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Background: In the current era of heart transplantation, machine perfusion strategies are emerging as 
potential additions to the armamentarium of a transplant unit. Donation after circulatory death (DCD) 
donor hearts assessed through normothermic machine perfusion (NMP) has helped expand the donor pool. 
Hypothermic machine perfusion (HMP) is emerging as an alternative strategy to traditional static cold 
storage (SCS) when a prolonged ischemic time is anticipated in brain dead (BD) donors, this is important in 
Australia where long distant procurement is vital. In this study we examine the outcomes in our unit where 
both forms of machine perfusion (NMP and HMP), as well as SCS is utilized for donor heart preservation, 
with a particular focus on severe primary graft dysfunction (sPGD) and mortality. 
Methods: 2021 represents the year when both forms of machine perfusion were available to our unit. 
Heart transplants in our unit from January 2021 to February 2024 were categorized into three groups for 
retrospective analysis: (I) DCD-NMP group (n=44); (II) BD-HMP group (n=38), and (III) BD-SCS group 
(n=78).
Results: There were no significant differences in the mean donor and recipient ages between the three 
groups. Donor preservation time in the BD-HMP group was significantly longer than the donor ischemic 
time in the BD-SCS group, and organ care system (OCS) run time in the DCD-NMP group (361±89 
vs. 208±47 and 249±49 min respectively, P<0.001). For DCD-NMP, BD-HMP and BD-SCS groups 
respectively: 30-day survival was: 100%, 97% and 100%; 1-year survival was: 94%, 90% and 94%; 2-year 
survival was: 90%, 90% and 89% (P=0.9). There was no significant difference in the incidence of sPGD 
between the three groups (DCD-NMP: 7%, BD-HMP: 5%, and BD-SCS: 5%, P=0.9)
Conclusions: Machine perfusion strategies represent important additions to the modern transplant unit 
and can expand the donor pool. Results are encouraging with no differences in 2-year survival or incidence 
of sPGD across the preservation modalities: DCD-NMP, BD-HMP, and BD-SCS.  
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Introduction

With an ever-increasing population of patients with end-
stage heart failure (ESHF), global efforts are being made to 
address the disparity between the demand, which continues to 
rise, and the supply of donor hearts (1). This has manifested 
through the use of hepatitis C donors, older donors as well as 
marginal donors (2,3). As a by-product of this trend, machine 
perfusion strategies (either hypothermic, or normothermic) 
have emerged as promising additions to the armamentarium 
of the modern transplant unit.

Normothermic machine perfusion (NMP) allows for 
assessment of the donor heart following procurement 
and was originally used as a means to assess viability in 
marginal brain dead (BD) donor hearts (4). Previously, 
hearts from donation after circulatory death (DCD) donors 
were considered unsuitable for transplantation due to 
concerns surrounding the impact of warm ischemia during 
withdrawal of life support (WLS). However following 
a series of pre-clinical experiments, our unit performed 
the first heart transplant from a DCD donor using 
NMP in 2014 (5-8). The utilization of hearts from DCD 
donors represents arguably one of the most significant 
advancements in the efforts to expand the donor pool (9-12). 
The Transmedics Organ Care System Heart (OCS Heart) 
is currently the only commercially available NMP device. 
It perfuses the heart in a Langendorff fashion using donor 
blood as a part of its perfusate (8,9).

Static cold storage (SCS) of BD donor hearts continues 
to represent the most common modality of donor heart 
preservation. It is well known that increasing donor 
ischemic time (DIT), particularly beyond 4 to 6 hours, is 
a major risk factor for severe primary graft dysfunction 
(sPGD) and early post-transplant mortality (13-16). Large 
animal studies pioneered by Steen et al. (17) paved the 
way for hypothermic machine perfusion (HMP) to serve 
as a potential solution to prolonged donor ischemic times. 
The XVIVO Heart Assist Transport device (XHAT) 
(Gothenburg, Sweden) is the only commercially available 
HMP device; early results from clinical trials in Europe (18) 
and Australia/New Zealand (19) have shown promising 
outcomes. When mounted onto the XHAT, donor hearts 
are preserved at a temperature of approximately 8 ℃ and 
submerged in a perfusate consisting of a hyper-oncotic 
preservation solution as well as O negative blood; this 
perfusate is oxygenated and the coronaries are continuously 
perfused via an aortic cannula (17-19). 

Australia is a country that is geographically dispersed—

consequently, machine perfusion may play an important role 
in expanding the donor pool. In our unit NMP has been 
able to facilitate DCD heart transplantation since 2014. In 
2021, HMP became available to our unit, initially as a part 
of an international trial (19). In this study we aim to report 
on heart transplantation outcomes in a unit where both 
forms of machine perfusion have been available. Our primary 
outcomes include overall survival and the incidence of sPGD. 

Methods

Heart transplants that occurred in our institution (St Vincent’s 
Hospital Sydney) from January 2021 to February 2024 were 
included in this study. This time-period reflects the “machine 
perfusion era” when both HMP and NMP strategies have 
been available to our unit, in addition to ongoing use of SCS. 
Heart-lung block transplants were excluded from this study. 
Heart-kidney transplants were included.

Data was analyzed retrospectively; 161 hearts were 
transplanted during this time. For the purposes of 
comparison, three groups were identified: (I) DCD-
NMP group (n=44)—heart transplants from DCD donors 
were included in this group, donor hearts were perfused 
using NMP (Transmedics OCS Heart); (II) BD-HMP 
group (n=38)—hearts transplanted from BD donors and 
preserved utilizing the XHAT HMP device were included 
in this group; (III) BD-SCS group (n=78)—this group 
reflected heart transplants from BD donors preserved 
utilizing traditional SCS. Following categorization, one 
heart transplant was excluded. This was a marginal BD 
heart that underwent assessment on the Transmedics OCS 
Heart NMP system (no incidence of sPGD and the patient 
remains alive after 2 years). Within the three groups a total 
of three patients were heart-kidney recipients, two in the 
DCD-NMP group and one in the BD-HMP group. 

DCD donor inclusion criteria were as follows: Maastricht 
Category III donors, age ≤55 years, no previous cardiac 
history and normal trans-thoracic echocardiogram. Hearts 
retrieved from DCD donors were retrieved and assessed 
using the “Sydney Direct Procurement Protocol” which has 
been previously described—the last major change to this 
protocol occurred in January 2020 (9). Briefly, donor hearts 
were accepted for transplantation based on: (I) consideration 
of ischemic times; (II) adequate visual contractility of the 
right ventricle; and (III) observation of a down-trending 
and extracting lactate profile. Lactate extraction can be 
defined as serial point of care sampling demonstrating a 
venous lactate level (sampled from coronary effluent) being 
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less than the arterial lactate level (sampled from coronary 
affluent) at a given time-point, with the overall lactate levels 
demonstrating a downward trend.

Standard and marginal criteria BD donors were considered. 
BD donor hearts were retrieved utilizing the XHAT HMP 
device if the anticipated donor ischemic time exceeded  
6 hours (either due to donor location, transport time and/or 
recipient complexity); if this was not the case, BD donor hearts 
were retrieved utilizing SCS following administration of St 
Thomas’ cardioplegia (supplemented with glyceryl trinitrate 
and erythropoietin). The Australian experience and technique 
for mounting the XHAT HMP device, as well as monitoring 
and preparation has previously been described (19). 

Recipients were selected based on blood-typing and 
cross match compatibility as well as predicted heart mass 
and clinical urgency. Recipients were consented to receive 
hearts utilizing machine perfusion strategies.

DCD timing definitions

We defined the total warm ischemic time (WIT) as the time 
from the WLS until the administration of cardioplegia to the 
donor heart during the organ procurement. In our unit the 
functional warm ischemic time (fWIT) is defined as the time 
from a systolic blood pressure (SBP) of <90 mmHg up to the 
administration of cardioplegia. Asystolic warm ischemic time 
(aWIT) is the time from donor cessation of circulation, until 
the delivery of cardioplegia (this includes a mandatory stand-
down time, which is now at 5 minutes across Australia).

Donor ischemic/preservation time

In BD retrievals, the donor ischemic time is typically 
defined as the time from the application of aortic cross-
clamp in the donor at the time of retrieval, until the time 
the cross-clamp is released in the recipient following 
implantation, “clamp on to clamp off”. The majority of 
this time is a reflection of SCS duration. When BD donor 
hearts are preserved in the XHAT HMP device, this same 
time period can be referred to as the donor preservation 
time (as the heart is not ischemic during HMP) (19). 
Therefore, for the purposes of comparison in this study, 
donor preservation time and donor ischemic time represent 
the same time-points. 

Statistical analysis

Analysis was conducted using GraphPad Prism Version 

10.2.0 (Graph Pad Software, San Diego, CA, USA). 
Significance was determined if the P value was <0.05. 
Normally distributed continuous data are expressed as a 
mean ± standard deviation with the Student’s t-test used to 
determine significance. Non-parametric data are expressed 
as a median (interquartile range) with Mann-Whitney 
analysis used to determine significance. In the comparison 
of multiple groups, one-way analysis of variance (ANOVA) 
was performed for normally distributed data, and a Kruskal-
Willis test performed for non-parametric data with post-
hoc testing performed to further explore any significance. 
Categorical variables were analyzed in contingency tables 
and significance was determined through Fisher’s exact test. 
Kaplan-Meier cumulative survival curves were generated 
to analyze survival with the log-rank test used to compare 
survival rates.

Results 

Donor and recipient peri-operative characteristics

Table 1 details donor characteristics between the three 
groups. No significant differences in baseline characteristics 
including donor sex, age, weight and height were found. 
The donor preservation time in the BD-HMP group was 
significantly longer than the donor ischemic time in the 
BD-SCS group, and the OCS run time in the DCD-NMP 
group (361±89 vs. 208±47 and 249±49 min respectively, 
P<0.001). The OCS run time in the DCD-NMP group 
was also significantly longer than the donor ischemic time 
of the BD-SCS group. DCD-NMP and BD-HMP groups 
resulted in significantly more interstate retrievals compared 
to the BD-SCS group (61% and 74% vs. 19% respectively, 
P<0.001).

Table 2 shows no significant difference in the baseline 
characteristics of sex, age, weight and height between the 
recipients of the three groups. Recipients in the BD-HMP 
group were significantly more likely to require a re-do 
sternotomy at the time of their transplantation compared to 
DCD-NMP and BD-SCS (66% compared to 39% and 36% 
respectively, P=0.0075), and had the highest proportion of 
recipients requiring explant of a durable ventricular assist 
device (VAD) (42%). There was a significant difference in 
cardiopulmonary bypass time and cross-clamp time between 
the groups; on post-hoc analysis, this difference was 
found to be in the BD-HMP group, which demonstrated 
significantly higher bypass and cross clamp times when 
compared to the DCD-NMP and BD-SCS groups. No 



Joshi et al. Heart transplant outcomes in the machine perfusion era12

© AME Publishing Company.   Ann Cardiothorac Surg 2024 | https://dx.doi.org/10.21037/acs-2024-dcd-0074

significant differences were found when comparing the 
bypass and cross clamp times between the DCD-NMP and 
BD-SCS groups.

Outcomes

Primary
There were no significant differences in the rates of sPGD 
requiring extracorporeal membrane oxygenation (ECMO) 
between the DCD-NMP, BD-HMP and BD-SCS groups 
(7%, 5% and 5% respectively, P=0.9 not significant)  
(Table 2). Furthermore, Figure 1 shows there to be no 
difference in overall survival between the three groups. 
For the groups DCD-NMP, BD-HMP and BD-SCS 
respectively: 30-day survival was 100%, 97% and 100%; 
1-year survival was: 94%, 90% and 94%; 2-year survival 
was: 90%, 90% and 89% (P=0.9). There was no incidence 
of sPGD or mortality in the three heart-kidney recipients 
(all surviving >90 days).

Secondary
Table 2 demonstrates no significant differences in intensive 
care unit (ICU) or hospital length of stay (LOS) between 
the groups; the BD-HMP group had a significantly higher 
rate of permanent dialysis requirement post-transplant 
compared to the DCD-NMP and BD-SCS groups (13% 
vs. 0%). There were no differences in rates of permanent 
stroke between the groups (DCD-NMP: 2%, BD-HMP: 
3%, BD-SCS: 1%, P=0.8 not significant). At time of 
hospital discharge following their transplant admission all 
three heart-kidney recipients had normal renal function and 
were free from dialysis.

DCD retrieval characteristics 

Figure 2 illustrates the total number of DCD retrievals 
since 2021. The DCD progression rate during this time 
was 86% (55/64) and the overall utilization of donor 
hearts for transplantation following progression was 80% 

Table 1 Donor characteristics

Characteristics
Donor characteristics by donor type/preservation strategy

DCD-NMP (n=44) BD-HMP (n=38) BD-SCS (n=78) P value

Sex (M:F) 38:6 27:11 54:24 0.1

Age (years), mean ± SD 35±11 36±13 36±12 0.8

Height (cm), mean ± SD 174±16 176±10 176±10 0.6

Weight (kg), mean ± SD 83±19 82±16 82±14 0.9

Mechanism of death, n [%] –

Hypoxic brain injury 18 [41] 22 [58] 43 [55]

CVA 13 [30] 11 [29] 25 [32]

Traumatic brain injury 12 [27] 5 [13] 9 [12]

Brain tumour 0 [0] 0 [0] 1 [1]

Volunteer assisted dying 1 [2] – –

Transmedics OCS run time/donor preservation 
time/donor ischaemic time (BD donor) (mins), 
mean ± SD

249±49‡ (Transmedics 
OCS run time)

361±89†,‡ (donor 
preservation time)

208±47 (donor 
ischaemic time)

<0.001

Donor located outside of state, n [%] 27 [61]‡ 28 [74]‡ 19 [24] <0.001

†, significantly greater than DCD-NMP group on post-hoc analysis; ‡, significantly greater than BD-SCS group on post-hoc analysis. DCD-
NMP, donation after circulatory death-normothermic machine perfusion; BD-HMP, brain dead-hypothermic machine perfusion; BD-SCS, 
brain dead-static cold storage; F, female; M, male; SD, standard deviation; CVA, cerebrovascular accident; BD, brain dead; OCS, organ 
care system. 
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(44/55). Poor recovery of the heart during NMP, and back-
table inspection noting medical unsuitability following 
procurement, represented the most common reasons for 
rejection (82%, 9/11).

Retrieval timings for DCD donors as well as the OCS 
run time are noted in Table 3. Overall, no significant 
differences were found in retrieval parameters when 
comparing recipients of DCD heart transplants receiving 

ECMO for sPGD compared to those who did not, however 
there was a trend toward higher warm ischemic and OCS 
run times in DCD-NMP recipients who required ECMO 
for sPGD.

Discussion 

The addition of machine perfusion to the armamentarium 

Table 2 Recipient characteristics and outcomes

Characteristics
Recipients by donor type and preservation strategy

DCD-NMP (n=44) BD-HMP (n=38) BD-SCS (n=78) P value 

Sex (M:F) 37:7 29:9 60:18 0.2

Age (years), mean ± SD 52±11 51±15 51±14 0.09

Height (cm), mean ± SD 174±11 173±10 173±10 0.9

Weight (kg), mean ± SD 82±18 83±19 83±17 >0.9

Aeitiology of heart failure, n [%] –

Dilated cardiomyopathy 25 [57] 18 [47] 34 [44]

Ischaemic cardiomyopathy 9 [20] 9 [24] 21 [27]

Congenital 2 [5] 2 [5] 5 [6]

Viral myocarditis 2 [5] 1 [3] 1 [1]

Restrictive cardiomyopathy 6 [14] 0 [0] 8 [10]

Other 0 [0] 8 [21] 9 [12]

Mechanical support pre-transplant, n [%] –

LVAD 13 [30] 16 [42] 21 [27]

VA ECMO 2 [5] 1 [3] 0 [0]

Impella 2 [5] 0 [0] 0 [0]

Redo sternotomy at time of transplant, n [%] 17 [39] 25 [66]†,‡ 28 [36] 0.0075

Bypass time (mins), median (IQR) 145 (116–175) 189 (139–233)†,‡ 150 (119–183) 0.0015

Cross clamp time (mins), median (IQR) 82 (72–90) 98 (83–111)†,‡ 86 (74–100) 0.0014

Intensive care unit LOS (days), median (IQR) 6 (3–10) 5 (3–9) 4 (3–9) 0.7

Hospital LOS (days), median (IQR) 26 (13–42) 34 (16–58) 22 (13–39) 0.2

Permanent stroke, n [%] 1 [2] 1 [3] 1 [1] 0.8

New renal failure requiring permanent dialysis, n [%] 0 [0] 3 [8] 0 [0] 0.01

sPGD requiring mechanical support, n [%] 3 [7] 2 [5] 4 [5] 0.9

†, significantly greater than DCD-NMP group on post-hoc analysis; ‡, significantly greater than BD-SCS group on post-hoc analysis. DCD-
NMP, donation after circulatory death-normothermic machine perfusion; BD-HMP, brain dead-hypothermic machine perfusion; BD-SCS, 
brain dead-static cold storage; M, male; F, female; SD, standard deviation; LVAD, left ventricular assist device; VA ECMO, veno-arterial 
extracorporeal membrane oxygenation; IQR, interquartile range; LOS, length of stay; sPGD, severe primary graft dysfunction.
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of our transplant unit has had a positive impact in expanding 
the donor pool. Figure 3 demonstrates how machine 
perfusion strategies now account for 51% of all heart 
transplantation activity at our unit (82/160 heart transplants 
have occurred utilizing machine perfusion). DCD heart 
transplantation has previously been reported by our unit 
to account for 20% of our heart transplantation activity 
since 2014 (9). This contribution has grown, along with our 
experience, since 2021. This present study shows that DCD 
heart transplantation is responsible for 28% of our heart 
transplant activity.

DCD heart transplant experience

Schroder et al. (20) published the first randomized control 
trial involving DCD hearts and NMP. This study reported 
a 15% rate of post-transplant sPGD for recipients of DCD 
donor hearts compared to 5% in recipients of BD donor 
hearts. Our outcomes demonstrate a low rate of sPGD (7%) 
in DCD heart transplants since 2021, with no significant 
difference when compared to heart transplantation from 

Figure 1 Survival between DCD-NMP, BD-HMP and BD-
SCS groups. DCD-NMP, donation after circulatory death-
normothermic machine perfusion; BD-HMP, brain dead-
hypothermic machine perfusion; BD-SCS, brain dead-static cold 
storage.
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Figure 2 DCD retrieval breakdown: progression, implants and rejected donor hearts. DCD, donation after circulatory death. 

100

50

0

DCD-NMP (Transmedics)

BD-NMP (XVIVO)

BD-BCS

P=0.9P
ro

ba
bi

lit
y 

of
 s

ur
vi

va
l

Yrs post transplant
0.0 0.5 1.0 1.5 2.0

Number at risk

Years post-transplant 0 1 2

DCD-NMP 44 27 13

BD-HMP 38 20 6

BD-BCS 78 46 28

St Vincent’s Hospital Sydney -Machine Perfusion Era Heart 
Transplant Survival By Preservation Type (Transplants 

Performed Since 2021)



Annals of Cardiothoracic Surgery, 2024  15

© AME Publishing Company.   Ann Cardiothorac Surg 2024 | https://dx.doi.org/10.21037/acs-2024-dcd-0074

HMP or SCS preservation strategies. There appears 
to be a learning curve associated with DCD heart 
transplantation, particularly when hearts are retrieved 
following a direct procurement pathway and then perfused 
on NMP. In describing their outcomes after 5 years of 
DCD heart transplantation at a single center, one of the 
early pioneers of DCD heart transplantation, the Papworth 
group (United Kingdom), reported an 18% ECMO rate 
for PGD for DCD hearts retrieved from using a direct 
procurement protocol (DPP) and NMP (10). However, in a 
later pilot study where the number of DCD heart transplant 
centers was expanded, inexperience in certain centers was 
thought to have played a role in an increased ECMO rate 
during this study period (40%) (21). Similarly, in our initial 
experience with DCD heart transplantation, the ECMO 

requirement for sPGD was 35% (5). As experience with 
DCD retrievals and NMP grew, more contemporary DCD 
heart transplant cohorts trended to have significantly 
lower rates of sPGD (8%) (9). With a 7% rate of sPGD in 
DCD heart transplants since 2021, this continues to be the 
case. 

One of the key elements in the ameliorating sPGD 
rates in our experience has been the attention paid to 
minimizing aWIT; technical refinements as well as 
collaboration with donor hospital teams have helped in 
this regard. An aWIT >15 min has been consistently 
identified as a significant predictor of mechanical 
circulatory support (MCS) requirement for sPGD (5,9). In 
this study, it is once again noted that the median aWIT for 
donor hearts of recipients with sPGD is higher than those 
without sPGD (15 min compared to 13 min, though this 
is not significant likely due to the small number of patients 
who developed sPGD). 

This need to heed attention to specific warm ischemic 
timings is also echoed by the Papworth group who believe 
outcomes are improved if an fWIT of <30 min is attained 
(the Papworth group define the start of fWIT when the 
donor SBP falls below 50 mmHg following WLS) (10,21). 
Given our findings when an aWIT is >15 min this 
recommendation is unsurprising and it is likely that below 
a SBP of 50 mmHg, diastolic perfusion of the coronaries 
is significantly impaired. Given unit dependent differences 
in the definition of fWIT, as well as lack of arterial line 
monitoring in certain situations, we suggest the aWIT as a 
potential universal parameter to be measured in all DCD 
retrievals.

Our experience with DCD heart transplantation and 
NMP continues to demonstrate equivalent survival 

Table 3 DCD retrieval characteristics

Retrieval characteristics

DCD retrieval parameters 

Total (n=44)
Recipients without 
sPGD (n=41)

Recipients with 
sPGD (n=3)

P value 

Total warm ischaemic time (mins), median (IQR) 29 (23–32) 29 (24–31) 32 (23–38) 0.4

Functional warm ischaemic time (mins), mean ± SD 21±7 21±7 28±8 0.2

Asystolic warm ischaemic time (mins), median (IQR) 13 (11–15) 13 (11–15) 15 (10–18) 0.4

Back-table cold ischaemic time (mins), mean ± SD 42±11 42±11 40±11 0.8

Organ care system run time (mins), mean ± SD 249±49 246±49 279±57 0.4

DCD, donation after circulatory death; sPGD, severe primary graft dysfunction; IQR, interquartile range; SD, standard deviation. 

Heart transplant activity at St Vincent’s Hospital Sydney 
during the “Machine Perfusion” era (2021-Feb 2024)
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Figure 3 Impact of machine perfusion on overall heart transplant 
activity. DCD-NMP, donation after circulatory death-normothermic 
machine perfusion; BD-HMP, brain dead-hypothermic machine 
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Joshi et al. Heart transplant outcomes in the machine perfusion era16

© AME Publishing Company.   Ann Cardiothorac Surg 2024 | https://dx.doi.org/10.21037/acs-2024-dcd-0074

and rates of sPGD when compared to BD preservation 
strategies.

Experience with HMP

As Table 1 highlights, machine perfusion has allowed our 
unit to successfully broaden its retrieval range with 61% of 
DCD retrievals being interstate. In the BD-HMP cohort, 
74% of retrievals were either interstate, or international 
(1 retrieval from New Zealand). 

Optimizing long distance procurement strategies is 
important to expanding the donor pool and is vital in a 
country like Australia. A highlight from our experience, 
which has been previously reported, was an instance where 
the XHAT HMP device was utilized to retrieve a donor 
heart approximately 1,400 km away from the recipient 
site with a total donor preservation time of 527 min and 
no incidence of post-operative sPGD (22). In France, 
Lebreton and Leprince describe a donor preservation time 
of 12 hours and 6 min utilizing the XHAT and procuring a 
donor heart across the Atlantic ocean with an excellent post 
operative outcome as the patient was transferred to ICU on 
minimal ionotropic support (23).

The mean donor preservation time was noted to be 
significantly longer in the BD-HMP group compared to 
the mean DIT in the BD-SCS group (361 vs. 208 min, 
P<0.001). Not only is this indicative of our experience in 
utilizing HMP for long distance procurement, it is also 
a by-product of implanting teams being able to select 
increasingly complex recipients whose operative complexity 
may have previously prolonged the DIT beyond 4 to  
6 hours. This can be reflected as the HMP-BD group was 
significantly more likely to have recipients requiring a re-do 
sternotomy at the time of transplant as well as significantly 
longer cardiopulmonary bypass and cross clamp times when 
compared to the other two groups (see Table 2). 

Despite the increased recipient complexity and mean 
preservation time exceeding 6 hours in the BD-HMP 
group, there was no significant difference between all 
groups in: survival, rates of sPGD, LOS or incidence of 
permanent stroke. It was noted however that there was a 
significantly increased rate of post-transplant requirement 
for permanent dialysis in the BD-HMP group compared 
to the other groups [8% (3/38) compared to 0%, P=0.01]. 
However, for 2/3 cases, recipient pre-operative status likely 
played a role with two patients having pre-existing chronic 
renal disease (one of these patients also being a complex 
congenital re-do sternotomy).

The machine perfusion era and the future 

These results demonstrate that in the machine perfusion 
era, results in our primary outcomes of survival and sPGD 
are equivalent across preservation modalities. 

Our experience with DCD heart transplantation 
continues to demonstrate excellent results and with 
growing international experience, it should begin to be 
considered routine practice in large transplant centers. 
Whilst this paper discusses our experience with a DPP, 
normothermic regional perfusion (NRP) represents an 
alternative pathway for procuring DCD hearts and has also 
shown to confer survival and outcomes similar to standard 
BD donation (12). Ethical debate continues to surround 
NRP and it is currently unknown if there is a benefit to 
heart transplantation outcomes in comparing NRP to DPP 
strategies (24,25). This, along with determining the ideal 
preservation modality following NRP (NMP vs. HMP vs. 
SCS) represents areas for future research. Currently, as 
is also seen in our experience, NMP has an advantage in 
allowing for the long distant procurement of DCD hearts. 

HMP has made a promising entry into the field of 
heart transplantation. With our results and international 
experience showing real-world data of successful heart 
transplantation with long distant procurement, the notion 
of international transplant programs may be a closer to 
becoming a reality. The question remains as to whether 
DCD heart transplantation, particularly from a DPP 
pathway could benefit from HMP. A large animal porcine 
study by Moeslund et al. (26) demonstrates a potential 
role for HMP in DCD heart transplantation, however 
this appears to be limited by warm ischemia (with two 
donor hearts experiencing an fWIT of >25 min found to 
demonstrate ischemic contractures and were not able to be 
weaned off bypass). Currently with no means of assessing 
DCD hearts for viability during HMP, this is a major 
limiting factor. Although limiting the acceptable fWIT 
time may represent a potential pathway for early clinical 
application, had this occurred in our clinical experience, 
NMP would have allowed for an assessment of the donor 
heart and could have potentially allowed for transplantation.

An  In te rna t iona l  Soc ie ty  o f  Hear t  and  Lung 
Transplantation consensus statement suggests that the 
ideal preservation temperature for donor hearts retrieved 
utilizing a hypothermic preservation strategy, is between 
5–10 ℃  (27).  The XHAT HMP device al lows for 
preservation at 8 ℃ and also allows for ongoing oxygenated 
perfusion of the coronary arteries; however, there are 
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also devices available that offer targeted temperature 
preservation without the element of machine perfusion, 
the SherpaPak Cardiac Transport System (S-CTS) 
(Paragonix Technologies, MA, USA) is an example of this 
and allows for preservation at approximately 5 ℃. 

A retrospective study from Stanford (USA) compared a 
matched cohort of 62 and 124 recipients of donor hearts 
preserved with S-CTS or SCS respectively (28). In this 
study, the matched cohorts demonstrated a significantly 
longer mean donor organ ischemic time in the S-CTS 
group compared to the SCS group (246 vs. 227 min 
respectively, P=0.01) with no significant differences in 
survival or post-operative graft function (28). There appears 
to be a significant benefit in utilizing S-CTS for marginal 
donors—a retrospective multi-center subgroup analysis of 
outcomes from marginal donors by Moayedifar et al. (29) 
demonstrated the S-CTS group to have a significantly lower 
rate of sPGD compared to the SCS group (6.2% vs. 13.9% 
respectively, P=0.022) despite having a significantly higher 
number of donor hearts with a preservation time over four 
hours. 

Whilst the mean donor organ ischemic time in the 
matched cohort reported by Zhu et al. (28) exceeds 4 
hours, our reported experience with HMP involves a 
mean donor preservation time that well exceeds 6 hours 
(Table 1) with case reports of donor preservation times in 
excess of 8 hours, and 12 hours internationally (22,23). 
Whether this can be achieved using hypothermic strategies 
without perfusion remains to be seen. In considering 
alternative hypothermic strategies, the question arises: how 
much does hypothermic perfusion play a role in the results 
of our study, and, could this potentially have been achieved 
with static temperature control devices such as S-CTS 
instead?

Conclusions

Machine perfusion strategies are an important addition 
to the armamentarium of the modern transplant unit. It 
has allowed for the expansion of the donor pool for both 
the types of donors that can be used (NMP) as well as in 
increasing the range of retrievals (HMP and NMP). For 
BD donors, HMP allows for donor hearts to be preserved 
significantly longer than SCS with no differences in survival 
or sPGD. Overall, there are no differences in survival when 
comparing DCD-NMP, BD-HMP and BD-SCS groups. 
Rates of sPGD are low and are not significantly different 

between the groups (7%, 5% and 5%, respectively).
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