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Background Primary graft dysfunction (PGD) remains a serious complication after heart transplantation (HTx). Although there
is no therapy available, veno-arterial extracorporeal membrane oxygenation (VA-ECMO) may be a bailout strategy
in selected cases. Especially in patients with severe biventricular failure, chances of survival remain poor.

...................................................................................................................................................................................................
Case summary Here, we report a case of a 56-year-old patient suffering from severe PGD after HTx with biventricular failure (ejec-

tion fraction < 20%) who was successfully bridged to recovery of the donor graft by temporary multimodal mechanic-
ally circulatory assistance by combining both, VA-ECMO and a microaxial pump (ImpellaVR , Abiomed, Inc., Danvers,
MA, USA), a concept also referred as ECMELLA. During ECMELLA support, the patient experienced multiple severe
thoracic bleeding complications with need for four re-thoracotomies and temporary open chest situation.
Nevertheless, ventricular function recovered and the patient could be weaned from mechanical circulatory support
after 12 days. During follow-up, the patient recovered and was successfully discharged. After the following rehabilita-
tion, the patient now shows no persistent signs of heart failure with normal biventricular function of the cardiac graft.

...................................................................................................................................................................................................
Discussion ECMELLA may offer a therapeutic option for patients with severe PGD after HTx. Special awareness and further

studies addressing targeted anticoagulation strategies for patients on dual-mechanical support are needed to dimin-
ish the incidence of bleeding complications.
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Learning points
• Primary graft dysfunction (PGD) remains a serious problem after heart transplantation (HTx) and often requires temporary mechanically

circulatory assistance.
• Combining veno-arterial extracorporeal membrane oxygenation (VA-ECMO) and a microaxial pump (ECMELLA) offers an effective new

approach for severe PGD with fulminant biventricular failure after HTx.
• ECMELLA can increase the advantages of both VA-ECMO and a microaxial pump alone but also the device-related complications.
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Introduction

Primary graft dysfunction (PGD) remains a serious complication of
patients undergoing orthotopic heart transplantation (HTx).1,2 By
now, besides temporary extracorporeal mechanically circulatory
support (MCS) by veno-arterial extracorporeal membrane oxygen-
ation (VA-ECMO), therapy for severe PGD is quite limited.1,2 In add-
ition, VA-ECMO support is associated with a variety of severe
adverse events, especially bleeding, limb ischaemia, acute kidney in-
jury, infections, as well as left ventricular volume overload and pul-
monary oedema.3 In the recent years, percutaneous MCS by
microaxial pumps (e.g. ImpellaVR , Abiomed, Inc., Danvers, MA, USA)
has been used frequently.4 However, a high number of device-related
complications have been reported with bleeding, deployment or re-
trieval issues, and vascular complications being the most common.4 A
current study by Amin et al.5 even reported an association between
the usage of microaxial pumps during percutaneous coronary inter-
vention and increased adverse events and costs. In addition, implant-
ation of microaxial pumps is limited in patients with biventricular
failure, left ventricular thrombus, and mechanical aortic valve pros-
thesis.6 Nevertheless, combining of a percutaneous microaxial
pump with VA-ECMO for left ventricular unloading has become
more and more popular, a concept coined ECMELLA (Figure 1).7

However, by now, the ECMELLA concept is only a single case
strategy and not an established therapy. Although ECMELLA
offers the advantage of adequate left ventricular unloading without
the need of a central left atrial venting catheter, it may increase
some of the above mentioned complications of VA-ECMO sup-
port, especially bleeding complications and haemolysis.7,8 While

ECMELLA has gained popularity for therapy-refractory cardio-
genic shock as well as postcardiotomy syndrome, it is still new in
the field of severe PGD after HTx.

Here, we report a patient suffering from severe PGD after HTx
successfully bridged by temporary multimodal mechanically assist-
ance by ECMELLA.

Case presentation

A 56-year-old male patient with end-stage ischaemic cardiomyopathy,
chronic kidney disease, chronic obstructive pulmonary disease, type 2
diabetes mellitus, and dyslipidaemia developed cerebral infarction due
to thrombosis of the right medial cerebral artery approximately one
and a half year after minimally invasive left ventricular assist device
(LVAD) implantation (HeartWare HVADVR , Medtronic plc, Dublin,
Ireland). The patient successfully underwent mechanical thrombectomy
and was listed for HTx with high urgency waiting list status. Another
43 days later, the patient was finally allocated to a suitable donor organ
of a 22-year-old donor and underwent HTx in orthotopic bicaval tech-
nic. Although reported donor ejection fraction was good (>60%) and
transport time (157 min) and warm ischaemia (49 min) were not pro-
longed, the patient developed immediately PGD with biventricular fail-
ure and severe impairment of left ventricular function (ejection
fraction < 20%). After a total reperfusion time of more than 150 min,
we decided to implant a microaxial pump (Impella 5.0VR , Abiomed, Inc.,
Danvers, MA, USA) via a vascular prosthesis connected to the right
subclavian artery for temporary isolated left ventricular mechanically as-
sistance. However, due to concomitant right heart failure, additional
right ventricular assistance was inevitable. Thus, we upgraded the run-
ning ImpellaVR system to ECMELLA configuration by additional VA-
ECMO implantation via a second arm of the already implanted vascular
prosthesis of the right subclavian artery and the right femoral vein as
described before by Eulert-Grehn et al.9 Afterwards, the patient was
stabilized and transferred to the intensive care unit.

In the following, the patient developed progressive hyperaemia of
the right arm with consecutive therapy-refractory lactataemia. At the
first postoperative day, we therefore switched the arterial cannula of
the VA-ECMO to the right femoral artery. Unfortunately, the patient
suffered from multiple bleeding complications during ECMELLA sup-
port with need for a total of four thoracic revisions and temporary
thorax apertum due to repetitive haematothoraces. Finally, ventricular
function recovered after levosimendan therapy and the ImpellaVR de-
vice was explanted eight days after HTx. Due to on-going right ven-
tricular dysfunction, we maintained VA-ECMO support for additional
4 days. We explanted VA-ECMO on the 15th postoperative day
achieving thoracic occlusion. A detailed timeline of all operative proce-
dures is displayed in Figure 2.

Approximately one month after the HTx, the patient was trans-
ferred to the intermediate care unit and at the 46th postoperative
day, the patient was finally discharged to a rehabilitation clinic. At dis-
charge, echocardiography confirmed full biventricular recovery with
left ventricular ejection fraction at 53% and apparently good right
ventricular function without any valve pathologies.

At follow-up, two months following HTx the patient presented
fully recovered without any heart failure symptoms or chronic kidney

Figure 1 Schematic illustration of the temporary mechanical cir-
culatory support of the patient. The combination of a microaxial
pump and veno-arterial extracorporeal membrane oxygenation is
also referred as ECMELLA. Impella 5.0VR (Abiomed, Inc., Danvers,
MA, USA) was implanted via the right subclavian artery and veno-ar-
terial extracorporeal life support via the right femoral vessels.
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..injury. He reported regular physical exercise without any dyspnoea
and echocardiography revealed normal cardiac function.

Discussion

Here, we report a case of PGD after HTx with successful multimodal
circulatory assistance by temporary ECMELLA support, a concept
that to our best knowledge has not yet been reported in this particu-
lar context in the literature. Our case summarizes the possibilities of
successful MCS therapy for PGD by combining both VA-ECMO as
well as ImpellaVR in order to combine the advantages of both therapy

strategies; however, we also indicated a severe amplification of the
known adverse effects of both therapies.

Although survival after HTx has continuously improved in the recent
years, PGD still remains a main cause for early graft failure and is associ-
ated with increased morbidity and mortality.1 Incidence of PGD after
HTx varies in the literature from less than five to more than 30%.1,2

Following the criteria of the International Society for Heart and Lung
Transplantation (ISHLT), our reported patient suffered from both severe
right as well as left ventricular PGD.2 There are multiple known risk fac-
tors for the development of PGD in the literature with multiple trauma
of the deceased donor (car accident) and concomitant non-cardiac organ
donation, certain weight mismatch as well as previous thoracic surgery
and LVAD support of the recipient being present here.2

Figure 2 Timeline of operative procedures and present mechanically assist devices. Days are displayed as postoperative days in regard to the
orthotopic heart transplantation. d, day; ECMELLA, VA-ECMO þ ImpellaVR ; ICU, intensive care unit; LVAD, left ventricular assist device; OR, operat-
ing room; VA-ECMO, veno-arterial extracorporeal membrane oxygenation.

ECMELLA for primary graft dysfunction 3
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..Per definition by the ISHLT, treatment of severe PGD after HTx
consists of temporary mechanically circulatory assistance, often by
VA-ECMO support.2 In general, ECMO support duration averages of
about 5 days, which is much shorter than in our reported case.10

Prolonged ECMO support is associated with multiple complications
such as bleeding, limb ischaemia, stroke, acute kidney injury, and
infections.3,10 Without any doubt, bleeding complications are the
most common ones observed, reported in more than one of every
three patients, which was also the main device related-complication
in our patient.3,10

In ECMO patients with severe biventricular failure and loss of car-
diac output, left ventricular overload with need for therapeutic vent-
ing in order to prevent ventricular distension and pulmonary
oedema is commonly observed.7,8 In contrast to conventional
surgical venting by central left atrial or pulmonary vein catheter,
implantation of ImpellaVR for ECMELLA support can be per-
formed without thoracic cannulas.7,8 In addition, ImpellaVR can as-
sist the left ventricle as part of a staged weaning concept.7,8,11 As
a consequence, Pappalardo et al.7 described significantly
increased weaning rates as well as decreased in-hospital mortal-
ity for ECMELLA compared with VA-ECMO in patients with car-
diogenic shock. However, simultaneously ECMO support
duration as well as haemolysis and acute kidney injury requiring
haemodialysis were also significantly increased in the ECMELLA
cohort compared to stand-alone VA-ECMO.7 Furthermore,
major bleeding complications were increased by about 30% in
the ECMELLA group.7 These findings are also underlined by
Castro et al.11 who reported significantly increased blood trans-
fusions in ECMELLA patients compared to stand-alone ImpellaVR

therapy. These data are congruent with our reported case, as we
observed profound bleeding complications with multiple haema-
tothoraces regardless of comprehensive haemostasiological
therapy and an advanced patient blood management
programme.

Conclusion

Multimodal temporary MCS by combining both VA-ECMO and
ImpellaVR to a so-called ECMELLA configuration can offer a new ap-
proach for patients suffering from severe PGD with fulminant biven-
tricular failure after HTx. We were not only able to successfully
wean the patient after 12 days of MCS therapy, but more important,
the patient’s ventricular as well as kidney function fully recovered.
Although the reported patient did not experience any persistent
impairments, during ECMELLA support we struggled with multiple
severe bleeding complications.
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