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Abstract

OBJECTIVES: Primary graft dysfunction after heart transplant is associated with high morbidity and mortality. Extracorporeal membrane
oxygenation (ECMO) can be used to wean patients from cardiopulmonary bypass. This study retrospectively reviews a single-centre expe-
rience of post-transplant ECMO in regard to outcomes and associated costs.

METHODS: Between May 2006 and May 2019, a total of 267 adult heart transplants were performed. We compared donor and recipient
variables, ECMO duration and the incidence of renal failure, bleeding, infection and cost analysis between ECMO and non-ECMO groups.

RESULTS: ECMO support was required postoperatively to manage primary graft dysfunction in 72 (27%) patients. The mean duration of
ECMO support was 6 ± 3.2 days. Mean ischaemic times were similar between the groups. There was a significantly higher proportion of
ventricular assist device explant to transplant in the ECMO group versus non-ECMO (38.2% vs 14.1%; P < 0.0001). ECMO patients had a
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longer duration of stay in the intensive care unit (P < 0.0001) and total hospital stay (P < 0.0001). Greater mortality was observed in the
ECMO group (P < 0.0001). The median cost of providing ECMO was £18 000 [interquartile range (IQR): £12 750–£24 000] per patient with
an additional median £35 225 (IQR: £21 487.25–£51 780.75) for ITU stay whilst on ECMO. The total median cost per patient inclusive of
hospital stay, ECMO and dialysis costs was £65 737.50 (IQR: £52 566.50–£95 221.75) in the non-ECMO group compared to £145 415.71
(IQR: £102 523.21–£200 618.96) per patient in the ECMO group (P < 0.0001).

CONCLUSIONS: Patients with primary graft dysfunction following heart transplantation who require ECMO are frequently bridged to a re-
covery; however, the medium and longer-term survival for these patients is poorer than for patients who do not require ECMO.

Keywords: Extracorporeal membrane oxygenation • Post-heart transplant • Primary graft dysfunction • Cardiopulmonary bypass •
Ventricular assist device

ABBREVIATIONS

ECMO Extracorporeal membrane oxygenation
IABP Intra-aortic balloon pump
IQR Interquartile range
PGD Primary graft dysfunction
RV Right ventricular
VAD Ventricular assist device

INTRODUCTION

Heart transplantation is an established treatment option for
patients with end-stage heart failure. In the UK, only 27% of brain
stem death hearts are used for transplantation, whilst 43% of
patients on the waiting list die or become too sick for surgery [1].
To meet this recipient demand, the organs from older donors or
those with comorbidities are increasingly being accepted.
However, such organs have been associated with poorer imme-
diate function [2]. Primary graft dysfunction (PGD) following heart
transplantation is a well-recognized complication with the inci-
dence ranging from 1.0% to 31% and contributing to 3–75% of
mortality depending on severity of dysfunction [3–5]. The
International Society for Heart and Lung Transplantation 2014
consensus statement defined PGD as severe dysfunction of the
cardiac allograft without obvious anatomic or immunologic
cause and is characterized by hypotension, high filling pressures
and refractory low-cardiac output. PGD covers right heart dys-
function without evidence of a high afterload, isolated left ven-
tricular dysfunction and biventricular dysfunction [6]. A recent UK
national study demonstrated that an incidence of 30-day mortal-
ity for PGD patients following heart transplantation was 19% and
4.5% for non-PGD [5].

Extracorporeal membrane oxygenation (ECMO) has been
reported to be effective for use in patients following myocardial
infarction, cardiac arrest, the development of refractory cardio-
genic shock and also for weaning from cardiopulmonary bypass
in post-cardiotomy cardiogenic shock [7–9]. ECMO has been
reported by other groups to be an excellent tool to salvage
patients with cardiorespiratory failure following heart transplan-
tation and is associated with better clinical outcomes than the
use of temporary ventricular assist devices (VADs) in such cir-
cumstances [10, 11]. We report our single-centre experience of
using ECMO as a method of support after heart transplantation
for patients with PGD. We compare clinical characteristics and
survival outcomes of patients requiring postoperative ECMO with
those patients without ECMO requirement following heart trans-
plantation. We have also compared the total cost of post-

transplant care between those patients who did and did not re-
quire ECMO.

METHODS

Between May 2006 and May 2019, a total of 267 adult Heart
transplant (HTX) were performed in our unit. During this period,
72 (27.0%) recipients required ECMO support postoperatively for
severe PGD. One patient underwent retransplantation due to se-
vere PGD where the heart never recovered and subsequently
also required ECMO support following the retransplant. ECMO is
used following heart transplantation in our centre when the pa-
tient has failed to satisfactorily wean from cardiopulmonary by-
pass despite optimization of all parameters and a generous
period of reperfusion and the, use of 2 inotropic drugs (milri-
none, dopamine, epinephrine and norepinephrine) with intra-
aortic balloon pump (IABP) support and inhaled nitric oxide. All
direct and indirect costs were calculated using cost–utility analy-
sis. The unit cost of all equipment, disposables, intensive care
unit cost, theatre cost, hospital cost, complications and outcomes
data were collected from the hospital finance department. All
treatment costs were incurred over a period of time, so costs and
benefits were discounted. However, we have not used cost-
effectiveness or cost–benefit analysis for this study because we
do not have any quality of life SF-36 data to analyse Quality
Adjusted Life in Years.

Extracorporeal membrane oxygenation technique
and management

We utilized a central or a peripheral cannulation technique to
deliver venoarterial ECMO. In the central ECMO technique, the
aortic cannula (Medtronic EOPAVR , Minneapolis, MN, USA—
Elongated One-Piece Arterial) was tunnelled under the sternum
and brought out below the costal margin. The venous cannula
was tunnelled under the xiphisternum on the right side using a
malleable (Medtronic) size 32-Fr cannula inserted into the right
atrium. In the peripheral ECMO technique, a right axillary artery
with 8 mm Polytetrafluoroethylene (PTFE) side graft was used for
arterial return and a heparin-coated wire-reinforced long-term
femoral venous pipe (MaquetV

R

, Gothenburg, Sweden, HLS
Cannula with Bioline coating) was used for drainage. The ECMO
circuit consisted of a magnetically levitated centrifugal pump
(AbbottV

R

, Plymouth, MN, USA, CentriMagTM) and polymethyl
pentene oxygenators (ParagonTM, Cambridge, MA, USA).

The heart was partially rested as soon as the ECMO support
was commenced. Most of the inotropic support was weaned and
only dopamine at 5 mg/kg/min and IABP support was maintained.
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The lungs were ventilated normally and the ECMO was run lower
than the patients’ full flow to maintain some ventricular ejection.
This was also important to maintain flow through the pulmonary
vasculature to prevent stasis and reduce the risk of pulmonary
venous and left atrial thrombus formation. End tidal CO2 levels
and Swan Ganz catheter transduced ejection trace were used as
an evidence of reasonable pulmonary blood flow. Heparinization
was reversed with protamine and after thorough haemostasis,
the chest was closed. In the immediate postoperative period, ac-
tivated clotting time levels were checked every 4–6 h and heparin
was usually not started until the bleeding risk was minimal and
the activated clotting time level fell below 180 s.
Transoesophageal echo assessment of recovery together with an
improved arterial pressure trace and stable blood pressure with a
flow of under 2.8 l/min were our indications for a trial of ECMO
weaning and potentially decannulation and chest closure.
According to English transplant legislation, retrospective studies
are a part of transplant outcomes assessment and do not require
ethics committee approval. All the cost data such as total hospital
stay post-transplant, total days in the ITU, use of blood products
and dialysis were obtained from the hospital finance department.

Advantages

Use of ECMO has a number of advantages in this circumstance,
as it involves inserting only one additional cannula in the right
atrium and the same aortic pipe used for the operation can be
tunnelled to provide the ECMO return. More recently, we have
started using heparin-coated wire-reinforced, long-term femoral
venous pipe (MaquetV

R

HLS Cannula with Bioline coating) for car-
diopulmonary bypass for the operation which can be converted
to provide ECMO support at the end of operation if needed. To
provide better mobilization postoperatively, we now often use
right axillary artery with 8 mm side graft for ECMO instead of
central aortic cannula.

ECMO supports cardiorespiratory function and helps to
completely rest the heart in a way that is not possible if only a
left ventricular assist device or right ventricular (RV) assist device
is used because ECMO allows inotropic agents that are poten-
tially harmful during the ischaemia–reperfusion period to be
weaned. Finally, when an RV assist device is used for a presumed
donor RV dysfunction, the underlying ventricular dysfunction can
be unmasked, thereby needing left ventricular assist device sup-
port. Taghavi et al. [12] have reported that the ECMO use in sus-
pected RV dysfunction is superior to RV assist device in these
groups of patients.

The centrifugal pump (CentriMagTM, Abbott Laboratories, IL,
USA) used in the circuit is a safe device and has an excellent re-
cord in the published data regarding its use as for short-term
mechanical support [13, 14]. We have not seen any device-
related failures in any of these patients even when they were not
anticoagulated, and the incidence of thrombo-embolic compli-
cations is very low.

Disadvantages

The major disadvantage of ECMO is the maximum duration of
7 days for which a patient can be supported on this device. The
oxygenator requires frequent changes while the CentriMagTM

pump lasts almost a month. However, most patients need less
than a week of ECMO support and our median duration of ECMO

post-heart transplantation is 6 days. The cost and ITU resources
can also limit the period of support which can be provided at an
institution. As ECMO bypasses both ventricles, the incidence of
acute lung injury increases with longer duration of support. This
has been reported previously in literature by Boulate et al. [15]. As
the pulmonary blood flow reduces due to the bypassing effect, the
incidence of lung collapse increases, and infiltrates start to appear
on chest X-ray. In severe cases, venovenous ECMO may be re-
quired to support acute lung injury when the heart is ready to be
weaned off venoarterial ECMO. Therefore, if the donor heart func-
tion does not improve by the end of 1 week, then we prefer to
convert them to Biventricular assist device (BIVAD) to avoid pul-
monary complications. We hypothesize that the reduction in pul-
monary blood flow might reduce the alveolar surfactant levels that
might contribute the collapse and consolidation of the lungs. We
closely monitored end tidal CO2 levels from the ventilator and pul-
monary artery trace on Swan-Ganz catheter as a measure of pul-
monary blood flow. Further studies will be required to assess the
relationship of surfactants on patients with ECMO.

Outcome measures

The primary outcome measure was to determine the incidence
of ECMO for PGD in our unit and assess recent trends in use.
Secondary outcomes would be the 30-day and 1-year survival,
complication rates and length of ITU and hospital stay in ECMO-
and non-ECMO-supported patients.

Statistical analysis

Data distribution was determined by the Shapiro–Wilk test.
Demographic data are expressed as descriptive values using
mean ± standard deviation or median (min–max) as appropriate
depending upon data distribution. Demographic differences be-
tween the groups were assessed by Fisher’s exact test or unpaired
T test. The outcome measures of incidence of renal failure, bleed-
ing, re-exploration, infection and 30-day/1-year survival were
analysed using Fisher’s exact test. The difference in duration of
stay in ITU or total hospital stay between the groups was deter-
mined by the Mann–Whitney test. Survival curve comparison be-
tween groups was performed using the Mantel–Cox test. ECMO-
associated costs as well as costs for in-hospital stay were
recorded and comparisons between groups were performed by
Mann–Whitney test. All statistical analyses were performed using
Prism version 7 software.

RESULTS

During the study period, we performed 267 heart transplants,
with 72 patients requiring the use of ECMO. A total of 4 patients
were excluded, as ECMO was instituted as a salvage procedure
due to (i) major air embolism, (ii) superior vena cava obstruction
leading to severe intra-cranial oedema, (iii) delayed rescue
ECMO for sudden cardiac arrest 28 days after heart transplant
and (iv) VV ECMO only for respiratory support rather than as a
result of PGD. The incidence of PGD requiring mechanical sup-
port varied from 0% to 46% during the 13 years. In the last few
years, there has been an increase in the incidence of PGD requir-
ing ECMO support and this could be attributed to the signifi-
cantly increased number of transplants performed following VAD
explant in recent years (P = 0.0005, analysed as proportion of

M
EC

H
A

N
IC

A
L

C
IR

C
U

LA
TO

R
Y

SU
P

P
O

R
T

627B. Krishnamoorthy et al. / Interactive CardioVascular and Thoracic Surgery



transplants performed following VAD explant vs transplant
alone). Between 2016 and 2019, 29–46% of patients received
ECMO support post-heart transplantation at our centre (Fig. 1).
Most demographics variables were found to be similar except
true-recipient blood group and VAD pretransplant were signifi-
cantly different between groups (Table 1). No differences were
discovered between ischaemic times between those who re-
quired ECMO and those who did not (P = 0.40). Patient requiring
ECMO had neither older donors nor were older themselves at
the time of surgery (P = 0.77 and P = 0.99, respectively).

Extracorporeal membrane oxygenation support

The mean duration of ECMO support was 6 ± 3.2 days. There was
a significantly higher proportion of VAD explants in the ECMO
group compared to non-ECMO group (P < 0.0001). The ECMO
patients had significantly longer ITU stay with a median duration
of 26 (min–max: 1–201) days as compared to the non-ECMO
group who had median duration of stay of 8 (min–max: 2–
85 days; P < 0.0001). The total duration of hospital stay was also
significantly longer for ECMO recipients with a median in-
hospital stay of 44 (min–max: 2–233) days compared to 27 (min–
max: 16–189) days in the non-ECMO group (P < 0.0001) (Table 2).

Extracorporeal membrane oxygenation
complications

In addition to a longer ITU and total hospital stay, the ECMO
patients also developed more complications. ECMO patients
more frequently developed renal failure (87.9% vs 42.3%,
P < 0.0001), experienced more postoperative bleeding (80.0% vs
16.8%, P < 0.0001), had a higher re-exploration rate (78.5% vs
17.3%, P < 0.0001) and a higher rate of infection (75.4% vs 34.7%,
P < 0.0001) when compared with the non-ECMO group (Table 2).

Survival

The 30-day survival was 84.1% and 98.5% in ECMO and non-
ECMO groups, respectively (P < 0.0001). The 1-year survival for
the ECMO group is 74.6% and non-ECMO group is 95.9%
(P < 0.0001) (Table 2). Survival for each group to the time of
analysis was determined (41.7% vs 63.0% for ECMO vs non-
ECMO, respectively, log-rank test P < 0.0001, Fig. 2). Recipients’
cause of death is listed in Table 2.

Economic analysis

The mean cost of providing ECMO was £18 250 ± 7396 per patient
with an additional £49 637.90 for ITU stay whilst on ECMO. The
mean cost for renal dialysis was calculated at £201.10 per patient in
the non-ECMO group and £427.10 per patient in the ECMO group
(P < 0.0001), reflecting the greater requirement for dialysis. The mean
cost for total hospital stay post-transplant was determined as
£66 784 per patient in the non-ECMO group compared to £104 240
per patient in the ECMO group (P < 0.0001). Blood products, includ-
ing red blood cells, platelets, fresh frozen plasma and cryoprecipitate,
were a mean (±standard deviation) additional cost in the ECMO
group of £2695.66 ± £2360.42 per patient. The total mean cost per
patient inclusive of hospital stay, ECMO and dialysis costs was
£85 944 ± 58 180 in the non-ECMO group compared to £178 056 ±
137 026 per patient in the ECMO group (P < 0.0001, Fig. 3).

DISCUSSION

PGD after heart transplantation is a serious life-threatening and a
devastating complication requiring significant intervention. This
retrospective study shows that there is an increased incidence of
ECMO using CentriMagTM short-term pump in salvaging patients
who develop PGD after HTX and is now over 40% in our centre.
The role of ECMO for such patients has been previously reported
in literature [10, 11, 16–20].

In the UK, there has been an increase in the incidence of PGD
after heart transplantation similar to what we have seen in our in-
stitution [5]. There are a number of possible reasons for this in-
crease which includes an increase in mean donor age and
greater incorporation of marginal donors into the donor pool.
The UK national annual report [21] on mechanical circulatory
support 2016–17, reported that during 2016/2017, there were 33
implantations of ECMO/VAD for PGD, which was 3 times higher
than in 2007/2008. The combination of marginal donor hearts
with complex recipients with various comorbidities and urgent in
patients increases the risk of PGD [21, 22]. We have similarly
found increased incidence of PGD in our population in recent
years.

Our local practice for PGD management is to avoid stressing the
heart with increasing levels of inotropic support. Instead, we have
a reduced threshold for initiation of ECMO support. We only use
low-dose epinephrine (up to 0.06mg/kg/min) in our unit and if the
heart fails to wean from bypass on inodilator (phosphodiesterase
inhibitors), dopamine (up to 5mg/kg/min) and IABP support de-
spite resting and reperfusion on cardiopulmonary bypass for a pe-
riod, then we initiate ECMO. This may explain a higher ECMO rate
in our unit compared to other centres in the UK.

Ventricular assist device versus extracorporeal
membrane oxygenation for primary graft
dysfunction

Takeda et al. [11] compared venoarterial ECMO and temporary
VAD support for severe forms of PGD requiring mechanical cir-
culatory support. Out of 597 patients who received a heart

Figure 1: The number of patients received ECMO and VAD explants. ECMO: ex-
tracorporeal membrane oxygenation; VAD: ventricular assist device.
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transplant, severe PGD developed in 44 patients (7.4%), and they
received a continuous-flow external VAD (n = 17) or ECMO
(n = 27) support within 24 h after transplant. They reported that
implantation of the temporary VAD required longer cardiopul-
monary bypass time compared with ECMO (323 ± 86 min vs
216 ± 65 min, P < 0.0001). Patients who received a VAD were
more likely to have longer support time (14 ± 17 days vs
5.2 ± 3.9 days, P = 0.011), a higher incidence of major bleeding re-
quiring chest re-exploration (77% vs 30%, P = 0.0047), and a
higher incidence of renal failure requiring renal replacement

therapy (53% vs 11%, P = 0.0045) after surgery. Overall hospital
mortality was 27%. In-hospital mortality for VAD and ECMO
patients was 41% and 19%, respectively (P = 0.16). They reported
that 10 patients (59%) were weaned from VAD support, and 24
(89%) were weaned from ECMO support after adequate graft
function recovery (P = 0.03). The 3-year post-transplant survival
was 41% in the VAD group and 66% in the ECMO group
(P = 0.13). They concluded that for severe PGD, support with
ECMO appeared to result in better clinical outcomes than VAD
support [10].

Table 1: Basic demographics

No ECMO (n = 199) ECMO (n = 68) P-value

Donor sexa, n (%) Male: 131 (65.8)
Female: 68 (34.2)

Male: 44 (64.7)
Female: 23 (33.8)

>0.99

Donor age (years)a 37.5 (12.0), 15–59 37.0 (12.6), 16–61 0.77
Donor BMI (kg/m2)a 25.6 (4.1), 16.7–40.5 25.7 (4.9), 16.8–45.2 0.87
Donor cause of death

Hypoxia 115 41 Not Available
Tumour 5 4
Vascular problems 4 2
Hypoxia 22 10
Trauma 40 7
Cardiac arrest (out of hospital) 3 (2) 3 (2)
Infection 10 1

Donor blood groupa, n (%)
O (-/+) 22 (11.2)/80 (40.8) 5 (7.4)/32 (47.1) 0.66
A (-/+) 13 (6.6)/63 (32.1) 3 (4.4)/19 (27.9)
B (-/+) 0 (0.0)/15 (7.7) 2 (2.9)/6 (8.8)
AB (-/+) 1 (0.5)/2 (1.0) 1 (1.5)/0 (0.0)

Donor-recipient weight mismatch 33.5% 23.4% 0.13
Donor-recipient height mismatch 1.2% 0.0% >0.99
Ischaemic time (min) 197 (49.7), 57–332 191 (53.6), 50–313 0.40
Recipient sexa, n (%) Male: 151 (75.9)

Female: 48 (24.1)
Male: 54 (79.4)
Female: 13 (19.1)

0.50

Recipient age (years)a 46.3 (13.6), 15–66 46.8 (11.6), 18–66 0.79
Recipient BMI (kg/m2)a 25.7 (3.8), 16.7–34.4 26.4 (3.6), 19.2–32.3 0.19
Recipient blood groupa, n (%)

O (-/+) 9 (4.5)/64 (32.2) 5 (7.5)/27 (40.9) 0.03
A (-/+) 20 (10.1)/74 (37.2) 6 (9.1)/14 (21.2)
B (-/+) 3 (1.5)/21 (10.6) 2 (3.0)/5 (7.6)
AB (-/+) 1 (0.5)/7 (3.5) 0 (0.0)/7 (10.6)

Recipient primary diagnosis
Dilated cardiomyopathy 38 118 NA
Hypertrophic cardiomyopathy 3 8
Viral cardiomyopathy 1 2
Chemotherapy induced cardiomyopathy 3 4
Restrictive cardiomyopathy 0 8
Arrhythmogenic cardiomyopathy 8 5
Cardiogenic shock 0 1
Danon disease 0 1
Fabry’s disease 0 1
Ventricular failure 8 22
Retransplant 1 1
Viral myocarditis 2 2
Ischaemic heart disease 3 25
Takayasu disease 1 0
Wolff–Parkinson white syndrome 0 1

Mean PA pressure (mmHg) 29.0 (9.6), 7–59 29.4 (8.0), 8–41 0.76
VAD pretransplant (%) 14.1% 38.2% <0.0001
Time on waiting list (days) 161 (288), 0–1798 244 (564), 0–3522 0.12
Duration of ECMO (days) NA 6 (3.2), 1–22b NA
Duration of VAD (days) NA 34 (22.0), 11–69 NA

Results presented as mean (standard deviation), minimum–maximum.
aData available for 221/223 transplants—data missing for 1 donor/recipient pair in each group.
bDuration across 2 separate ECMO periods.
ECMO: extracorporeal membrane oxygenation; VAD: ventricular assist device.
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Cost–benefit

ECMO is a useful option for salvaging patients who develop PGD.
If used at the appropriate time, the majority of patients can be
successfully weaned off the support with reasonable 30-day and
1-year survival [10, 15]. However, it is an invasive device and
does carry high morbidity as shown in our study. It significantly
increases bleeding requiring re-exploration, increases the need
for blood transfusion, haemodialysis for renal failure, increases
infections and increases both ITU and total hospital stay. It is an
expensive modality of treatment; however, it can save lives. As
ECMO patients stay longer in the ITU, this leads to cancellation
of standard adult cardiac surgery activity due to lack of ITU bed
capacity. This additional has an indirect impact on hospital finan-
ces, as this is a lost activity for the hospital. We have not included
lost activity cost in our financial calculations, but it should be
noted that the cost would be higher if this is included.

Most of our ECMO-salvaged survivors are currently in New
York Heart Association class 1 and are living a good quality of life
(from clinic review). At present, post-transplant ECMO support is
not commissioned, and this is an expense borne by the hospitals;
therefore, future commissioning for heart transplantation should
incorporate the need for ECMO insertion and its associated costs
must be reimbursed.

Limitations

This is a retrospective study and we only included patients who
have suffered severe PGD requiring ECMO and compared with
non-ECMO group. Unfortunately, we do not have data on

Table 2: Postoperative outcomes

No ECMO ECMO Odds ratio (95% CI) P-value

Renal failure, n (%) 83 (42.3) 58 (87.9) 9.9 (4.5–20.8) <0.0001
Bleeding, n (%) 33 (16.8) 52 (80.0) 19.8 (9.7–38.5) <0.0001
Re-exploration, n (%) 34 (17.3) 51 (78.5) 19.4 (8.1–42.6) <0.0001
Infection, n (%) 68 (34.7) 46 (75.4) 6.5 (3.0–14.6) <0.0001
Median Critical care unit (CCU) stay [days (min–max)] 8 (2–85) 26 (1–201) <0.0001
Median hospital stay [days (min–max)] 27 (16–189) 44 (2–233) <0.0001
30-day survival, n (%) 193 (98.5) 53 (84.1) 0.1 (0.02–0.3) <0.0001
1-year survival, n (%) 189 (95.9) 47 (74.6) 0.1 (0.1–0.3) <0.0001
Recipient cause of death (3-year post-transplant) 35/199 25/68 NA
Pulmonary embolism 2 2
Myocardial infarction 6 2
Cardiac failure 6 2
Acute respiratory distress syndrome 3 1
Renal failure 0 1
Multiorgan failure 2 9
Cancer 4 1
Sepsis 2 2
Donor heart failure 3 1
Acute rejection 2 3
Unknown 5 1

CI: confidence interval; ECMO: extracorporeal membrane oxygenation.

Figure 2: The survival analysis between patients who received ECMO and non-
ECMO interventions. ECMO: extracorporeal membrane oxygenation.

Figure 3: The total cost between ECMO and non-ECMO patients. CI: confi-
dence interval; ECMO: extracorporeal membrane oxygenation
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patients who have suffered lesser degree of PGD requiring IABP
and/or prolonged inotropic support. The financial analysis was
based on reviewing ITU charts and the number of indirect effects
of prolonged ITU stay has not been calculated. Therefore, the ac-
tual costs could be much higher in the ECMO group. We have
only added cost analysis for ECMO patients who had blood
products. We have not included non-ECMO patients’ blood
product usage because we routinely do not collect these in our
department.

CONCLUSION

In conclusion, ECMO support, although expensive, is an excellent
tool to salvage patients who develop severe PGD post-heart
transplantation. Without this, the actual mortality would be even
higher in this group of patients. Our results with post-transplant
ECMO are consistent with other studies in the literature [11, 23].
It is associated with increased morbidity and complications as
well as poorer early and 1-year survival rates. Therefore, efforts
must be taken to reduce the incidence of severe PGD. This
includes adapting newer technology related to organ preserva-
tion, ex vivo perfusion and transportation.
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