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Abstract: Chronic lung allograft dysfunction remains the leading cause of long-term morbidity and
mortality for lung transplant recipients. Lung retransplantation currently represents the only therapeutic
option for patients for refractory allograft dysfunction. However, debate remains regarding both the efficacy
and ethicality of lung retransplantation in light of the shortage of lung allografts. The aim of this review is to
discuss the available literature on lung retransplantation in the current era. Through this we hope to provide
insight into ideal patient selection, donor organ selection, surgical approaches, and future considerations
within the field in order to improve outcomes and best address organ utilization while a waitlist continues
to exist. Lung retransplantation in select patients can offer comparable survival outcomes to primary lung
transplantation. However, several risk factors including retransplantation with the first year of primary
transplantation, older age, poor functional status, and ICU level requirements prior to transplantation
are associated with worsened outcomes. Donor organ selection considerations are comparable to those in
primary lung transplantation. However, surgical approach is often impacted by dense pleural and mediastinal
adhesions in the recipient which increase the complexity of the hilar dissection. The postoperative course is
often more complex for patients undergoing retransplantation compared to those undergoing primary lung
transplant as well. However, pending more data on long term outcomes in lung retransplantation and the
potential impact of retransplant recipients on waitlist mortality, lung retransplantation should remain in use

primarily for the treatment of chronic graft dysfunction in carefully selected patients.
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Introduction graft dysfunction. Since 2000, lung retransplantation

represents 3—5% of the annual lung transplant volume (1).

Lung transplantation is the standard of care for end-stage .
& p & As the number of primary lung transplants has grown

lung disease. Since 1990, over 70,000 lung transplants have

nearly three-fold over the past twenty years, so too has
been performed worldwide with over 4,500 in 2017 alone (1).

the number of patients undergoing retransplantation

Despite advances in the field and the growing number of which now approaches close to 200 cases per year. The

transplants performed annually, acute and chronic allograft
dysfunction continue to be the leading causes of morbidity
and mortality in this population, limiting median graft
survival to 6.2 years (1-5). For a select group of patients,

repeat lung transplantation is an option for refractory
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following article summarizes the available literature on lung
retransplantation, including patient selection, donor organ
selection, surgical approaches, and future considerations
within the field, in order to improve outcomes and best
address organ utilization while a waitlist continues to exist.
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Patient selection

Patients with medically refractory allograft dysfunction are
candidates for lung retransplantation, although the decision
to list patients for retransplantation is ultimately left to the
individual transplant center. Historically, there was stigma
associated with relisting patients as lungs were allocated
based on total waitlist time which allowed some patients
to be retransplanted while others were dying before they
could receive their first allograft (6,7). By 2005, the United
Network for Organ Sharing (UNOS) implemented the
Lung Allocation Score (LAS) which objectively profiled
patients based on current medical urgency and expected
survival measured at one year in order to decrease waitlist
mortality and more equitably distribute lungs to those in
need. Median wait time fell from two years to 200 days and
waitlist mortality was nearly halved as lungs were more
appropriately distributed based on the severity of patients’
underlying diagnoses (6,8). A consequence of the LAS was
that priority was also given to patients who were relisted
for transplantation as the waitlist mortality for chronic lung
allograft dysfunction (CLAD) and idiopathic pulmonary
fibrosis are similar (6,9,10). Despite being given priority, the
percentage of patients undergoing lung retransplantation
per year has remained stable in recent years. This trend likely
reflects center specific decisions to limit retransplantation
due to increased surgical complexity (11).

Some analyses suggest that long-term graft survival is
worse with lung retransplantation. In a 2017 review of their
outcomes between 2008 and 2015, the Organ Procurement
and Transplantation Network demonstrated inferior
1, 3, and 5 years survival for patients undergoing lung
retransplantation (76.0%, 48.9%, and 33.8%) relative to
those undergoing their first transplantation (87.9%, 70.5%,
and 56.0%) (12). However, after adjusting for comorbidities,
minimal differences in survival are observed between
primary and repeat lung transplantation (10). Risk factors
associated with worse outcomes following retransplantation
include early retransplantation within the first year, older
age, female gender, 6-minute walk test less than 400 feet,
donor-recipient height ratio <1, poor functional status,
ICU level requirements prior to transplantation, operations
performed at lower volume transplant centers, intravenous
antibiotics within 2 weeks of transplantation, and single
lung rather than double lung retransplantation (13-16).
Careful selection of recipients for retransplantation based
on known or yet to be determined risk factors will lead to
overall better survival for this group of patients.
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Patient selection becomes increasingly important when
physicians are asked to offer bridging therapy prior to
lung retransplantation. Mechanical ventilation and, more
recently, extracorporeal membrane oxygenation (ECMO)
are readily available at transplant centers. However, there is
a paucity of literature on the subject of retransplantation in
mechanically ventilated patients (10,17-19). Although many
of these data could be considered somewhat dated, it is
clear that retransplant candidates on mechanical ventilatory
support are at high risk for inferior outcomes. Those
requiring bridging ECMO prior to retransplantation are
typically in even worse preoperative condition than those
requiring mechanical ventilatory support. Of the few single
center reviews on this subject, these patients uniformly have
more complicated intraoperative and perioperative courses
(20-22). A meta-analysis of the cumulative experience
points to improved survival for those with awake, bridging
venovenous (VV) rather than venoarterial (VA) ECMO
at 1 year (67% vs. 20%), although results continue to be
limited by small sample sizes and influenced by institutional
experience (21). At our institution, we are extremely
selective about who we bridge to retransplantation given
these realities.

The most common indication for patients undergoing
lung retransplantation is CLAD. Several recent single
institution series have demonstrated comparable survival
despite more complex perioperative courses for patients
who receive retransplantation for CLAD compared to those
that undergo primary lung transplantation, although the
results of these studies are highly subject to selection bias
(20,23,24). Successtul of retransplantation for CLAD appears
to be at least partially contingent on the underlying CLAD
phenotype. First described by Sato et 4l. in 2011, restrictive
allograft syndrome (RAS) is physiologically different than
bronchiolitis obliterans syndrome (BOS), the more common
form of chronic lung allograft dysfunction (25). Patients with
RAS have worse prognosis than those with BOS, and this
includes outcomes following lung retransplantation (21).
In a 2015 study by Verleden et 4/., patients undergoing
lung retransplantation for RAS redeveloped CLAD sooner
and ultimately had worse survival than patients with BOS.
Survival for patients with RAS at 1, 3, and 5 years after
retransplantation was 59%, 33%, an 28% with a median
graft survival of 1.7 years, whereas patients with BOS
experienced survival of 84%, 67%, and 51% with a median
graft survival of 5.1 years (22).

The careful selection of patients for lung retransplantation
is crucial for successful outcomes given the complexity
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in operative and perioperative management. Patients
who stand to benefit the most from retransplantation are
those who have experienced reasonable survival following
their initial transplantation and are not suffering from
additional organ dysfunction (i.e., kidney, liver). In addition,
it is important to consider the subtype of CLAD they
are experiencing as this appears to impact outcomes. In
general, retransplantation in patients who are mechanically
ventilated or on ECMO prior to transplantation should
only be used very selectively.

Donor organ selection

Like primary lung transplantation, the assessment of donor
lungs for retransplantation should take into consideration
the relative size of the lungs, donor specific antibodies
(DSA), and the risk of waitlist mortality. For patients
undergoing primary lung transplantation, undersized
lungs have been associated with an increased occurrence of
primary graft dysfunction, CLAD, and mortality at 1 and
5 years for all comers, although outcomes may be
dependent on underlying diagnosis (26-29). Available
methods based on height, gender and height, chest X-ray,
and thoracic perimeter have all been shown to carry
significant variability (30-32). No studies to date have been
done to specifically assess the impact of lung size mismatch
in lung retransplantation. In our experience, the chest cavity
is more rigid and fixed than in primary lung transplantation,
which may adversely impact oversized lungs Therefore, an
emphasis should be placed on accurately matching donor-
recipient size in lung retransplantation.

In addition to pregnancy and blood transfusions, prior
transplantation is a risk factor for sensitization, high levels
of HLA antibodies, and difficulty finding a compatible
organ, especially for multiparous women (29). In general,
patients with higher cPRAs experience longer waitlist time,
decreased rate of transplantation, and increased waitlist
mortality than their peers with lower cPRAs. However,
following transplantation, patients with high pretransplant
DSAs and those who develop persistent de novo DSAs in
the posttransplant setting have higher rates of antibody
mediated rejection, CLAD, and overall mortality (33,34).
Therefore, if a retransplant candidate screens positive for
having DSAs to their prior donor, those HLA antigens
should be avoided when matching a subsequent donor. This
can be done prior to transplant with a virtual or prospective
crossmatch. Although induction therapies exist for patients
with high ¢cPRAs including intraoperative IVIG and
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plasmapheresis with antithymocyte globulin and rituximab,
no randomized trials have been performed to standardize
protocols in these patients and we have little data to guide
our decision making (35,36).

Surgical approaches and expectations

There are multiple factors to consider when deciding an
optimal operative approach in retransplantation. One
such factor is whether a single or bilateral orthotopic
lung transplantation (BOLT) is more appropriate. In an
analysis of Scientific Registry of Transplant Recipients
(SRTR) data, Kon and colleagues examined outcomes for
retransplantation for patients who had undergone a previous
single lung transplant. They found that patients who
received a contralateral single lung retransplants had similar
survival at 30 days, 1 year, and 5 years to those that received
bilateral retransplants, but that survival for both were
superior to that of patients who received ipsilateral single
lung transplant (37). Clearly, from a technical standpoint
avoiding the original site of transplant and transplanting the
contralateral lung when possible should be easier. However,
one must ensure this is medically appropriate (i.e., no
residual infections, etc.) and technically feasible.

The incisions in patients undergoing re-transplant,
whether it be a SOLT or BOLT, are no different than it
was at the time of initial transplant (35). The predominant
patient population that we consider for re-transplant are
individuals who have had a previous BOLT. However, this
is mainly because BOLTs are more commonly performed
for primary lung transplantation. Also, at many centers
SOLTs are reserved for older, more debilitated patients.
At the time of retransplantation, it is expected that the
patients will have dense pleural and mediastinal adhesions,
and we are meticulous in attempting to lyse these with
minimal bleeding. Once this is accomplished, our next
goal is to obtain central control of the pulmonary arteries
(PA) within the pericardium as dissection at the level of
the hilum is treacherous given the adhesions between the
prior pulmonary anastomosis and the bronchus. If this
can be successfully accomplished, we generally cannulate
centrally for VA ECMO as it requires less heparinization
and therefore in theory will mean less blood product
transfusions. Occasionally if central PA control is not
possible, full cardiopulmonary bypass (CPB) is initiated,
and the main PA is cannulated which decompresses the
pulmonary system and allows for the subsequent division
of the prior anastomoses within the hilum. Some surgeons
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at the time or primary transplantation will cover their
bronchial anastomoses with peribronchial tissues or
pedicled thymic flaps. These techniques make it more
likely that the bronchus and PA can be separated at the
subsequent transplantation.

Similar to primary lung transplantation, less invasive
strategies for retransplantation have also been explored.
Sommers et al. published a series which analyzed their
experience with lung retransplantations after transitioning
to less invasive transplant protocols which included
performing retransplant via minimally invasive, sternum-
sparing anterolateral thoracotomies without the use of
CPB or ECMO and without heparin administration. These
patients were compared to a historical cohort of patients
who underwent retransplantation prior to the adaptation
of these protocols. They found that while operative times
were longer, time to extubation and length of ICU stay
as well as survival at 30 days and 1 year were improved in
the era of less invasive lung retransplantation (38). More
recently, this group has also transitioned to performing
lung transplantations on ECMO in appropriate candidate
and have demonstrated comparable survival despite higher
perioperative risk in the patients who received transplant on
ECMO (39). While use of a historical control is a source of
potential bias in the earlier study, their results do suggest
a sternal sparing approach is at least technically possible in
select cases of lung retransplantation. However, the overall
safety and benefit beyond the traditional approach remains
to be clearly demonstrated. Again, one technical suggestion
to increase the chances of a more minimally invasive
dissection at the time of retransplantation is to separate
the hilar PA from surrounding structures with tissue (i.e.,
peribronchial tissue or a thymic pedicle).

Following successful surgery, patients undergoing lung
retransplantation continue to have a difficult postoperative
course. Halloran and colleagues found that compared to
patients that underwent primary lung transplantation, those
that received retransplantation had increased postoperative
days on the ventilator and, consequently, increased ICU
length of stay (23). However, in other series, postoperative
ventilator time was comparable between primary transplant
and retransplant patients (20,40). Postoperatively, patients
report similar improvements in their quality of life after
retransplantation as they did following their primary
transplant. Although despite these improvements, twenty five
percent of the patients who required complete assistance with
their activities of daily living preoperatively will continue
to require maximum assistance postoperatively (15).
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With respect to their infectious risk, patients undergoing
retransplantation do not experience increased rates of graft
colonization or infection compared to those undergoing
primary lung transplantation. Ultimately, however,
similar to primary transplants, patients undergoing
retransplantation typically die as a consequence of graft
failure or infectious complications (23).

Future directions

While the current literature would suggest that lung
retransplantation can offer comparable outcomes to
primary transplantation in select patients, there remains
debate regarding the ethical implications of repeat
transplantation (7). This debate was instigated by long
waitlist times, high waitlist mortality, and perceived
inequity in the lung allocation process, particularly for
those waiting for their first transplant. Although after the
implementation of LAS in 2005, waitlist time decreased
by over 70% and mortality by nearly 50% (6,8). The LAS,
as previously described, attempts to maximize the utility
of lungs, and can be thought of as the difference between
predicted near-term and 1-year mortality for patients on
the waitlist. These improvements settled many concerns
about fairness in organ allocation, although interestingly,
they also helped patients undergoing retransplantation
receive new allografts sooner (6,9,10). Despite not having
as high of 1-year predicted survival as a primary transplant
candidate, retransplant candidates benefit from the LAS
preferentially allocating organs to patients with higher
predicated waitlist mortality. Despite the improvement in
waitlist mortality and simultaneous improvement in access
to retransplantation, the percentage of patients undergoing
lung retransplantation has remained relatively stable over
time. Without regulatory guidelines restricting patients
from being listed, the stability in retransplantation rates is
likely attributable to transplant center specific decisions and
more modern ethical debate around resource utilization and
expected quality of life. Lung retransplantation represents a
thin line between hope and false expectations, and this can
be difficult for some patients and providers to understand
or accept (7). There is a lack of evidence on these topics
within lung retransplantation, making the decision to list
someone for retransplantation more experiential than
empirical at times for physicians. To help with this decision,
other specialties have established minimum requirements
for long-term survival (41). While this does not yet
currently exist in lung transplantation, it remains unclear
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whether that would be a step forward or backwards for the
community. Providers appear to understand this complex
interplay as represented by stable numbers of retransplants.
The ethical concerns further emphasize the importance of
patient selection in this patient population.

Conclusions

Long term efficacy of lung transplantation continues to be
challenged by CLAD. At this time, lung retransplantation
represents the only viable therapeutic option in this context
and can demonstrate similar efficacy to primary lung
transplantation in select patients. While previous studies
highlight the feasibility of lung retransplantation, further
work is needed to clarify its impact on broader waitlist
mortality. Moreover, future studies will be necessary to
explore how the possible effects of lung retransplantation
on waitlist mortality might be mitigated through advances
in efforts to expand the donor pool as well as those aimed
to extend the longevity of the primary allografts. Therefore,
technical, medical and ethical concerns continue to be
delineated and discussed and lung retransplantation should
remain in use primarily for the treatment of chronic graft
dysfunction in carefully selected patients.
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