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Background: Two respiratory physiotherapy modalities were compared in a randomized controlled trial on
patients undergoing minor pleuro-pulmonary surgery.

Methods: Forty-five patients were randomly allocated into positive expiratory pressure (PEP) therapy
(n=23) and inspiratory muscle training (IMT) groups (n=22). Individualized group specific physiotherapeutic
guidance was administered preoperatively, and once a day postoperatively. Patients also performed
independent exercises and kept a logbook. Pain was assessed on a numerical reference scale (NRS).
Volumetric pulmonary function values and walking distance were recorded preoperatively, and on first
(POD1) and second postoperative days (POD2). Pre- and postoperative values were compared using
two-way repeated measures analysis of variance.

Results: Patient characteristics and pleuro-pulmonary interventions were similar between the groups.
Thoracotomy was performed in 14/45 and video assisted surgery (VATS) in 31/45 of cases. Preoperative
volumetric pulmonary functions were normal or slightly decreased in 29/45, and fell significantly (P<0.001)
on the first postoperative day (POD1) and improved but remained significantly lower on the second
postoperative day. The recovery of mean FEV1, FIV1 and FIVC values was greater in the IMT than in the
PEP group between POD1 and POD2, but without significant difference. The corresponding relative to
preoperative values were higher in the IMT group, with a significant difference in FEV1 (P=0.045). Also
relative PEF and FIV1 values seemed to be slightly higher in the IMT compared to the PEP group, but not
significantly. Average NRS values for pain were lower in the IMT group (P=0.010) but only on PODI1. Air
leak was noted in 4/45 patients, two in each group, on PODI, and two in PEP groups and one in IMT group
on POD2. Mean measured walking distances between groups did not differ. Mean hospital stay was 4 days in
the PEP group and 3 days in the IMT group. There was no hospital mortality.

Conclusions: Pulmonary function values decreased significantly after minor lung resections, supporting
rehabilitative respiratory physiotherapy to avoid postoperative pulmonary complications (PPCs). Both PEP
and IMT training were well tolerated and equally efficient when comparing spirometry values at three time

points. IMT appeared advantageous regarding relative FEV1 recovery and immediate postoperative pain.
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Introduction

The speed of postoperative lung recovery after thoracic
surgery significantly affects patients’ overall recovery
time and costs of hospitalization. Impaired respiration
predisposes to postoperative pulmonary complications
(PPCs) which may prolong hospitalization and increase
its costs (1-3). Recovery is promoted by respiratory
physiotherapy, it’s benefits having been demonstrated after
CABG surgery (4) and major lung resections (5-19). Pre-
and postoperative rehabilitation in lung cancer surgery is
advised by European Respiratory Society/European Society
of Thoracic Surgeons (ERS/ESTS) guidelines (20).

Several studies have demonstrated the benefits of
inspiratory muscle training (IMT) for pre- and postoperative
rehabilitation as a decreased incidence of PPCs and shorter
hospitalization (14,21-24). IMT has also improved the results
of six-minute walking tests of lung transplant candidates (25)
and the exercise tolerance of chronic obstructive pulmonary
disease (COPD) patients (26). Our previous study
demonstrated IMT being as efficient as water bottle positive
expiratory pressure (PEP) training in major lung resection
patients, and as a more feasible form of physiotherapy in case
of postoperative air leak (27).

The majority of previous studies has involved patients
undergoing major lung resection or with COPD as a
significant comorbidity. In patients undergoing minor, less
than lobectomy lung resections, the permanent amount of
functioning lung tissue is only marginally reduced. Evidence
concerning the need for respiratory rehabilitation in
patients undergoing minor lung resections is limited. Many
patients have a benign diagnosis and fare well. However,
significant complications and hospital mortality are reported
because of the underlying lung disease. This is especially the
case in patients with advanced lung fibrosis, disseminated
primary or secondary pulmonary or pleural malignancy (28).
The life expectancy of these patients is severely limited, so
complications and prolonged hospitalization after surgery
should be prevented at all costs also for compassionate
reasons.

The aim of this prospective randomized study was
to determine if IMT respiratory physiotherapy could
improve immediate postoperative recovery of respiratory
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function better than conventional water bottle PEP in
patients undergoing minor lung resections. We present
the following article in accordance with the CONSORT
reporting checklist (available at https://dx.doi.org/10.21037/
jtd-21-473).

Methods

Our study was made of 45 patients who underwent lung
biopsies and other minor thoracic operations at Tampere
University Heart Hospital, Finland, between May 2013
and February 2016 (Figure I). Patients unable to co-operate
because of a psychiatric condition, neurological ailment
severely affecting respiration, intoxication upon admission,
infective pulmonary disease or contagious infection
including tuberculosis, recent or acute febrile respiratory
infection, preoperative cardiac pacemaker, severe
respiratory failure (SpO, <90 or pO, <8 or respiratory
rate at rest over 25/min or night-time oxygen therapy) or
legally incapacitated patients were excluded from the study.
Participants were enrolled by the investigators (JL and
HM) and were randomly allocated to two treatment groups
after signing the informed consent files. Recruiting was
terminated upon enrolment of the predetermined number
of patients.

Patients were randomized 1:1 to parallel open label
groups receiving conventional respiratory physiotherapy
(PEP, 23 subjects) or inspiratory muscle training (IMT,
22 subjects) prior to surgery by using randomization
procedure (computerized random numbers in sealed
envelopes). The groups were compared according to
intention to treat. The surgical procedures included lung and
pleural biopsies, tumor excisions, wedge resections of the
lung by VATS or thoracotomy.

No deviations from intended therapy or dropping out
from the assigned groups occurred. The study protocol
(R13037) was approved by the Ethics Committee of the
Pirkanmaa Hospital District, Tampere, Finland, and was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). Written informed consent was obtained
from all patients before starting the investigations. Our
study protocol is filed at Clinical Trials.gov.

One physiotherapist (HM) instructed the assigned
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Figure 1 Participant flow chart.

physiotherapy (PEP or IMT) to each patient on the
preoperative day, and on the first and second postoperative
day. Exercises were performed once a day with the
physiotherapist, and the patients were encouraged to do
independent exercises at least five times a day. In the water
bottle PEP group, a basic pressure of 10 cmH,0 was
used. For IMT physiotherapy, a ThresholdIMT (Philips
Respironics, Murrysville, Pennsylvania, United States)
apparatus was employed. Pressure was set at 20% of the
individuals’ preoperative maximal inspiratory pressure
(MIP). A Thopaz automated pleural suction device (Medela
AG, Baar, Switzerland) was connected to the chest tubes
in all the patients. The same physiotherapist assigned any
observed post-operative air leak onto three categories
based on the readout of the Thopaz (0= no air leakage,
1= low grade (under 200 mL), 2= moderate or profuse
(200 mL or above). The expiratory resistance of the PEP
water bottle was lowered to 5-7 cmH,O if air leak rose
during physiotherapy to 200 mL or higher, or if a lesser
increase was observed on repeated occasions.

Additionally, patients were guided to walk a minimum
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Allocated to intervention (n=23) Allocated to intervention (n=22)
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of 3—4 rounds on POD1 and at least five rounds on POD2,
and to record respiratory exercises and walks on a logbook.
They were also assigned routine exercises including
shoulder mobilization and manual support of the incision
site when coughing. Intensity of pain was measured using a
numeric scale (NRS) from 0 to 10.

Pulmonary function tests were conducted on all three
days of the study: preoperatively before allocation, and on
POD1 and POD?2 after performing the physiotherapeutic
exercises. For 22 patients in PEP group and 22 in IMT
group, full pulmonary function test results for the three
study days were obtained. The Medikro Pro (Medikro Oy,
Kuopio, Finland) portable spirometry device was used for
bedside pulmonary function testing in all patients. The
device is connectable to a portable computer, and the
software includes reference values for pulmonary functions
of the Finnish general population (29). Pre-operative
pulmonary functions were defined as normal, mildly
decreased, moderately decreased or severely decreased in
accordance to these reference values (Tiable I).

The same radiologist (IRK) evaluated the images from
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Characteristics PEP group (n=23) IMT group (n=22) P value
Age, years, mean (SD) 58 (15.0) 59 (11.0) 0.40
BMI, mean (SD) 27.6 (5.5) 28.7 (7.0) 0.40
Sex, n (%) 0.88
Male 12 (52.2) 11 (50.0)
Female 11 (47.8) 11 (50.0)
Smoking history 0.47
Current smoker 6 7
Ex-smoker 9 4
Lifetime non-smoker 7 10
Pre-operative ventilation function, n (%) 0.58
Normal 7 (30.4) 5(22.7)
Mildly decreased 7 (30.4) 10 (45.5)
Moderately decreased 8 (34.8) 5(22.7)
Severely decreased 14.3 2(9.1)
Pre-operative SpO,, mean (SD) 96.3 (1.5) 95.8 (1.8) 0.29
Main diagnosis, n (%) 0.51
Primary lung cancer 2 (8.7) 6 (27.3)
Lung metastasis 7 (30.4) 3(13.6)
Benign tumor 5(21.7) 3(13.6)
Pleural fluid 1(4.3) 1(4.5)
Pneumothorax 14.3) 1(4.5)
Un-defined lung tumor or abnormal imaging of the lung 7 (30.4) 8 (36.3)
Co-morbidities, n (%)
COPD 5(21.7) 2(9.1) 0.24
Asthma 0(0) 2(9.1) 0.14
Asbestosis 3(13.0) 14.5) 0.32
Coronary artery disease 2 (8.7) 0(0) 0.16
Hypertension 8 (34.8) 10 (45.5) 0.47
Type Il diabetes 3(13.0) 2(9.1) 0.67
Congestive heart disease 0(0) 0(0)
Type of surgery, n (%) 0.60
Thoracotomy 9 (39.1) 5(22.7)
Biopsy 3(13.0) 1(4.5)
Tumor excision 4(17.4) 2(9)
Wedge resection 14.3 2(9.1)

Table 1 (continued)
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Characteristics

Pleurectomy
VATS, n (%)

Biopsy

Tumor excision

Wedge resection

PEP group (n=23) IMT group (n=22) P value
1(4.3) 0 (0)
14 (60.9) 17 (77.3)
8 (34.8) 6 (27.3)
3(13.0) 7(31.8)
3(13.0) 4(18.2)

Current smoker: smoking till date of surgery. Ex-smoker: abstained for minimum of two weeks prior to surgery. Non-smoker: has never
smoked. Normal: FEV1 80-126%; mildly decreased: FEV1 65-79%; moderately decreased: FEV1 45-64%; severely decreased FEV1
25-44%. COPD, chronic obstructive pulmonary disease; VATS, video assisted thoracic surgery; PEP, positive expiratory pressure; IMT,

inspiratory muscle training.

all patients, measured and marked the area of the air-
filled lung, the areas of atelectasis, the presence and size of
pneumothorax, the amount of pleural fluid, and calculated
the change in the area of the air-filled lung between
preoperative and postoperative images. The volume and
change of the air-filled lung were evaluated in both PA- and
lateral views. The amount of atelectasis was expressed in
three levels (0= no atelectasis, 1= atelectasis less than 25%
of lung volume, 2= atelectasis 25-50% of lung volume).
Amount of pleural fluid was expressed in four levels
(0= no pleural fluid, 1= pleural fluid under 250 mL, 2=
pleural fluid 250-500 mL, 3= pleural fluid over 500 mL).
Postoperative pneumothorax was expressed as three levels
(0= no pneumothorax, 1= small pneumothorax under 2 cm,
2= pneumothorax over 2 cm or wide-range, 3= most of the
lung collapsed).

Pulmonary function test values, primarily forced
expiratory volume during one second (FEV1), as measured
with volumetric spirometry, radiological findings and
complications affecting e.g., length of hospital stay was
assessed as primary outcomes and measures of compliance
and patient-reported daily walking distances (meters walked
during the last 24 hours) as secondary outcomes.

Statistical methods

Based on a pilot study, the 80% power to detect a
postoperative change of 0.3 L/sec in main parameter FEV1
(with SD 0.3) with type I error level (5%) was calculated to
need 17 patients recruited per group. Statistical comparisons
were made with IBM SPSS Statistics for Windows 24 (IBM
Corp, Armonk, New York, United States). The normal
distribution of numerical values was tested by Shapiro-
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Wilk test. In the case of normal distribution, comparison of
the mean values of the variables was done with the #-test of
independent variables. Differences between the classified
variables were tested by cross-tabulation and Pearson’s y’
testing.

Differences between intervention groups in spirometry
values and walking distances were analyzed using two-way
mixed factors repeated measures analysis as a function of
time. To examine the appropriateness of the analysis, the
normal distribution and possible outliers were assessed, as
well as the homogeneity of variances with the Levene test,
covariance equivalence with the Box test, and Mauchly’s test
of sphericity were performed. Differences were considered
statistically significant when P<0.05.

Results

Patient demographics and general data are given in Table 1.
No statistical or clinical differences between the groups in
demographics or medical or respiratory conditions were
found between the groups. 16 out of 23 PEP group patients
and 17 out of 22 IMT group patients had pulmonary
function values mildly, moderately or severely decreased.
This stands for 70% wvs. 77%, but the difference was not
statistically significant. PEP group had more patients
with moderately decreased pulmonary functions and IMT
groups had more patients with mildly decreased pulmonary
functions. Difference between the intervention groups was
not statistically significant. Two of the IM'T group patients
had asthma as a comorbidity, but neither of them used
regularly bronchodilatators on corticosteroids on admission
or during the study period.

The results of the measured pulmonary function tests are
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Table 2 Pre- and post-operative pulmonary function values in the study groups
Preop vs. Preop vs. Between
1POD, 1POD,  groups PEP vs.
Variable PEP 1POD vs. IMT 1PODvs. IMT, repeated
(SD) 2POD 2POD measures
F-statistic
Preop 1POD 2POD P value Preop 1POD 2POD P value
(P value)
FVC, L/sec 3.51(1.07) 2.46(1.76) 2.84 (1.35) P<0.001, 3.31(1.11) 2.34(0.87) 3.03(1.17) p<0.001, 0.072(0.890)
P=0,076 P=0,002
FVC% 87.96 (24.16) 56.39 (18.84) 63.05 (21.10) P<0.001, 81.55(17.18) 59.50 (18.70) 66.18 (18.85) P<0.001,  0.004 (0.947)
P=0.003 P=0.001
FEV1, L/sec 2.68 (0.89) 1.66 (0.63) 1.86(0.71) P<0.001, 2.50(0.86) 1.79(0.66) 2.03(0.73) P<0.001, 0.042 (0.838)
P=0.023 P=0.006
FEV1% 84.14 (28.79) 51.68 (17.76) 58.05 (19.97) P<0.001, 77.86 (18.50) 56.68 (19.02) 63.55 (18.70) P<0.001,  0.065 (0.800)
P=0.004 P=0.002
PEF, L/sec 6.97 (2.30) 4.16(1.78)  4.59 (1.86) P<0.001, 6.59 (1.80) 4.49(1.72) 5.23(1.69) P<0.001, 0.152 (0.698)
P=0.021 P<0.001
PEF% 83.77 (32.56) 48.73 (17.97) 53.86 (19.00) P<0.001, 78.77 (16.37) 53.91 (18.54) 62.77 (17.72) P<0.001, 0.318 (0.576)
P=0.020 P<0.001
PIF, L/sec  5.97 (1.91) 3.96(1.52) 3.96 (1.63) P<0.001, 5.55(1.88) 3.71(1.38) 4.11(1.77) P<0.001, 0.137(0.713)
P=0.989 P=0.053
PIF% 93.05 (26.17) 60.45 (19.44) 60.36 (20.23) P<0.001, 87.05(24.88) 58.91 (20.34) 65.18 (25.42) P<0.001, 0.024 (0.878)
P=0.978 P=0.066
FIVC, L/sec 3.67 (1.09) 2.45(1.00) 2.69 (1.09) P<0.001, 3.42(1.03) 2.48(0.82) 2.79(0.99) P<0.001, 0.023 (0.880)
P=0.019 P=0.003
FIV1, L/sec 3.56(1.08) 2.17(0.88) 2.49 (0.95) P<0.001, 3.35(1.02) 2.32(0.79) 2.62(0.90) P<0.001, 0.008 (0.929)
P=0.002 P=0.003
MIP, cmH,0 84.55 (34.40) - 61.23 (23.92) N.A, 77.36 (26.74) - 60.77 (22.48) N.A,, 1.716 (0.402)

P<0.001

P=0.005

FVC forced vital capacity: the determination of the vital capacity from a maximally forced expiratory effort; L/sec, litres per second; SD,
standard deviation; FVC%, forced vital capacity in proportion to control populations results; FEV1, forced expiratory volume during
one second; FEV1%, forced expiratory volume during one second in proportion to control populations results; PEF, peak expiratory
flow; PEF%, peak expiratory flow in proportion to control populations results; PIF, peak inspiratory flow; PIF%, peak inspiratory flow in
proportion to control populations results; FIVC, forced inspiratory vital capacity; FIV1, forced inspiratory volume during one second; MIP,
maximal inspiratory pressure. Preop, values on day before surgery; 1POD, first postoperative day; 2POD, second postoperative day.

given in the 7able 2. There was no statistically significant
difference in any preoperative spirometry values between
intervention groups. The pulmonary function values in
FEV1, forced vital capacity (FVC), peak expiratory flow
(PEF), forced inspiratory vital capacity (FIVC), forced
inspiratory volume in one second (FIV1), and peak
inspiratory flow (PIF) all decreased significantly at first and
second postoperative day as compared to preoperative value
in both study groups. The decrease in FEV1, and of the
FEVI in proportion to control populations results (FEV1%)

© Journal of Thoracic Disease. All rights reserved.

was smaller in IMT group than in the PEP group, but
without statistical significance (FEV1: P=0.84; FEV1%:
P=0.80). Likewise, the decrease in PEF was smaller in the
IMT groups, but statistically significant difference was not
detected (P=0.70) (Table 2).

The recovery of FIVC was a slightly better in the IMT
compared to the PEP group between first and second
postoperative day but without statistical significance
(P=0.88). The drop at forced inspiratory volume in one

second (FIV1) was smaller and recovery between the
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Table 3 Postoperative pulmonary function test values in proportion to preoperative value (mean ratio, with SD) in intervention groups

PEP IMT P value
Variable
1POD/preop (SD) 2POD/preop (SD) 1POD/preop (SD) 2POD/preop (SD)

FVC 0.69 (0.32) 0.72 (0.20) 0.72 (0.18) 0.80 (0.15) 0.38
FEV1 0.64 (0.19) 0.70 (0.17) 0.74 (0.20) 0.82 (0.16) 0.045
PEF 0.61 (0.20) 0.67 (0.19) 0.69 (0.21) 0.80 (0.17) 0.051
PIF 0.68 (0.05) 0.68 (0.05) 0.70 (0.25) 0.76 (0.26)) 0.407
FIVC 0.67 (0.19) 0.73 (0.15) 0.74 (0.17) 0.82 (0.17) 0.098
FIV4 0.62 (0.18) 0.70 (0.15) 0.71 (0.18) 0.79 (0.16) 0.060

1POD/preop, first postoperative day value in proportion to pre-operative value; 2POD/preop, second postoperative day value in proportion

to pre-operative value.

1.00
0.95
0.90
0.85
0.80

0.75

Relative values of FEV1

0.70
0.65

0.60 Preop 1POP 2POP

— PEP — IMT

Figure 2 Relative values of FEV1 at different measurement dates
in proportion to preoperative day value. Blue line illustrates
water bottle PEP group and red line illustrates inspiratory muscle

training (IM'T) group.

first and the second postoperative day was better in the
IMT group than in the water bottle PEP group, but the
difference was not statistically significant (P=0.93) (7able 2).
Maximal inspiratory pressure (MIP) was 84.55 cmH,0
(SD =34.40) in the water bottle PEP group and
77.36 cmH,O (SD =26.74) in the IM'T group preoperatively.
The difference was not statistically significant. At the
second postoperative day the maximal inspiratory pressure
was 61.23 cmH,O (SD =23.92) in the water bottle PEP
group and 60.77 cmH,O (SD =22.48) in the IMT group
respectively. The decrease was more prominent in the water
bottle PEP group but no statistically significant difference
between the groups was noticed (P=0.40) (7able 2).
Pulmonary function values were also evaluated as relative
values (calculated as a ratio of postoperative to preoperative)
as presented at Table 3. Comparison was done by using two-
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Figure 3 Relative values of FIV1 at different measurement dates
in proportion to preoperative day value. Blue line illustrates
water bottle PEP group and red line illustrates inspiratory muscle

training (IM'T) group.

way mixed factors repeated measures analysis of variances
at three time points (preoperative, POD1 and POD?2).
The difference between intervention groups at relative
values of FEV1 were increasing during first and second
postoperative day, and the difference between intervention
groups over the three time points was statistically significant
(P=0.045), this being mainly in the difference at the second
postoperative day, where the IMT group had statistically
significantly higher relative FEV1 level as compared to PEP
group (P=0.024). Also, PEF and FIV1 values seemed to be
somewhat higher in the IMT compared to the PEP group,
indicating that the decrease in pulmonary function values
were smaller and the increase towards the preoperative
value at POD2 was more rapid, but the differences were
non-significant (PEF P=0.051; FIV1 P=0.06) (Table 3,
Figures 2,3).
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Table 4 Patient-reported NRS-score for postoperative pain in
intervention groups

1POD® 2POD*
NRS?
PEP IMT PEP IMT
0 1 5 4 11
1 0 6 7 2
2 8 3 4 4
3 2 5 2 2
4 4 0 1 0
5 4 1 3 2
6 1 1 0 0
7 2 0 1 0
8 1 1 1 1
9 0 0 0 0
10 0 0 0 0
(P=0.010) (P=0.313)

NRS, numerical reference scale; 1POD, first postoperative day;
2POD, second postoperative day.

A significant difference was observed between
intervention groups in experienced pain at POD1 (P=0.010).
However, the difference became non-significant on POD2
(P=0.313) (Table 4). There was no major difference between
the studied groups in the modalities of pain control and
medications for pain.

The patient-reported average walking distances between
first and second postoperative days were compared and
values are presented in Tuble 5. Preoperative values were
not recorded because admission times to the hospital
varied too much to obtain uniform data. The mean
walking distance at first postoperative day was 390 meters
(SD =196 meters, range, 100-800 meters) in the PEP group
and 397 meters (SD =284 meters, range, 0-900 meters) in the
IMT group. Corresponding values at POD2 were 720 meters
(SD =333 meters, range, 140-1,450 meters) in the PEP group
and 721 meters (SD =423 meters, range, 2—1,500 meters)
in the IMT group. The differences were statistically non-
significant (P=0.97).

Preoperative and postoperative chest X-rays (CXR’s)
were not available in all patients since the use of bed side
ultrasound for evaluating pleural fluid or pneumothorax
replaced routine postoperative CXR’s in some cases, and in
some patients thoracic CT scans were performed instead
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of CXR’s preoperatively. Changes in the air-filled lung
were measured for 17 patients in the water bottle PEP
group and for 14 patients in the IMT group. There were
no statistically significant differences between intervention
groups when comparing changes in the air-filled lung or in
the amount of atelectasis.

Postoperative pneumothorax was evaluated from CXR’s
for 20 of the water bottle PEP group patients and 18 of the
IMT group patients. One patient in the IMT group had
grade 1 pneumothorax and one patient in the water bottle
PEP group had grade 2 pneumothorax, others had no
pneumothorax as evaluated from the postoperative CXR’.

On the first postoperative day air leak occurred in 8.9%
(4/45) of all patients; two patients in the IMT group had
minor (0-200 mL) air leak and in the water bottle PEP
group one patient had minor and one patient moderate/
severe (over 200 mL) air leak, respectively. On the second
postoperative day, two patients in the PEP group and one
patient in the IMT group had minor air leak, respectively.
However, in water bottle PEP group increased air leak
during physiotherapy necessitated pressure reduction in one
patient at POD1 and POD2. In another patient in the PEP
group physiotherapy was halted at the second postoperative
day due to air leak. The differences in the occurrence of
air leak and in the feasibility of physiotherapy between the
study groups were statistically non-significant.

The mean hospital stay after surgery was 4.0 (SD
=2.8 days) in the PEP group and 3.3 days (SD =1.7 days) in
the IMT group, but the difference was not significant. Chest
tube drainage was continued for 2.4 days (SD =2.7 days) after
surgery in the PEP group and 2.0 days (SD =1.2 days) in the
IMT group. The difference was statistically non-significant.

Discussion

Our randomized controlled intervention study is one of the
first to compare two different respiratory physiotherapy
modalities, water bottle PEP and IMT physiotherapy, with
patients undergoing minor lung resections.

The main finding of this comparison was that water
bottle PEP and IMT physiotherapy were equal in efficiency
when comparing spirometry values at three time points and
walking distances at first and second postoperative day, with
a significantly higher relative mean post-operative FEV1
value and less pain on POD1 in the IMT group.

The effect of thoracic surgery on lung function is
multifactorial. Postoperative pain is a known limiting factor
on breathing mechanics. Intercostal nerve pain can result
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Table 5 Mean postoperative walking distances of the intervention groups on the first and the second postoperative day

PEP IMT
Variable P value
1POD 2POD 1POD 2POD
Walking distance, meters (SD) 390.4 (195.7) 720.4 (332.7) 396.8 (283.6) 721.0 (421.5) 0.97
Range, meters in 24 hours 100-800 140-1,450 0-900 2-1,500

1POD, first postoperative day; 2POD, second postoperative day.

from thoracoscopic access ports but VATS is now generally
known to cause less trauma than thoracotomy, including
muscle sparing procedures. Subsequently, postoperative
recovery after VATS is faster (30). However, lung trauma
from surgical manipulation and subsequent inflammation,
as well as barotrauma to the contralateral lung from single
lung ventilation can occur even after VATS. Apnea of the
procedural sides’ lung is usually required, and atelectatic
areas may remain even after re-establishment of bilateral
ventilation.

Breathing mechanics involve the diaphragm as an
inspiratory muscle, as well as intercostal muscles, abdominal
muscles, and accessory respiratory muscles such as the
scalene and pectoral muscles. At rest, inspiration is an active
process resulting mainly from diaphragmatic contraction and
subsequent expansion of the lower thoracic cavity. Expiration
results mainly from a passive contraction of the thoracic
cavity. During exercise or other active respiratory effort, the
other afore-mentioned muscle groups dynamically enhance
breathing. However, non-synchronic action of the muscle
groups can impair effective respiration (31).

We subjectively observed that IMT required a more
conscious effort and more physical exertion from the
patients. This can be an issue in debilitated patients, or
those impeded by mental confusion or exhaustion caused by
strong analgesics or an extensive surgical procedure. There
were individual variations in pain medication in our series,
but major thoracic surgical procedures were not included. A
debilitating underlying condition such as metastatic cancer,
old age, or co-morbidities can also affect the capability of
the patient to co-operate. PEP exercises can be easier for
the patients to perform, at least to some extent, because
of the passive component of chest wall contraction as well
as aid from abdominal, intercostal, and pectoral muscles.
Conversely, IMT may be more effective as an exercise
in patients who are able to perform it. A conscious effort
required for the exercises will enhance co-ordination of all
muscle groups involved in breathing to create a maximum
inspiratory force against a pre-set resistance of the training
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device, in addition to overcoming the natural airway
resistance.

Average reported daily walking distances were almost
identical in both groups. This indicates a good similarity
in the preoperative characteristics of the patients, but that
a training period of one pre- and two postoperative days
does not improve muscle strength or endurance. Instead,
the beneficial effect to lung function is probably caused by
immediate effect such as clearing of secretions, resolution
of atelectasis and improved co-ordination of breathing
mechanics. The same explanation may apply to why the
inspiratory flow as measured by FIV1 was similar between
groups.

We did not observe a difference in postoperative
radiological manifestations of impaired lung expansion. The
plain chest radiograph has limitations as a measure of lung
dysfunction, and diffuse or limited areas of alveolar collapse
or hypoventilation may appear unremarkable. These can
be further overshadowed by an elevated diaphragm, poor
inspiration, pleural plaques or fluid, chronic parenchymal
lung disease, or differences in X-ray translucency such as
caused by obesity. Also, only 17 of 45 patients had a chest
X-ray within 2 days from surgery, because of a policy to
avoid imaging unless clinically indicated.

In PEP training, the expiratory force to overcome
natural airway resistance as well as the pre-set 10 cmH,O
resistance of the water bottle device will also be directed to
collapsed alveoli and atelectatic areas in the lungs. In IMT
training, a negative pressure gradient is created during
conscious inspiratory effort, diaphragmatic contraction
and expansion of the lower parts of the thoracic cavity.
This may promote a better expansion of basal atelectatic
areas and help clear retained secretions. It may explain the
significantly higher relative mean FEV1 value and a similar
even though statistically non-significant trend in the other
measured spirometry values for the IMT group.

We observed a significant pain advantage in the IMT
group on day 1, but not on day 2. There was no difference
in the frequency of thoracotomy between groups, nor the
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presence of a chest tube, or an epidural or sub-pleural
catheter on either day, ruling out the typical explanations
for a difference in pain. Also, majority of the patients
did not have a pain treatment catheter and were only on
peroral medication after surgery. Ropivacaine 2 mg/mL
was routinely infiltrated into the access ports in patients not
receiving a pain catheter, but its effect does not last till the
next day. It is possible that the IMT group patients were
more alert and determined on postoperative day two to
perform the exercises despite of the required physical effort
and pain experienced during training. Individual tolerance
to pain medication, as well as limitations to the use of per-
oral opiates such as nausea and drowsiness and contra-
indications to anti-inflammatory analgesics may explain
some of the differences. Discharge on day 3 or 4 was
typical in our series, and our policy is to discontinue strong
opiates before that. The NRS scale is a subjective measure
of pain, so differences in reporting may also explain some
differences. Furthermore, in both groups a pain level of
over NRS value 5 was rarely reported, so that inability to
train due to pain was uncommon.

Physiotherapy had to be modified due to air leak only in
the two PEP group patients. While the difference was not
statistically significant between groups, this is in accordance
with our previous finding of a significant advantage for the
feasibility of IMT in spite of air leak in lobectomy and more
extended lung resections (27).

Our general evidence supporting postoperative
respiratory physiotherapy appears consistent. The mean
hospital stay was short at 3 to 4 days for both group, and
there was no hospital mortality considering that 40%
(18/45) of the patients were at risk of complication due
to preoperative malignant diagnosis and 29% (13/45) had
diagnosed chronic lung disease. A moderately or severely
impaired respiratory function was noted preoperatively
in 36% (16/45). In all patients, pulmonary function
significantly worsened immediately after surgery thus
increasing the preoperative risk for pulmonary complications
even though all underwent a less than lobectomy lung
resection. The training was feasible for all of the IMT
group patients and did not increase costs of hospitalization.
Pain or air leak did not impede training in either group.
IMT training may provide an advantage for rehabilitation
by improving the awareness and proprioception of the
respiratory mechanics in patients. It’s mechanism of action
could give better lung expansion by creation of a strong
negative pressure gradient and a surrounding vacuum-like
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effect on the lung during inspiration.

Our observations are in accord with previous studies
(14,20-22), including our own previous study (27) on
the advantages of IMT for lung resection patients. Some
previous studies did not demonstrate any benefit from
respiratory physiotherapy, incentive spirometry or IMT
physiotherapy following pulmonary surgery (7,32-34).
Deductions from the aforementioned studies are hampered
by variability in interventional methods, the timing of
surgery, and the duration of procedures (24).

The strength of this study was the prospective
randomized setting where analyses were conducted
according to the intention to treat principle. The same
physiotherapist guided the patients’ exercises in both
intervention groups, so there should be no difference
between the groups in the quality of guidance.

There are several limitations to this study. The power
calculation indicated that both intervention groups
fulfilled the minimum quota, and there were not drop-
outs or changes to the allocated groups. A main weakness
is still the small number of patients. Although there was
no statistically significant difference between the types
of operations performed, more PEP group patients
had thoracotomies than the IMT group patients which
may have affected recovery. Another weakness is that
blinding the study was not possible because the same
physiotherapist guided all the exercises and also performed
the volumetric spirometry.

We used a daily walking distance in 24 hours as one of
our secondary outcomes instead of six minutes walking
distance (6MWD). The research setup was done in close
accordance with the standard treatment protocol of our unit
in order to avoid additional costs and 6MWD would have
required extra personnel to monitor the tests. Consistent
preoperative data on daily walking distances could not
be obtained because the times of hospital admission and
subsequent recruitment into the study varied from morning
to late afternoon. Patient-reported walking distances may
be sensitive to bias due to differences in patients’ basic
activity, their willingness to do the exercises and variability
in the recording of their walking distances. The more
systematic 6MWD test could have been more comparable
indicator of performance between intervention groups (35).
Also, improvement in 6MWD has been associated with
pulmonary rehabilitation of COPD and lung transplant
patients (36).

Furthermore, long-term recovery could not be studied.
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Due to short average overall hospital stays, the changes
in pulmonary functions could not be studied beyond two
days.

Conclusions

Immediate postoperative decrease in respiratory function
was significant even after minor pleuro-pulmonary
operations and using VATS. Respiratory physiotherapy was
feasible in all patients and appears justified to avoid PPCs.
A significant improvement in postoperative relative FEV1
values may demonstrate an advantage for IMT as compared
to PEP training even though it may be more demanding
for the patient. The observed strenuousness of the IMT
training emphasizes the need of individual guidance
by a respiratory physiotherapist, as well as optimized
postoperative pain control.
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