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ABSTRACT: Influence of physiotherapy on the outcome of the lung resection is still controversial. Study aim was to
assess the influence of physiotherapy program on postoperative lung function and effort tolerance in lung cancer
patients with chronic obstructive pulmonary disease (COPD) that are undergoing lobectomy or pneumonectomy. The
prospective study included 56 COPD patients who underwent lung resection for primary non small-cell lung cancer
after previous physiotherapy (Group A) and 47 COPD patients (Group B) without physiotherapy before lung cancer
surgery. In Group A, lung function and effort tolerance on admission were compared with the same parameters after
preoperative physiotherapy. Both groups were compared in relation to lung function, effort tolerance and symptoms
change after resection. In patients with tumors requiring a lobectomy, after preoperative physiotherapy, a highly
significant increase in FEV1, VC, FEFso and FEF2s of 20%, 17%, 18% and 16% respectively was registered with
respect to baseline values. After physiotherapy, a significant improvement in 6-minute walking distance was achieved.
After lung resection, the significant loss of FEV1 and VC occurred, together with significant worsening of the small
airways function, effort tolerance and symptomatic status. After the surgery, a clear tendency existed towards smaller
FEV1 loss in patients with moderate to severe, when compared to patients with mild baseline lung function
impairment. A better FEV1 improvement was associated with more significant loss in FEV1. Physiotherapy represents
an important part of preoperative and postoperative treatment in COPD patients undergoing a lung resection for
primary lung cancer.
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During the previous decade, functional assessment of  function prediction and operative risk assessment

patients that were diagnosed with lung cancer that are
undergoing surgery significantly changed. Cut-off values
of ventilatory parameters that are used in treatment
planning particularly forthe safe resection have been
changed, along with improvement of postoperative lung

methods [1-3]. In addition, as it was convincingly
demonstrated that age itself is not a contraindication for
surgery, there is increasing evidence of safe surgical
treatment in septuagenarians and even in octogenarians
[4,5].
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Selection criteria are currently based not only on
respiratory function tests, but also on measurement of the
oxygen consumption in effort and diffusion across the
alveolocapillary membrane. In fact, recent data indicate
that the prediction of postoperative DLco might more
reliably predict postoperative complications and
mortality, than usual prediction of postoperative FEV1[6].
As physiotherapy is currently routinely used in most
surgical candidates, irrespectively of their fitness for
surgery, it is difficult to separately analyze the specific
contribution of this treatment modality to the outcome of
surgery.

In our previous study, we have demonstrated
beneficial effects of respiratory rehabilitation for patients
with chronic obstructive pulmonary disease (COPD) and
non-small cell lung cancer [7]. Therefore, the aim of the
study is to assess the influence of physiotherapy program
on postoperative lung function and effort tolerance in lung

Table 1. Baseline patients characteristics

Age (years) MV+5D

Male gender N (%)

Smoking history N (%
Co-morbidities N (%)
Hypertension N (%)

Coronary disease N (%

Heart failure N (%)

Diabetes mellitus N (%)
Chronic renal failure N (%)
COPD stage: I/1I/I1I/IV N (%)
Basal spirometry:

FEV;: (mL) MV4SD 19484569
FEV1% pred. MV4SD 65+14
VC (mL) MV3SD 33524873
VC% pred. MV#SD 88+5
Tiffneau index % MV4SD 5648
FEFs0% MV2SD 29414
IC% MV#SD 7441
FEF;5% MV2SD 27418
Pulmonary resection:
Pneumonectomy N (%)
Lobectomy N (%)

Total hospital stay (days) MV+SD

Preop.hospital stay (days) MV+SD
Postop.hospital stay (days) MV+SD

Total complications N (%)

Pulmonary complications N (%) 17(30)

In-hospital mortality N (%) 2(4)
COPD = chronic obstructive pulmonary disease.

6247
49(88)
50(89)
50(89)
28(50)
11(20)
A7)
7(13)
0(0)

13(23)
43(77)
36419

21412
1649
20(36)

Group A (n=56)

10(18)/ 39(69)/ 6(11)/ 1(2)

cancer patients with chronic obstructive pulmonary
disease (COPD) that are undergoing lobectomy or
pneumonectomy.  Comparisons  of  preoperative
respiratory function and effort tolerance tests before and
after physiotherapy program with the same tests
performed postoperatively will be applied. These findings
will be further compared with a group of COPD patients
without preoperative physiotherapy.

MATERIALS AND METHODS

The main objective of our study was to determine whether
the implementation of preoperative physiotherapy has any
influence on lung function and incidence of pulmonary
complications after lung resection surgery. We were also
interested in finding out the effects of preoperative
physiotherapy on preoperative and postoperative
performance status of our patients.

Group B (n=47) p
5919 0.134
41(87) 0.968
44 (94) 0.438
34(72) 0.027
18(38) 0.234
9(19) 0.950
1(2) 0.238
4(8) 0.514
2(4) 0.119
24(51)/ 22(47)/ 1(2)/ 0(0) 0.002
25094741 <0.001
79418 <0.001
3731+1088 0.055
94421 0.116
6216 <0.001
44324 <0.001
84412 <0.01
42424 0.001
5(11) 0.094
42(89) 0.094
2512 <0.001
916 <0.001
1648 0.571
21(45) 0.354
20(43) 0.199
0(0) 0.191
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The study included103 patients that were diagnosed
with COPD and surgically treated for primary non-small
cell lung carcinoma (NSCLC). The group was divided
according to the implementation of physiotherapy
program into two subgroups: Group A was consisted of
56 patients with COPD which were included into
preoperative physiotherapy. The Group B included 47
patients with COPD in whom preoperative physiotherapy
was not performed. The patients were consecutively
assigned to the main and control group. Prior inclusion
into the study patients were informed about study protocol
and consent was obtained. The study followed the
principles of good clinical practice and Helsinki
declaration.

Patient characteristics

In the Group A, there were 49 (88%) males with ratio
M:F=7:1. The mean age of patients was 627 years. There
were 50(89%) current smokers.

Based on spirometry on admission, grading of the
COPD severity was done according to GOLD criteria and
patients were classified into stages I-1V [8]. Most patients
39 (70%) had moderate COPD (category I1), while severe
(category 11 and IV) and mild (category 1) COPD existed
in 7 (13%) and 10 (18%) patients, respectively.
Lobectomy and pneumonectomy were done in 43 (77%)
and 13(23%) patients, respectively.

Patient characteristics for both subgroups
presented in table 1.

are

Table 2. Changes of the lung function, effort tolerance and symptomatic status in patients of the Group Awith lobectomy

n=43 Before after after A [T2-T1] A [T2-T3] A [T1-T3]
Pre-PR  Pre-PR  resection mean mean mean mean mean  mean
(T1) (T2) (T3) [95% CI] change  [95% change [95%  change
cl] cI]
FEV1 (ml) 19854544 23344620 17951544 346** 20% 566** 23% 189* 7%
[259, [470, [77,
434] 661] 300]
FEV: % 64+4 7615 58+13 11** 20% 19** 23% 6** 7%
pred. [9, 13] [15, 22] [3, 10]
VC (ml) 33944841 38774878 30684858 469** 17% 763** 20% 284* 6%
[369, [590, [93,
569] 935] 475]
VC % 89+16 10316 81+15 13** 18% 22*%* 21% 8** 6%
pred. [11, 16] [18, 26] [3, 12]
Tiffeneau 5519 5949 55+10 3** 7% 5x* 7% 1* 1%
index (%) [, 5] 2, 7] [-2, 4]
IC (%) 75411 8447 7749 * 9% * 7% ; 2%
FEFso (%) @ 30+15 344 19+11 3** 18% 12** 39% 10** 29%
[1, 6] [8, 16] [5, 14]
FEF2 (%) @ 30+16 32416 19412 2* 16% 11** 36% 11** 25%
[1,5] [7, 16] [5, 16]
6MWD (m) 375499 428191 349491 53** 16% 85** 19% 31** 6%
[42, 64] [71, 100] [18, 44]
Dyspnea 2.24.9 1.240.8 2.040.6 -1.0** - -0.8** - 0.2 -
before [-0.8, - [-0.5, - [-0.2,
6MWT 1.2] 1.1] 0.6]
Dyspnea 3.24.9 2.140.8 2.940.7 -1.1** - -1.0** - 0.2 -
after [-0.9, - [-0.7, - [-0.2,
6MWT 1.3] 1.3] 0.6]

Pre-PR=preoperative pulmonary rehabilitation; A=difference between two measured values; FEV =forced expiratory volume in the first second;
VC=vital capacity; IC=inspiratory capacity; FEF=forced expiratory flow; 6MWD=six minute walking distance; 6MWT=six minute walking test;
T1=values before preoperative physiotherapy; T2=values after preoperative physiotherapy; T3=values after lung resection.
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Spirometry

Spirometry was performed on Lilly pneumotachometer
(Master Screen Pneumo, Viasys Helathcare, Germany).
All measurements were performed according to ATS/ERS
standards [9]. For interpretation of spirometry data we
used European Respiratory Society/ European
Community for Steel and Coal predicted values [10].

Preoperative work up

For the entire study group, a usual work up was performed
aimed at assessment of the local and distal spread of
malignant disease according to actual recommendations
[11].

Every patients was performed a standard spirometry

on the day of operation.
All patients underwent a 6MWT, according to American
Thoracic Society guidelines [12]. The test was performed
in the 54 meter long department hall, while walking in a
straight line between two markers, without changing the
walking speed.

Assessment of the degree of dyspnea was done
according to modified 10-degree Borg scale [13]. Patients
were requested to assess their dyspnea according to the
aforementioned scale at rest before and immediately after
completion of the 6MWT.

Patients from the Group A were included in the
program of preoperative therapy according to institutional
protocol. It consisted of (1) intravenous bronchodilators
(Theophylline derivatives 12.5mg or 25mg twice a day,
without corticosteroids; (2) pulmonary physiotherapy and
(3) general physiotherapy. Pulmonary physiotherapy was
performed 5 days a week for 2-4 weeks, in form of 3 daily
45 minutes sessions. It consisted of bronchodilator
aerosols (Salbutamol) in concentration of 0.5ml/3ml in
0.9% NaCl solution, administered during 10 minutes
through “Dréiger” jet nebulizers, under SkPa pressure
from the centralized oxygen system. During the period of
aerosol delivery, patients were performing a technique of
diaphragmatic breathing, after previous education and
under the educated and licensed therapist’s surveillance.
In addition to this, all patients underwent exercises for the
thoracic cage expansion and shoulder mobilization that
were performed in front of the mirror, with 10 repetitions
within a single series, again under physiotherapist’s
control. During the second week, this set of exercises was
performed under 1kg loading form of elastic bands in two
series, each with 10 repetitions. Finally, preoperative
work up included also patient education and making
patients familiar with exercise sets that will be used in the
early postoperative period.

After completion of this round of physiotherapy,
control spirometry, 6MWT and symptom assessment
were repeated in the same way as on admission.

Patients from group B received intravenous
bronchodilators (Theophylline derivatives 12.5mg or
25mg twice a day), as well as bronchodilator aerosols
(Salbutamol) in concentration of 0.5ml1/3ml in 0.9% NaCl
solution, administered during 10 minutes through
“Dréger” jet nebulizers, under 5kPa pressure from the
centralized oxygen system and without physiotherapy.

Postoperative work-up

An exercise comprising diaphragmatic (abdominal)

breathing was followed by those for peripheral
circulation, thoracic cage expansion and shoulder
mobilization, with the addition of aerosolized

bronchodilators. During the first postoperative day, this
set of exercises was performed at the bed level with 75%
elevation of the back. On the second postoperative day,
the same set of exercises was performed with a patient
sitting at the edge of the bed, with the addition of walking
through the room with the therapist from the third
postoperative day and later. The same regimen was
repeated 3-4 times a day during the entire stay in the ICU.
After discharge from the ICU, postoperative
physiotherapy was performed twice a day.

During the first outpatient control within one month
after discharge from hospital, all patients underwent
spirometry, 6MWT and symptom assessment, as
previously described.

Statistical analysis

Descriptive statistics are presented as mean values (MV)
and standard deviation (SD) MV#SD or mean with 95%
confidence interval (CI) for continuous variables, and
numbers with percentages for categorical variables.
Normal distribution of all continuous variables was tested
using the Shapiro-Wilk test and for the intergroup
comparison, the unpaired t-test or Mann-Whitney-U test
was used. In case of normally distributed variables,
comparisons between different time points (baseline
values, after preoperative physiotherapy and after
surgery) were performed by one way repeated measures
ANOVA followed by the Bonferroni test. Otherwise,
Friedman test was used with post hoc analysis by the
Wilcoxon signed rank test (with Holm-Bonferroni
correction for significance level).

Changes of lung function between subgroups of
patients with different COPD stages were tested by using
the Kruskal-Wallis test with post hoc Mann-Whitney U
test.
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Figure 1. Changes in FEV1 parameter. (A) Correlation between the gain in FEV1and prolongation of the 6MWD during the
preoperative physiotherapy. (B) Inverse correlation between the amplitude of FEV1i improvement after preoperative
physiotherapy and postoperative loss in FEV1. FEV1=forced expiratory volume in the first second, in liters; 6MWD=six minute
walking distance, in meters; Pre-PR=preoperative pulmonary rehabilitation.

For the determination of correlation between variables,
Pearson correlation test (normal distribution) or Spearman
rank correlation test (asymmetrical distribution) was used.

A two tailed p<0.05 was considered statistically
significant. Data were analyzed with the use of SPSS for
Windows, version 17.0.

RESULTS

Changes in function after

physiotherapy

lung preoperative

A statistically significant improvement of ventilatory
parameters was registered in patients whose local extent
of the tumor required a lobectomy during the preoperative
treatment: mean increase in FEVi, VC, IC, FEFsy and
FEF2s of 20%, 17%, 9%, 18% and 16%, respectively, in
comparison to baseline values (Table 2).

In group of patients whose local tumor spread required
a pneumonectomy, preoperative physiotherapy led to
statistically significant improvement in FEV1%, and 1C%
while the evident improvement of other analyzed
parameters did not reach a level of statistical significance
(Table 3).

Changes in effort tolerance and symptomatic status after
preoperative physiotherapy

After preoperative physiotherapy program, a significant
improvement in 6MWD was achieved, with an average
gain of 53m (16%, p<0.001) and 55m (21%, p<0.002),
respectively, in candidates for lobectomy and
pneumonectomy. A positive correlation was found
between the gain in FEV; and prolongation of the
6MWDduring the preoperative treatment (r=0.37,
p=0.005), (Fig. 1A).A symptom relief after preoperative
physiotherapy followed the same trend both in candidates
for lobectomy (Table 2) and pneumonectomy (Table 3).
Dyspnea was less severe both before and after the 6MWT
in candidates for both types of resection.

Influence of the lung resection on postoperative lung
function

After both types of resection, the significant loss of FEV1,
VC and IC occurred, together with significant worsening
of the small airways function (Table 2 and Table 3).
Although differences between postoperative and
preoperative values of all ventilatory parameters, except
for 1C% were significant regardless of whether
postoperative values were compared to those obtained
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with or without preoperative physiotherapy, in patients
with lobectomy, these differences were evidently lower
when the comparison was made in relation to values
before physiotherapy (loss in FEV1: 23% vs.7%, loss in
VC: 20% vs. 6%). In patients with pneumonectomy, these
differences were minimal (38% vs. 29% for FEV1, 39%
vs. 33% for VC). We didn’t find significant differences
between mean values of IC% before physiotherapy and
after lung resection whether it was lobectomy or
pneumonectomy.

In six patients, an improvement in FEV; (mean 22%,
95% CI: 10% to 35%) and in FEFso (mean 60%, 95% CI:
4% to 116%) was registered, but only if postoperative
values were compared with those measured before
physiotherapy program.

Comparison between the Group A and Group B in
relation to lung function changes after the lung resection,
is presented in Fig. 2A-C. Although the preoperative
FEV: and VC were significantly lower in the Group A,
both parameters reached similar values after performed
physiotherapy. No significant difference existed between
the groups in relation to the postoperative loss either in
FEV: (Fig. 2A) or VC (Fig. 2B). Although the
postoperative loss in the small airways function (Fig. 2C)
followed the similar trend in both groups, the small
airways function in the Group B was evidently better
postoperatively.

Table 3. Changes of the lung function, effort tolerance and symptomatic status in patients of the Group A with

pneumonectomy
n=13 before after after A [T2-T1] A [T2-T3] A [T1-T3]
P'(’.?._SR P[.T._ZF;R res(t_ercél)on mean % change  mean % change mean %
[95% [95% CI] [95% CI] change
Cl]
FEV1 (ml) 18884625 21274501 134424392 236 17 824** 38 576** 29
[45, 426] [640, 1009] [390, 763]
FEV:1 %  65#2 74+2 4846 9* 16 28** 36 18** 27
pred. [3, 16] [22, 35] [13, 24]
VC (ml) 32164927 35652831 21874672 296 13 1385** 39 1105** 33
[17, 574] [1071, [820,
1700] 1391]
VC % pred. 89+16 99+8 6210 10 13 38** 37 29** 31
[1, 18] [29, 47] [23, 35]
Tiffeneau 5846 6048 57+2 3 4 4 7 0 1
index (%) [0, 7] [-2, 10] [-8,7]
1C (%) 73+13 82+14 70+1 == 9 i 12 - 3
FEFso (%) 30+10 3348 18+1 3 15 15** 44 12* 32
FEF25 (%) 3149 3241 1741 1 12 15* 38 13* 39
[-6, 9] [5, 26] [3, 23]
6MWD (m) 354478 422482 327474 55** 21 87** 23 31** 8
[34, 76] [66, 108] [16, 46]
Dyspnea 2.54).9 1.440.9 2.14.5 -1.0** - -0.9* - 0 -
before [-0.7, - [-0.3,-1.5] [-0.7,0.7]
6MWT 1.3]
Dyspnea 3.54).9 2.44.6 3.3#).6 -1.0** - -1.0** - 0 -
after SMWT [-0.7, - [-0.5, -1.5] [-0.7,0.7]
1.3]

Pre-PR=preoperative pulmonary rehabilitation; A=difference between two measured values; FEV =forced expiratory volume in the first second;
VC=vital capacity; IC=inspiratory capacity; FEF=forced expiratory flow; 6MWD=six minute walking distance; 6MWT=six minute walking test;
T1=values before preoperative physiotherapy; T2=values after preoperative physiotherapy; T3=values after lung resection; *p<0.05; **p<0.01
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Figure 2. Changes of lung function parameters before and after resection. (A) Change in FEV1 (mL) before and after resection
in the Group A and Group B, [*] p<0.001. (B) Change in VC (mL) before and after resection in the Group A and Group B, [*]
p=0.055. (C) Change in FEFso (black line) and FEF2s (gray line) before and after resection in the Group A and Group B, [*, #]
p<0.001, [¥, 1, §] p<0.05. (D) Change in 6MWD (in meters) before and after lung resection in the Group A and Group B, [*] p<0.05.
FEV1=forced expiratory volume in the first second; VC=vital capacity; 6MWD=six minute walking distance; FEFso/2s=forced
expiratory flow; T1=values at admission to hospital; T2=values before resection (after physiotherapy); T3=values after surgery.
Filled line and dotted line represent Group A and Group B, respectively.

As for IC% (Fig. 3), a significant difference in mean
values was found before lung surgery between groups A
and B (7411 vs 84412, p<0.05), while there wasn't any
significant difference between mean values after lung
surgery. After physiotherapy in group A, a significant

improvement in IC% was found (T1-T2 74#11% vs
8447%, p<0.05)

A significant drop of IC% was found after lung surgery
in group B, while in group A even a slight increase was
recorded (mean T1-T3 differences were +2% and -12%
for groups A and B respectively (p<0.05)).
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Differences between patients with different degree of
COPD in the Group A, in relation to postoperative lung
function loss are presented in Table 4. After the operation,
a clear tendency existed towards smaller FEV; loss in
patients with moderate to severe, vs. patients with mild
COPD. Similarly, the small airways function was less
affected after resection in patients with moderate COPD
when compared to patients in whom baseline lung

I3
a0

function was better (FEFso: 11% vs. 22%, p=0.004, FEFs:
9% vs. 21%, p=0.039).

A strong correlation was registered between the
amplitude of FEV1 improvement after physiotherapy and
postoperative loss in FEV; in a way that a better FEV;
improvement was associated with more significant loss in
FEV: (Fig. 1B).

B5

75 A

70

65

779

72811

Tl

T2 T3

Figure 3. Changes in IC% before and after lung resection. Group A (full line) and Group
B (dotted line), * p<0.05 Group A T1 vs Group B T1, # p<0.05 Group A A(T1-T2).
Tl=values at admission to hospital; T2=values before resection (after physiotherapy);

T3=values after surgery.

Influence of the lung resection to the effort tolerance
and symptomatic status

After both types of resection, a significant worsening of
the effort tolerance and symptomatic status occurred. The
average 6MWT shortening after lobectomy and
pneumonectomy was 85m (19%, p<0.001) and 87m
(23%, p<0.001), respectively (Tables 2 and 3). The
average worsening of dyspnea after lobectomy was 0.8
units before (p<0.001) and 1.0 units after the test
(p<0.001). The average worsening of the same parameter

after pneumonectomy was 0.9 units before (p=0.015) and
1.0 units after the test (p=0.006). The obtained results did
not differ depending on whether the comparison was
made in relation to the status without or with preoperative
physiotherapy.

Differences between groups in relation to 6MWT
performance between and after the lung resections, are
presented in Fig. 2D. Despite the distance at 6MWT was
reduced in roughly parallel fashion in both groups, the
postoperative performance was significantly better in the
Group A.
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Table 4. Postoperative lung function changes depending on severity of COPD at admission in the Group A.

FEV; (mL) 427 [27, 827] 328 [242, 414] 235 [74, 396] 0.631
FEV: % pred. 40 [-4, 86] 18 [14, 22] 9[3, 16] 0.107
FEFso (%) 7 [-14, 27] 310, 6] 3[1,6] 0.857
FEF25 (%) 2 [-21, 24] 411, 7] -4 [-15, 6] 0.220
FEV; (mL) 442 [180, 703] 580 [491, 667] 749 [511, 987] 0.152
FEV: % pred. 25 [14, 36] 26 [22, 30] 27 [19, 34] 0.980
FEFso (%) 9[3, 16] 11 [7, 15]* 22 [16, 28]* 0.004
FEF2s (%) 6 [2, 11] 9[5, 14]+ 2112, 31]% 0.039

COPD=chronic obstructive pulmonary disease; A=difference between two measured values; T1=values before preoperative physiotherapy; T2=values
after preoperative physiotherapy; T3=values after lung resection; FEVi=forced expiratory volume in the first second; FEF=forced expiratory flow.

*p <0.001, for subgroups of mild vs. moderate COPD patients.
1p=0.012, for subgroups of mild vs. moderate COPD patients.

DISCUSSION

The exact contribution of physiotherapy to the treatment
outcome in patients with lung carcinoma is still not well
defined. Furthermore, previously obtained results were
not always validated by the comparison with
postoperative lung function [14]. However, rare studies of
this type confirmed the beneficial effect of physiotherapy
in a way that actual postoperative FEV and VC values
were significantly higher than predicted, both after
lobectomy and pneumonectomy [15].

In our study, a difference in the effect of preoperative
physiotherapy was registered depending on the extent of
a resection. We have demonstrated that only in a patients
requiring a lobectomy, there was a significant
improvement of the lung function. Such findings might be
explained by the limited number of patients in the
pneumonectomy group. It was stated previously that for
the patients with a stage I11-1V disease, physiotherapy did
not achieve significant lung function improvement [16].
Although in the present study the lung function
improvement  was  evident after  preoperative
physiotherapy, it should be pointed out that the
improvement in FEVi, FEFso and FEFz was similar
independently of severity of COPD, if stratified as FEV1%
< 50%, 50-80% and >80%.

Data on effects of preoperative physiotherapy on
improvement in lung volumes and flows are conflicting.
While some authors didn’t find any significant
improvement in spirometric values after preoperative
physiotherapy [17,18], others found significant increase
not only in FVC and FEV1 [19,20], but also in diffusion
capacity and other parameters (21). One can only

speculate that differences in obtained data reflect
differences in study designs, number of included patients
and physiotherapy protocols.

The postoperative loss of ventilatory function in the
analyzed group followed the well-known pattern after
both types of resection [22-24], but with evidently smaller
loss in the postoperative function of small airways
compared with FEV: and VC. Comparison of the
postoperative small airways function between evaluated
study groups confirms the significance of preoperative
FEFso and FEFs, despite the similar trend of loss of their
values. Patients with initially better small airways
function retain their better function as well after resection.
Such observations point out that the aim of preoperative
physiotherapy is not only to improve FEV and Tiffeneau
index, but also to achieve a stable function of the small
airways, i.e. to maintain adequate flow at low lung
volumes. This is in line with our previous report on 35
COPD patients in whom 18% and 25.6% improvement in
FEFso was registered after lobectomy, compared with
slight decrease of these values in the control group [25].
The tendency of smaller FEV: loss in patients with
moderate and severe COPD, compared with patients with
better preserved lung function, as registered in our study,
additionally supports similar results published in recent
years, demonstrating that such a finding does not always
exist only due to lung volume reduction effect [26,27].
This is due to the fact that in the analyzed group A in 6
(22%) patients, the mean improvement in FEV: after
lobectomy was registered (ranging 10%-35%), despite the
absence of major emphysema in the resected lobes.

Of even greater practical significance is our finding
that a better FEV improvement after physiotherapy was

Aging and Disease ® Volume 6, Number 6, December 2015

474



N. Mujovic et al

Physiotherapy and Lung Cancer Surgery in COPD

associated with greater postoperative loss in FEV3. Such
a finding could put into question the overall benefit of
physiotherapy. However, comparison of postoperative
FEV1, VC and small airways function loss between the
evaluated groups demonstrated that, although the similar
degree of FEV; and VC decrease cannot be avoided, the
more consistent small airways function persists
throughout the early postoperative period, thus justifying
such a concept.

As most complications occur just in the early
postoperative period, the overestimate of up to 30% for
FEVon first postoperative day, further supports the role
of physiotherapy [28]. Given the aforementioned major
fluctuations in FEV1 depending on severity of COPD, our
confirmation of the small airways function consistency
seems to be a significant factor in reducing the
postoperative complications rate.

There is still no consensus whether prediction of
postoperative FEV1 should be calculated in relation to the
worst or best preoperative values (as in the current study)
and whether smoking cessation before surgery makes
sense. In the analyzed group, smoking cessation was
obligatory. Tobacco smoke and accompanying vagal
denervation stimulate retention of secretion and
desaturation. Impaired lung vascularization in COPD
patients favors the prolonged air leak [29]. It was also
suggested that smoking cessation may decrease
postoperative inflammation and in the long-term may
decrease the risk of recurrence [30].

Inspiratory capacity is used as an indirect estimation of
functional residual capacity, and its reduction can be an
indicator of presence of static or dynamic lung
hyperinflation [31], which is responsible for marked
dyspnea and exercise limitation in patients with COPD
[32,33]. Furthermore, preoperative IC% is strong
predictor for the development of perioperative
complications after lung resection surgery, which is
independent of FEV1 [34]. So, a significant improvement
in IC% in patients who underwent preoperative
physiotherapy clearly indicates reduction of pulmonary
hyperinflation, and, therefore, reduced risk for
perioperative pulmonary complications. This is also
shown in patients with COPD who underwent coronary
bypass graft surgery [35].

A significant reduction in all lung volumes is a
consequence of any type of lung surgery. Therefore, we
observed an expected significant drop in IC in both group
of patients. But, net loss in 1C% was observed only in
patients who didn’t underwent physiotherapy, which
suggests that preoperative improvement in IC% due to
physiotherapy prevents its significant drop after lung
resection. Prevention of 1C% loss probably reduces the
risk for postoperative dyspnea and pulmonary
complications.

The present study demonstrated significant
improvement in 6MWD that correlated with improvement
of ventilatory function, thus confirming a role of
physiotherapy in the decrease of the overall operative risk.
Comparisons that were related to 6MWD between
evaluated groups of patients from our study, apart from
demonstrating the significant increase of the walking
distance after physiotherapy, also confirmed that in those
patients, the postoperative distance remained longer as
well. Such a finding additionally supports the role of
physiotherapy. Furthermore, significant improvement in
the effort tolerance after physiotherapy may not be
accompanied by similar improvement of the ventilatory
function, as was recently demonstrated [17]. Similarly,
preoperative improvement of the effort tolerance does not
always correlate with the same effect on the ventilatory
function [18].

Several prospective randomized studies pointed out
that the water seal policy after pulmonary resections is
also able to shorten the duration of air leak as well
todecreased the time for chest tubes to remain in place,
with the exception of large leak (> E4) [36]. However, it
was recently demonstrated that pleural suction leads to a
large decrease of differential pleural pressure after upper
lobectomy, mainly due to a less negative inspiratory
pressure after applying of suction [37].

The question whether the site of lobectomy has some
impact to postoperative ventilatory function is still
controversial [38,39]. The present study did not
demonstrate a significant difference in the loss of FEV;
depending on site of lobectomy, but only the greater
decrease for the small airways’ function after upper
lobectomy (FEFso: 16% vs 10%).

Our study has several limitations. First of all, the
patients were not properly randomized to the groups
according to well-defined criteria. Instead, they were
consecutively assigned to the groups. Our explanation is
that there aren’t any well-defined criteria for
implementation of physiotherapy in patients with COPD
selected for lung resection surgery and that physiotherapy
is indicated for all such patients. Next, due to technical
reasons, we haven’t directly measured static lung volumes
(namely TLC, FRC and RV), but instead IC% was used
as an estimation. Finally, we didn’t take into account an
influence of other factors on incidence of pulmonary
complications after surgery.

Lack of significant effect of preoperative
physiotherapy on most pulmonary function parameters
after lung resection, which was shown in our study, was
rather disappointing. Nevertheless, positive effects of
preoperative physiotherapy on preservation of static lung
volumes and on increase of exercise tolerance after
surgery lead us to believe in importance of preoperative
physiotherapy in COPD patients selected for lung
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resection. It is quite clear that further studies better
designed and with larger number of patients are needed to
clarify this dilemma.
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