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Abstract:

Introduction: The aim of this study was to assess the effects of preoperative
pulmonary rehabilitation (PPR) on preoperative clinical status changes in pa-
tients with chronic obstructive pulmonary disease (COPD) and non-small cell
lung cancer (NSCLC), and net effects of PPR and cancer resection on residual
pulmonary function and functional capacity.

Material and methods: This prospective single group study included 83 COPD
patients (62 +8 years, 85% males, FEV, = 1844 +618 m|, Tiffeneau index = 54
+9%) with NSCLC, on 2-4-week PPR, before resection. Pulmonary function,
and functional and symptom status were evaluated by spirometry, 6-minute
walking distance (6MWD) and Borg scale, on admission, after PPR and after
surgery.

Results: Following PPR significant improvement was registered in the ma-
jority of spirometry parameters (FEV, by 374 ml, p < 0.001; VLC by 407 m|,
p < 0.001; FEF, by 3%, p = 0.003), 6MWD (for 56 m, p < 0.001) and dyspnoeal
symptoms (by 1.0 Borg unit, p < 0.001). A positive correlation was identified
between preoperative increments of FEV, and 6MWD (r,= 0.503, p = 0.001).
Negative correlations were found between basal FEV, and its percentage
increment (r,=-0.479, p = 0.001) and between basal 6MWD and its percent-
age change (r,= -0.603, p < 0.001) during PPR. Compared to basal values,
after resection a significant reduction of most spirometry parameters and
6MWD were recorded, while Tiffeneau index, FEF,. and dyspnoea severity
remained stable (p = NS).

Conclusions: Preoperative pulmonary rehabilitation significantly enhances
clinical status of COPD patients before NSCLC resection. Preoperative in-
crease of exercise tolerance was the result of pulmonary function improve-
ment during PPR. The beneficial effects of PPR were most emphasized in
patients with initially the worst pulmonary function and the weakest func-
tional capacity.

Key words: lung cancer, lung cancer surgery, lung resection, pulmonary
rehabilitation, preoperative physiotherapy.
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Introduction

Coexistence of primary lung cancer and ob-
structive lung disease is well known, since almost
2/3 males and 1/2 females with newly diagnosed
primary lung cancer suffer from chronic obstruc-
tive pulmonary disease (COPD) [1, 2]. Resection is
currently the most efficient treatment for primary
lung cancer. However, COPD presence adds a con-
siderable risk of perioperative pulmonary compli-
cations, while serious damage of lung function
may render potentially resectable cancer inoper-
able [3-6].

In COPD and primary lung cancer, resection
can have complex effects on residual pulmonary
function and result in its deterioration due to the
loss of functioning parts of lungs, or vice versa,
improvement by eliminating non-functional em-
physematous lung areas, especially after upper
lobectomy [7, 8]. Preoperative pulmonary reha-
bilitation (PPR) may improve exercise tolerance,
symptomatic status and quality of life in COPD pa-
tients subjected to lung volume reduction surgery
or lung transplantation [9]. However, currently the
contribution of PPR to clinical status of COPD pa-
tients undergoing resection of non-small cell lung
cancer (NSCLC) is not quite elucidated. Although
it was demonstrated that PPR may improve pre-
operative pulmonary function and functional sta-
tus, reduce the perioperative pulmonary compli-
cation rate and shorten postoperative recovery,
the results of the studies were not aligned and
the programme of preoperative rehabilitation in
the prevailing clinical environment is not stand-
ardized due to different protocols in use [10-17].
In practice, many centres do not apply routine
PPR in such clinical circumstances due to certain
concerns related to postponement of surgical re-
section and lack of solid evidence related to the
benefits of PPR in those patients.

The aims of this study were to determine: (1)
effects of PPR on preoperative change in pulmo-
nary function and clinical status of COPD patients
with NSCLC, and (2) net effects of PPR and resec-
tion of lung cancer on residual postoperative pul-
monary function, functional capacity and sympto-
matic status of such patients.

Material and methods

This prospective, observational, single group
study was carried out between January 2007 and
December 2009 in the Clinic for Physical Medicine
and Rehabilitation, and the Clinic for Thoracic Sur-
gery of the Clinical Centre of Serbia in Belgrade.
The study was approved by the ethical commit-
tee of the institution and all the patients signed
informed written consent. The study included 83 con-
secutive patients (mean age: 62 =8 years, 85%

male) who met the following criteria: (1) histo-
logical diagnosis on NSCLC, (2) associated COPD
(Tiffeneau index < 70%), and (3) lung resection per-
formed by open thoracotomy. Table | shows pa-
tients’ characteristics on admission.

Preoperative diagnostics and evaluation of lo-
cal and systemic spread of malignity were done
by conventional chest radiography and computed
tomography of the thorax, abdomen and head,
and by endoscopic bronchoscopy with biopsy and
histological analysis of tumour tissue.

On admission, pulmonary function was as-
sessed at rest by spirometry, COPD staging by
GOLD (Global Initiative for Chronic Obstruc-
tive Lung Disease) criteria (stage | — mild COPD:
forced expiratory volume in the 1% second (FEV,)
> 80%; stage Il — moderate COPD: 50% < FEV,

Table I. Baseline patients’ characteristics

Parameter Results
No. of patients 83
Age [years] 62 +8

71 (85%)/12 (15%)
24 (29%)/
41 (49%)/

14 (17%)/4 (5%)
29 (35%)/42 (51%)
14 (17%)/

58 (70%)/

11 (13%)/0

Gender (male/female)
BMI category I/1I/111/IV

Smokers (current/former)
COPD stage I/11/111/1V

Extrapulmonary comorbidities 77 (93%)
Hypertension 38 (46%)
Cardiac arrhythmia 3 (4%)
Cardiomyopathy 6 (7%)
Coronary disease 29 (35%)
Diabetes mellitus 6 (7%)
Gastrointestinal disorder 13 (16%)
Previous extrapulm. malignancy 5 (6%)

Cancer histology
Squamous cell carcinoma 59 (71%)
Adenocarcinoma 21 (25%)
Adenosquamous cell carcinoma 3 (4%)

Cancer stage I/1I/111/IV 17 (20%)/

57 (69%)/7 (9%)/

2 (2%)
Operation procedure
Pneumonectomy 18 (22%)
Sleeve lobectomy 7 (8%)
Bilobectomy 7 (8%)
Lobectomy 48 (58%)
Segmentectomy 3 (4%)

BMI = body mass index, BMI categories |-IV: | — underweight

(< 18.5 kg/m?), Il — normal weight (18.5—-24.9 kg/m?), Il — over-
weight (25-29.9 kg/m?), IV — obese (= 30 kg/m?), COPD — chronic
obstructive pulmonary disease
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< 80%; stage Il — severe COPD: 30% < FEV, < 50%;
and stage IV — very severe COPD: FEV, < 30%)
[18]. Assessment of patients’ functional capacity
(i.e. effort tolerance) was conducted by 6-minute
walking test (6MWT) according to the recommen-
dations of the American Thoracic Society [19].
Immediately prior to and after 6MWT respirato-
ry and heart rates were measured, while oxygen
blood saturation was determined by pulse oxim-
etry. Degree of dyspnoea was assessed on the
modified Borg scale and by the visual analogue
scale (VAS): the patient was asked to grade the
dyspnoea degree on the mentioned scales while
at rest (before 6MWT) and after physical exercise
(immediately after 6MWT) [20].

Following the initial evaluation, patients start-
ed preoperative preparations including: (1) intra-
venous bronchodilator therapy with theophylline
12.5-15 mg twice a day, without corticosteroids;
(2) measures of pulmonary rehabilitation; and (3)
measures of general rehabilitation and physio-
therapy.

Preoperative rehabilitation lasted 2-4 weeks
(5 days a week) with three daily sessions of 45 min.
Preoperative pulmonary rehabilitation included
aerosol therapy by bronchodilators (solution 0.5 ml
salbutamol/3 ml 0.9% NaCl) through an inhalator
(jet nebuliser) under 5 kPa pressure from a cen-
tral O, supply or mixed air. Aerosol therapy took
approximately 10 min. During that time the pa-
tient resorted to diaphragmatic breathing under
the instructions and supervision of a physiothera-
pist. In addition, exercises for chest expansion and
shoulder girdle mobilization were applied. They
were done in front of a mirror, under the physio-
therapist’s supervision, 10 times per series. In the
second week the exercises were carried out under
the loading of 1 kg by means of elastic bands, in
two series — 10 times each. Finally, preoperative
preparation included education and training of
patients for exercise in early postoperative pulmo-
nary rehabilitation.

Following the completion of preoperative reha-
bilitation (immediately prior to surgery) spirome-
try, BMWT and evaluation of symptomatic status
were repeated — identical as on admission.

After lung resection, postoperative rehabilita-
tion started as early as the first postoperative day,
in the intensive care unit (ICU). First, diaphragmat-
ic breathing exercises, peripheral circulation exer-
cises, aerosol therapy with bronchodilators and
exercises for chest expansion and shoulder girdle
mobilization were introduced. On the first postop-
erative day the exercises were conducted at the
bed level with 75% elevation at the back; on the
second day the same exercises were applied in
a sitting position at the edge of the bed, while the
patients began to walk across the room with the

help of a physiotherapist on the third postoper-
ative day and later. Throughout their stay in the
ICU, the regimen was repeated 3—4 times a day.
Once outside the ICU, the patients were rehabili-
tated twice a day.

After discharge, patients were clinically fol-
lowed up and within one month after lung resec-
tion, spirometry, 6GMWT and evaluation of symp-
tom status were done, according to the same
protocol.

Statistical analysis

Descriptive statistics are presented as mean +
SD or mean, with 95% confidence interval (Cl) for
continuous variables and numbers with percent-
ages for categorical variables. Normal distribution
of all continuous variables was tested using the
Shapiro-Wilk test. In the case of normally distrib-
uted variables, comparisons between different
time points (baseline values, after PPR and values
after surgery) were performed by one-way repeat-
ed measures ANOVA followed by the Bonferroni
test. Otherwise, the Friedman test was used with
post hoc analysis by the Wilcoxon signed rank test
(with Holm-Bonferroni correction for significance
level). Comparisons between different subgroups
of patients were tested using the Kruskal-Wal-
lis test with post-hoc Mann-Whitney U test
(Holm-Bonferroni correction for significance level).

For determination of the correlation between
variables, the Pearson correlation test (normal
distribution) or Spearman rank correlation test
(asymmetrical distribution) was used. Statistical
association of spirometric or functional param-
eter increments with cases of lethal outcome or
perioperative complications was examined by
univariate logistic regression. A two-tailed p-value
of < 0.05 was considered statistically significant.
Data were analysed using SPSS for Windows, ver-
sion 17.0.

Results

Following PPR a significant increase in the
majority of pulmonary function parameters was
found, including FEV, (mean increment by 374 ml,
p < 0.001), vital lung capacity (VLC) (by 407 ml,
p < 0.001), and forced expiratory flow (FEF, ) (by 2%,
p = 0.006), while the change in FEF,, was insignif-
icant (p = NS), as presented in detail in Table II.

After PPR, 6-minute walking distance (6MWD)
was significantly enhanced, by 56 m average gain
(p < 0.001), as well as blood oxygen saturation,
both at rest (on average by 0.4%, p = 0.002) and af-
ter physical exercise (by 0.8%, p < 0.001) (Table IlI).
In concordance, a significant reduction in respira-
tory rate (by 0.7/min at rest, p < 0.001 and by 1.6/
min after physical exercise, p < 0.001) and heart
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Figure 1. Negative linear correlation between basal FEV, value and percentage change of FEV, during PPR (A)
and negative linear correlation between basal 6MWD and percentage increase of 6MWD during PPR (B)

FEV, - forced expiratory volume in the 1 s, 6MWD — 6-minute walking distance, PPR — preoperative pulmonary rehabilitation.

Dotted lines represent mean values with 95% confidence interval

rate (by 0.9/min at rest, p = 0.009 and by 2.2/min
after 6MWT, p < 0.001) were recorded.

A significant negative correlation was found be-
tween FEV, on admission and percentage change
of FEV, during PPR (r,= -0.479, p = 0.001), and
between basal 6MWD and percentage extension
of 6MWD after PPR (r, = -0.603, p = 0.001), as il-
lustrated in Figure 1 — panels A and B, respectively.
In addition, a strong positive correlation was iden-
tified between increment of FEV, and extension of
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Figure 2. Positive linear correlation between change
in FEV, and change in 6MWD during PPR

FEV, - forced expiratory volume in the 1 s, 6MWD

— 6-minute walking distance, PPR — preoperative
pulmonary rehabilitation. Dotted lines represent mean
values with 95% confidence interval

6MWD, achieved during PPR (.= 0.503, p = 0.001),
as illustrated in Figure 2.

After PPR significant relief of dyspnoea symp-
toms was observed both at rest (by 1.0 unit of the
Borg scale, p < 0.001, and by 1.0 unit of the VAS,
p < 0.001), and after physical exercise (by 1.1 Borg
units, p < 0.001, and by 1.3 VAS units, p < 0.001)
(Table 111).

Net effect of PPR and lung resection on pulmo-
nary function, and functional and symptomatic
status, is represented by the difference between
the value of parameters after lung resection and
before PPR.

Compared to the values on admission, af-
ter lung resection a significant reduction of the
majority of spirometry parameters was record-
ed (FEV,, VLC and FEF, ), while the values of the
Tiffeneau index and FEF,, showed no significant
change (p = NS). Moreover, in 6 patients (7.2%)
a relative increase in FEV, by as much as 22%
(95% Cl: 10-35%), FEF,, by 60% (4-116%) and
FEF,, by 72% (1-146%), relative to basal values,
was recorded postoperatively.

Among the candidates for different types of
lung resection (segmentectomy (n = 3), upper
lobectomy (n = 24), middle or lower lobectomy
(n=1+23), bilobectomy (n = 7), sleeve lobectomy
(n = 7) and pneumonectomy (n = 18)), there was
no significant difference in basal values of FEV,
and VC at hospital admission (p = NS), as well as
in the degree of change of those parameters after
completion of the PPR programme (p = NS). How-
ever, after different types of lung resection there
was a significant difference in the degree of net
change of spirometric parameters (FEV,, p < 0.001
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and VC, p < 0.001), in comparison with the values
at admission. Actually, post-hoc analysis showed
that after pneumonectomy average reductions
of FEV, (for 572 ml) and VC (for 1097 ml) were
significantly higher in comparison with average
changes of those parameters after segmentecto-
my (increase of FEV, for 260 ml, p < 0.001 and VC
for 140 ml, p < 0.001), upper lobectomy (reduction
of FEV, for 82 ml and VC for 207 ml, p = 0.002),
middle or lower lobectomy (reduction of FEV, for
216 ml, p < 0.001 and VC for 298 ml, p < 0.001), bi-
lobectomy (increase of FEV, for 200 ml, p = 0.004
and VC for 443 ml, p = 0.015), but it was not the
case after sleeve lobectomy (reduction of FEV, for
320 ml, p = NS and VC for 390 ml, p = NS).

Although significant postoperative shortening
of 6MWD was seen as well as acceleration of re-
spiratory and heart rates, oxygen blood saturation
was significantly higher after lung resection com-
pared to the value on admission, both at rest (p =
0.016) and after physical activity (p < 0.001), as
shown in Table IIl.

Compared to the value on admission, there
was no significant deterioration of dyspnoea
symptoms, either at rest (p = NS) or after physical
exercise (p = NS).

Overall hospitalization took 35 +16 days, while
preoperative and postoperative stay in hospital
was 18 +11 days and 17 8 days, respectively.
Perioperative mortality (within 30 days after sur-
gery) was 7%. Perioperative complications were
found in 39 (47%) patients, and 33 (40%) had one
or more respiratory complications: prolonged air
leak 16%, pneumonia 12%, atelectasis 7%, spu-
tum retention 4% and empyema 1%. No signifi-
cant association was found between the rate of
change of examined spirometric and functional
parameters (FEV,, FEV,% predicted, VLC, VLC%
predicted, Tiffeneau index, FEF, , FEF , and 6MWD)
during PPR and appearance of perioperative com-
plications and/or lethal outcome.

Discussion

Our results indicated that PPR significantly
enhances preoperative pulmonary function and
symptom status in COPD patients with NSCLC.
During the PPR programme, yield of FEV, direct-
ly correlates with better exercise tolerance on
6MWT. We observed that after PPR, the percent-
age increase in FEV, and percentage extension of
6MWD were more emphasized in patients with
more serious damage of pulmonary function on
admission and weaker basal effort tolerance, re-
spectively. It should be stated as well that PPR
partly mitigated the expected postoperative re-
duction of the majority of lung volumes and func-
tional capacity, and completely neutralized the ef-
fects of resection on the Tiffeneau index, function

of small airways (FEF,,), oxygen blood saturation
and dyspnoea symptoms.

Poor exercise tolerance, damaged pulmonary
function and presence of COPD are important de-
terminants of postoperative morbidity and mor-
tality after lung cancer resection [3-6]. Hence,
preoperative modification of those factors could
improve the surgery outcome. In COPD patients,
respiratory rehabilitation increases the lung in-
flation and pulmonary volumes, maintains small
airways potency, strengthens the weakened inspi-
ratory muscles, increases the efficiency of respi-
ratory muscles work and raises patient motiva-
tion for further treatment [21-23]. A “respiratory
conditioning” programme under supervision of
a physical therapist in COPD patients improves the
flexibility of the chest with the correction of pos-
ture as well as stretching and mobilization of the
rib cage [24].

Several studies involving COPD patients with
associated lung cancer have shown that preop-
erative rehabilitation considerably enhances ef-
fort tolerance, not necessarily coupled with the
improvement of pulmonary function [10-17].
Using2-week pre-surgicalexercisetrainingin 13 pa-
tients with primary lung cancer and mild to moder-
ate COPD, Jones et al. demonstrated considerable
increase in effort tolerance but without a signif-
icant change of lung function or symptomatic
status (dyspnoea, leg discomfort) [12]. Similarly,
following 4-week preoperative respiratory reha-
bilitation coupled with aerobic peripheral muscle
exercise training in 12 COPD patients with NSCLC
and high surgical risk (basal FEV, = 1.23 |, VO, max
< 15 ml/kg/min), Bobbio et al. reported a signifi-
cant improvement in effort tolerance (increase of
VO,max by 2.8 ml/kg/min), not associated with
significant change of spirometry parameters of
lung function. Importantly, the authors suggested
that such improvement of functional capacity en-
abled surgery even on patients initially considered
inoperable [13].

On the other hand, Cesario et al. found in 8 pa-
tients with primary lung cancer and severe COPD
(basal FEV: 0.56-1.29 1), applying a similar pro-
gramme of preoperative physiotherapy, significant-
ly enhanced respiratory function (increase of VLC
by 0.44 | and FEV, by 0.12 1), along with a parallel
increase of effort tolerance (extension of 6MWD
by 79 m), where the highest preoperative benefit
was experienced by patients with initially the worst
respiratory function [14]. In addition, Subotic¢ et al.
transferred a significant number of lung cancer pa-
tients from severe-to-moderate to mild stages of
COPD (increase of FEV, by 417 ml, and FEF, /FEF
by 7.4%/5.7%) by measures of PPR [15].

Our study confirmed the mentioned findings in
the group of 83 patients with NSCLC and moder-
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ate COPD. After 2—4-week PPR almost all the pa-
rameters of pulmonary function and parameters
of effort tolerance significantly improved (FEV, by
374 ml, VLC by 407 ml, FEF, by 2% and 6MWD by
56 m), and the feeling of dyspnoea was consider-
ably mitigated. For the first time we determined
a direct correlation between the increase in FEV,
and extension of 6MWD during preoperative phys-
iotherapy. This finding suggests that preoperative
increase of effort tolerance was largely the con-
sequence of improvement of respiratory function,
achieved by measures of PPR. We found that there
is an inverse correlation between basal values of
FEV, and 6MWD and percentage increase in these
parameters during preoperative rehabilitation.
Namely, relative increase in FEV, and 6MWD was
most pronounced in the patients with initially the
worst respiratory function and functional capacity,
who carry the highest surgical risk.

Extension of resection of functional parts of
lungs is an independent predictor of periopera-
tive complications in patients with lung cancer.
On the other hand, bullectomy and resection of
non-functional emphysematous parts of the lung
(“lung volume reduction surgery”) improve pul-
monary function in COPD patients [25]. Moreover,
in selected COPD patients with primary lung can-
cer, lobectomy for cancer resection could result in
improvement of the relation FEV /VLC (Tiffeneau
index) [7, 8].

Weiner et al. demonstrated that in COPD pa-
tients with primary lung carcinoma, subjected to
2-week preoperative training of respiratory mus-
cles, postoperative reduction in FEV, and VLC after
lobectomy and pneumonectomy was smaller than
predicted, by 570 ml and 680 ml, respectively [26].
Sekine et al., with PPR in COPD patients with pri-
mary lung carcinoma, achieved a protective effect
against deterioration of FEV, after lobectomy: in
the group of patients subjected to preoperative
rehabilitation, compared to the control group
without rehabilitation, postoperative reduction of
FEV, was considerably less and the ratio of actual
and predicted postoperative FEV, was significantly
higher [17].

In our study, as well, almost all lung volumes
and effort tolerance were significantly lower post-
operatively than on admission, as expected.
Pneumonectomy led to a significantly more pro-
nounced deterioration of pulmonary function in
comparison with less voluminous types of resec-
tion, and the type of lung resection in our study
was not associated with lung volume reduction ef-
fect after the operation. Nevertheless, pulmonary
function in our patients was evaluated within the
first month after the operation, while postopera-
tive restoration of the elastic recoil of pulmonary
parenchyma and improvement of thoracic motion

could require a longer period (over 6 months) [7].
However, significant preoperative improvement
of respiratory function, achieved by PPR, exerted
a protective effect on the Tiffeneau index, small
airways function and blood oxygen saturation af-
ter the operation. Although it failed to fully annul
unfavourable effects of lung resection, preopera-
tive rehabilitation did place such patients in a bet-
ter starting position immediately prior to surgery
(due to preoperative improvement of their respira-
tory function and functional capacity), and partly
mitigated postoperative reduction of the majority
of respiratory volumes and effort tolerance. More-
over, in 7.2% of the patients, a relative increase
of FEV, by 22% with parallel improvement of the
small airways function (FEF, ,.) by 60-72% was
recorded following resection. In addition, PPR
completely eliminated postoperative deterioration
of dyspnoea symptoms, which is in contrast with
the results of previous studies [12].

Previous studies have suggested that preop-
erative rehabilitation may result in reducing the
rate of pulmonary complications and shortening
postoperative hospitalization, but controversies
continue [16, 17]. Due to the design of our study
(single group) and absence of a control group
(without PPR) it was not possible to determine di-
rect effects of PPR on perioperative mortality and
morbidity. The rate of perioperative complications
in our group (47%) was in line with earlier studies,
but the mortality rate was only 7%, which is half
the findings of other researchers [3]. We did not
identify significant predictive value of increments
of individual spirometric and functional parame-
ters during PPR for the appearance of periopera-
tive complications or lethal outcome.

In conclusion, the programme of 2—4 weeks of
PPR significantly improves pulmonary function,
functional capacity and symptomatic status of
patients with moderate COPD prior to resection
of NSCLC by open thoracotomy. In addition, pre-
operative increase of effort tolerance to 6MWT
predominantly was the result of higher FEV, that
is enhanced respiratory function, accomplished
by PPR measures. Beneficial effects of PPR were
most emphasized in patients with the worst bas-
al respiratory function and the weakest basal
functional capacity, who were chiefly at risk from
perioperative pulmonary complications. The PPR
may considerably relieve the effects of lung resec-
tion on the residual pulmonary function and clini-
cal status of COPD patients with NSCLC.
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