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Lung retransplantation (LRT) involves a second or subsequent lung transplant (LT) in a patient whose first transplanted graft has failed.
LRT is the only treatment option for irreversible lung allograft failure caused by acute graft failure, chronic lung allograft dysfunction,
or postoperative complications of bronchial anastomosis. Prehabilitation (rehabilitation before LT), while patients are on the waiting
list, is recognized as an essential component of the therapeutic regimen and should be offered throughout the waiting period from the
moment of listing until transplantation. LRT is particularly fraught with challenges, and prehabilitation to reduce frailty is one of the
few opportunities to address modifiable risk factors (such as functional and motor impairments) in a patient population in which there
is clearly room to improve outcomes. Although rehabilitative outcomes and quality of life in patients receiving or awaiting LT have
gained increased interest, there is a paucity of data on rehabilitation in patients undergoing LRT. Frailty is one of the few modifiable
risk factors of retransplantation that is potentially preventable. As such, it is imperative that professionals involved in the field of re-
transplantation conduct research specifically exploring rehabilitative techniques and outcomes of value for patients receiving LRT, be-

cause this area remains unexplored.
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Introduction

Lung retransplantation (LRT) involves a second or subsequent
lung transplant (LT) in a patient in whom the first transplanted
graft has failed [ 1]. LRT is the only treatment option for irrevers-
ible lung allograft failure caused by acute graft failure, chronic lung
allograft dysfunction, or postoperative complications associated
with bronchial anastomosis [2-7]. Chronic lung allograft dysfunc-
tion is characterized by a decline in forced expiratory volume in the

first second of >20% from the reference value, which persists for 3

months [S]. The postoperative onset of allograft dysfunction at 5
years appears to be equivalent in both first-time transplantation
and retransplantation [8]. It has been estimated that the median
survival after LRT is 2.5 years, and many variables contribute to the
decision to pursue retransplantation, such as age, burden of comor-
bidities, functional performance, and psychosocial factors [9,10].
Several types of LRT procedures have been described, including
single and double LRT, and ipsilateral, contralateral, or bilateral ap-
proaches [3,6,11]. LRT carries a higher risk than first-time trans-

plantation, especially in patients with poor functional status or
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those requiring mechanical ventilatory support [2,3]. It has been
estimated that LRT accounts for 4% to 6% of all LTs [1,4,12] and a
longer time between the initial transplant and retransplant is asso-
ciated with better outcomes [ 12]. As a bridge to LRT, extracorpo-
real membrane oxygenation (ECMO) is associated with worse 30-
day survival at 67.3%, compared with 91.2% in those not receiving
ECMO [13]. At the same time, patients bridged to transplantation
with awake ECMO have higher survival rates with awake ECMO
than with mechanical ventilation [ 14].

Prehabilitation while waiting for lung
retransplant

Prehabilitation (rehabilitation before LT), while patients are on the
waiting list, has been recognized as an essential component of the
therapeutic regimen and has been recommended throughout the
waiting period from the moment of listing until transplantation
[15]. LRT is particularly fraught with challenges, and prehabilita-
tion to reduce frailty is one of the few opportunities to address
modifiable risk factors (such as functional and motor impair-
ments) in a patient population where there is clearly room to im-
prove outcomes. In the case of LRT, patients have already experi-
enced and have a general understanding of how to achieve their ex-
pected functional goals. When approaching retransplantation, pa-
tients often face a clinical deterioration that can be demoralizing. In
this regard, it has been found that an 8-week cognitive behavioral
stress management and relaxation training intervention is excellent
for patients requiring solid organ transplantation [ 16]. Directing
rehabilitative interventions towards goals that focus on maintain-
ing function and avoiding physical deconditioning is of paramount
importance in the preoperative period before LRT.

Expected outcomes following lung
retransplant

While the 1-year survival after LRT remains inferior (76%) to that
after primary LT (84%) [17,18], outcomes have improved over
time, although these improvements have been considerably less ro-
bust than those seen in other LT indications [ 19]. Early clinical ex-
periences with LRT dating back to the 1990s indicated 1-year sur-

Table 1. Rehabilitative outcomes in lung retransplantation

vival rates that were better in patients who were ambulatory and
non-ventilated (64% + $5%) than in those who were non-ambula-
tory and ventilated (33% % 4%) [20]. One-year survival improved
somewhat in the 2000s in patients requiring LRT because of pri-
mary graft dysfunction (34.8% survival) and bronchiolitis obliter-
ans syndrome (72.5% survival) [21]. During the same period,
even ventilated patients undergoing LRT saw an increase in 1-year
survival to 50% [12,19]. Functional status is an important and
modifiable predictor of post-LRT outcomes. Recipients in need of
total assistance at the time of retransplantation are much more like-
ly to experience continuing functional limitations after LRT that
require the same assistance [22]. Although rehabilitative outcomes
and quality of life in patients receiving or awaiting LT have gained
increasing interest [23,24], there is a paucity of data regarding reha-
bilitation in patients undergoing LRT. Indeed, we found no pub-
lished experience describing the rehabilitation of patients who
have undergone LRT, and it seems that this topic is unexplored.
This may be because conventional wisdom maintains that rehabili-
tation in LRT is not different from that in first-time transplanta-
tion. Considering the distinct risks and exposure of patients receiv-
ing retransplantation, this assumption may not hold true. In the lit-
erature, we found only one case report discussing rehabilitation
and providing insights into the clinical issues of rehabilitative inter-
est that can arise after LRT, such as post-transplant musculoskeletal
syndrome [25]. This condition may adversely affect the patients’
flexibility, pain, and strength, although it can be improved using
manual and respiratory techniques, such as global postural reduc-
tion [25].

Rehabilitative features in lung
transplantation

Because of the distinct complexities associated with LRT, rehabili-
tative interventions should focus on different primary goals depend-
ing on preoperative and postoperative needs (Table 1) [25,26].
Currently, there are no specific guidelines for rehabilitating pa-
tients undergoing LRT. Therefore, fundamental aspects pertaining
to LT candidates and recipients should be used as a guide. We
speculate that treatment frequency, intensity (related to patients’

clinical status), exercise duration, and expected outcomes likely

Prehabilitation

Postoperative rehabilitation

Patients should already be accustomed to exercise and aware of expected
outcomes since they have already been subjected to rehabilitation at the
time of the first transplant. Primary goals focus on preserving residual
functional ability and management of worsening dyspnea.

Musculoskeletal issues could be present and can be addressed with manual
techniques such as global postural reeducation [25]. Motor reconditioning
and respiratory exercises are consistent parts of treatment [26].
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vary between first-time LT and LRT candidates and recipients.

While rehabilitation techniques in LRT do not differ substantial-
ly from those utilized in patients undergoing first-time LT, the
physical condition of patients receiving retransplantation is often
impaired by greater medical complexity. While patients are on the
waiting list, prehabilitation can be offered under different modali-
ties, including home-based, outpatient, and inpatient programs
[27,28]. In a review of rehabilitative interventions in candidates for
LT, it was reported that the majority of care was delivered in an
outpatient setting, although mixed (outpatient and home-based)
and inpatient forms of care were also available [27]. Home-based
and inpatient settings are preferred for patients who face barriers to
travel, have limited autonomy, or require a high amount of supple-
mental oxygen during exertion. Telerehabilitation has received in-
creased attention and gained popularity, particularly during the
coronavirus disease 2019 pandemic, as a solution to barriers im-
peding participation in in-person rehabilitative programs [29]. For
LT candidates, telerehabilitation programs can substantially in-
crease and facilitate treatment adherence compared to outpatient
hospital-based rehabilitation [30]. However, a lack of access to
home exercise and monitoring equipment could be potential ob-
stacles to successful home-based exercise programs in LT candi-
dates and recipients [31].

Prehabilitation programs are expected to last from 3 to 12 weeks,
with a minimum frequency of at least three sessions per week,
ranging from 0.5 to 2 hours per single session. Similarly, postopera-
tive rehabilitation programs typically last 4 to 14 weeks and mainly
consist of exercise training. Stretching, resistance exercises, aerobic
training, respiratory muscle strength training, and breathing exer-
cises are the most commonly used techniques for rehabilitating LT
candidates and recipients [27,32-34]. In addition, it has been
found that interval training (consisting of bouts of peak work activ-
ity alternating with 30 seconds of rest) is associated with lower dys-
pnea than continuous training in candidates for LT [35], making
such an approach appealing for patients with intense dyspnea.

Another important aspect of the duration of exercise programs
is their length; it has been found that a shorter duration is not nec-
essarily associated with lower-quality outcomes. Instead, shorter
programs allow patients to obtain benefits comparable to longer
programs (7 weeks vs. 14 weeks) in terms of exercise capacity,
muscle strength, and quality of life in recipients of LT [36]. Exer-
cise is a cornerstone of rehabilitation in these patients and deter-
mines an increase in physical functioning and quality of life post-
operatively [ 15,37,38]. Cognitive-behavioral interventions and nu-
tritional management also boost patient satisfaction and happiness
and prevent body mass index deterioration and malnutrition,
thereby optimizing the preoperative timeframe [39-41].
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Conclusion

LRT can be a life-saving procedure for patients who develop post-
operative complications that are not amenable to medical therapy
after initial transplantation. The limited availability of organs for
transplantation can create ethical issues regarding offering a second
or third transplant to individuals who have already received an or-
gan, while first-time LT candidates wait for surgery. At the same
time, it should not be forgotten that research in the field of artificial
lungs is ongoing, and in the foreseeable future, it may be possible
to construct new lungs with progenitor cell cellularization [42,43].
Such advances would dramatically change the capacity of LRT to
meet its full potential, offering a broader patient base opportunities
to overcome chronic lung allograft dysfunction.

Postural issues and coordination are other potential aspects wor-
thy of further consideration, as it has been found that approximate-
ly one-third of recipients receiving LT experience residual postural
impairments postoperatively [44].

Frailty is one of the few potentially preventable or modifiable
risk factors of retransplantation. As such, it is imperative that pro-
tessionals involved in the field of retransplantation conduct re-
search specifically directed at exploring rehabilitative techniques
and outcomes of value for patients receiving LRT, because this area

remains unexplored.
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