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ABSTRACT

Background: In this study, it was planned to improve the respiratory and metabolic capacities of
patients who will be operated for lung cancer in the preoperative period. Thus, the effect of preoperative
pulmonary rehabilitation (PPR) on postoperative morbidity / mortality rates and the duration of hospital

stay was investigated.

Materials and Methods: Between July 2020 and February 2021, 43 patients who were operated for
lung cancer were evaluated prospectively. Group I (n = 20) patients were included in the PPR program
for 2 weeks preoperatively. PPR was not applied to the control group, Group II (n = 23) patients.
Demographic findings of the cases, postoperative length of stay and drain duration, postoperative

complication development were compared.

Results: The mean age of Group I was 63.60 + 5.87 (54-75), while that of Group II was 60.78 + 13.30
(32-83). Surgical mortality was not observed in any patient. While morbidity was observed in 7 (35%)
patients in Group I and 13 (65%) patients in Group II (p = 0.158). The postoperative hospital stay of
Group I was found to be statistically significantly lower than Group II (p = 0.026). It was determined
that the drain stay time of Group I patients was shorter than Group II (p = 0.009).

Conclusion: It was seen that the importance of preoperative pulmonary rehabilitation was high in
achieving less complications and shorter hospital stay in the postoperative period in patients who

underwent pulmonary rehabilitation due to lung cancer surgery.
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Introduction

Lung cancer is the second most common type of malig-
nancy worldwide and one of the leading causes of can-
cer-related mortality. Lung cancer creates an important
burden of disease on society and the economy is seri-
ously affected by this burden [1]. Surgical resection, be-
cause of its chance of curability, has higher survival rates
compared to all other treatment methods. However, it can
be related to significant morbidity, functional losses and a
decrease in the quality of life [2,3]. Despite the preopera-
tive examinations, complications may occur during the
postoperative period, hence the length of hospitalization
may be prolonged. For this reason, studies on this subject
suggest that preoperative pulmonary rehabilitation (PPR)
programs together with exercise, can improve the exer-
cise capacity, functional performance, and quality of life,
both before and after the operation [2-5]. PPR is a com-
prehensive intervention that includes, exercise training
(durability and resistance) and behavioral changes for the
patient [6,7]. It is known that patients with low exercise
tolerance have worse outcomes of thoracic surgery mor-
bidity/mortality compared to other patient groups [8].
Therefore, it is hoped that PPR can decrease postopera-
tive complications and morbidity, shorten the length of
hospitalization, and reduce healthcare costs [8].

This study aimed to show the increase the metabolic
and respiratory capacities of patients in the preoperative
period with PPR, thus it is planned to increase the toler-
ability of surgical procedures, having less complications in
the postoperative period and shorter length of hospital stay.

Materials and Methods

Between the dates of July 2020 and February 2021, pa-
tients who were operated on because of non-small cell
lung cancer (NSCLC) were included in the evaluation.
Randomization is achieved by coin flipping between the
eligible patients who applied to the outpatient clinic to
be included in the study and control groups. The pa-
tients who cannot do physical exercise due to comorbid-
ity, who will be operated on because of benign pathol-
ogy or metastatic lung disease, who have a history of
cardiac operation and also patients with history of or-
thopedic operation with a prosthesis, and recent history
of major surgery because of other reasons are excluded
in the study. Patients who completed a PPR program
that matches the criteria are included in the study.

All patients included in the study completed their
preoperative diagnostic and evaluation procedures at
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the Ege University Faculty of Medicine, and the surgi-
cal interventions were likewise performed in the same
institution, ensuring consistency in preoperative assess-
ment, perioperative management, and postoperative
follow-up within a standardized institutional setting.

Group [ patients, which is the study group, were ad-
ditionally included in a pulmonary rehabilitation pro-
gram, before the operation for 2 weeks. The method of
randomization was based on selecting individuals who,
within the study period, had no contraindications for the
Pulmonary Rehabilitation (PR) program and expressed
willingness to participate. Group II patients, which is
the control group, were operated on without any addi-
tional application, with routine preoperative prepara-
tions. 20 patients for Group I, 23 patients for Group II
were included in this prospective study. The age, sex,
comorbidity, technique of surgical procedure, figures of
forced expiratory volume in one second (FEV1) before
the pulmonary rehabilitation (PR), figures of arterial
blood gases before the PR, postoperative length of hos-
pitalization, surgical diagnosis, postoperative complica-
tions, the length of tube thoracostomy treatment, smok-
ing history and postoperative early period mortality of
total 43 patients were researched.

Patients of both groups were evaluated by the blood
biochemistry, electrocardiogram (ECG), respiratory
function test, posteroanterior and lateral chest x-ray, tho-
rax CT. When required, PET/CT and MRI evaluations
were done. For the diagnosis, one or more of following
techniques were used; sputum cytology, transthoracic
fine-needle aspiration biopsy (TTFNAB), evaluation
with bronchoscopy (lavage, bronchial brushing, biop-
sy). The staging of the cases were done according to the
‘International Association for the Study of Lung Cancer
(IASLC)’*s 2017 international lung cancer classifica-
tion. Histopathologic typing was determined according
to World Health Organisation’s 2015 classification.

In scope of the study, 20 patients that were willing
to participate in the program and who did not have any
contraindications for pulmonary rehabilitation, were sub-
jected to bronchial hygiene methods, exercise techniques
(respiratory, aerobic, stretching, and relaxation exercises)
and information that could be applied to the daily life were
given one time during the program. At the preoperative
period, the Group I cases were included in a pulmonary
rehabilitation program that consisted exercises of joint
range, aerobic (walking and spinning), strengthening
(forced stretching movements, weight training, etc.), re-
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spiratory (forced inhalation and exhalation that strengths
the respiratory muscles), relaxation and stretching to be
practiced by the physicians, physiotherapists, and techni-
cians who were trained about this subject and all rehab
program to be completed at the pulmonary rehabilitation
unit for 2 weeks, 5 days a week, 1.5 hours in a day. Cases
were also asked to do an exercise program once a week
at home. Joint range exercise consisted of 10 rep of neck,
waist, upper, and lower body extremities joint exercises
which were done before the aerobic exercise. Aerobic
exercise was done for 30 minutes total, 15 minutes tread-
mill, and 15 minutes spinning. It was performed to reach
60-70% of VO2max and 60-70% of heart rate reserve,
as moderate-intensity exercise. 23 cases in Group II, did
not have any rehabilitation before the operation and these
cases formed the control group.

Complications were classified as prolonged air leak,
subcutaneous emphysema, pneumonia, atelectasis re-
quiring bronchoscopy, postoperative expansion defect,
pulmonary embolism, blood product transfusion, intra-
operative bleeding, postoperative hemorrhage, arrhyth-
mia, and metabolic disorder.

The ethical approval for this study was obtained
from the Ethics Committee of Medical Research at Ege
University in 06/2020 (Approval No: 20-6T/50).

Statistical Analysis

Statistical analyses were done by using the “* Statistical
Package for Social Sciences (SPSS) ©* 24.0 program.
Categorical data was stated as numbers and percent-
ages. Numerical data was stated as average + standard
deviation and normal (minimum-maximum). The nor-
mality control of the numerical variables in the groups
was done with the ""Shapiro-Wilk test’'. For the com-
parison of numerical variables in groups, * The Inde-
pendent t-test and Mann-Whitney U test” were used.
“’The K-square test” was used for the comparison of
categorical variables in groups. A p-value less than 0.05
was defined as statistical significance.

Results

The mean age of Group I (study group) was 63.60 + 5.87
(54-75) and the number of female patients’ were 4 (20%).
Right upper lobectomy was performed on 5 patients, right
lower lobectomy on 4 patients, segmentectomy on 3 patients,
middle lobectomy on 2 patients, left upper lobectomy on 2
patients, left lower lobectomy on 2 patients, left pneumonec-
tomy on 1 patient, and wedge resection on 1 patient. While
5 (25%) of these procedures were performed videothoraco-
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scopically, 15 (75%) patients underwent lateral thoracotomy.
It was detected that 11 (55%) of the patients were diagnosed
with squamous cell carcinoma, 8 (%40) with adenocarcino-
ma, 1 (5%) with adenosquamous carcinoma. 16 (80%) of the
patients had co-morbid illnesses. 9 (45%) of the patients did
not have a history of smoking (Table 1). While no mortal-
ity was observed on any patient in the post-operation early
period, one of the patients underwent revision due to hemor-
rhage. Morbidity (prolonged air drainage on 5 patients, in-
creased urea-creatinine levels on 1 patient, and hemorrhage
on 1 patient) was detected on 7 (35%) patients.

The mean age of Group II (control group) was 60.78
+ 13.30 (32-83) and the group consisted of 18 (78%)
male, 5 (22%) female patients. Right upper lobectomy
was performed on 7 patients, left upper lobectomy on 6
patients, left lower lobectomy on 4 patients, right lower
lobectomy on 3 patients, middle lobectomy on 1 patient,
superior bilobectomy on 1 patient, and left pneumonec-
tomy on 1 patient. While 3 (13%) of these procedures
were performed videothoracoscopically, 20 (87%) pa-
tients underwent lateral thoracotomy. Nine (%39) of the
patients got diagnosed with squamous cell carcinoma, 8
(%35) with adenocarcinoma, 3 (13%) with an atypical
carcinoid tumor, and 1 each (4.3%) with large cell neu-
roendocrine carcinoma, lymphoepithelioma-like carci-
noma, and large cell carcinoma. Fifteen (65%) of the
patients had co-morbid illnesses. Seven (65%) of the
patients in Group II did not have a history of smoking.
In the early post-operative period, while no mortality
was observed on any patient, morbidity (prolonged air
drainage in 10 patients, increased urea-creatinine levels
in 1 patient, pulmonary embolism in 1 patient, pneu-
monia in 1 patient, subcutaneous emphysema in 1 pa-
tient and sinus bradycardia in 1 patient) were detected
in 13 (65%) patients. In the evaluation of normality of
numerical variables between groups, age, preoperative
values of FEV1 “’liter” and “’%”, preoperative values
of PO2 and PCO?2 in arterial blood gases did demon-
strate a similar distribution between groups (Table 2).

In the pre-PR measurements of cases, Group I’s av-
erage FEV1 ml and % values were 2340 + 691 (760-
3630) ml and 82.2 + 21.2 % (40-114), Group II’s 2648
+ 763 (1230-4130) ml and 92.3 + 16.8 % (52-117) as
resulted in (for ml p =0.176, for % p = 0.088) (Table 2).

According to pre-PR arterial blood gases measure-
ment results, Group I's cases average PaO2 (mmHg)
value was 87.8 = 12.8 (59-110), PaCO2 value was 37.5
+ 4.8 (28.4-47.5) and oxygen saturation value was 97.6



(92-99). In Group II'’s cases the average PaO2 (mmHg)
value was 97.7 = 23 (60-166), PaCO2 value was 37.4 +
3.8 (31.1-47.1), and oxygen saturation value was 98.1
(93.9-99.7). There was no statistical difference between
the two groups (p; 0.096, 0.990, 0.122) (Table 2).

When we evaluate the post-operative hospitalization
length of stay, while Group I’s results were average 5.6
+ 1.8 (2-9)/day, Group II’s results were found to be 8.35
+ 5.76 (3-27)/day. When comparing groups, there was
a statistically significant difference between them (p =
0.026) (Figure 1) (Table 3).

The length of tube thoracostomy treatment in the post-
operative period was compared. While Group I’s results
were average 5 + 3.5 (2-18)/day, Group II's results were
8.7 £5.9 (3-24)/day. The difference between groups was
statistically significant (p = 0.009) (Figure 2) (Table 3).

When the complication development status in the
postoperative early period was evaluated, 7 (35%) cases
in Group I and 13 (56.5%) cases in Group II postopera-
tive morbidity were detected. Although there was a dif-
ference between groups, the difference was not statisti-

cally significant. (p = 0.158) (Table 4).
Group I Group II
<N=20> (N=23)

Female  |4Q0%) 5% | |

Age (@vg., 1ange, | o3 ¢ 54751 60,8 (32-83) |0.366
year)

Present _|16(80%) |15(65%) | |
Surgical techniquel | 0315 |
VATS  505%) 3(3%) |

8U0%) 8GS%) | |

Oher  [1G%) _[6@6% |
Present |11(55%) [6(35%) |

Abbrev.: VATS: video-assisted thoracic surgery; Avg.: Average.
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FEV1 %
[before PR]

Preop. PaCO2
(mmHg)

Grup I (N=20)
Avg. (interval)

Grup II (N=23) | P-
Avg. (interval) | value

82.2 (40-114) |92.4 (52-117) |0.088

37.5 (28-47) 374 (31-47) 10.990

Abbrev.: FEVI : forced expiratory volume in one second, L : liter, PR :
pulmonary rehabilitation, Preop: preoperative, Avg. : Average

» 3 o 8 ] 8

Postoperative length of hospital stay (days)

)

Group

Figure 1. Postoperative length of hospital stay.

The drain stay time (days)

Group

Figure 2. Duration of chest tube drainage.
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) ) I 20 5.00 3.54 2 18
Postoperative duration of tube I 3 370 599 3 o 0.009
thoracostomy (day)

Total |43 6.98 5.29 2 24

Postoperative morbidity

Present

Revision

Absent

P value

Present

Mortality (first 1 month)

Not present

Grup Total P value
Present Not present

II (n, %) 0,0% 23, 100% 23, 100%
Total 0,0% 43, 100% 43, 100%
Discussion the recovery, it is planned to restore the postoperative

Itis predicted that the number of patients who will be op-
erated on for early-stage lung cancer will increase with
the improvement in lung cancer awareness and devel-
opments in imaging methods in recent years. Postopera-
tive complication and mortality risk after lung resection
represent significant limitation for surgical treatment of
lung cancer. For this reason, there can be potential of
decreasing the postoperative risk and hospitalization
length by managing the modifiable risk factors, at the
same time, it is hoped that it will have a positive effect
on health care costs [9]. Many studies in the literature
indicate that the practice of pulmonary rehabilitation
decreases postoperative morbidity in colorectal, heart,
and spinal surgeries [10]. The results of these studies,
collected under the name of ERAS: Enhanced Recovery
After Surgery, in the specialty fields like colorectal sur-
gery and examined in detail. In the aim of accelerating
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organ dysfunction. With the practice of many evidence-
based preoperative measures, serious results have been
achieved. In conclusion, the information of decrease in
the hospitalization lengths and postoperative complica-
tion rates were attained [11]. In general, ERAS inter-
ventions in thoracic surgery are divided into preopera-
tive, intraoperative, and postoperative periods. In the
preoperative period, nutritional evaluation and support,
correction of the anemia and smoking cessation are
the leading factors. The intraoperative period focused
on minimally invasive surgery (VATS) with optimal
analgesic technique, when possible. In the postopera-
tive period, the main goals are the management of pain,
early mobilization, early oral intake, and prevention of
nausea and vomiting. However, it has been stated that
improvement of patients’ pulmonary function and exer-

cise capacity may reduce the risk of complication [12].



In the light of all these examples and suggestions, it
is encouraging to research the role of PPR in the patients
who will undergo pulmonary resection. The hypothesis
regarding the effect of PPR is such that, if the existing
respiratory functions of the patients are improved in the
preoperative evaluation, postoperative complications
and mortality can be reduced. In this prospective study,
we researched the PPR’s effect on the tolerability of sur-
gery, postoperative morbidity/mortality ratio and hos-
pitalization length by planning to improve preoperative
respiratory and metabolic capacities of the patients who
will be operated on due to lung cancer. Although there is
no consensus on the duration of preoperative pulmonary
rehabilitation in many studies based on this hypothesis
in the literature, the durations have been found to range
from one day to four weeks before the operation [13].
Divisi et al [14] observed a monotypic group of 27 pa-
tients with a diagnosis of COPD and NSCLC in their
studies and performed lobectomy after subjecting all the
patients to a 4 week of PPR program. Likewise, Sekine
et al [15] evaluate the effect of a 2-week program of PPR
on patients who underwent a lobectomy and showed that
PPR decreases the length of hospitalization. In a study,
Yanez-Brage et al [16] evaluated the postoperative pul-
monary complications in patients who underwent coro-
nary artery bypass graft surgery. It has been stated that
1 day of preoperative physiotherapy can significantly re-
duce the atelectasis. Hulzebos et al [17] applied 2 weeks
of inspiratory muscle exercises to the 140 patients out
of 279 who underwent elective coronary artery bypass
graft surgery and show that postoperative pulmonary
complications were significantly reduced. In the light of
these examples in literature, we planned a 2 week of pul-
monary rehabilitation program similar to previous stud-
ies, considering the oncological waiting times.

The studies have shown that PPR is safe for resect-
able lung cancer patients, improves the results of res-
piratory function test and cardiopulmonary exercise test
[18]. However, these development’s effect on postop-
erative complications and mortality has not been clear.
It was thought that reasons such as clinical trials have
failed to show the statistically significant difference, not
randomizing, patient selection or short-term PPR prac-
tice reveal these results. The low number of patients
included in the study and other limitations prevent the

generalization of results.
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In the study done by Benzo et al [19], it is shown that
randomly selected patients with the diagnosis of COPD
and NSCLC, for the preoperative exercise therapy
program who underwent lung resection, had a shorter
duration of postoperative tube thoracostomy treatment
(4.3 days in comparing to 8.8 in the control group, p =
0.04) and also it is shown the incidence of long duration
of tube thoracostomy (>7 days) is lower (11% against
63%, p = 0.03) comparing to the control group. In ad-
dition, the patients in the preoperative exercise therapy
arm of the study were found to have shorter hospital
stays which was almost significant. For the postopera-
tive pulmonary complication incidence, no significant
difference (patients who need bronchoscopy due to res-
piratory failure, pneumonia, atelectasis, p = 0.45 (for

every 3 outcome criteria)) was found [19].

The study carried by Bobbie et al [20], includes 11
cases (monotypic group) operated on between 2004-2006
due to NSCLC and underwent 4 weeks of preoperative
pulmonary rehabilitation. Although the study has found
that significantly meaningful improvement of 2.8mL/kg/
min at VO2max values and is one of the first studies that
practiced PPR. It was insufficient to produce meaningful

results due to the lack of a control group.

Morano et al [20] have reported that the patients who
are in the preoperative exercise program have spent few-
er days (7.8 £ 4.8 against 12.2 + 3.6 days, p = 0.04) at the
hospital (comparing to the control group), keeping the
chest tube fewer days (4.5 £ 2.9 against 7.4 + 2.6 days, p
=0.03) and lower incidence of postoperative pulmonary
complications (16.7% against 77.8%,p =0.01).

The case-control study done by Varela et al [21] has
emphasized that the mortality in the preoperative exer-
cise group was lower compared to the control group. It
was reported that the rates of pneumonia and atelectasis
were found to be higher in the control group, but only
the difference in atelectasis rates was significant. The
mean hospital length of stay was found to be signifi-
cantly less in the preoperative exercise therapy group.

Gao et al [22] published a study of 142 high-risk pa-
tients with potentially resectable lung cancer in 2015. The
patients were non-randomly allocated to the study group
(71 patients) who underwent a preoperative pulmonary
rehabilitation program followed by lobectomy, and to

136



Current Thoracic Surgery-Volume 10 Number 3 p: 131-138

the control group who underwent only lobectomy with
conventional treatment, and the postoperative complica-
tion rate in the study group was found to be significantly
lower than in the control group. While the postoperative
hospital length of stay was significantly longer in the
control group, there was no difference between the two
groups in terms of the analysis of the average cost in the
hospital, including the cost of pulmonary rehabilitation.

In a randomized clinical trial conducted by Licker
et al [18] in 2017; 25-day PPR was applied to 74 out of
151 lung cancer patients who were to undergo elective
surgery and the results compared with the control group
of 77 cases. When the VO2max and six-minute walk
test results were compared between the two groups, in
the PPR group; a statistically significant 15% increase
was found for both values. An 8% decrease in VO2max
was observed in the control group, and there was no
statistical difference in postoperative complications (or
hospital stay) between the groups.

In our prospective study researching the effective-
ness of the pulmonary rehabilitation (PR) program ap-
plied for 2 weeks before the operation in patients with
NSCLC who were planned pulmonary resection, it was
shown that PPR caused a statistically significant de-
crease in postoperative hospitalization time and chest
tube treatment time (p < 0.05).

Limitations of the study

There are several limitations of our study that should be
considered when evaluating the results. One of these lim-
itations is, we had to carry out this prospective study dur-
ing the Covid-19 pandemic, which resulted with lower
number of cases. Although there were fewer complica-
tions in the PPR group, no statistically significant differ-
ence was observed, possibly due to limited number of
cases. As we mentioned before, the effect of PPR on post-
operative complications and mortality could not found to
be statistically significant in many studies, similar to our
study in the literature [18,19,21]. Another limitation was
that the VATS procedure alone can reduce postoperative
pulmonary complications and mean hospital stay, and
thus affecting the outcomes. It is thought that the interac-
tion between VATS/thoracotomy surgical procedure type
and pulmonary rehabilitation should be investigated with
a further study. Our results require confirmation with a

larger and possibly multicenter study.
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In conclusion, our findings suggest, short-term pul-
monary rehabilitation has positive effects on pulmonary
functions, inspiratory muscle strength, exercise capac-
ity, and dyspnea in patients with lung cancer. We think,
the positive effects of preoperative pulmonary rehabili-
tation emerged objectively in our study. We see this re-
habilitation program as effective management of pul-
monary rehabilitation in the perioperative period in our
cases, in which we observed significant improvement

of lung function, exercise capacity and quality of life.
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