2008 reported 30-day survival
of 50 % and one-year survival of 32 % [46], outcomes very
similar to those reported by D’Alessandro et al. with ECMO
[6°]. Experimental comparisons among Impella,
TandemHeart, and ECMO have shown more effective haemo-
dynamic support with ECMO when applied to animals with
ventricular fibrillation [47]. Clinical studies have suggested
similar outcomes when these devices are applied to patients
with post-infarction or cardiomyopathy-associated cardiogen-
ic shock, but there is limited experience with the newer
devices in severe PGD [48]. When applied as an RVAD for
acute RV failure, ECMO appears to perform better than RVAD
[49], but as is the case with left-sided mechanical support,
further comparative studies are needed.

Outcomes

As mentioned previously, the absence of a universally accept-
ed definition of PGD has made it difficult to estimate not only
its incidence, but also its impact on survival. Current data from
the ISHLT transplant registry reveals that two-thirds of deaths
that occur in the first 30 days after transplant are due to ‘graft
failure’ or ‘multi-organ dysfunction’. Most of these events are
probably the result of fatal PGD [2¢¢].

Aliabadi et al. compared survival of 1,238 patients with
PGD and PGF between two time periods (period 1, 1984—
1999; period 2, 2000-2011), in which they broadly defined
PGD as patients requiring high inotropic support and PGF as
patients requiring mechanical support. The authors reported
an overall incidence of 9 % for PGD and 6 % for PGF. While
the incidence of PGD declined in the more recent era, the
incidence of PGF trebled, from 3 % to 9 %. Reported survival
at 30 days and one year was 65 % and 58 %, respectively, in
PGD group and 51 % and 35 %, respectively, in PGF group. In
a comparison of survival in each group based on time periods,
there was no significant change in survival in the PGD group
but a significant improvement in the PGF group (period 1,
24 % vs. period 2, 63 %) [50].

Similarly, Gomez-Bueno et al. reviewed historical trends at
their institution in the incidence and outcome of PGD. In a
retrospective review of 621 heart transplant patients from

1984 to 2006, they reported an overall incidence of severe
PGD of 9 %, with 30-day mortality of 80 %. Detailed break-
down of data into four time periods revealed a significant
increase in severe PGD (12.4 %) in the most recent period,
2000-2006, but lower 30-day mortality (67 %) for the same
period [51].

The increasing incidence of severe PGD in the more recent
periods reported in these studies is not surprising given the
increasing utilisation of ‘marginal’ donor hearts and the in-
creasing recipient complexity. However, this has been offset
by improved survival, most likely related to improvements in
the safety of ECMO and other acute circulatory support de-
vices. This, in turn, has encouraged earlier implementation of
mechanical circulatory support before the onset of multi-organ
failure.

Future Directions and Recommendations

Given the complexities in the pathogenesis of PGD, it is clear
that there will not be a single simple solution to the problem.
Rather, a multi-stage strategy that addresses each phase of the
organ donation pathway will be needed in order to minimise
the risk and impact of PGD.

Donor Management

Numerous studies have demonstrated that an aggressive donor
management policy, incorporating invasive haemodynamic
monitoring and optimisation, improves the quality of the
donor heart as wells as other transplantable organs, and in-
creases the utilisation of donor hearts for transplantation
[52—54]. Hormonal ‘resuscitation’, including thyroid hormone
administration and the use of high-dose steroids, is widely
utilised and advocated [55], although there is conflicting
evidence regarding its efficacy for this indication [20, 53,
56°]. Novel approaches such as anti-complement inhibitors
have shown promise in experimental models, but clinical trials
are needed [21].

Organ Preservation

Hypothermic Static Storage Currently, most hearts are stored
and transported in cold cardioplegic preservation solutions.
The formulation of these solutions has been guided by three
general principles: 1) rapid reduction of metabolic rate of tissue
by electromechanical arrest, followed by static storage at 4 °C;
i) provision of a biochemical medium to maintain tissue
viability and structural integrity; and iii) prevention of
ischaemia-reperfusion injury (IRI). The many commercial
and in-house formulations currently in use underscore the
complexity of the molecular and cellular mechanisms that
underlie IRI, as well as the lack of consensus as to the optimal
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strategy for cardiac preservation [57]. Commercial products
such as St Thomas’ solution No. 2 (Plegisol), Bretschneider
(Custodiol HTK), University of Wisconsin solution
(ViaSpan), and Celsior have been in clinical use since the
early 1990s [58-62], and provide adequate protection for
standard-criteria donor hearts subjected to ischemic times of
less than three hours [63]. However, their cardioprotective
capacities may be suboptimal for the increasing numbers of
marginal donor hearts seen in current clinical practice [1, 16e,
27, 63].

Our own laboratory has investigated supplementation of
existing preservation solutions to further enhance their
cardioprotective capacity. Recently, we reported that supple-
mentation of the Celsior solution with glyceryl trinitrate
(GTN), zoniporide, and erythropoietin (EPO) enhanced car-
diac protection in a rat model of donor heart preservation and a
porcine heart transplant model [64, 65]. While translation of
this strategy into the clinic has been limited by the non-
availability of a clinically approved Na+/H+exchange inhib-
itor, early clinical experience with supplementing the Celsior
solution with GTN and EPO has yielded encouraging results
[66]. Other novel preservation solutions include adenosine-
lidocaine (AL), a normokalaemic, non-depolarising
cardioplegic solution currently employed in paediatric and
adult cardiac surgery. Its role in heart preservation is currently
being investigated. Results from Dobson et al. showed
favourable recovery of cardiac parameters after six hours of
cold storage in AL solution [67, 68].

Ex vivo Perfusion A more novel approach to cardioprotection
during heart removal and transport has been the use of ex vivo
perfusion of the donor heart. Hypothermic and normothermic
systems have been developed, with the TransMedics Organ
Care System (OCS) now approved for clinical use in a number
of jurisdictions. In addition to minimising the ischaemic time
to which the donor heart is subjected, normothermic perfusion
allows metabolic and functional assessment of the donor heart
during transport, thereby enabling identification of hearts with
significant disease. Two randomised trials with the OCS de-
vice, PROTECT [69] and PROCEED II [70], are ongoing, in
which OCS is being compared to cold storage for standard-
criteria donors. Preliminary data from both trials have been
presented and have demonstrated equivalent short-term out-
comes. Arguably, the true potential for ex vivo perfusion is in
the recovery of marginal hearts, particularly from older donors
who are more susceptible to ischaemic reperfusion injury
[16e].

Recipient Management
Donor/Recipient Size and Gender Matching Decisions re-

garding donor/recipient matching are complex and must take
into account multiple factors, including donor heart quality,
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recipient urgency, sensitisation status, relative size and gender
of donor and recipient, as well as logistical considerations. As
can be seen from Table 2, the only two modifiable risk factors
for PGD are donor/recipient size matching and gender
matching. Transplantation of undersized donor hearts, partic-
ularly small female hearts, into male recipients with elevated
pulmonary vascular resistance has been shown in multiple
recent UNOS registry analyses to be associated with an in-
creased risk of PGD [71-74]. More accurate donor and recip-
ient sizing, as recently proposed by Reed et al., may help to
avoid unforeseen size mismatches, especially for gender mis-
matched transplants [73]. A similar policy of avoiding under-
sized marginal hearts in high-risk recipients such as patients
maintained on ventilator or acute mechanical support devices
may also help minimise the risk of PGD.

SIRS and Vasoplegia Avoidance of risk factors such as
prolonged ischaemia and cardiopulmonary bypass times for
SIRS and vasoplegia is desirable but not always practicable,
particularly in patients who have already undergone one or
more complex cardiac operations prior to heart transplant
surgery [19]. As yet, there is no proven therapy for the
prevention of SIRS and vasoplegia in the setting of cardiopul-
monary bypass. Although high-dose corticosteroids are ad-
ministered routinely before, during, and after heart transplan-
tation to prevent rejection, a recent meta-analysis of cortico-
steroid administration to prevent SIRS following cardiopul-
monary bypass failed to identify any benefit [75]. A number
of other drug classes, including statins, have been investigat-
ed, but larger studies are needed. For patients with established
vasoplegia after cardiopulmonary bypass, methylene blue has
been reported to restore responsiveness to vasopressors and
improve survival [25].

Conclusions

Although the incidence of primary graft dysfunction has been
difficult to estimate due to the number of definitions applied to
this term, it appears that some degree of PGD is common,
affecting at least 20 % of heart transplant recipients. Severe
PGD or PGF is the leading cause of death in the first month
after heart transplantation and also likely accounts for many
deaths beyond this period. The introduction of a consensus
definition and classification for PGD will allow a more accu-
rate assessment of the true incidence of PGD and its impact on
post-transplant outcomes. Based on recent trends in the prev-
alence of recognised risk factors for PGD, increasing donor
and recipient age, in particular, the incidence of PGD is
expected to remain high, and potentially increase. Prevention
of PGD will require a multi-pronged strategy targeting donor,
procedural, and recipient risk factors. Treatment of severe
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PGD remains challenging; however, recent experience with
newer mechanical circulatory support devices suggests that
the outlook for this life-threatening complication may be
improving.
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