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Background: We planned to investigate the effect of preoperative short period intensive phys-
ical therapy on lung functions, gas-exchange, and capacity of diffusion, and ventilation-per-
fusion distribution of patients with non-small cell lung cancer.

Methods: Sixty patients with lung cancer, who were deemed operable, were randomly allo-
cated into two groups. Intensive physical therapy was performed in patients in the study
group before operation. Both groups received routine physical therapy after operation.
Results: There was no difference in pulmonary function tests between the two groups. Inten-
sive physical therapy statistically significantly increased peripheral blood oxygen saturation.
At least one complication was noted in 5 patients (16.7%) in the control group, and 2 (6.7%), in
the study group. However, there was no statistically significant difference (p = 0,4). The hospi-
tal stay has been found to be statistically significantly shortened by intensive physical therapy
(p <0.001). Ventilation-perfusion distribution was found to be significantly effected by intensive
physical therapy. The change was prominent in the the contralateral lung (p <0.001).
Conclusions: Intensive physical therapy appeared to increase oxygen saturation, reduce hos-
pital stay, and change the ventilation/perfusion distribution. It had a significant, positive
effect on the exercise capacity of patients.

Key words: Intensive physical therapy, lung cancer, pulmonary functions, arterial blood gases,
diffusion capacity

Introduction:

Cancer is second only to cardiovascular disease as a
cause of death among adults in the United States. Lung
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cancer is the leading cause of cancer death in men and
women."? The important components of lung cancer
treatment are chemotherapy, radiotherapy and surgery.”

The incidence of postoperative pulmonary complica-
tions after thoracotomy and lung resection is about 30%
and is related not only to removal of lung tissue but is also
caused by alterations in chest-wall mechanics due to the
thoracotomy itself. All spirometric measurements fall pre-
cipitously, immediately, postoperatively and do not return
to normal until 6 weeks to 6 months, postoperatively.*>

Pulmonary complications are important forms of post-
operative morbidity after major cardiothoracic and
abdominal operations.”

The reality of pulmonary rehabilitation has changed
since the 1974 definition proposed by the American Col-
lege of Chest Physicians Committee on Pulmonary Reha-
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bilitation. Several factors have contributed to the resur-
gent interest in pulmonary rehabilitation over the past
years. First, the prevalence of patients with COPD has
increased. Second, there is greater awareness that such
patients are deconditioned. Third, the emergence of lung
volume reduction surgery for patients with advanced
emphysema has prompted institutions to develop and/or
expand both preoperative and postoperative pulmonary
rehabilitation. Fourth, managed healthcare programs
have encouraged administrators to consider pulmonary
rehabilitation programs as an integral part of health-care
delivery/preventive medicine. And fifth, publications
have highlighted the principles and practice of pulmonary
rehabilitation.” These benefits should decrease postopera-
tive complication rates; improve postoperatively adher-
ence to exercise regimens.” In postoperative settings it
prevents probable complications related to immobiliza-
tion and pain and proves postoperative exercise regime
and capability of exercise practice.®?

In the preoperative and postoperative settings, the
overall goal of chest physiotherapy is to maximize the
advantages derived from the planned surgery. In addition
to the aforementioned benefits, other proposed but
unproven benefits for surgical patients include improved
tolerance of the surgical procedure, increased ability to
clear secretions, and decreased work of breathing as a
result of improvement in diaphragmatic function.

These benefits reduce the risk of postoperative compli-
cations, decrease symptoms, decrease disability, facilitate
to understand of sickness and facilitate the management
of the disease process.”

We planned to investigate the effect of short-period
intensive physical therapy before resectional surgery on
lung functions, gas exchange, capacity of diffusion and
ventilation-perfusion distribution on lung cancer patients
who underwent resectional surgery.

Materials and Methods

Between January 2007 and August 2008, 60 consecu-
tive, operable (stage IA to IIIB) lung cancer patients with-
out major cardiac morbidity (ASA II or better) were
included in this study.

Routine blood tests included hemoglobin, alkaline
phosphatase and serum calcium estimations. All patients
underwent postero-anterior and lateral chest radiographs,
bronchoscopy, and basic pulmonary function tests with or
without DLCO and V/Q scan, and blood gases analysis.
Computerized tomography (CT) scans of the thorax,

abdomen (or abdominal ultrasonography), and cranium
(or cranial MRI), whole body bone scintigraphies were
done in most patients for pretreatment staging.

Mediastinal lymph node sampling using cervical
mediastinoscopy were carried out in all patients. Patients,
before planned operation after standard cervical mediasti-
noscopy which was performed for preoperative mediasti-
nal staging, were randomly allocated (according to hospi-
tal record number) to control or study group. In the study
group, intensive physical therapy (IPT) (chest physiother-
apy and walking exercise) was achieved, one week before
the planned surgery. In the study group of patients, the
program was continued with the same frequency during
the postoperative period until discharge. Chest physio-
therapy consisted of diaphragmatic, pursed lip, segmental
breathing exercise, usage of incentive spirometry, cough-
ing exercise. The walking exercise was done by the
patient on a treadmill three times a day, according to the
patient’s tolerance to exercise speed and time. During the
walking exercise, a warm-up and cool-down were
included. Oxygen saturation, heart rate and Borg scale of
patients were monitored during exercise. The method for
calculating heart rate (working heart rate) during exercise
according to the “Karvonen method” is as follows: ‘0.65—
0.8 x [220-age (year)]’ formula.'” IPT was applied by a
physical therapist of our surgery department twice a day,
and patients were encouraged to continue their exercise
programme, wandering in and around the surgical center
throughout the day. In the control group, no IPT was
done, and patients were discharged one day after the
mediastinoscopy and recalled the night before the planned
resectional surgery. Routine physical therapy was per-
formed until discharge in both groups. The exercise
capacity was evaluated with maximum walking distance,
duration and maximum speed. The study scheme is
depicted in Fig. 1.

The various features on plain chest X-ray films were
classified according the severity into three classes: class 1
with normal appearance on x-ray film, class 2 with mod-
erate infiltrate, and class 3 with important infiltrate or
atelectasis. The designation of postoperative pneumonia
and bronchopneumonia were made according to the con-
sensus report.'”

Informed consent was obtained from all patients
before their participation in the study. The Institutional
Review Board approved the study before its commence-
ment. The randomized trial was in accordance with the
2001 checklist of the Consolidated Standards of Report-
ing Trials (CONSORT) Statement.
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Fig.1 Scheme of the study.

After mediastinoscopy, before the operation, pulmo-
nary function tests (incl. dynamic and static parameters
with carbon dioxide diffusion capacity), arterial blood
gases analysis and ventilation-perfusion scintigraphy
were performed in all patients. A second ventilation-per-
fusion scintigraphy was taken in 11 patients who accepted
the procedure after preoperative IPT before resectional
surgery. No patient smokes at the beginning of the study
(They quitted or never smoked).

The primary endpoint of the study is to reduce hospi-
tal-stay. Patients involved in the study were allocated to
IPT and no-IPT groups with randomized manner. Ran-
domization was performed according to an internet-
based-random number generator. Type-I error (o) and
type-1I () error were set to be 5%. Our aim was to pro-
duce 40% difference in hospital stay with &y of 10%. With
a one-sided alternative, we needed to include 30 patients
in each arm.

Effects of Physical Therapy Before Lung Cancer Resection

Statistical Analysis

SPSS 11.0 statistical software program was used in
data analysis. Student t-test, paired t-test, covariance
analysis, Fisher Exact test were carried out. The differ-
ence was deemed significant when p <0,05. Covariance
analysis was also performed. As lung ventilation perfu-
sion measurements were in the normal distribution, it was
evaluated with student t-test. Patient’s postoperative hos-
pitalization periods and complication rates were evaluated
with Chi-square test.

Results

In our study, there were 30 patients in the control
group and 30 patients in the study group. There was no
statistically significant difference between groups accord-
ing to age, weight, height, body mass index (BMI) and
cigarette smoking and performed operations. The distri-
bution of parameters was balanced as shown in Table 1.

Preoperative initial pulmonary function test parame-
ters (before randomization) of patients in the study and
control groups are shown in Table 2. The pulmonary
function parameters and arterial blood partial gas pres-
sures except peak expiratory flow (PEF) did not differ
between two groups (Table 2). Mean PEF and DLCO
were significantly lower in the group of patients who
underwent IPT. In the study group, 11 patients had venti-
lation perfusion scintigraphy measurement. Table 3
shows the preoperative V/Q distribution differences in
patients caused by IPT, the difference of after and before
IPT). The contra lateral V/Q distribution was statistically
significantly modulated by IPT (p <0.001) (Table 3). IPT
significantly increased contra lateral perfusion.

Despite preoperative IPT in the study group, pulmo-
nary function test parameters did not differ between two
groups after IPT period (i.e., before operation) (Table 4).
IPT statistically significantly improved pulmonary
function parameters such as FVC, FEV, and DLCO
(p = 0.003, 0.01 and p <0.001 respectively; Table 5). IPT
was also found to statistically significantly increase PaO,,
and decrease PaCO, (p <0.001; Table 5).

There was statistically significant decrease in final heart
rate, whereas total walking duration, total walking distance
and maximum speed increased after [PT (Table 6).

Postoperative morbidity was observed in five patients
(16.7%) in the control group, whereas one patient (3.3%)
in the study group had a complication. The difference was
statistically significant (Table 7; p = 0.04). No postopera-
tive mortality occurred in two groups. Mean hospital
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Table 1 Demographic characteristics of patients

Study Group Control Group
n=30 n=30 p value
mn =+ sd mn =+ sd
Age (year) 54.10+8.53 5476 £ 8.45 0.7
Weight (kg) 68.76 + 10.75 65.20 +8.95 0.1
Height (m) 1.68 + 6.62 1.68 + 4.67 0.8
BMI (kg/m2) 23.86 £3.15 2324 +£3.18 04
Smoking (pack.year) 46.80 +23.55 50.76 £ 26.62 0.5
Operations
Lobectomy 19 (63.3%) 24 (80.0%) 0.3
Bilobectomy - -
Pneumonectomy 11 (36.7%) 6 (20%)
BMI: Body-mass Index
mn + sd: (mean + standard deviation)
Table 2 Preoperative initial pulmonary function parameters
Study Group Control Group
Parameters N=30 N=30 p value
mean + sd mn + sd
FVCeasurea (L) 2.87+0.59 3.18 £0.77 0.08
FVC g predictea (L) 7295+ 12.51 7715+ 15.83 0.2
FEV imeasurea (L/sec) 2.10+£0.54 2.8+0.73 0.09
FEV| @predicted) 65.40 £ 14.20 77.04 +20.01 0.1
FEV| /FVCicasurea (%) 74.00 £ 11.85 72.40 + 16.76 0.6
FEV, /FVCopredicted 80.29 +9.09 76.12 £8.50 0.07
PEF casurea (L/seC) 4,01 £ 1,49 524+1.89 0.07
PEFprediciea 4912+ 17.26 64.56 +22.12 0.04
DLCOeasured (mmol/k.Pa.sec) 19.96 +7.33 21.30+6.13 04
DLCOvpredicted 71.16 +£22.54 76.46 +21.06 0.3
DLCO/VA casurea (DLCO/L) 4.04+094 4.25+0.31 0.2
DLCO/VAgpredicied 88.24 £ 18.35 97.65 +7.92 0.01
PaO, (mmHg) 76.75+£9.97 79.52 +2.19 0.1
PaCO, (mmHg) 38.09 +£5.95 37.28 +4.05 0.5
Sa0; (%) 94.66 +2.59 94.90+3.31 0.7

FVC: forced vital capacity; FEV: forced expiratory volume in one second; PEF: peak expiratory flow;
DLCO: diffusion lung capacity for carbon monoxide; PaO,: partial arterial oxygen pressure;
PaCO,, partial arterial carbondioxide pressure; SaO,: Oxygen saturation

mn + sd: (mean + standard deviation)

Table 3 Mean perfusion distributions in the study group before and after intensive physical therapy (IPT)

First measurement

Second measurement

(Before IPT) (After IPT)
Sides n=11 n=11 p value
mn =+ sd: mn =+ sd:
Tumor side (mean %) 4440 £ 8.22 41.54 +£7.62 p <0.001
Contralateral lung
(mean %) 55.59 +8.22 58.45+7.62 p <0.001

mn + sd: (mean + standard deviation)
IPT: intensive physical therapy

stays were 5.40 + 2.67 and 9.66 + 3.09 days in the study
and control groups respectively. The difference was sta-
tistically highly significant (p <0.001). The mean postop-
erative peripheral blood oxygen saturation was found

higher in the study group (p = 0.008) whereas, PaCO,
and PaO, levels did not differ significantly (p = 0.08
and p = 0.07 respectively).
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Table 4 Pulmonary function parameters after intensive physical therapy before operation in the study and control groups

Study Group Control Group

n=30 n=30 p value

mn + sd mn + sd
FVC (%) 19.26 £2.33 16.35+2.40 0.6
FEV, (%) 15.84 +£2.10 892+3.5 03
FEV//FVC (%) 6.58+2.5 6.09+24 0.9
PEF (%) 64+32 978 £3.5 03
DLCO (%) 21.89+£2.7 19.35+2.48 0.6
DLCO/VA (%) 1571 £4.8 9.02+24 0.06

FVC: forced vital capacity; FEV: forced expiratory volume in one second; PEF: peak expiratory flow; DLCO: diffusion lung capacity
for carbon monoxide; DLCO/VA: diffusion lung capacity for carbon monoxide of alveoli
mn + sd: (mean + standard deviation)

Table 5 Pulmonary functions and arterial blood gases before and after preoperative IPT in the study group

Before IPT After IPT A |

mean + sd mean =+ sd p value
FVC () 2.87+0.59 3.10 £0.62 0.23+0.39 0.003
FEV, () 2.10+0.54 2.28 +0.63 0.16 £0.35 0.01
FEV//EVC (%) 74.00 + 11.85 71.87 £ 17.04 —2.13 £ 19.66 0.5
PEF (L/sc) 4.01 +1.49 431175 0.30+ 1.38 0.2
PaO, (mmHg) 76.75+£9.97 79.01 £9.44 4.59+13.15 p <0.001
PaCO, (mmHg) 38.09 +5.95 36.63 +3.85 1.46 +2.57 0.004
Sa0, (%) 94.66 +2.59 95.96 +7.10 2.96+293 0.3
DLCO(mmol/ k.Pa.sc.) 19.96 +7.33 21.03 +6.89 1.06 £ 143 p <0.001
DLCO/VA (DLCO/L) 4,04 +£0.94 4.60 +2.87 0.61 £2.93 0.2

IPT: intensive physical therapy; FVC: forced vital capacity; FEV: forced expiratory volume in one second; PEF: peak expiratory flow;
DLCO: carbon monoxide diffusion capacity; PaO,: partial arterial oxygen pressure; PaCO, partial arterial carbon dioxide pressure.
Diffusion lung capacity for carbon monoxide. DLCO/VA: diffusion lung capacity for carbon monoxide per volumes of alveoli

(A: The difference after rehabilitation-before rehabilitation)

mn + sd: (mean + standard deviation)

Table 6 Parameters recorded during the first and last walking settings in the study group

Before intensive physical therapy After intensive physical therapy

mn + sd mn + sd p value
Initial heart rate (pulse/min) 90.10 + 1045 90.03 £9.99 0.9
Final heart rate (pulse/min) 113.60 £ 11.35 109.10 £9.48 0.04
Recovery heart rate (pulse/min) 102.90 +10.13 100.16 + 8.32 0.06
Duration (min) 18.23 +7.40 39.66 + 16.23 p <0.001
Distance (m) 614 +£415.157 991 + 534.51 p <0.001
Maximum speed (km/h) 4.03+0.97 496 £+ 1.15 p <0.001
Borg score 4254228 391+£1.52 0.3

mn + sd: (mean + standard deviation)

Table 7 Postoperative complications seen in the study and control groups*

Study group Control group Total
n=30 n=30 n=60
n % n % n %
Atelectasis - - 1 33 1 1.7
Fever 1 33 2 6.7 3 5
Dyspnea - - 1 33 1 1.7
Hemorrhagic drainage - - 1 33 1 1.7
Pneumonia - - - - - -
Pulmonary embolism - - - - - -
Total 1 33 5 16.6 6 10.0

* The difference was statistically significant. p = 0.04
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Discussion

Minimal data exist regarding IPT before lung resec-
tion. This fact may be due in part to the relatively brief
time between cancer diagnosis and surgery, which does
not allow for significant patient participation in physical
therapy programs. In one of the few existing studies to
date, Weiner et al.'"” randomized 32 patients with COPD
undergoing resection for primary lung neoplasm to
receive either incentive spirometry and inspiratory muscle
training for 2 weeks before lung resection or no training
at all. The investigators found that inspiratory muscle
strength, as measured by the maximum inspiratory pres-
sure at residual volume, increased significantly in the
training group, but remained unchanged in the group that
received no training.'” The relevance of these data on
clinical outcomes has not yet been established; however,
the data suggest a potential beneficial impact of inspira-
tory muscle training on patient lung mechanics.”

In our study, blood gas analysis, and ventilation/perfu-
sion distributions of lungs of patients who were deemed
to be operable for non-small cell lung cancer in control
and study groups were analyzed. Complications emerged
during postoperative term and periods of postoperative
hospitalization were documented. Our IPT included
intensive chest physiotherapy and lower extremity exer-
cise training done by walking during a week-time. So our
study was different from the studies above. In addition,
both groups had postoperative routine physical therapy
and the effects of preoperative IPT on measured postop-
erative parameters were studied.

Many of the common complications after thoracic sur-
gery (atelectasis, pneumonia, and pulmonary embolism)
are pulmonary in nature. Although pulmonary embolism
cannot be prevented through improvement in pulmonary
hygiene, atelectasis and pneumonia can be prevented
through active patient involvement. Coughing, deep
breathing, using an incentive spirometer, walking, sitting
to eat, and performing other seemingly minor activities
all can contribute to improved pulmonary hygiene and a
decreased incidence of postoperative pneumonia.'”® In the
study of Varela et al.,'¥ 119 patients were operated on
after intense physical therapy, and 520 patients were
operated on without physical therapy training. In the
group having physical therapy, atelectasis development
and periods of hospitalization were found fewer compar-
ing those developed in the control group.

It is proved that it is beneficial for both the patient and
physical therapist to have a chance to study with the patient

before the operation. Giirses et al.'”” showed that when pre-
operative and postoperative chest physical therapy was
applied to patients having a heart operation, the postopera-
tive pulmonary complication incidence was 8%, atelectasis
was seen in 3% of patients. In our study, although there
was no statistically significant difference, pulmonary com-
plication rate decreased from 16.7% in control to 6.7% in
the study group despite the fact that both groups received
routine physical therapy after operation.

Hulzebos et al.'” found that preoperative inspiratory
muscle training (IMT) reduced the incidence of postop-
erative pulmonary complications (PPC) and duration of
postoperative hospitalization in patients at high risk of
developing a pulmonary complication undergoing coro-
nary arterial bypass grafting (CABG) surgery (p = 0.02).
In IMT group, PPC incidence was 18%, while in the con-
trol group PPC incidence was %35. Median hospitaliza-
tion duration was 7 day (5—41 day) in IMT group, 8 day
(670 day) in the control group. IMT seemed to decrease
hospital stay (p = 0.02). In our study, IMT decreased hos-
pital stay from 9.7 to 5.4 days. These findings suggest
that, physical therapy may also lead to reduction in the
utilization of other health care resources, improve the
overall quality of life, and increase the participation of
physical and social activity. Zeiher'” has shown a trend
toward a decrease in the use of health care resources and
hospital stay.

In the study of Westerdahl et al."® it was pointed out that
patients performing deep-breathing exercises after CABG
surgery had significantly smaller atelectatic areas and bet-
ter pulmonary function on the fourth postoperative day
compared to the control group performing no exercises.

In our study, we intensively applied diaphragmatic,
pursed lip, segmental breathing exercise, incentive
spirometry, coughing exercise as chest physiotherapy for
a week. Our study suggested that all patients before
resection must be educated and trained on IPT. In con-
cordance with our study, Mahler® concluded that two or
more preoperative education settings decreased the num-
ber of postoperative complications, hospitalization dura-
tion and physical therapy time.

Basrin and et al.,” studied the differences between the
preoperative and postoperative spirometric values in
patients undergoing lobectomy for lung cancer. They
found that all spirometric values decreased in the postop-
erative period and also did not return to a normal level in
the postoperative, 6 to 8th week.

The decrease of postoperative pulmonary function
in the operated patients is known after anesthesia and
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surgery. Gurses et al.”’ showed that pulmonary function
parameters after the CABG operation decreased 22%—
35%. In our study, the amount of decrease was 6 t019%.

In the study of Sekine et al.'” on COPD patients with
lung cancer and undergoing resectional surgery, they
found that although in the rehabilitation group FEV, and
FEV//FVC values were low, it was found that postopera-
tive pulmonary complication development and long hospi-
talization were prevented, and FEV| in the rehabilitation
group was kept normal. Although, in our study, there was
no statistical difference in preoperative pulmonary func-
tion parameters, they were slightly low in the study group.
Preoperative IPT was found to significantly increase FVC
(p=0,003), FEV, (p = 0,01) parameters in the study group.

We also found that, IPT increased the perfusion of the
contra lateral lung. In the subgroup with 11 people who
were able to perform ventilation / perfusion measurement.
It was found that there was a decrease in cancer lung tis-
sue ventilation after IPT and there was an increase in
healthy lung tissue ventilation. As a result, it was found
that IPT led to better oxygenation, reduced time of post-
operative hospitalization, changed the distribution of ven-
tilation/perfusion. However, it did not prevent postopera-
tive complication. The modus operandi of this effect
remains unknown. It can be thought that,hypoxic con-
striction of pulmonary arterial branches, of tumor
involved pulmonary parenchyma, could lead to less V/Q
shunting. Accordingly, we observed better gas-exchange
after IPT. This may also cause better tissue oxygenation.
Also, it can be speculated that, IPT could be increase
muscle strength and may have caused bronchodilation to
some extent. However, studies to disclose the mechanism
of action are warranted. In the literature, we were not
able to find any study about ventilation/perfusion changes
in patients having IPT.

In the study of Oktem et al.,*” patients with open-heart
surgery were divided into two groups, breathing exercises
and percussion application, which were two different
chest physical therapy applications, applied to the groups
separately. Pulmonary functions and blood gases were
analyzed. They found that both of the two applications
had positive effects over pulmonary functions and blood
gases. But the decrease of PaCO, were observed in only
the breathing group in the acute treatment period and the
significant increase of PaO, was more apparent in the
breathing group in the last measurements (30 minutes
later). Breathing exercises could decrease secretion reten-
tion, thus it may decrease air-way resistance which could
be measured as bronchodilation. This mechanism could

Effects of Physical Therapy Before Lung Cancer Resection

have been in effect in our study.

In the study of Eksi et al.*” effects of breathing exercise
and transcutaneous electric nerve stimulation (TENS) on
ventilation functions and arterial blood gases following
open heart surgery were investigated. As a result, VC %,
FVC %, FEV, % values showed a significant increase in
Group I and IT and, while pH was unchanged, PaO,
increased in all groups after the treatment (Group I; chest
physiotherapy in patients without pain, Group II; chest
physiotherapy plus TENS in patients with pain and lastly,
Group III; chest physiotherapy plus placebo TENS in
patients with pain). PaCO, was decreased in Group I and
II, whereas it was increased in Group II1.

In our study, patients’ arterial blood gas values in both
groups were measured and compared in preoperative and
postoperative period (Table 2). While, partial arterial
oxygen pressure increased and carbon dioxide levels
decreased significantly, the difference in peripheral oxy-
gen saturation was not statistically significant. IPT
affected in a positive way over oxygenation of patients.
After a walking exercise that was done in treadmill dur-
ing one week, the significant increase of walking dura-
tion, distance and speed were seen. Pulmonary rehabilita-
tion caused working heart rate to decrease from 68% to
65% during walking. These findings suggested that train-
ing had a positive effect on exercise capacity. The
improvement of exercise capacity, which was found in
our study, was in concordance with the study of Spruit et
al.*? In their study of patients with lung cancer, in the
group joined in multidiscipline inpatient exercise program
with 8 weeks, statistically meaningful development was
observed in pulmonary functions, functional exercise
capacity and peak exercise capacity. We primarily aimed
to decrease the length of stay of patients by preoperative
pulmonary rehabilitation, however, an improvement in
pulmonary function tests was notified in the study group.

Pulmonary rehabilitation is potentially beneficial
before and after any surgery it has been applied and stud-
ied primarily in the setting of major thoracic surgical
procedures, including lung volume reduction surgery,
lung transplantation, and lung resection.” Globally, little
has been known regarding the value of pulmonary reha-
bilitation before lung resection in patients with lung can-
cer. This fact may be due in part to the relatively brief
time between cancer diagnosis and surgery, which does
not allow for significant patient participation in rehabili-
tation. In the study, we aimed to investigate the effect of
short-period intensive IPT which was performed before
surgery in stage IA-IIA lung cancer patients. We assessed
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lung functions, gas exchange capacities and diffusion and
ventilation-perfusion distributions, postoperative compli-
cation and hospital stay besides exercise capacity.

There are some limitations of the study, which must be
addressed: We were unable to compare the ‘quality of
life’ of patients. Also, the number of patients who under-
went ventilation/perfusion scintigraphy was small. How-
ever, a statistically significant difference in terms of per-
fusion of lungs in the contra lateral sides between groups
was found. Due to ethical considerations, patients in both
groups received routine chest physiotherapy after surgery
until discharge. Despite this fact, patients in the study
group had slightly fewer complications and shorter hospi-
tal stay. The number of patients is also limited due to
limited financial support for our study. Some respiratory
parameters seemed to be worse in the control group due
to the randomization. We could not have involved the
selection process.

As conclusion, short-term IPT before resectional sur-
gery can be recommended since improved gas-exchange,
reduced hospital stay, increased contra lateral perfusion
were observed in patients with lung cancer. Further stud-
ies in order to elucidate the mechanism of action and
confirm the observed effect are warranted.
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