Original Article

Effectiveness of pulmonary rehabilitation and correlations in
between functional parameters, extent of thoracic surgery and
severity of post-operative complications: randomized clinical trial
Attila Vagvolgyi1, Zsolt Rozgonyi2, Maria Kerti3, George Agathou3, Paul Vadasz1, Janos Varga3
1

Department of Thoracic Surgery, 2Department of Anaesthesiology and Intensive Care, 3Department of Pulmonary Rehabilitation, National Koranyi

Institute for Pulmonology, Budapest, Hungary
Contributions: (I) Conception and design: A Vagvolgyi, P Vadasz, J Varga; (II) Administrative support: A Vagvolgyi, M Kerti, J Varga; (III) Provision of
study materials or patients: A Vagvolgyi, M Kerti, G Agathou, J Varga; (IV) Collection and assembly of data: A Vagvolgyi, M Kerti; (V) Data analysis
and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
Correspondence to: Janos Varga, MD, PhD. Department of Pulmonary Rehabilitation, National Koranyi Institute for Pulmonology, 1. Piheno u., H-1121
Budapest, Hungary. Email: varga@koranyi.hu.

Background: Pulmonary rehabilitation can be effective in perioperative condition. Our aim was to
examine whether the changes of functional markers are significant and search connections between these
values and the severity of postoperative complications.
Methods: A total of 238 chronic obstructive pulmonary disease (COPD) patients underwent perioperative
pulmonary rehabilitation with thoracic surgery. Health status and the following parameters were examined:
lung function (FEV 1, FVC), chest kinematics [chest wall expansion (CWE)], 6-minute walking test
(6MWT), breath holding time (BHT), grip strength (GS) and exercise capacity. Patients were separated
into three groups: 72 patients had preoperative rehabilitation only (PRE group), 80 had only postoperative
rehabilitation (POS group), and 86 patients underwent pre- and postoperative rehabilitation as well (PPO
group). Postoperative complications were classed as “severe” and “not severe”. We evaluated the changes in
functional parameters. Significance was recognized at P<0.05. Connections in between variables and severity
of complications were analyzed.
Results: Pulmonary rehabilitation resulted significant changes of all examined parameters in all three
groups. The direction of changes were favourable, so all of the changes can be considered to be improvement
[PRE: CWE: 4.2±2.3 vs. 5.8±2.2 cm; FEV1: 63.2±15.6 vs. 70.1±16.6 %pred; 6-minute walking distance
(6MWD): 392.9±93.5 vs. 443.2±86.6 m; FVC: 83.1±15.9 vs. 90.9±15.6 %pred; POS: CWE: 2.9±1.4 vs.
5.0±2.0 cm; FEV1: 56.4±15.6 vs. 64.6±16.0 %pred; 6MWD: 354.7±90.7 vs. 437.0±96.0 m; FVC: 66.2±18.7
vs. 76.1±17.7 %pred; PPO: preoperatively: CWE: 4.0±2.1 vs. 5.6±2.6 cm; FEV1: 58.2±15.1 vs. 67.0±14.6
%pred; 6MWD: 378.3±90.5 vs. 441.3±86.4 m; FVC: 82.4±16.7 vs. 93.3±16.7 %pred; postoperatively: CWE:
2.7±1.5 vs. 4.4±2.2 cm; FEV1: 47.4±13.0 vs. 53.4±14.7 %pred; 6MWD: 341.4±115.9 vs. 403.3±98.4 m;
FVC: 63.6±16.9 vs. 72.6±18.6 %pred; P<0.05]. BHT, GS, dyspnoea and health status were also improved
significantly. By discriminant analysis 5 of the variables proved to have discriminative value: kilometers
travelled via cycle ergometer at the onset of the preoperative rehabilitation, gender, FEV1 after preoperative
rehabilitation, extent of the operation and 6MWD before preoperative rehabilitation. These 5 parameters
can predict severe complications correctly in 72.5% of all cases.
Conclusions: Pulmonary rehabilitation can reduce the functional depletion caused by the thoracic surgical
operation. Identification of more predictive factors of severe complications can help making preoperative risk
stratification more precisely.
Keywords: Chronic obstructive pulmonary disease (COPD); lung cancer; thoracic operation; pulmonary
rehabilitation; risk stratification; postoperative complications
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Introduction
In recent years, the field of thoracic surgery became more
sophisticated (1-3). Video assisted thoracic surgery is
widely accepted, many advanced surgical interventions
became routine procedure. However, new intra- and postoperative complications have been appeared (1,2). Keeping
the delicate balance between the risks and advantages
of the operations needed to develop the practice of preoperative risk stratification; the creation of predictive
algorithms meant to maximise surgical safety and enhance
the efficiency of post-surgical care planning (1,2).
Preoperative assessment in the field of thoracic surgery
remains in a state of flux, with many of its elements being
constantly revised or contested (4). A great number of
biological markers with potential significance for risk
stratification have been collected; however, the subject
of their individual inclusion or exclusion in a predictive
algorithm is still debated (4).
Amongst the debated biological markers, a particular set
of parameters appears to be prominent in relating literature
(5-8). In accordance, the parameters of forced expiratory
volume in the first second (FEV1), diffusion capacity (DLCO),
oxygen uptake (VO 2/kg) during exercise, cardiovascular
function and arterial blood gas values have been consistently
found in and referred to by relating literature and have
been proven to play a significant role in predicting the
risk, outcome and postoperative planning of thoracic
interventions (5-8).
Pulmonary rehabilitation is a procedure that capable
to ameliorate the post-surgical deterioration of some
physiologic values. We believe that observation of the
benefits brought upon by pulmonary rehabilitation and
their relationship to the severity of the patients’ postoperative complications can help to identify the individual
importance of each physiologic parameter in risk evaluation.
Identifying high risk patients before thoracic surgery and
indicating preoperative pulmonary rehabilitation for them
may can reduce the rate of severe complications.
Our aim was to investigate the effectiveness of pulmonary
rehabilitation by measuring the changes of functional
parameters and the analysing the correlations of the changes
of the variables. Furthermore, we examined the connections
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in between these variables and severity of postoperative
complications for a better risk stratification before thoracic
surgery. We would like to identify the variables, which have
discriminating value in point of severity of postoperative
complications.
Methods
Study subjects
A total of 238 COPD patients participated in the
perioperative pulmonary rehabilitation program in
connection with thoracic surgery at the Department
of Thoracic Surgery in the National Koranyi Institute
for Pulmonology, Budapest, Hungary. Indication of the
operation was primary lung cancer in 179 (75.2%) cases,
pulmonary metastasis in 11 (4.6%), benign disease in
10 (4.2%), infection in 16 (6.7%) and other causes in
22 cases (9.2%). The physical parameters of all patients are
presented in Table 1. There were no significant differences
between the groups in terms of patient characteristics
(Table 1). All the patients confirmed consent to the study
as part of the general informed consent form for patients
at the Department of Pulmonary Rehabilitation and at the
Department of Thoracic Surgery. The study was primarily
observational, overseeing the general management of the
patients. Local ethics approval was done on 20/Nov/2016
with registration number of 36/2016. The study was
registered in the ISRCTN international registry with ID
ISRCTN97596271. The enrolment of the patients was
started after getting the IRB approval. The study period
was between 21/Nov/2016 and 05/Jan/2018. Inclusion
criteria were patients waiting for thoracic operation with
functional impairment including reduced lung function
(FEV 1 <1.3 L), lower physical activity and significant
comorbidities. Exclusion criteria were joint disease, mental
disorder, cardiac disease which is not allowed the patients to
be involved into the training program. Primary outcome of
the study was functional improvement. Secondary outcomes
were change in exercise tolerance, lung function, lung
mechanics, chest kinematics, health status and dyspnoea
score (CONSORT checklist in Table S1).
The patients were randomly assigned into three groups
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Table 1 Patients’ characteristics (n=238)
Variables

Group PRE (n=72)

Group POS (n=80)

Group PPO (n=86)

Significance

Age, mean ± SD (years)

65±7

61±10

65±6

n.s.

Male:female

47:24

43:38

42:44

n.s.

BMI, mean ± SD (kg/m )

27±5

25±5

27±6

n.s.

FEV1, mean ± SD (%pred)

62±17

79±20

57±15

n.s.

Hypertension, n [%]

40 [56]

42 [53]

45 [52]

n.s.

Diabetes, n [%]

22 [31]

22 [28]

23 [27]

n.s.

Atherosclerosis, n [%]

20 [28]

21 [26]

24 [28]

n.s.

Pulmonary hypertension, n [%]

9 [13]

9 [11]

8 [9]

n.s.

Quitting rate of smoking cessation, n [%]

53 [74]

57 [71]

60 [70]

n.s.

2

BMI, body mass index; FEV1, forced expiratory volume in the first second; n.s., not significant.

of the patients in Nov/2016 and stopped the recruitment in
Jan/2018. None of the participants reported any side effect
during the rehabilitation period.

Groups of patients (n=238)

PRE
group
(n=72)

Preoperative
rehabilitation
only

Functional follow-up and health condition questionnaire

PPO
group
(n=86)

Postoperative
rehabilitation
only

OPUS

POS
group
(n=80)

Preoperative
rehabilitation

and

Postoperative
rehabilitation

Figure 1 Flow chart of participants of the perioperative
rehabilitation study and risk stratification. PRE group, preoperative
rehabilitation only; POS group, postoperative rehabilitation only;
PPO group, pre- and postoperative rehabilitation as well.

by an independent committee working at the institute.
Randomization was performed by assigning the random
numbers from random number tables to the treatment
conditions. The first group of 72 patients performed only
preoperative pulmonary rehabilitation (PRE). The second
group comprised of 80 patients who performed both
pre- and postoperative rehabilitation procedures (PPO).
The third group consisted of 86 patients who performed
postoperative rehabilitation only (POS) (Figure 1). The
enrolment was stopped, when it reached the target number
of the patients. All of the patients finished the study after
randomisation and enrolment. We started the recruitment
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Preoperative check-up and functional follow-up included
complex assessment which includes measuring of lung
function (FEV 1 , FVC), chest wall expansion (CWE),
6-minute walking test (6MWT) (9) and quality of life tests
such as Modified Medical Research Council Dyspnoea
S c a l e ( m M R C ) ( 1 0 ) a n d C O P D A s s e s s m e n t Te s t
(CAT) (11). Breath holding time (BHT) and grip strength
(GS) was also measured. Power, distance and performance
time was examined during cycle ergometry. We examined
the 11 variables above. Blood sample analysis, activity
monitoring, measuring maximal inspiratory pressure (MIP)
can also be part of the routine check-up.
Pulmonary function
In accordance to ATS/ERS guidelines all patients
underwent post-bronchodilator pulmonary function testing
(V max 229 and Autobox 6200, Sensormedics) including
spirometry measurements (12). All COPD patients were
administered 400 µg of inhaled salbutamol 20 minutes
before testing.
CWE
Chest wall expansion (CWE) was calculated as the

jtd.amegroups.com

J Thorac Dis 2018;10(6):3519-3531

3522

Vagvolgyi et al. Pulmonary rehabilitation and risk stratification in thoracic surgery

difference between the side values of chest circumference
measured in maximal inspiration phase and in maximal
expiration phase—at the level of the xiphoid process (13).

pressure and electrocardiogram (ECG) of the patients was
monitored during the examination.
MIP

6MWT
The 6MWT was performed in the corridors of our
department. The patients were instructed to walk as fast
as possible during 6 minutes, the covered distance was
measured [as 6-minute walking distance (6MWD)] (9).
Before, during and after the test, oxygen saturation and
heart rate measurements were recorded. A modified Borgscale was then evaluated.

To evaluate MIP a specialized digital instrument was
utilized. The instrument in question is referred to as
the Power Breathe K1 (POWERbreathe International
Limited, Southam, UK). The calculation of diaphragmatic
force was based on the patient’s height, weight, age and
sex. The results were categorized as “very poor”, “poor”,
“average”, “fair”, “good” and “very good”. Patients were
asked to abruptly inhale with maximal force after maximal
expiration (16).

Health condition markers and dyspnoea scores
Health condition was evaluated using the COPD
Assessment Test (CAT) markers (11). The severity of
patients’ dyspnoea was measured via use of the mMRC (10).
Quality of life tests
The mMRC stratifies severity of dyspnoea in respiratory
diseases, particularly COPD. CAT test is a patientcompleted instrument that can quantify the impact of
COPD on the patient’s health. These tests were completed
before and after pulmonary rehabilitation.
BHT
BHT was used as a measure of the severity of COPD. After
a maximal inhalation the patients were asked to hold their
breath as long as possible with closed nose and mouth and
the time was measured in seconds (14).

Our pulmonary rehabilitation program
Our pulmonary rehabilitation program included 30
minutes of respiratory training in the morning, chest wall
mobilization, learning controlled breathing techniques,
inhalation, expectoration, psychological support, smoking
cessation and a session of further personalized training for
each patient.
Personalized training
The patients participated in an individualized continuous
or interval type of cycle and/or treadmill training lasting
for 10–30 minutes, 2–3 times a day at a level of 60–80%
of maximal intensity (17,18). The total duration of the
rehabilitation program was 3 weeks. The intensity of
the training was incremental, progressing from 60% to
80% of peak work rate based on the Borg dyspnoea scale
breathlessness and leg fatigue, with aim of maintaining its
value at Grade No. 7.

GS measurement
A Kern hand grip dynamometer (2016 Kern & Sohn
GmbH, Germany) was used to identify the peripheral
muscle force (15). Three measurements were made and the
average was calculated. This was used to determine the level
of peripheral muscle atrophy accompanying the primary
respiratory disease.

Smoking cessation
Smoking cessation was an important part of our
perioperative rehabilitation program. With the help of
psychologists, our institute held special anti-smoking
sessions for the patients once per week for a duration of
45 minutes (19).

Cycle ergometry

Postoperative complications

Maximal intensity was measured by cycle training, time
distance and power were recorded. Pulse rate, blood

Postoperative complications were classified into two groups
as “severe” and “not severe”. Prolonged surgical treatment,
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negative-pressure wound therapy, need of reoperation,
postoperative re-intubation and/or prolonged invasive
respiration, intensive care treatment lasting further than
4 days, reanimation and death considered to be “severe”.
The “not severe” postoperative complication group referred
to patients that experienced no or mild complications such
as wound-revision, successful re-drainage, sputum retention,
temporary atelectasis, or other problem that could be solved
by conservative treatment.
Statistical analysis
Analysis was preformed through a combination of t-tests,
non-parametric sign tests on patient characteristics,
functional markers and health condition scores. 3D paired
T probe (Sign test and Wilcoxon test) was made for start
and post-rehabilitation values. We used Pearson chi-square
analysis (χ²-probe) for discrete variables. The continuous
variables were utilised to determine the continuous
distribution. The distribution around the mean was
expressed as ± SD. We used ANOVA statistics for the three
groups and asserted that the minimum clinically important
differences between groups the required standard deviation
of change in 6MWT among subjects was 40 meters, and
utilized a power of 0.8 and α=0.05. This analysis indicated
that 72 subjects in each group is required.
We analysed the correlations between improvements
of variables. The level of connection is represented by the
Pearson correlation coefficient.
By classifying the postoperative complications into
“severe” and “not severe” group we performed discriminant
analysis to get know whether there are independent
variables that responsible for the patients to get into the
severe complication group. First discriminant analysis was
performed on the functional parameters.
In the second discriminant analysis some new (surgeonand operation-dependent) variables were involved into
the examination such as the person of the surgeon, the
experience of the surgeon in years after graduation and the
extent of the operation.
Results
The three groups of patients proved to be comparable. 3D
paired T probe (Sign test and Wilcoxon test) was made on
the start and post-rehabilitation variables in all 3 groups:
our rehabilitation program resulted significant changes in
all investigated functional parameters and health status.
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Significance level was defined as P<0.05. All of the 11
post-rehabilitation parameters were significantly better
than the start values so the changes can be considered
to be improvement in PRE, POS and PPO group as
well. In PPO group—after the favourable effect of
preoperative rehabilitation and function depleting effect
of the operation—postoperative rehabilitation resulted
additional improvement (Tables 2-4). No strong correlations
were found between the starting values and the degree of
improvement after rehabilitation in all of the examined
variables. Correlation diagram of starting value and degree
of improvements following rehabilitation of 6MWD,
FEV1%pred and the Km travelled on the cycle ergometer
can be seen on Figures 2-4. It should be noted that out of
the three patient groups under observation, the POS group
underwent the most substantial upturn of values. In this
group, the improvements in exercise capacity, lung function,
chest kinematics, lung mechanics and health condition
scoring were more prominent, whilst the dyspnoea score
was lower than the corresponding value recorded amongst
the other two groups (Tables 2-4).
By analysing the correlations between improvements of
the functional variables, the following four variable-pairs’
improvements showed correlation: (I) CWE and BHT; (II)
FEV1 and FVC; (III) 6MWD and CAT; (IV) minutes and
kilometers travelled via cycle ergometer.
The correlation matrix of the 10 variables is shown
on Table 5. According to Guilford from the correlation
coefficients we can conclude that all of these four
correlations are moderate and the connection is significant.
Discriminant analysis revealed that 4 parameters as
gender, FEV1 after preoperative rehabilitation, start value
of 6MWD and distance travelled via cycle ergometer at
the onset of the rehabilitation could accurately predict the
severeness of postoperative complications in 67.0% of all
cases (Table 6) (It discriminates “not severe” group in 67.1%
correctly, “severe” group in 66.7%). According to jacknifed
classification this hit ratio is 63.5%.
At the second (extended) discriminant analysis the
extent of the operation proved to have discriminating
value, but not at the first place in row. Five values
altogether can discriminate between the two severity
groups in 66.4%— “severe” group can be discriminated in
72.5%, “not severe” in 64.2%. With a little bit more strict
jackknifed classification these values are 67.5% and 62.3%
in order (altogether 63.7%) (Table 7). The variables that
has discriminating value are the following, according to
descending of its discriminating force:
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Table 2 Changes in functional parameters demonstrating the effects of preoperative pulmonary rehabilitation
Parameters

PRE (preoperative rehabilitation only) (n=72)
Before rehabilitation

After rehabilitation

Change, significance (P value)

FEV1 (%pred)

63.2±15.6

70.1±16.6

<0.0001

FVC (%pred)

83.1±15.9

90.9±15.6

0.0001

4.2±2.3

5.8±2.2

<0.0001

392.9±93.5

443.2±86.6

<0.0001

mMRC

0.93±0.70

0.61±0.58

0.0005

Breath holding time (s)

29.7±11.3

33.4±13.8

0.0177

Grip strength (kg)

29.8±9.8

31.7±9.3

<0.0001

CAT

8.3±5.2

5.3±4.6

0.0001

Cycle ergometry—time (minute)

6.9±2.5

16.8±4.7

<0.0001

Cycle ergometry—power (watt)

31.5±7.9

46.5±14.4

<0.0001

Cycle ergometry—distance (km)

3.3±1.4

9.1±2.7

<0.0001

Chest wall movement (cm)
6MWD (m)

Data are presented as mean value ± SD. FEV1, force expiratory volume in the first second; FVC, forced expiratory volume; 6MWD, 6-minute
walking distance; mMRC, modified Medical Research Council dyspnoea scale; CAT, COPD assessment test; COPD, chronic obstructive
pulmonary disease.

Table 3 Changes in functional parameters demonstrating the effects of postoperative pulmonary rehabilitation (n=238)
Parameters

POS (postoperative rehabilitation only) (n=80)
Before rehabilitation

After rehabilitation

Change, significance (P value)

FEV1 (%pred)

56.4±15.6

64.6±16.0

<0.0001

FVC (%pred)

66.2±18.7

76.1±17.7

<0.0001

2.9±1.4

5.0±2.0

<0.0001

354.7±90.7

437.0±96.0

<0.0001

1.5±1.0

1.0±0.8

<0.0001

Breath holding time (s)

26.4±12.2

32.1±14.7

<0.0001

Grip strength (kg)

25.8±7.7

28.1±7.6

<0.0001

CAT

16.9±8.1

11.4±8.1

<0.0001

Cycle ergometry—time (minute)

6.2±2.8

14.6±4.9

<0.0001

Cycle ergometry—power (watt)

30.0±8.2

40.8±10.2

<0.0001

Cycle ergometry—distance (km)

2.8±1.8

7.8±3.4

<0.0001

Chest wall movement (cm)
6MWD (m)
mMRC

Data are presented as mean value ± SD. FEV1, force expiratory volume in the first second; FVC, forced expiratory volume; 6MWD, 6-minute
walking distance; mMRC, modified Medical Research Council dyspnoea scale; CAT, COPD assessment test; COPD, chronic obstructive
pulmonary disease.
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Table 4 Changes in functional parameters demonstrating the effects of combined pre- and postoperative rehabilitation
PPO (pre- and postoperative rehabilitation as well) (n=86)
Before surgery

After surgery

Parameters
Before
rehabilitation

After
rehabilitation

Change,
significance
(P value)

Before
rehabilitation

After
rehabilitation

Change,
significance
(P value)

FEV1 (%pred)

58.2±15.1

67.0±14.6

<0.0001

47.4±13.0

53.4±14.7

0.0003

FVC (%pred)

82.4±16.7

93.3±16.7

<0.0001

63.6±16.9

72.6±18.6

0.0001

4.0±2.1

5.6±2.6

<0.0001

2.7±1.5

4.4±2.2*

<0.0001

378.3±90.5

441.3±86.4

<0.0001

341.4±115.9

403.3±98.4*

<0.0001

1.2±1.0

0.8±0.8

<0.0001

1.8±0.9

1.4±0.8

0.0001

Breath holding time (s)

29.3±11.8

33.7±11.8

<0.0001

23.3±10.4

28.1±10.1

<0.0001

Grip strength (kg)

27.5±7.7

29.6±7.9

<0.0001

26.9±8.4

27.7±9.2*

0.0376

CAT

11.4±6.8

7.7±5.8

<0.0001

15.4±6.9

9.9±4.7*

<0.0001

7.2±3.2

17.8±6.3

<0.0001

7.1±3.3

14.5±4.5*

<0.0001

31.1±8.7

44.1±10.8

<0.0001

30.4±10.1

39.7±9.5*

<0.0001

3.6±1.9

9.3±2.9

<0.0001

3.3±1.8

7.5±2.9*

<0.0001

Chest wall movement (cm)
6MWD (m)
mMRC

Cycle ergometry—time
(minutes)
Cycle ergometry—power
(watt)
Cycle ergometry—
distance (km)

Data are presented as mean value ± SD. *, these marked values of postoperative and post-rehabilitation parameters are better than its
preoperative (start-value) was, so at these variables the preoperative and postoperative rehabilitations were able to compensate the
functional-depleting effect of the operation. FEV1, force expiratory volume in the first second; FVC, forced expiratory volume; 6MWD,
6-minute walking distance; mMRC, modified Medical Research Council dyspnoea scale; CAT, COPD assessment test; COPD, chronic
obstructive pulmonary.

Change of 6MWD (m)
250.0
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y = –0.2291x + 145.6
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Figure 2 Correlation between the start-value of exercise tolerance in 6MWT and the change of 6MWD during rehabilitation. 6MWT,
6-minute walking test; 6MWD, 6-minute walking distance.
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Change of FEV1 (%pred)
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FEV1 at start of
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y = –0.2162x + 21.005
R2 = 0.1045

–20.0
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Figure 3 Correlation between the start-value of FEV1 and the change of FEV1 in %pred during rehabilitation. FEV1, forced expiratory
volume in the first second.

Change of distance (km)
16.0
14.0
12.0
10.0
8.0
6.0

y = –0.4148x + 7.2309
R2 = 0.0684

4.0
2.0
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0

2
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6
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10

12

Distance at start
of rehabilitation
(km)
14

–2.0

Figure 4 Correlation between the start-value of km achieved in distance via treadmill ergometry and the improvement of the km value after
preoperative pulmonary rehabilitation.

 Gender;
 Distance travelled via cycle ergometer at the onset of
the rehabilitation;
 FEV1 after preoperative rehabilitation;
 Extent of the operation;
 Start value of 6MWD.
Discussion
Preoperative pulmonary risk assessment was conducted
though monitoring of lung function, exercise capacity, chest
kinematics, post-operative complications, lung mechanics
and health condition markers in 238 patients suffering of
lung cancer and COPD. The subjects were separated into
three groups according to the form of rehabilitation they
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experienced. Consequently, the aforementioned groups
were classified as the pre-operative, post-operative and
combined pulmonary rehabilitation groups. At the end
of our rehabilitation program significant improvements
were prominent in all of the investigated parameters of the
three groups. Furthermore, we have discovered a successful
algorithm for the prediction of severe postoperative
complications in the form of a composite score utilising
the parameters of gender, FEV1, 6MWD and km-distance
travelled by cycle ergometer. By involving some more
surgery-specific parameters—such as person of the surgeon,
experience of the surgeon in years after graduation, and
extent of the operation—the discriminant analysis resulted
even higher discriminating value. We feel the need to
note that throughout the duration of our study our team
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Δdistance (km)

−0.2340

−0.0772

−0.1808

−0.0128

−0.0615

0.0355

0.6484*

−0.0053

1.0000

–

ΔFEV1
(%pred)

−0.1439

−0.1141

1.0000

–

–

–

0.0690

0.0198

−0.0099

−0.0968

−0.1402

−0.1921

−0.1150

0.1233

−0.0815

−0.1288

0.1584

1.0000

–

–

–

–

−0.1781

−0.0853

−0.1420

0.0012

1.0000

–

–

–

–

–

ΔFVC ΔBreath holding
ΔGrip
(%pred)
time (s)
strength (kg)

−0.4021* −0.0245

−0.0494

0.1005

−0.1066

1.0000

–

–

Δ6MWD
(m)

0.0548

0.0882

−0.0045

1.0000

–

–

–

–

–

–

ΔCAT

0.6742*

0.0493

1.0000

–

–

–

–

–

–

–

0.1993

1.0000

–

–

–

–

–

–

–

–

1.0000

–

–

–

–

–

–

–

–

–

Cycle ergometry— Cycle ergometry— Cycle ergometry—
Δtime (minutes)
Δpower (watt)
Δdistance (km)

*, correlation coefficients that reach significance level. FEV1, force expiratory volume in the first second; FVC, forced expiratory volume; 6MWD, 6-minute walking distance;
CAT, COPD assessment test; COPD, chronic obstructive pulmonary disease.

1.0000

ΔChest wall
extensions (cm)

ΔChest wall
extensions (cm)

Variables

Table 5 Correlation matrix for the changes (Δ) of ten functional values as a result of preoperative pulmonary rehabilitation
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Table 6 Classification matrix of discriminant analysis I and
jackknifed classification
Type of classification

Group

Percent correct (%)

Classification matrix

Not severe

67.1*

Severe

66.7

Total

67.0

Not severe

63.4

Severe

63.6*

Total

63.5

Jackknifed
classification

*, the best discriminating values (in percent of hit ratios).

Table 7 Classification matrix of the (extended) discriminant analysis
II and jackknifed classification
Type of classification

Group

Percent correct (%)

Classification matrix

Not severe

64.2

Severe

72.5*

Total

66.4

Not severe

62.3

Severe

67.5*

Total

63.7

Jackknifed
classification

*, the best discriminating values (in percent of hit ratios).

managed to accumulate a set of additional observations that
we believe to hold value for further consideration.
Use of perfusion lung scintigraphy as an element of
preoperative risk stratification preceding thoracic surgery
has also promise for the approximation postoperative
pulmonary function. We believe that these pursuits will
help for risk assessment of postoperative respiratory failure
and other cardiopulmonary complications (8). In clinical
practice, observations were made of a relationship between
%ppoFEV 1 (% predicted postoperative FEV 1) and the
development of respiratory insufficiency. It has been stated
that amongst patients with %ppoFEV1 higher than 30% of
the predicted FEV1, as calculated in respect of sex, weight,
height and age, the chance of respiratory insufficiency
following resection was very low (8,20). We have observed
the same phenomenon during our clinical practice.
Cardiopulmonary exercise testing (CPET) permitted
measurement of oxygen uptake (VO 2); an indicator of
overall cardiopulmonary fitness and a useful measurement
in the assessment of operative risk for lung cancer patients.

© Journal of Thoracic Disease. All rights reserved.

The evidence supporting the use of CPET in pre-operative
assessment of the lung cancer surgery patient was examined.
CPET methodology and limitations, as well as alternatives
to CPET for risk assessment are discussed (6,20,21). In
our practice, CPET is an element of the preoperative
risk stratification, especially before pneumonectomy and
patients with severe comorbidities.
Elder age (>70 years) was not found to represent a
contraindication to lung cancer surgery and an age limit
for the operation could not be determined. However,
patients of this nature were required to undergo a
careful preoperative evaluation (22,23). In cases where
complex perioperative management was applied, low
mortality and morbidity following the operation could be
anticipated (22). Where such care was not exercised, a
considerable risk of death or major complication within the
first 30 postoperative days was noted (22,23).
The following protocol for preoperative physiologic
assessment is to be recommended. Assessment can
begin with a cardiovascular evaluation and spirometry
for evaluation of the FEV 1. If diffuse parenchymal lung
disease is present, based on dyspnoea upon exertion FEV1,
DLCO should subsequently be measured (1,8). If FEV1 or
DLCO <80% predicted, the likely postoperative pulmonary
reserve needs to be estimated by either the perfusion scan
method for pneumonectomy or the anatomic method for
lobectomy based on the number of segments to be removed
(1,8). Consequently, an estimated postoperative FEV1 or
DLCO <40% of the predicted value signifies an increased
risk for perioperative complications including death during
lobectomy or greater resection. CPET was found to be
valuable for the estimation of perioperative risk when used
to obtain values of maximal oxygen consumption (VO2max).
A VO2max value of <15 mL/kg/min was found to associate
to increased risk of perioperative complications (1,8). As
rule, VO2max of <10 mL/kg/min has been established as a
contraindication of operation. Alternative measurements of
exercise tolerance, such as stair climbing, the shuttle walk,
and the 6MWD can be considered as well. Desaturation
during an exercise test has not clearly been associated with
an increased risk for perioperative complications (1,8).
During our research we discovered mention of a
previously formulated test, capable of predicting the
occurrence of post-operatively mortality. This test is a
scoring system known as the Charlson comorbidity index
or CCI (22). We believe that incorporation of this test
in predictive algorithms pertaining to the appearance of
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post-operative complications can potentially enhance
their power. During our study the CCI index was not
calculated. However, the potential value of CCI in postoperative risk assessment was noted in a large cohort study
conducted in Norway in 2007 by the Cancer Registry of
Norway where values of 26,665 patients were evaluated. A
total of 4,395 patients, who underwent surgical resection
were included in the analysis (22). A subset of 1,844
patients was scored according to the CCI (22). The overall
postoperative mortality rate was 4.4% within 30 days with a
declining trend in the period. Male sex, older age (between
70–79 years), right-sided tumours and extensive procedures
were identified as risk factors for postoperative mortality
via multivariate analysis (22). The CCI was identified as
an independent risk factor for postoperative mortality
(P=0.017).
Furthermore, in 2003 Birim et al. conducted a
clinical study for validation of the CCI in patients with
operated primary non-small cell lung cancer (24). In the
aforementioned study, 205 consecutive resections for nonsmall cell lung cancer were performed. In a retrospective
of the study, each patient was scaled according to the CCI
and the complications of surgery were determined (24).
The hospital mortality was found to be 2.4% with 32.7%
patients experiencing minor complications and 15.6%
major complications. Following a univariate analysis,
gender, grades 3–4 of the CCI, any prior tumour treated
in the last 5 years and chronic pulmonary disease were
determined as significant predictors of an adverse
outcome (24). However, further multivariate analysis
displayed that only grades 3–4 of the CCI were a significant
predictor. Despite this, every increase of the comorbidity
grade was found to be correlated to a slight increase in the
relative risk of an adverse outcome (24). In conclusion,
the CCI was strongly linked with higher risk of surgery
in primary non-small cell lung cancer patients and was
determined to be a better predictor than individual risk
factors (24).
Overall, it is our belief that use of the CCI for
improvement of postoperative risk assessment algorithms
should be further researched. In the future, our group hopes
to integrate the CCI in prognostic models that may help
in preemptively identifying patients in need of intensive
postoperative care (22).
During our study, we noticed a considerable variability
in the methods used for reporting postoperative mortality
and risk factors for mortality after lung cancer surgery. The
lack of a standardised system in reporting data of this nature
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represents a limitation in our scientific field. Populationbased data help provide unbiased estimates and may aid in
treatment selection.
Finally, the following limitations in our study are to
be noted. Our group did not collect enough exercise
physiologic parameters. We believe that this presents
a limiting factor for our work at this point of time. In
addition, while the calculation of the CCI score could
potentially increase the power of our predictive algorithm,
CCI scoring was not included in this study. Furthermore,
we did not focus on the implications of psychological factors
such as depression and anxiety, which in the future can be
accounted for via use of the HADS score. In prospective
work we hope to incorporate these parameters into a more
comprehensive composite score.
We conducted a clinical research to evaluate the
effectiveness of pulmonary rehabilitation in patients with
COPD and lung cancer. There was no side effect during
the rehabilitation program. The study was met with success
significant improvements were detected in lung function,
chest kinematics, lung mechanics, dyspnoea scores,
respiratory and peripheral muscle function and health
condition markers in both of our pre- and postoperative
pulmonary rehabilitation protocols. Subsequently, we try to
find the elements of a composite score capable of predicting
the risk of severe postoperative complications amongst
patients through the assessment of the parameters of
gender, exercise distance travelled in km by cycle ergometer,
FEV1, extent of the operation and 6MWD.
Conclusions
In conclusion, the complex assessment conducted on our
selection of functional parameters helps shed light on the
inner workings of comorbidity and prognostic risk factors.
It is our belief that this study and all others of such similar
content will help clinicians to promptly identify cases of
poor prognosis and establish a more appropriate treatment
strategy (2). For example, the assessment of prognostic
factors is an area of active investigation and a promising
field of research in optimising therapy of non-small cell
lung cancer (NSCLC) patients (2).
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Supplementary
Table S1 CONSORT 2010 checklist of information to include when reporting a randomised trial*
Section/topic

Item No.

Checklist item

Reported on page No.

1a

Identification as a randomised trial in the title

Page 1

1b

Structured summary of trial design, methods, results, and
conclusions (for specific guidance see CONSORT for abstracts)

Page 4–5

2a

Scientific background and explanation of rationale

Page 2-5

2b

Specific objectives or hypotheses

Page 2-3

3a

Description of trial design (such as parallel, factorial) including
allocation ratio

Page 3

3b

Important changes to methods after trial commencement (such as
eligibility criteria), with reasons

No important
changes after trial
commencement

4a

Eligibility criteria for participants

Page 2

4b

Settings and locations where the data were collected

Page 2

Interventions

5

The interventions for each group with sufficient details to allow
Pages 3-4
replication, including how and when they were actually administered

Outcomes

6a

Completely defined pre-specified primary and secondary outcome
measures, including how and when they were assessed

Pages 2-5

6b

Any changes to trial outcomes after the trial commenced, with
reasons

There was no change
after the trial commence

7a

How sample size was determined

Page 5

7b

When applicable, explanation of any interim analyses and stopping
guidelines

We analysed the data
when we achieved the
target number of the
patient. Page 3

8a

Method used to generate the random allocation sequence

Page 3

8b

Type of randomisation; details of any restriction (such as blocking
and block size)

Page 2-3, there was no
restriction

9

Mechanism used to implement the random allocation sequence
(such as sequentially numbered containers), describing any steps
taken to conceal the sequence until interventions were assigned

Page 3

10

Who generated the random allocation sequence, who enrolled
participants, and who assigned participants to interventions

Page 2-3

11a

If done, who was blinded after assignment to interventions (for
example, participants, care providers, those assessing outcomes)
and how

After the randomisation
it was not blinded

11b

If relevant, description of the similarity of interventions

Pages 3-5

12a

Statistical methods used to compare groups for primary and
secondary outcomes

Page 5

12b

Methods for additional analyses, such as subgroup analyses and
adjusted analyses

Page 5

13a

For each group, the numbers of participants who were randomly
assigned, received intended treatment, and were analysed for the
primary outcome

Page 3

13b

For each group, losses and exclusions after randomisation, together Page 3
with reasons

14a

Dates defining the periods of recruitment and follow-up

Page 3

14b

Why the trial ended or was stopped

Page 3

Baseline data

15

A table showing baseline demographic and clinical characteristics
for each group

Page 3

Numbers analysed

16

For each group, number of participants (denominator) included in
each analysis and whether the analysis was by original assigned
groups

Page 3

Outcomes and estimation

17a

For each primary and secondary outcome, results for each group,
and the estimated effect size and its precision (such as 95%
confidence interval)

Pages 5-8

17b

For binary outcomes, presentation of both absolute and relative
effect sizes is recommended

Page 5

Ancillary analyses

18

Results of any other analyses performed, including subgroup
analyses and adjusted analyses, distinguishing pre-specified from
exploratory

Page 5-8

Harms

19

All important harms or unintended effects in each group (for specific Page 5
guidance see CONSORT for harms)

Limitations

20

Trial limitations, addressing sources of potential bias, imprecision,
and, if relevant, multiplicity of analyses

Page 11

Generalisability

21

Generalisability (external validity, applicability) of the trial findings

Page 11

Interpretation

22

Interpretation consistent with results, balancing benefits and harms, Page 11
and considering other relevant evidence

Registration

23

Registration number and name of trial registry

Page 2

Protocol

24

Where the full trial protocol can be accessed, if available

It is in Hungarian, it is
available at site

Funding

25

Sources of funding and other support (such as supply of drugs),
role of funders

Page 1

Title and abstract

Introduction
Background and objectives

Methods
Trial design

Participants

Sample size

Randomisation
Sequence generation

Allocation concealment
mechanism
Implementation
Blinding

Statistical methods

Results
Participant flow (a diagram is
strongly recommended)

Recruitment

Discussion

Other information

*, we strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important
clarifications on all the items. If relevant, we also recommend reading CONSORT extensions for cluster randomised trials, non-inferiority
and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials. Additional extensions are forthcoming:
for those and for up to date references relevant to this checklist, see www.consort-statement.org.

