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Background: Using different respiratory modalities prevents pulmonary complications. Aim: Evaluate 
effect of different respiratory modalities among patients undergoing cardiac surgeries on postoperative 
pulmonary complications rate. Methods: Selective assigned of 150 patients divided into three equal 
groups undergoing cardiac surgeries from a cardiovascular hospital affiliated with Ain Shams University. 
Group A practiced deep breathing and coughing exercise as a respiratory model, Group B utilized 
incentive spirometry as another modality, while group C applied all modalities. Patient's interviewing 
questionnaire, practical observational checklists, and postoperative pulmonary complications 
assessment form were the used tools. A training program was performed for groups. Results: 22%, 14%, 
and 10% from groups A, B, and C developed postoperative pulmonary complications with 27.2% death 
among complicated in group A. Moreover; a significant difference between complications means scores 
among the groups p < 0.01. Conclusion: The combination of different respiratory modalities significantly 
reduces pulmonary complications post-cardiac surgery. 

 

Postoperative pulmonary complications (PPCs) are 
adverse changes occurring in the respiratory system 
resulting from; the reduction of the pulmonary reserve. It 
occurs in 8.0% with valve surgeries and 5.4% with 
coronary artery bypass graft (CABG) [1]. Approximately 
7% of patients with normal preoperative lung function 
and 70% of patients with risk are affected PPCs [2]. 
Estimates suggest that more than 1 million PPCs occur 
annually in the United States, with 46 200 related deaths 
and 4.8 million additional hospitalization days [3]. 
Atelectasis is the common PPCs occurring in 3.86% after 
cardiopulmonary bypass (CPB), followed by 1.54% for 
respiratory failure and 0.58% for pneumonia [4] Another 
study revealed that; 41% of patients post cardiac 
surgeries develop pleural effusions [5] and bronchospasm 
is an unusual complication of open-heart surgery [6]. 
Different respiratory modalities are a routinely prescribed 
exercises employed with medical direction to treat, 
control, and care for patients with cardiopulmonary 
deficiencies [7] Specific deep breathing exercises (DBEs) 
include; pursed-lip and diaphragmatic breathing which 
helps in airway clearance and improves breathing 
efficiency. Incentive spirometry (IS) is a mechanical device 
that helps re-inflate collapsed lungs and re-enforce a 
pattern of breathing [8] Pre-operative patient training on 
modalities is the responsibility of medical staff to prepare 
them for cardiac surgery and ensure post-operative 
continuity [9]. 

Respiratory modalities are considered the major 

component of patient care post-cardiac surgeries, but 
there is a lack of scientific clinical trials describing the 
most effective model for reducing PPCs among cardiac 
patients. Therefore, this study was conducted to evaluate 
effect of different respiratory modalities among patients 
undergoing cardiac surgeries on post-operative 
pulmonary complications rate through the following: 
- Assessing the patients performance level 
(knowledge and practice) regarding different respiratory 
modalities. 
- Developing and implementing training program 
based on the patients' needs. 
- Evaluating the effect of using each respiratory 
modality training program on performance and post-
operative pulmonary complications rate. 
The study hypothesized that there were a significant 
difference in pulmonary complications (PCs) rate among 
post-op cardiac patients who practiced all different 
respiratory modalities (DBEs, coughing exercise and the 
use of IS) versus other groups. 

 

Prospective, double-blind comparative study approved by 
two ethical and research committees; nursing research 
ethical committee, faculty of nursing, Ain Shams 
University, and ethical research committee affiliated to 
Ain Shams University Hospitals, Cairo, Egypt. 
A quasi-experimental design with sequential assignment 
into three equal groups, 50 patients for each one with 
purposive sampling recruited from 2 cardiothoracic 
surgical wards and a postoperative intensive care unit 
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(ICU) at a cardiovascular hospital affiliated with Ain Shams 
University Which serves a large number of patients 
annually, where 1828 patients underwent cardiothoracic 
surgery in 2018. 

Sample size 

A target sample size was calculated based on the results 
of the previous study [10] Equal groups number, two-
sided, and 50 patients in each group should be included 
to be able to detect a differences by power analysis (80%) 
and 5% significance level, chosen based on the following 
equation: 

2(Za/2 + Zβ)
2

 P(1 − P)

(P1 − P2)2
 

Zα = Standard normal deviate for α = 1.9600. 
Zβ = Standard normal deviate for β = 0.8416. 
(Zα + Zβ)2 = 7.84. 
p = 0.44 +0.182. 
(p1-p2)2= -0.066 
The N thus calculated is rounded up to the next highest 
integer to give the group size. 

𝑛 = (
2∗7.84∗0.21

0.066
) = 49.8≈ 50. 

The study was conducted 3 days/ week from January to 
December 2021. All patients met the following criteria ; 
Adult patient with pre-operative ejection fraction > 50%, 
undergoing first median sternotomy for CABG, mitral or 
aortic valve replacement with total bypass time ≤ 150 
minutes, post-operative vitally stable, with no history of 
angina at rest, or any pulmonary or neurological disorders 
that may affect the respiratory system and mechanically 
ventilated < 24hrs. Informed consent was taken by all 
patients. 
The groups distributed as the following: 
- Group (A): Practiced DBE, 3 sets of pursed lip 
followed by 5 sets of diaphragmatic breath then 3 sets of 
coughing exercise / 1hr as a respiratory modality. 
- Group (B): Utilized the IS, 5 sets / 1hr as other 
respiratory modality. 
- Group (C): Applied all respiratory modalities. 
A pilot study carried on 30 patients (20%) of the study 
subjects to test feasibility, simplicity and applicability of 
the study tools and the pilot patients were excluded from 
the sample. 

Equation: 

α =
N. r̅

1 + (N − 1). r̅
 

The patients in each of the three groups were divided into 
3-5 patients / week and filled the data collecting tools 1 
and 2 within 45 minutes then received training program 
containing; 2 theoretical sessions lasting 1hr for each one 
and 2 practical sessions lasting 1hr for groups (A & B) and 
2hrs for (C) interspersed with 5-10 min break were 

applied in the previous mentioned setting. The program 
associated with written instructional booklet in simple 
Arabic language. 
After that, the patients in the groups practiced the 
different respiratory modalities from 8AM to 7pm in the 
two days preceding the surgery and the two days 
following it (the 2nd and 3rd postoperative day). The nurses 
follow-up paper document was developed and discussed 
by the researcher to all assigned nurses in the selected 
setting to follow patients practice after their training 
program content. Effect of program performance was 
evaluated through; pre-program, post-program and 
during the follow-up at 2nd postoperative day while PPCs 
were assessed on the 4th day. 
Tools 
Patients interviewing questionnaire developed tool [11, 
12] contains ; patient’s demographics, clinical data, and 
knowledge. Total (147) questions (35) multiple-choice 
questions (MCQ) and (112) closed-ended; one grade was 
given for each correct answer with a total satisfactory 
level ≥ 75%. 
Patients practice observational check-lists modified tool 
involves; pursed-lip breathing, diaphragmatic breathing, 
coughing exercise, and using of IS. Each tool contains (8) 
items categorizing into "done correctly'' or ''not done''. 
One grade was given for each correct step with a total 
adequacy level ≥ 80 %. 
Patients post-operative pulmonary complications 
assessment form is a developed tool [15-17] which 
was used to monitor (5) PCs; atelectasis, pleural 
effusion, pneumonia, bronchospasm and ARF and its 
related death. Each complication was monitored for 
its related subjective and objective criteria which 
were confirmed or diagnosed by the physician. The 
tool was filled by the researcher in 10-15 mins. The 
item was categorized into" yes'' or '' No''. One score 
was given for each item the patient suffered from and 
zero was given for each item the patient didn’t suffer 
from. Total mean score of each complication in groups 
A, B, and C was calculated. 
The tools validity was done through; 7 medical 
surgical and critical nursing experts. It ranged from 
(71.5%) to (100%) for face and content and (9.6) to 
(9.9) for self-validity and Cronbach alpha reliability 
values ranged from (0.93) to (0.98). 

Statistics 

IBM SPSS (version 26) was used to analyze the data. 
Quantitative variables are presented in ̅ ± SD. Qualitative 
variables were presented in frequency and percentage. 
Shapiro-Wilk and Kolmogorov-Smirnov tests were used to 
determine the normality of data, then the non-parametric 
Chi-square, Post Hoc Mann-Whitney after Kruskal Wallis 
tests were used to compare the groups. 

 

Table 1: Comparison between three groups regarding their characteristics. 

Variables 
G (A) G (B) G (C) 

χ2 𝑷 -value 
N % N % N % 

Age: (years), ̅ ± SD 55.2±9.0 55.3±9.2 57.5± 8.4 2.533 0.865 
Male 29 58 36 72 0.337 66 

2.178 0.337 
Female 21 42 14 28 17 34 

Education: 
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Not read and write 7 14 6 12 6 12 

5.601 0.469 
Read and write 9 18 9 18 15 30 

Secondary education 24 48 24 48 15 30 
High education 10 20 11 22 14 28 

Smoker: 19 38 15 30 13 26 1.735 0.420 
Ex-smoker: 12 24 14 28 16 32 0.794 0.672 

Body mass index (𝐤𝐠/𝐌−𝟐), ̅ ± SD 30.50±4.93 29.96±5.74 30.41±4.92 5.408 0.493 
Type of surgery*: 

Coronary artery bypass graft 25 50 31 62 26 52 1.668 0.434 
Aortic valve replacement 12 24 9 18 10 20 0.569 0.752 
Mitral valve replacement 17 34 16 32 19 38 0.412 0.814 
̅ ± SD: mean ± stander deviation; *more variable; chi square test; and non-significant= 𝑷 >0.05. 

No significant difference between three groups regarding their characteristics 𝑃 > 0.05. (Table 1). 

 
Table 2: Comparison of total satisfactory knowledge for patients in each group. 

Variable 
G (A) G (B) G (C) 

χ2 𝑷1 χ2𝑷 2 χ2𝑷 3 χ2𝑷 1 χ2𝑷 2 χ2𝑷 3 χ2𝑷 1 χ2𝑷 2 χ2𝑷 3 
Total 

satisfactory knowledge 
29.26 
0.000 

52.59 
0.000 

59.59 
0.000 

31.56 
0.000 

46.31 
0.000 

54.59 
0.000 

23.07 
0.000 

36.94 
0.000 

43.75 
0.000 

𝑃 1: pre- posttest; 𝑃 2: pre - follow-up test; 𝑃 3 pre, post and follow-up test; Chi Square test and significance = 𝑃 ≤ 0.01. 
A statistically significant difference in total satisfactory level of knowledge for patients in each group (pre-test, post-test and follow-

up) (𝑃 ≤ 0.01). (Table 2). 

 
Table 3: Comparison of total adequate practices for patients in each group. 

Variable 
G (A) G (B) G(C) 

χ2𝑷 1 χ2𝑷 2 χ2𝑷 3 χ2𝑷 1 χ2𝑷 2 χ2𝑷 3 χ2𝑷 1 χ2𝑷 2 χ2𝑷 3 

Total adequate practices 
31.56 

0.000 
58.60 
0.000 

65.87 
0.000 

11.40 
0.000 

33.76 
0.000 

33.81 
0.000 

19.39 
0.000 

32.18 
0.000 

37.435 
0.000 

𝑷 1: pre- posttest; 𝑷 2: pre - follow-up test; 𝑷 3 pre, post and follow-up tests; Chi Square test and significance = 𝑷≤ 0.01. 
A statistically significant difference in total adequate level of practices for patients in each group (pre-test, post-test and follow-up) 

(𝑃 ≤ 0.01). (Table 3). 

 
Table 4: Distribution of patients in different groups regarding postoperative pulmonary complications. 

Postoperative pulmonary complications 
G (A) G (B) G(C) 

N. % N. % N. % 

Atelectasis 
9 18 

4 8 3 6 
3# 33.3 

Pleural effusion 
7 14 

4 8 3 6 
3# 42.8 

Pneumonia 2 4 4 8 1 2 
Bronchospasm 3 6 3 6 1 2 

Acute respiratory failure 
5 10 

2 4 1 2 
3# 60 

N: number; %: percentage and # death. 

Regarding PPCs; Atelectasis occurred in 18%, 8%, and 6% 
of patients in groups A, B, and C with 33.3% death of the 
affected in G (A), 14%, 8%, and 6% were having pleural 
effusion with 42.8% death of complicated patients in G 

(A), 4%, 8%, and 2% developed pneumonia, 6%, 6% and 
2% had bronchospasm while ARF presented in 10%, 4% 
and 2% with 60% death of suffered patients in G (A). 
(Table 4) 

Table 5: Comparison between the patients in different groups regarding postoperative pulmonary complications 
means scores. 

Parameters 
G (A) G (B) G (C) 

Kruskal Wallis test 𝑷 -value 
̅ 𝑺𝑫 ̅ 𝑺𝑫 ̅ 𝑺𝑫 

Atelectasis 4.5600 4.47743 3.3000 3.81324 2.2800 3.55734 15.324** 0.000 
Pleural effusion 4.6600 4.11870 3.2200 3.33375 2.3800 2.88479 15.184** 0.001 

Pneumonia 4.0800 3.33711 3.2800 3.35663 2.0800 2.91260 14.641** 0.001 
Bronchospasm 4.6400 2.40544 3.7600 2.45415 2.8800 2.37022 16.043** 0.000 

ARF 5.2800 4.23320 3.8800 3.64574 2.8800 2.90418 14.925** 0.0001 
G: group; ̅ ± 𝑺𝑫: mean ± stander deviation; ARF: acute respiratory failure; and significance = 𝑷 ≤0.01. 

The three groups were different in PPCs means scores at 𝑃 (0.000, 0.001, and 0.0001) respectively. (Table 5) 

Table 6: Post Hoc comparison of patients in different groups 

Parameters 
G (A) : G (B) G (B) : G (C) G (A) : G (C) 

𝑷 -value 𝑷 -value 𝑷 -value 
Atelectasis 0.088 0.015** 0.000 

Pleural effusion 0.029* 0.045* 0.000 
Pneumonia 0.167 0.008** 0.000 

Bronchospasm 0.058 0.028* 0.000 
ARF 0.052* 0.113 0.000 
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G: group; Mann-Whitney U test; and significance = 𝑷 ≤0.01 and non-significant= 𝑷 >0.05. 

Groups A and B were different in occurring of pleural 
effusion and ARF 𝑃 (0.029 & 0.052). Other differences 
were found in the development of atelectasis, pleural 
effusion, pneumonia, and bronchospasm between groups 
B and C at 𝑃 (0.015, 0.045, 0.008 and 0.028). Furthermore; 
there was a difference between groups (A and C) in all 
PPCs where 𝑃 (0.000). Table (6). 

 

This study shows that; the combination of DBEs, coughing 
exercise, and IS are the most effective respiratory model 
for preventing/reducing the PPCs among patients 
undergoing cardiac surgeries. It is believed to be the first 
study to evaluate efficacy of using different respiratory 
modalities to estimate which one of the three different 
groups of patients undergoing cardiac surgeries had no 
PPCS after conducting training program sessions because 
of limited scientific clinical trials in this field. The current 
study was based on a previous comparative study in 
upper abdominal surgery [18] and other systemic review 
related prevention of PPCs after heart surgery [10]. 
The study revealed, a significant difference in total 
satisfactory level of knowledge for patients in each group; 
pre-test, post-test and follow-up test 𝑃 (0.000), reflected 
the positive effect of the training program, high readiness, 
and engagement in the sessions. This is in line with Sallam 
et al. [19] who noticed; an increase in overall patients 
knowledge from pre-test to post-test. 
Concerning total adequacy level of patients practices, 
there was a significant difference in total adequate level 
of practices for patients in each group which the patients 
practices were enhanced in post-test and follow-up tests 
than pre-test 𝑃 (0.000). This reflects the patients' desire 
for applying different breathing modalities in a correct 
manner. This is in line with Rodrigues who noticed; a 
significant difference between patients’ performance in 
pre-test and post-test regarding breathing exercises. 
Fortunately, this study displayed that; less than one-fifth 
of groups A, B, and C suffered from post-operative 
atelectasis, pleural effusion, pneumonia, bronchospasm, 
and ARF. Following the present study, a previous 
comparative study showed that; less than one-fifth of the 
intervention group was affected by PPCs after breathing 
exercise application opposite three-fifths of the control 
group [20]. However, such study was conducted in upper 
abdominal surgeries. 
In relation to mortality, the current study revealed that; 
more than one-third of patients who developed 
atelectasis, more than two-fifths of patients with pleural 
effusion, and three-fifths of ARF patients in G (A) died 
opposite no mortality among groups (B and C). This 
contradicted with a study that reported in their review 
that; the percentage of death resulting from PPCs ranged 
from less than one-fifth to one third. 
There was a statistical significant difference between 
groups A, B, and C regarding overall PPCs after practicing 
the different respiratory modalities 𝑃 < (0.001) which 
indicates; that there were one or more models are more 
effective in preventing the PPCs. This contradicted with a 

study that showed comparative results and noticed that; 
no statistical significant difference between pulmonary 
function among patients groups who applied three 
respiratory physical therapy techniques 𝑃 > (0.05). 
Post-hoc comparisons of patients in different groups 
revealed that; a significant difference between groups A 
and B regarding the development of pleural effusion and 
ARF 𝑃 ≤ (0.05). Other significant differences between 
groups B and C regard all PPCs occurrence; except ARF 𝑃 
> 0.05. Moreover, there were a significant difference 
between groups A and C regards overall PPCs 𝑃 (0.000), 
revealing that the respiratory model applied by group C 
was the most effective one than other modalities used. 
This is supported by Ali et al. [18] who did a comparative 
study and found that; DBE and flow IS were 
recommended than each one alone in the prevention of 
PCs. However, this study was conducted in upper 
abdominal surgery. 

 

Unavailability of the used respiratory modality (IS) in the 
selected study setting. No policy for storing patient 
personal IS modality. 

 

The use of different respiratory modalities had 
statistically significant effect on reducing PPCs among 
patients post cardiac surgeries. 
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