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EFFECTS OF PERIOPERATIVE 
RESPIRATORY REHABILITATION 
IN LUNG CANCER RESECTION: 
A PILOT STUDY

  INTRODUCTION
Lung cancer is the most common cause of cancer 
mortality in males and females worldwide (Ferlay 
et al., 2010). Furthermore, the increase in global to-
bacco smoke leads to a rising of lung cancer mortal-
ity (Pesch et al., 2012). The treatment of lung cancer 
is based on surgery, radiation therapy, chemotherapy, 
and palliative care. These therapies may be used alone 
or in combination, in attempt to cure or manage the 
adverse effects of the malignant lung lesions (Bongers 
et al., 2012; Kim et al., 2012). The complete surgi-
cal resection is currently the only curative treatment 
for lung cancer. However, many of those patients are 
also affected by chronic obstructive pulmonary dis-
ease (COPD) (Ciatkowska-Rysz et al., 2012; Logana-
than et al., 2006) which increases their risk of PPCs 
and their likelihood of being considered inoperable 
(Benzo et al., 2012; Agostini et al., 2010; Sekine et 
al., 2002). Physiotherapy has been used in preven-
tion and treatment of major surgery complications 
since 1960s. Indeed, PPCs are an important cause of 
discomfort and morbidity for patients and lead to a 
longer intensive care and hospital stay (Reeve et al., 
2010; Zehr et al., 1998; Taylor et al., 1990). There are 
evidence supporting the efficacy of Respiratory Reha-
bilitation (RR) in the global management of patients 
with respiratory disease and RR programs are prac-
ticed worldwide (Troosters et al., 2005). Moreover, 
the role of RR in the preoperative setting has been 
widely investigated in patient with pulmonary disease 
candidate for lung resection surgery and it is consid-
ered a crucial component in the treatment strategy of 

patient with high surgical risk (Pasqua et al., 2013; 
Singh et al., 2013; Celli, 2004). PRR has been sug-
gested as an intervention to reduce surgical morbidity 
but there is not jet an established treatment protocol 
(Benzo et al., 2012). The aim of this study is to evalu-
ate the impact of short term PRR on the changes of 
respiratory functions and clinical conditions in pa-
tients with malignant lung cancer lesion and reduced 
respiratory functions, with high risk to develop PPCs.

  METHODS AND MATERIALS
Population
This pilot study took place in the Department of Tho-
racic Surgery at “Santo Spirito” Civil Hospital, Pes-
cara (Italy), from January to April 2018. To be eligible 
for enrolment in this study, patients should be enlisted 
for pulmonary resection surgery for lung cancer with 
FEV1 lower than 61% (Agostini et al. 2010; Licker et 
al., 2006). A total of 15 patients were included (Table 
1). All the patients gave informed written consent to 
the experimental procedure, which was in accordance 
with the latest revision of the Helsinki Declaration for 
Human Research and with the procedures concerning 
the privacy protection of subjects participating in bio-
medical research, as defined by ISO 9001 standards 
for research and experimentation. 
Rehabilitation protocol
All patients were evaluated at admission (T0) and be-
fore surgery (T1). The rehabilitation protocol started 
on the day of admission in hospital and lasted on av-
erage after 6 days (until the operation day). In addi-
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ABSTRACT
The aim of this study is to evaluate the impact of short term Preoperative Respiratory Rehabilitation (PRR) on the 
changes of respiratory functions and clinical conditions in patients with malignant lung cancer lesion and reduced 
respiratory functions, with high risk to develop postoperative pulmonary complications (PPCs). A total of 15 patients 
were treated with PRR protocol. The rehabilitation programme was concluded by all patients. They showed a statisti-
cally significant improvement of lung functionality Forced Vital Capacity (FVC) (p=0,004), Forced Expiration Value 
in the first second (FEV1) (p<0,001) and walking distance (p<0,001). In addition, there was a significant enhance-
ment of Partial Oxygen Saturation (SpO2) (p=0,002), Hart Rate (HR) (p=0,002) and Borg Dyspnoea Scale values 
(p=0,003) indicate a better cardiorespiratory functionality.
In conclusion a short feasible PRR is suitable in patients’ candidate to thoracic surgery. O
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tion to PRR, all patients received optimization of the 
pharmacological treatment and smoking cessation. 
Patients were educated to practice deep and slow 
breathing (deep respiration cycle with prolonged ex-
piration with half closed lips) (Raupach et al., 2008; 
Westerdahl et al., 2005). Deep and slow breathing 
helps the removal of secretion and thoracic mobility, 
highlighting relaxes and dyspnoea control (Hillegass 
et al., 2001; Hough, 2001). Patients were also trained 
in mobilization exercises for thorax and the using of 
respiratory devices (1. Acapella® Choice Vibratory 
PEP Device, Smiths Medical ASD; Coach 2 ® Incen-
tive Spirometer 4000 ml, Smiths Medical).
In the morning patients were supervised by the physi-
otherapist during the execution of deep and slow 
breathing (30 repetitions), during the exercise with 
respiratory devices (30 repetitions for each device) 
and in the mobilization exercises for thorax (30 min-
utes). Then patients underwent cardiorespiratory 
incremental training on treadmill. Time and speed 
initially showed in.  During the cardiorespiratory 
training HR, SpO2 and Dyspnoea (Borg Scale) was 
monitored. In the afternoon, patients were instructed 
to perform breathing exercises and respiratory devic-

es. The self-treatment program was organized in five 
afternoon sessions, one every hour approximately. 
Each session consisted of: deep and slow breathing 
(at least 10 repetitions) and exercise with respiratory 
devices (at least 10 repetitions for each device). In ad-
dition, patients should walk in the thoracic ward for 
20 minutes in the first 3 days, and 30 minutes in the 
last 3 days, or alternatively 3000 steps every day (step 
countered). 
Outcome measures
Outcome measures were respiratory functions evalu-
ated with spirometry (Spirolab III ver. 3.4) in par-
ticular, FVC and FEV1; functional capacity meas-
ured with 6 Minute Walk Test (6MWT) according to 
American Thoracic Society recommendations (ATS 
Committee, 2002). In order to evaluate the quality 
of the postoperative course we compared our study 
group with a representative control group of patients 
admitted in the same Department of Thoracic Surgery 
at “Santo Spirito” Civil Hospital – Pescara (Italy), 
from January to April 2017 (same period of the study 
group, but one year before). From the clinic records 
and inclusion criteria it was selected 17 patients (Ta-
ble 2). This group did not receive PRR.

Table I - Baseline characteristics of the study group
Numero di pazienti/Number of patients 
 15
Età media (anni)/Mean age (years)               72,93±9,75

Genere/Gender
Maschi/Male                              6  40%
Femmine/Female                  9  60%

Fumatori/Smokers       14  93%
Media FVC1, litri (%)/Mean FVC1, litres (%)               1,82±0,34 (62,07±8,74%)
Media FEV12, litri (%)/Mean FEV12, litres (%) 1,38±0,34 (60,13±7,75%)
FEV12  (stratificazione)/FEV12 (stratification)
<50%                          1   6,70%
50%<x<60%                              5  33,30%
60%<x<70%                           8  53,30%
70%<x<80%                             1  6,70%
Media 6MWT3 valori/Mean 6MWT3 values
Distanza cammino Metri/Walking distance (Meters) 
 181,80±68,19 SpO2

4 %
Basale/Basal                   97,00±1,41
Fine del test/End of test                                           96,07±2,28
HR5 bpm6/HR5 bpm6

Basale/Basal                                      80,40±9,55
Fine del test/End of test                                           92,60±11,50
Scala Borg Modificata (Dispnea)/Borg Modified Scale (Dyspnoea)
Basale/Basal                                                 0,13±0,23
Fine del test/End of test                                          0,77±1,07
Operazione prevista/Foreseen operation
Bilobectomia/Bilobectomy                              1  6,70%
Resezione a doppio cuneo/Double wedge resection 2  13,30%
Lobectomia/Lobectomy                               8  53,30%
Pneumonectomia/Pneumonectomy                           2  13,30%
Resezione cuneiforme/Wedge resection                 2  13,30%

Note: 1FVC = Capacità Vitale Forzata, 2FEV1 = Volume Espiratorio Forzato nel primo secondo, 36MWT = 6 Minutes 
Walk Test, 4SpO2 = Saturazione parziale di Ossigeno, 5HR = Ritmo Cardiaco, 6bpm = battiti per minuto.
Notes: 1FVC = Forced Vital Capacity, 2FEV1 = Forced Expiration Volume in the 1st second, 36MWT = 6 Minutes 
Walk Test, 4SpO2 = partial Oxygen Saturation, 5HR = Heart Rate, 6bpm = beats per minute.
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Table II – Baseline characteristics of the control group

Numero di pazienti/Number of patients 
      17
Età media (anni)/Mean age (years)                65,41±12,32
Genere/Gender
Maschi/Male       13  76,5%
Femmine/Female                  4  23,5%
Media FVC1, litri (%)/Mean FVC1, litres (%)               2,62±0,75 (79,18±16,55%)
Media FEV12, litri (%)/Mean FEV12, litres (%) 2,35±0,62 (89,06±16,60%)
Operazione prevista/Foreseen operation
Lobectomia/Lobectomy    5  29,41%
Resezione a doppio cuneo/Double wedge resection 2  11,76%
Lobectomia e pleurectomia/Lobectomy e pleurectomy 2  11,76%
Pneumectomia/Pneumonectomy                 2  11,76%
Resezione cuneiforme/Wedge resection                  4  23,53%
Bilobectomia/Bilobectomy                 2  11,76%

Note: 1FVC = Capacità Vitale Forzata, 2FEV1 = Volume Espiratorio Forzato nel primo secondo.
Notes: 1FVC = Forced Vital Capacity, 2FEV1 = Forced Expiration Volume in the 1st second.

Tab. 2

Table III - Outcomes after PRR1 before surgery (mean values)

Lunghezza dell’ospedalizzazione (giorni)/Length of hospital stay (days) 14,87±5,83

Pazienti con PPCs2/Patients with PPCs2                                                      

        1

FVC3, litri (%)/FVC3, litres (%)  2,11±0,49 (72,67±12,65) p=0,004 (p=0,006)
 media miglioramento, litri (%)/mean improvement, litres (%) +0,29 (+10,60)

FEV14, litri (%)/FEV14, litres (%)   1,61±0,20 (69,00±4,61) p<0,001 (p<0,001)
 media miglioramento, litri (%)/mean improvement, litres (%) +0,23 (+8,87)

6MWT5 valori/6MWT5 values
Distanza cammino (metri)/Walking Distance (meters) 270,00±113,95 p<0,001
 media miglioramento (metri)/mean improvement (meters)              +88,20
SpO2

6 %/SpO2
6 %

Basale/Basal     97,73±1,16 p=0,046
 media miglioramento/mean improvement   +0,73
Fine del test/End of test      97,53±1,30 
 p=0,002
 media miglioramento/mean improvement   +1,47
HR7 bpm8

Basale/Basal     77,20±8,10 p=0,015
 media miglioramento/mean improvement   -3,20
Fine del test/End of test    86,13±10,22 p=0,002
 media miglioramento/mean improvement    -6,47
Borg Modified Scale (Dyspnoea)
Basale/Basal     0,03±0,13 n.s.
 media miglioramento/mean improvement     -0,10
Fine del test/End of test    0,23±0,42 p=0,003
 media miglioramento/mean improvement    -0,87

Note: Il p value si riferisce alla differenza tra pre e post riabilitazione ed è ottenuto mediante Wilcoxon’s signed rank 
test (paired sample). 1PRR = riabilitazione respiratoria preoperatoria,2PPCs = complicazioni polmonari postoperatorie, 
3FVC = Capacità Vitale Forzata, 4FEV1 = Volume Espiratorio Forzato nel primo secondo, 56MWT = 6 Minutes Walk 
Test, 6SpO2 = Saturazione parziale di Ossigeno, 7HR = Ritmo Cardiaco, 8bpm = battiti per minuto.
Notes: The p value is referred to the differences between pre and post rehabilitation and obtained with the Wilcoxon’s 
signed rank test (paired sample). 1PRR = preoperative respiratory rehabilitation,2PPCs = postoperative pulmonary 
complications, 3FVC = Forced Volume Capacity, 4FEV1 = Forced Expiration Volume in the 1st second, 56MWT = 6 
Minutes Walk Test, 6SpO2 = partial Oxygen Saturation, 7HR = Heart Rate, 8bpm = beats per minute.

Tab. 3
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Statistical analysis
Computations have been performed using the NCSS© 
for Windows statistical software package (NCSS© 
LLC, version 9, Kaysville, UT). Data are expressed 
as mean ± standard deviation (SD). Results were com-
pared by Wilcoxon’s signed rank test (paired sample), 
or by Wilcoxon’s Rank Sum Test (two sample), or by 
Fisher’s exact test. A p value less than 0,05 was con-
sidered significant.

  RESULTS
All 15 patients successfully completed the PRR proto-
col. There was a statistically significant increment in 
the FVC (p=0,004), FEV1 (p<0,001) which is crucial 
because of the eligibility of patient’ surgery. A signifi-
cant improvement recorded in all 6MWT parameters 
that is related to a better cardiorespiratory functional-
ity (Table 3). The comparison between groups showed 
that the patients of representative control group were 
hospitalized for a longer period (p<0,05) and a greater 
number of patients have been subject to PPCs (n.s.) 
(Figure 1). Only one patient of study group had PPCs 
(bronchial obstruction). 

  DISCUSSION
The development of a short and feasible PRR pro-
tocol is linked to the schedule needs that a Thoracic 
Surgery Unit requires in a Public Hospital. The posi-
tive impact of PRR was investigated in literature. The 
rehabilitation treatment included breathing exercises, 
endurance training and using of respiratory devices 
(Divisi et al., 2013; Mujovic et al., 2013; Bobbio 
et al., 2007; Cesario et al., 2007; Jones et al., 2007; 
Spruit et al., 2006). Considering a short period of re-
habilitation before surgery, an interesting work comes 

from Sekine et al. (Sekine et al., 2005) reporting that 
a 2-week PRR starting on admission in hospital, re-
duced the length of stay of 22 patients. Again, in this 
perspective, another study comes from Yanez-Brage, 
which included 263 patients treated with thoracic 
surgery who received only one day of PRR (incen-
tive spirometry, deep breathing, coughing exercises 
and education on early postoperative ambulation). 
This article proved that the incidence of postoperative 
atelectasis was significantly reduced to 50% (Yanez-
Brage et al., 2009). Our protocol for patients with 
lung malignant tumour lesion, admitted and enlisted 
for thoracic surgery, with reduced respiratory func-
tionality and at high risk for PPCs, showed interest-
ing results about the respiratory functions and clinical 
postoperative status. It achieved a reduction of length 
of hospital stay and number of patients with PPCs, 
with significant decrement of expenses. A rehabili-
tation based on educational treatment is not enough 
(Reid et al., 2010). Indeed, this pilot study integrated 
aerobic and mobilization exercises, breathing and 
educational aspects in an intensive system were pa-
tients being supervised and self-treated. Anyway, the 
positive response we received from patients’ diaries 
on supports the importance of their education. If cor-
rectly educated on how to perform the assignments, 
patients gained self confidence in their possibilities 
and abilities. They also became able to repeat them 
in the postoperative phase without problems or pain. 
This allows fostering their autonomy during the re-
habilitation process and in preparation for surgery. In 
this hypothesis, patients were encouraged to become 
an active participant in this preparation program for 
the surgery. Self-efficacy has been identified as an im-
portant mediator of behavioural changes, especially 

Fig. 06.1. Comparison between the study group and the control group. Clinical conditions before surgery are shown in the 
first row of graphics. Outcome measures are shown in the second row of graphics. 
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in patients with COPD and cancer (Jerant et al., 2011; 
Lemmens et al., 2008; Van Weert et al., 2007). Fur-
thermore, recent studies recommend promoting self-
efficacy even during respiratory rehabilitation (Bent-
sen et al., 2010; Janssen et al., 2010). The practice of 
slow and deep breathing (reducing the respiratory ra-
tio and prolonging expiration phase) showed benefits 
in patients with COPD, decreasing sympathetic tone 
(Raupach et al., 2008). In our experience, this practice 
leads the patients of the study group to better manage 
the postoperative pain (Friesner et al., 2006), improv-
ing the quality of the postoperative period (Kshettry 
et al., 2008). The cardiorespiratory aerobic training 
enhances cardio respiratory functions with important 
implications for the postoperative course (Jones et al., 

2007). The positive results in a short feasible PRR 
protocol, which could become a useful method to im-
prove functional status for inpatients enlisted for tho-
racic surgery. Further trials, with a larger number of 
patients, could corroborate these findings, and also in-
clude the assessment of the follow up of the patients.

  CONCLUSIONS
In conclusion, a short feasible PPR protocol for pa-
tients with lung malignant tumour lesion, admitted 
and enlisted for thoracic surgery, with reduced res-
piratory functionality and at high risk for PPCs could 
be considered as an efficient treatment for the opti-
mization of the status of patients both pre and post 
thorax surgery.  
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