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Abstract

The rehabilitation needs of individuals undergoing thoracic surgery are changing, especially as surgical
management is increasingly being offered to patients who are at risk of developing functional limitations
during and after hospital discharge. In the past rehabilitative management of these patients was frequently
limited to specific respiratory physiotherapy interventions in the immediate postoperative setting with the aim
to prevent postoperative pulmonary complications. In the past two decades, this focus has shifted toward
pulmonary rehabilitation interventions that aim to improve functional status of individuals, both in the pre- and
(longer-term) postoperative period. While there is increased interest in (p)rehabilitation interventions the
majority of thoracic surgery patients are however currently on their own with respect to progression of their
exercise and physical activity regimens after they have been discharged from hospital. There are also no formal
guidelines supporting the referral of these patients to outpatient rehabilitation programs. The current evidence
regarding rehabilitation interventions initiated before, during, and after the hospitalization period will be briefly
reviewed with special focus on patients undergoing surgery for lung cancer treatment and patients undergoing
lung transplantation. More research will be necessary in the coming years to modify or change clinical
rehabilitation practice beyond the acute admission phase in patients undergoing thoracic surgery. Tele
rehabilitation or web-based activity counseling programs might also be interesting emerging alternatives in
the (long-term) postoperative rehabilitative treatment of these patients.
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Table 1. Published risk factors for developing a postoperative pulmonary complication, categorized into patient factors
and procedure factors, further divided into non-modifiable and modifiable.

Patient Factors

Procedural Factors

Modifiable — Frailty

— VO;max <15 ml/min/kg
— BMI <18.5 or >40 kg/m?
— Smoking

— Age

— Chronic organ failure

— Hypertension

— Malignancy

Non-Maodifiable

— Mechanical ventilation strategy
— General vs regional anesthesia
— Open abdominal vs laparoscopic surgery

— Duration of procedure
— Type of surgery (e.g. thoracic or upper abdominal)
— Emergency vs elective surgery

chronic diseases, (multiple) organ failure, and comor-
bidities. In the past two decades the focus has there-
fore gradually shifted to pulmonary rehabilitation
interventions that aim to improve functional status
of individuals, both in the pre- and (longer-term) post-
operative period.”™

Postoperative pulmonary complications (PPC)
such as atelectasis, bronchospasm and pneumonia,
remain the most common acute postoperative prob-
lem in this population.” While the way in which PPCs
are defined varies enormously depending on the scor-
ing system used,® they are typically defined as a
“pulmonary abnormality that produces identifiable
disease or dysfunction that is clinically significant and
adversely affects the clinical course of recovery.””
The development of a PPC can negatively impact
on patient outcomes, hospital length of stay and sur-
vival. Several physiological changes occur as a result
of the systemic inflammatory burden of surgery, as
well as effects of anesthesia which can contribute to
the development of PPC in patients who are at risk.”
These physiological changes include, but are not lim-
ited to, reductions in lung volumes, impaired gas
exchange, alteration in mucociliary function and dia-
phragmatic dysfunction.? A number of risk factors,
both patient related and procedure related have been
identified over the years (see Table 1). Some of these
risk factors are modifiable by (p)rehabilitative inter-
ventions or adaptations in surgical procedures.

Non-modifiable patient related risk factors include
the presence of morbidities such as chronic organ fail-
ure, hypertension, or obstructive sleep apnea, as well as
the presence of malignancies, and older age.® Modifi-
able patient related risk factors include functional
dependence and physical frailty, sarcopenia, reduced
physical fitness as identified by cardiopulmonary
exercise testing,” and low (BMI < 18.5 kg/m?) or high
(BMI > 40 kg/m?) body mass.'® Non-modifiable

procedural risk factors mostly relate to the type of sur-
gery performed with thoracic and high abdominal sur-
gery, as well as emergency surgery (in comparison to
elective surgery) constituting an elevated risk level.®
Modifiable procedural risk factors are primarily related
to ventilation and sedation regimens applied during
surgery, as well as fluid management approaches.® It
is important to mention in this context that the intro-
duction of video-assisted thoracic surgery and “fast
track” postoperative management has changed the phy-
siotherapy management in this patient population.?
These recent developments will probably make it even
more relevant to identify and target treatments to
patients who are at highest risk to develop acute com-
plications and/or those who are at risk to remain func-
tionally limited after hospital discharge. A recent
systematic review evaluated 11 categories of perio-
perative care interventions that have been tested in
randomized controlled trials with the aim of reducing
postoperative pulmonary complications.!' While none
of the interventions was supported by high level evi-
dence the protective effects of both goal directed fluid
therapy and lung protective intraoperative ventilation
are supported by moderate quality evidence. In addi-
tion, five other interventions are currently supported by
low quality evidence.'' These treatments include
enhanced recovery pathways, prophylactic respiratory
physiotherapy, prophylactic mucolytics, postoperative
CPAP ventilation, and epidural analgesia.'’ Incentive
spirometry seems not to offer additional benefits
beyond standard chest physiotherapy in preventing
postoperative pulmonary complications.

Prehabilitation and rehabilitation in the
immediate postoperative period

In recent years there is renewed interest in preopera-
tive rehabilitation to improve the capacity of patients
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at risk to withstand anticipated physiological stressors
induced by the surgical procedure.? Preoperative
interventions typically include elements of patient
education, providing assistance in stress and anxiety
management, as well as specific rehabilitation strate-
gies including aerobic and resistance training, inspira-
tory muscle training, as well as (pre-op instructions
for) postoperative breathing exercises to prevent
atelectasis.” Recent systematic reviews have demon-
strated that rehabilitation programs including at least
moderate intense aerobic exercise prior to surgery can
improve exercise capacity and reduce PPCs and other
postoperative complications by about 50%, as well as
reducing hospital length of stay in high risk lung can-
cer surgery populations.*'>'? There is also interest in
models such as “surgery school” which combine dif-
ferent interventions including education, early ambu-
lation, breathing exercises, and advice for staying
well on discharge.'® Post operatively it is nowadays
routine clinical practice to provide early mobilization
and respiratory interventions as part of clinical path-
ways such as the “Enhanced Recovery After Surgery
(ERAS)” program.”? Unfortunately, however a major-
ity of patients does not receive any ongoing dedicated
rehabilitation care after the immediate postoperative
period.” The database of RCTs that have investigated
the impact of exercise training both in the immediate
postoperative period following thoracic surgery (i.e.
lung resection) and following discharge from hospital
is at this moment very limited.' One RCT evaluated
the effectiveness of prophylactic postoperative
respiratory physiotherapy for patients undergoing
lung resection (n = 42) compared with a control
group (n = 34) to prevent postoperative pulmonary
complications.'® The observed incidence of post-
operative pulmonary complications across both
groups was very low (~4%) with no differences
between groups. All patients in this study were on
postoperative pathways similar to the enhanced
recovery after surgery (ERAS) program used in
abdominal surgery, which probably had an impact
on the incidence of postoperative complications in
this group.>'> Another more recent RCT evaluated
the effect of in-hospital physiotherapy treatment on
physical recovery and postoperative physical activity
levels after lung cancer surgery, compared with an
untreated control group.'®'” The in-hospital rehabili-
tative treatment consisted of early mobilization,
ambulation, breathing exercises, and thoracic range
of motion exercises. While physical fitness for the
whole sample was significantly decreased 3 months

postoperatively compared with preoperative values
there were no statistically significant differences
between the groups regarding physical capacity and
physical activity observed. These data indicate a need
for more structured and long-term rehabilitation inter-
ventions initiated after the immediate postoperative
period to improve these outcomes.

Rehabilitation after hospital discharge

These data are also in line with other emerging evi-
dence showing that patients post major surgery con-
tinue to present with significant reductions in physical
activity, muscle strength and mental well-being in the
months after hospital discharge."'® This is especially
true for patients with pre-existing chronic conditions
such as COPD and heart failure, patients after solid
organ transplantation, and patients undergoing thor-
acic surgery as part of their malignant chest tumor
treatment. It is very likely that these patients could
benefit from ongoing rehabilitation support after hos-
pital discharge. Some initial evidence is emerging that
these rehabilitation interventions might be effective in
this population.'® The majority of thoracic surgery
patients are however currently on their own with
respect to progression of exercise and physical activ-
ity beyond hospital discharge. There are also no for-
mal guidelines supporting the referral of these
patients to outpatient pulmonary rehabilitation pro-
grams. Clearly, more research is therefore needed to
modify or change clinical rehab practice beyond the
acute admission phase in thoracic surgery. Tele reha-
bilitation or web / app based activity counseling pro-
grams might also be interesting alternatives in the
long-term postoperative phase. In the following para-
graphs evidence in two specific patient groups namely
patients after lung transplantation and patients under-
going thoracic surgery as part of their malignant chest
tumor treatment will be briefly reviewed in more
detail.

Rehabilitation in patients undergoing
lung cancer surgery

In addition to its role in the prevention of cancer,
accumulating evidence suggests that physical activity
in cancer patients and survivors might also contribute
to increasing longevity and quality of life."® Current
guidelines strongly recommend that all cancer
survivors should avoid inactivity.?’ Physical fitness
(i.e. “the maximal ability of a person to perform
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activities”) is a well-known predictor of survival in
the general population, as well as in chronically dis-
eased populations, and specifically in patients with
lung cancer.?'** This suggests an important role for
rehabilitative interventions in the comprehensive
treatment approach for patients undergoing thoracic
surgery for lung cancer. Moreover, different interven-
tions will be needed to adequately address these out-
comes. In chronic disease populations, participation
in supervised exercise training programs (e.g. as part
of an outpatient rehabilitation program) is known to
improve physical fitness, but will not necessarily
translate into increased participation in daily physical
activity. Physical activity coaching interventions on
the contrary will increase participation in daily activ-
ities but do not necessarily improve physical fitness.*®
In this context it is important to understand that exer-
cise is defined as planned and structured movement
intended to improve physical fitness. Exercise is
therefore a subcategory of physical activity (i.e. any
bodily movement that requires energy expenditure)
which needs to be performed at a certain minimal
intensity in order to improve the different components
of physical fitness (e.g. cardiorespiratory fitness and
muscular strength). Other health benefits from regular
daily activity can however also be obtained with
activities performed at lower intensities (i.e. light or
moderate intense physical activities).

Lung cancer is the most commonly diagnosed can-
cer in men and the third most commonly diagnosed
cancer in women,>* with non-small cell lung cancer
(NSCLC) being the most prevalent (85% of all lung
cancer cases).”> Surgery with or without adjuvant
chemotherapy is the recommended treatment in
patients with early stage NSCLC (stage I-1I). Patients
with locally advanced NSCLC (stage III A&B) also
often undergo concurrent chemo-radiotherapy. In
advanced NSCLC (stage 1V), chemotherapy, immu-
notherapy and/or molecular targeted therapies consti-
tute the first line treatment, mostly followed by a form
of maintenance treatment.?® It is challenging to define
the optimal treatment choice in patients with NSCLC
because of the large heterogeneity in disease stage,
pathology, genomic profile, presence of comorbid-
ities and general health status of individual patients.
It is clear however that these medical treatments
including the surgical procedures will have a poten-
tially large negative effects on both physical fitness
and participation in physical activity.?’®

Available research in this area is so far limited.
Only one small observational study (n = 28) showed

an impaired (objectively measured) physical activity
6 months after lung resection surgery”’ and low levels
of physical activity in inoperable patients.”” Lung
resection surgery has further been shown to result in
reductions in physical fitness that do not fully recover
over time.?”*® Further, in patients with advanced dis-
ease, cancer cachexia associated with muscle wasting
is highly prevalent.*® Impairments in physical fitness
and muscle wasting combined with high symptom
burden are likely associated with avoidance of phys-
ical activities. However, an in depth investigation into
the specific effects of different treatment regimens on
physical activity and physical fitness is currently
missing. These data would provide crucial informa-
tion concerning the needs for rehabilitative interven-
tions. Moreover, it is not known whether in cancer
patients and survivors, improving physical fitness or
increasing participation in daily physical activities
should be the primary treatment target. Priorities
might also depend on the disease stages and differ-
ences in medical treatments.

In patients curatively treated for lung cancer, cur-
rent evidence suggests impairments in both physical
activity and physical fitness.?’***! It is however not
clear whether restoring physical activity or physical
fitness (or both) are required to positively impact out-
comes such as quality of life, symptoms, cancer recur-
rence, and survival. Preliminary data from several
small randomized controlled pilot studies on the
impact of interventions on physical fitness is available
while it is completely lacking for interventions target-
ing physical activity.'®

Rehabilitation for other groups of
patients undergoing oncological
surgery

While the most compelling evidence is reported in
lung cancer patients, where preoperative exercise was
shown to be effective in reducing the rate of post-
operative complications and length of hospital stay,
for other groups of patients undergoing oncological
surgery, the evidence is less compelling.** In analogy
with observations from other groups of patients suf-
fering from cancer a marked loss of muscle mass
along with worsening cardiorespiratory fitness and
HRQoL during neoadjuvant treatment has been
observed in esophagogastric cancer patients.>****
While this provides a strong rationale for pre-
surgical interventions in this group there are thus far
only limited, albeit encouraging, results on the
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feasibility and effectiveness of prehabilitation in these
patients.>>>® Impairments of physical fitness and
HRQoL already present before surgery can be further
exacerbated by the surgical procedure, adjuvant che-
motherapy and persistent malnutrition.*® It has been
observed that impairments of cardiorespiratory fitness
persist for up to 2 years after surgical treatment,*’
muscle mass may continue to decline for up to 1 year
after treatment,*' and HRQoL can remain impaired
for years.*> While this again provides a strong ratio-
nale for post-surgery rehabilitation the (promising)
evidence in this area is so far limited. In addition to
several small observational studies which make it dif-
ficult to separate the effects of the rehabilitative inter-
ventions from the natural course of recovery after
surgery, there are three recent randomized controlled
trials available which indicate feasibility, safety and
efficacy of (high intensity) exercise training in the
postoperative phase in these patients.>*>**

Rehabilitation in patients undergoing
lung transplantation and lung volume
reduction surgery

Lung transplantation is an established treatment for
patients with end-stage lung disease.** During the last
two decades, considerable advances in organ preser-
vation, surgical techniques, immunosuppression and
antibiotic therapy have contributed to improvements
in postoperative survival.*® In response to this there is
an increase interest in the need to further improve
physical fitness, independent functioning, participa-
tion in daily activities and quality of life in these
patients.*’~*°

It has been observed that limitations in exercise
capacity and reductions in quality of life often persist
in the years following lung transplantation despite of
near normal pulmonary function.*’**°>7 Many
patients also keep reporting limitations in daily phys-
ical functioning after surgery.*’*® This highlights the
importance of extra-pulmonary factors in contributing
to persisting impairments in physical functioning in
these patients.”® Several of these extra-pulmonary
factors can be improved by well-designed rehabilita-
tion interventions. Important aspects that contribute to
impairments in physical functioning in candidates for
lung transplantation and lung volume reduction sur-
gery include limb muscle dysfunction, inactivity,
deconditioning, and nutritional depletion.’® Follow-
ing surgery, extended hospital and intensive care unit
length of stay, prolonged sedentary time and

persisting inactivity, as well as immunosuppressant
medications and episodes of organ rejection in lung
recipients may all affect the lung recipients’ recovery
in terms of exercise tolerance and quality of life.”
Accelerometer data have revealed that candidates
for lung transplantation are markedly inactive in daily
life.®“%! After a further decrease during hospitaliza-
tion and inactivity comparable to pre-transplant val-
ues immediately following hospital discharge,®*°?
participation in daily activities increases, but remains
reduced in comparison with healthy age-matched con-
trols up to 1 year post-transplant (Figure 1).%%** This
sedentary behavior is associated with impairments in
physical fitness and health related quality of life.®*-%*
Exercise intolerance and functional disability also
often persist following LVRS. Several factors proba-
bly contribute to this continued impairment, including
baseline skeletal muscle dysfunction, time needed to
achieve postoperative improvement in lung function
(peak benefit following LVRS at 6-12 months after
surgery), inactivity/immobility associated with the
perioperative period, and/or time recovering from any
complications.’® Moreover in contrast with lung
transplantation restoration of pulmonary function will
not be complete often resulting in persisting ventila-
tory limitations to exercise and persisting symptoms
of exertional dyspnea in these patients. These factors
might necessitate adaptations to exercise programs
similar to those applied in patients prior to surgery
in order to enable offering sufficiently intense training
stimuli to the targeted muscle groups.’®®> Reducing
ventilatory requirements of exercises can be achieved
by either reducing the number of muscle groups
involved during aerobic or resistance type exercises
or by reducing the duration of high intensity exercise
bouts by applying interval type exercise.’®°
Increased participation in daily physical activity
and exercise after transplantation might be beneficial
to improve exercise capacity and to reduce the risk of
developing some highly prevalent morbidities after
solid organ transplantation, such as osteoporosis,
muscle dysfunction, as well as metabolic and cardio-
vascular abnormalities.*® Weight gain after the pro-
cedure is a common problem, and metabolic as well
as cardiovascular morbidities such as hypertension,
diabetes, dyslipidemia, and hyperglycemia rank
among the five most common morbidities after lung
transplantation.*®® There is some preliminary evi-
dence from small single center studies available
showing that either exercise training or participation
in regular physical activity may be effective



Chronic Respiratory Disease

9000-

8000- T
w 7000~ e
& 6000 e
& 5000- e
= 4000+ ﬁ
A 3000-

Minutes > 2 METs

Figure |. Participation in daily physical activity in patients before (Pre-LTX) and | year after (1yPost-LTX) lung trans-
plantation in comparison with healthy, age-matched control subjects (Healthy). Daily step count is illustrated in the left
panel and time spent in at least light intense activities requiring more than two metabolic equivalents (METs) is sum-
marized in the right panel. Percentages given above Pre-LTX and |yPost-LTX columns refer to averages in these groups
expressed relative to healthy controls. Graphs constructed with data from previous studies.®®¢*

treatments to reduce the incidence of the metabolic
syndrome in transplant recipients.®” Increased partic-
ipation in physical activity and associated health
effects can either achieved by supervised exercise
training interventions in the early post-transplant
period or by lifestyle physical activity programs, such
as for example pedometer-based walking interven-
tions, in the later post-transplant period.®®
Rehabilitation plays an important role in the preo-
perative management of patients. Pre-transplant pul-
monary rehabilitation can help individuals to maintain
or optimize their functional status before surgery.®®:’°
This seems valuable given the observed further reduc-
tions in peripheral muscle strength, and slow sponta-
neous recoveries of exercise capacity and physical
activity that are observed in the immediate post-
operative phase following hospital discharge (up to
12 months post-transplant) (Figures 2 and 3).6%-6%:6371
Exercise prescription in all stages should be indi-
vidualized, include both aerobic and resistance train-
ing, and follow general exercise training principles of
specificity, overload and progression.’*”* In addition,
rehabilitation can provide patients with a comprehen-
sive knowledge base regarding the upcoming surgery,
instructions on how to prevent the occurrence of post-
operative pulmonary complications, and the impact of

postoperative medications.’®’%7* Since impaired
exercise capacity is a predictor of thoracic surgery
outcomes and survival, rehabilitation might have the
potential to improve surgical outcomes.’® The poten-
tial benefits of pre-transplant rehabilitation are also
acknowledged in the latest joint official ATS/ERS
statement on pulmonary rehabilitation.’® Despite of
the high disease and symptom burden in candidates
for lung transplantation pre-transplant rehabilitation
has consistently been shown to be feasible and capa-
ble of improving functional exercise capacity and
quality of life if offered appropriately.®®’*”° In a
cohort of 345 candidates for lung transplantation Li
and colleagues found that every 100-m increase in
6-minute walking distance was associated with a
2.6 day decrease in median hospital length of stay.”®
No formal guidelines exist regarding the optimal con-
tent of rehabilitation programs for patients preparing
for lung transplantation. In the absence of compara-
tive studies it is therefore advised to follow general
recommendations for outpatient pulmonary rehabili-
tation programs.®® Inspiratory muscle training might
also be useful in selected patients with pronounced
inspiratory muscle weakness.®® The specific role of
resistance training (possibly combined with nutri-
tional interventions) particularly in frail patients in
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Figure 2. Maximal isometric quadriceps strength (QF, left
panel) and 6-minute walking distance (6MWVD, right panel)
expressed as percentage of normative reference values
specific to demographic characteristics of participants
(%pred) in a cohort of patients that was longitudinally
assessed before (Pre), immediately following hospital dis-
charge after (Post), 3 months (3mPost), and 12 months
(lyPost) after lung transplantation. One part of this cohort
was randomly allocated to receive a supervised exercise
training program during the first 3 months following hos-
pital discharge (Training), the other group (Control)
received usual care. Graphs constructed with data from
previous study.®?

the pre-surgical phase, and the impact of this inter-
vention on post-transplant recovery, has not been suf-
ficiently explored so far and deserves further study.>

The importance of early mobilization immediately
following surgery is increasingly recognized.”””® It is
recommended to begin as early as possible with an
emphasis on early mobilization (e.g. upright position-
ing, passive or active leg cycling, mobilization out of
bed, resistance training of legs or neuromuscular elec-
trical stimulation), breathing exercises, secretion
clearance, and posture improvement.®” Reductions
in muscle mass and muscle strength occur early after
admission to the ICU and are associated with long-
term functional disability,”® and increased mortal-
ity.®® Early active muscle training is therefore an ideal
treatment to attenuate this intensive care unit-
acquired weakness.®® After leaving the ICU a progres-
sively more active treatment approach should be
adopted focusing mainly on building sufficient lower
extremity strength, balance, and gait to ensure patient
safety and minimize the risk of falls prior to hospital
discharge.®® Preliminary data from retrospective
cohort studies suggest that multidisciplinary inpatient
rehabilitation might be a viable treatment option for

debilitated patients following heart and/or lung
transplantation.®'-**

Despite of the documented persistence of physical
impairments, increased risks for metabolic as well as
cardiovascular morbidities, and the general belief that
exercise training has the potential for both short- and
long-term benefits in this population, there is a lack of
randomized controlled trials on exercise training fol-
lowing hospital discharge for solid organ and lung
transplant recipients.’”*®*? In a systematic review
examining the health benefits and risks associated
with exercise following solid organ transplantation
only 15 RCTs were identified across kidney, liver,
heart, and lung transplant populations.®* While
acknowledging the potential benefits of (p)rehabilita-
tion in lung transplantation another recent systematic
review identified only one RCT among 9 pre-
transplant studies and another single RCT among 11
post-transplant studies.®

In summary there are indications from a limited
number of small, single center studies that outpatient
rehabilitation involving supervised exercise training
might be beneficial for patients to improve clinically
relevant outcomes both in the pre- and post-transplant
phase.® This is however only supported by low qual-
ity evidence and none of the existing RCTs measured
effects of exercise training on crucial long-term out-
comes such as sustained improvements in QOL and
participation in daily activity, survival, incidence of
metabolic and cardiovascular morbidities and cost-
effectiveness.””*° Sufficiently powered, high quality,
multicenter RCTs are needed to address these impor-
tant issues.®® Cohort studies in this patient group offer
limited information because of the considerable
spontaneous improvements across outcomes that is
typically observed in the immediate post-transplant
phase.®®

Home-based training with remote monitoring via
tele-health platforms might be a useful alternative to
fully supervised outpatient rehabilitation programs in
the long-term follow up of these patients.®” During
home-based telerehabilitation programs patients
undergo supervised rehabilitation often using video-
conferencing and sometimes using telemonitoring of
physiological signals like oxyhaemoglobin saturation
and pulse rate. Promising initial results have been
obtained applying these techniques.®®* Recent stud-
ies investigating different platforms for web-based
telerehabilitation, have reported that online pulmon-
ary rehabilitation had similar benefits to center-based
pulmonary rehabilitation program in people with
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Figure 3. Daily time spent walking (Walking, left panel)
and daily time spent in moderate intense activities requiring
at least three metabolic equivalents (>3METs PA, right
panel) in a cohort of patients that was longitudinally
assessed before (Pre), immediately following hospital dis-
charge after (Post), 3 months (3mPost), and 12 months
(IyPost) after lung transplantation. One part of this cohort
was randomly allocated to receive a supervised exercise
training program during the first 3 months following hos-
pital discharge (Training), the other group (Control)
received usual care. Dashed lines represent average values
observed in healthy, age-matched control subjects. Graphs
constructed with data from previous studies.*®¢*¢*

COPD.?°! While initial results of these studies seem
promising, cost-effectiveness and acceptance rates on
a larger scale still remain to be established.’® Center-
based telerehabilitation approaches can be especially
attractive in situations when large distances have to be
covered by patients to attend supervised outpatient
programs.®® A Canadian model using videoconferen-
cing to support local health professionals at remote
sites to deliver effective exercise training has shown
promising results.”?

The effects of pedometer-based activity coaching
programs might be another interesting alternative to
supervised exercise interventions since exercise intol-
erance and physical inactivity can persist for several
years following successful surgery. Literature on
effective interventions to increase physical activity
are scarce in this population. One ongoing project
project (ClinicalTrials.gov Identifier: NCT04122768)
aims to test the effectiveness of a tele coaching pro-
gram to enhance physical activity and to analyze the
association between physical activity and long-term
health benefits in this population at risk. The program
is based on an activity coaching application that has
previously been successfully applied in patients with
chronic obstructive pulmonary disease.”**>

Rehabilitation for patients with chronic
thromboembolic pulmonary
hypertension undergoing pulmonary
endarterectomy

Despite of severe symptoms and limitations in exer-
cise capacity, until recently physical activity includ-
ing exercise training has often been discourgaed in
patients with pulmonary artery hypertension, particu-
larly in those with more advanced disease due to
safety concerns.”’® In the meantime, however, exercise
training has been shown to be safe and efficacious in
these patients,”’ and international guidelines recom-
mend its use in experienced centers for patients who
are clinically stable and on optimal pharmacological
treatment.”® It has further been observed that after
successful pulmonary endarterectomy surgery,
patients can still have limited exercise capacity,”®
especially if pulmonary hemodynamics do not com-
pletely normalize.”® Only two uncontrolled studies
have so far explored the effects of postoperative exer-
cise training in these patients.'’*'°! Despite some
promising initial results more rigorous studies includ-
ing randomized controlled trials will be needed in the
coming years to determine the efficacy of exercise
training in patients after pulmonary endarterectomy.

Conclusions and research needs

There is an urgent need to develop evidence-based
clinical pathways to offer support to patients under-
going thoracic surgery starting from the time of diag-
nosis until their re-integration in the community
setting.'® To achieve this, there is a need to continue
to better understand the risk profile of those patients
who are likely to remain functionally impaired after
hospital discharge. There is also an urgent need to
determine optimal exercise training parameters and
modalities across the continuum of rehabilitation care
for patients undergoing major thoracic surgery. Clin-
ical practice should continue to evolve and progress
from interventions that are prophylactic and precau-
tionary to treatments that specifically target perio-
perative recovery by applying preoperative
education, postoperative pulmonary complication
(PPC) prevention, and treatments targeting musculos-
keletal and functional impairments in the long-term
postoperative period.? Based on low quality evidence
it can be concluded that rehabilitation programs
including supervised exercise training can be effec-
tive in improving limb muscle dysfunction, exercise



Langer

capacity, and quality of life both pre- and post-lung
transplantation and in patients undergoing thoracic
surgery as part of their lung cancer treatment.'®*®
Appropriate training parameters in terms of duration,
frequency, and intensity seem necessary to achieve
improvements in limb muscle function and exercise
capacity.®® In the absence of comparative studies and
sufficient evidence it seems reasonable to follow gen-
eral recommendations for exercise training interven-
tions during outpatient pulmonary rehabilitation
programs. The short- and long-term effects of exer-
cise and physical activity interventions on functional
status, participation in daily physical activities and
quality of life should be further explored. Remotely
monitored (tele-health) home-based exercise pro-
grams, or pedometer-based activity coaching inter-
ventions might be interesting alternatives to
supervised outpatient rehabilitation interventions in
the long-term postoperative phase and therefore war-
rant further exploration.
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