Case Report

Single lung retrieval from a donor supported by a left ventricular
assist device
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Abstract: The number of patients who need cardiac support with a left ventricular assist device (LVAD)
has increased over the last decade. However, the number of reports of organ retrieval from donors with
an LVAD is still small. Successful lung retrieval for single lung transplantation was performed from a
donor on LVAD support. This required special care not to injure the heart, great vessels, and the device,
particularly the outflow conduit, because of significant conglutination around the device. A right single lung

transplantation was performed successfully, with no postoperative complications. This means that patients

on an LVAD could be potential donors for lung transplantation.
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Introduction

A donor organ shortage remains a serious issue for lung
transplantation, particularly in Japan (1). In Japan, a donor
management system has been established to maximize donor
lung usage. The rate of donor lung usage is more than that
in other developing countries (2). On the other hand, the
number of patients who need cardiac support with a left
ventricular assist device (LVAD) has increased over the last
decade (3), even in Japan. As reported previously, the chest
cavity after implantation of an LVAD tends to become
highly conglutinated between the pericardium and heart,
lung and parietal pleura, and the device and surrounding
tissue (4). The risks of tissue injury during organ retrieval,
especially lungs, remain high and may result in a surgeon
refusing such lungs for transplantation. A case of successful
lung retrieval for a single lung transplantation that was
performed from a donor on LVAD support is described.
In this report, the potential risks to safe organ retrieval are
outlined based on this experience.
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Case presentation

A 48-year-old man, a brain-dead donor, was assigned for
organ donation by the Japan Organ Transplant Network
(JOT). The patient had undergone implantation of an
LVAD HEART MATE II® (Thoratec Corp, Pleasanton,
CA, USA) as a bridge to heart transplantation seven months
earlier because of severe dilated cardiomyopathy and also a
cardiac resynchronization therapy-defibrillator (CRT-D)
was implanted prior to implantation of the LVAD. However,
sudden brain death was caused by cerebral hemorrhage.

The donor was transferred to a regional hospital after he
developed a serious headache and right hemi-paralysis. On
arrival at the hospital, he was unconscious and underwent
craniotomy for removal of a hematoma three days prior
because of intracortical bleeding. The partial pressure of
arterial oxygen (PaO,)/fraction of inspired oxygen (FiO,)
ratio (P/F ratio) was 690.7. The chest X-ray and computed
tomography (CT) showed signs of bilateral pulmonary
vascular congestion, bilateral pleural effusion, and bilateral
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Figure 1 Chest X-ray (A) and computed tomography scan (B) of the cadaveric donor with a HeartMate II® before organ retrieval.

lower lobe atelectasis (Figure 1). Bronchoscopy showed some
serous secretions in both inferior lobes with a small amount
of Gram-positive and -negative bacteria. The P/F ratio
decreased gradually to 218.4 by the time of organ retrieval.
However, only small amount of bacteria was detected which
responded to antibiotics. Secretion in the bronchus was not
purulent but serous. Therefore, we judged the inflammation
in the donor was caused by atelectasis compressed by pleural
effusion. These were the reasons for which we decided to
use this lung for transplantation. Eight other institutes had
declined organ retrieval for lung transplantation before
our institution accepted the offer from JOT, while other
institutes had accepted organs for liver, pancreas, and kidney
transplantation. However, transplantation of the liver was
declined after final confirmation during organ retrieval on
account of its poor condition. The lung transplantation
recipient was a candidate for single lung transplantation based
on the JOT guideline. Thus, it was decided that only the right
lung would be used for this recipient.

Organ retrieval was started by sternotomy using an
oscillatory bone saw as in re-do sternotomy. There were
few adhesions between the sternum and mediastinal tissue,
which included the outflow conduit of the LVAD. As in safe
management for re-sternotomy, the outside of the outflow
conduit of the LVAD was covered by a prosthesis, and the
cardiac surgeons moved the outflow conduit far from the
sternotomy line and placed a GoreTex® sheet between the
outflow conduit and the sternum at the initial surgery to
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implant the LVAD. However, this step required special care
not to injure the heart, great vessels, and device, in particular
the outflow conduit. The device was encapsulated by tissue
but was gradually exposed. There were some adhesions in
the right thoracic cavity and significant adhesions in the left
thoracic cavity. Following heparinization and annulation of
all organs removed, aortic cross-clamping was done after
injection of prostaglandin E1 (500 pg) into the pulmonary
artery. Just after aortic clamping, the LVAD was deactivated
and removed with the driveline from the left ventricle and
aorta. After perfusion of extracellular phosphate-buffered
solution (EP-TU), the pacing lead was removed from the
heart, and the lung and heart block was explanted following
standard protocols. It took 175 minutes from the initial
thoracotomy to removal of the lungs. Three surgeons
performed the lung retrieval, who were one cardiac surgeon
and two general thoracic/transplant surgeons.

The recipient was a 61-year-old man who had stage IV
chronic obstructive pulmonary disease (COPD). Right single
lung transplantation was performed successfully through a
posterolateral thoracotomy with 225 minutes of ischemic time.
Four thoracic surgeons performed this lung transplantation
using this donor lung. The patient’s postoperative course was
good, and the patient was discharged.

Discussion

The number of candidates for LVADs has recently
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increased significantly (3,5). However, the number of
reports describing organ retrieval from donors with LVADs
is still small. This is the first case of lung retrieval from an
adult donor with an LVAD in Japan.

Most patients with LVADs are candidates for cardiac
transplantation (3). However, there is often a long wait for
a cadaveric organ because of a donor shortage, particularly
in Japan. During the long waiting time, patients with
LVADs are exposed to risks of complications. The most
frequent late-phase complications are bleeding, infection,
pump thrombosis, right heart failure, device malfunction,
and stroke (6). In particular, there is a 10-25% risk of
cerebrovascular events such as hemorrhage and infarction
(6,7). As such patients appreciate the need for donor organs
at the time of their LVAD implantation, they themselves
are usually willing to be donors should they themselves
become brain dead.

The suitability of patients with LVADs for organ
donation, in particular, lungs, has not been addressed in
the guideline (8). Considering prior cardiac failure and
cardiac surgery, it is a relative contraindication. However,
after LVAD implantation, the lungs and other organs could
be kept stable. Thus, if organ damage from severe heart
failure can be avoided, patients with an LVAD can be organ
donors (4). However, lung retrieval in such cases requires a
high level of technical skill.

Technically, exposure of the device and organs in the
thoracic cavity is still risky. In particular, thoracotomy with
sternotomy to find the device is the most challenging part
of organ retrieval. To address this issue, other approaches
have been reported for re-do after LVAD implantation (9).
One is a thoracoscopic approach, which allows surgeons
to dissect the LVAD and sternum safely, and another
is the subxiphoid approach using separate right and left
minithoracotomies. These are options to avoid injury
during sternotomy. However, because organ donation often
occurs with little or no notice, surgeons have little time to
prepare for organ retrieval. Furthermore, cardiac surgeons
are not usually present at the donor operation, and general
thoracic surgeons need to do everything from thoracotomy
to lung and device removal. In this case, cardiac surgeons in
the hospital knew how the LVAD had been implanted and
where the driveline and outflow graft were because they had
implanted the LVAD for this donor, and they performed
the dissection and exposure of the device.

Temporary cardiopulmonary support could reduce the
risk of unpredictable cardiac arrest (10,11) as hemodynamic
instability could occur easily during donor organ retrieval.
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Kidneys and livers procured from brain death donors on
ECMO perform similarly to non-ECMO organs with
regard to one-year graft survival and functionality even
though livers from ECMO donors have a higher discard
rate than non-ECMO donors (12). However, with regard to
lungs, only a few cases have been reported (13). In our case,
we didn’t prepare ECMO during organ retrieval because
cardio-pulmonary bypass would be necessary instead of
ECMO if the LVAD was injured during the operation.
Furthermore, as ECMO is currently not used for organ
retrieval in Japan, we performed the organ retrieval with
extreme care. On the other hand, the donor with the LVAD
already had a CRT-D prior to implantation of the LVAD.
Use of an intravascular cardioverter defibrillator (ICD) is
already known to be feasible for long-term placement and
ICDs have similar defibrillation thresholds (DFT's) to those
of conventional ICDs in animals and humans (14,15). This
would be helpful to maintain donor hemodynamic stability
as hemodynamic instability could occur easily during
donor organ retrieval. For organ retrieval from donors
with LVADs, more time is needed to expose the organ
than in the standard procedure, and sufficient time must
be provided for thoracic surgeons to complete this more
complex procedure.

This report described lung retrieval from a brain-
dead patient with an LVAD. Such a lung transplantation
is possible although is technically difficult. This may be a
feasible option in light of donor shortage, however general
thoracic surgeons require a high level of technical expertise
to perform lung retrieval in such cases.
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