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↑What is “already known” in this topic: 
The use of positive end-expiratory pressure is one of the ways 
to treat atelectasis after cardiac surgery. It is not as a preventive 
method for the atelectasis. It's also a controversy about its ben-
eficial level.   

→What this article adds: 
The use of 10 cm H2O PEEP can lead to a reduction in the 
incidence of atelectasis, intubation time at the ICU and length 
of ICU and hospital stay. Given that this level of PEEP is ef-
fective, this method is recommended to be used in postopera-
tive care of patients.  
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Abstract 
    Background: The use of positive end-expiratory pressure (PEEP) can have an important role as one of the ways to prevent and treat 
atelectasis, but it seems that there is still no consensus about its beneficial level. The aim of this study was to determine the effect of 
different levels of PEEP on the incidence of atelectasis after heart surgery. 
   Methods: This is a double-blind randomized controlled trial that was adopted from a research project recorded in the Iranian Regis-
try of Clinical Trials. This paper is the result of a research project undertaken at Fatemeh Zahra Hospital (Mazandaran Heart Center) in 
2015. 180 patients underwent open heart surgery were selected and were divided randomly into three groups: control, PEEP=8, and 
PEEP=10 (60 in each group). The patients in the two PEEP8 and PEEP10 intervention groups separately received 8 cm H2O and 10 
cm H2O PEEP, respectively, 30 minutes after admission to the ICU for 4 hours and then received 5 cm H2O PEEP until extubation. 
Atelectasis was examined two hours after the extubation and on the third day after surgery. 
   Results: The incidence rates of atelectasis two hours after extubation on the first day of surgery were 22 (36.7%), 20 (33.3%) and 10 
(16.7%) patients in the control, PEEP8 and PEEP10 groups, respectively. The differences were statistically significant among the three 
groups (p=0.035). The incidence rates of atelectasis on the third day after surgery were 39 (65%), 36 (60%) and 21 (35%) patients in 
the control, PEEP8 and PEEP10 groups, respectively. The differences were also statistically significant among the three groups 
(p=0.003). 
   Conclusion: The use of 10 cm H2O PEEP can lead to a reduction in the incidence of atelectasis, intubation time at the ICU and 
length of ICU and hospital stay. Given that this level of PEEP is effective, this method is recommended to be used in postoperative 
care of patients.  

Keywords: Positive End-Expiratory Pressure, Postoperative pulmonary complications, Atelectasis, Cardiac Surgery, Hemodynamic 
indices, Oxygenation indices. 
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Introduction 
Pulmonary complication is one of the most important 

and serious early problems after heart surgery (1, 2), 
which is a major cause of prolonged hospitalization, in-
creased healthcare costs and mortality (3). Some of the 
pulmonary complications after heart surgery include ate-

lectasis, pneumonia, pulmonary edema, pleural effusion, 
acute respiratory distress syndrome (4, 5).  

Atelectasis is one of the most common respiratory com-
plications after open-heart surgery. Its prevalence after 
heart surgeries has been reported Up to 78% of pulmonary 
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complications (6). The incidence of atelectasis after heart 
surgery has been reported 75% in an Iranian study (7). 
Atelectasis is characterized by the collapse of the alveoli, 
lobules or larger unit respiratory systems that occurs after 
thoracic surgeries due to reasons such as uneven distribu-
tion of ventilation and perfusion due to factors such as 
anesthesia (8, 9), extracorporeal circulation, sternotomy, 
analgesics (8, 10), respiratory muscle dysfunction (9), 
post-operative pain, drainage (11), decreased phrenic 
nerve activity and diaphragmatic dysfunction (4, 12), 
which lung volumes are reduced, and atelectasis happens 
then. The importance of postoperative atelectasis is due to 
the absence of obvious clinical symptoms, and therefore it 
does not attract the attention of medical personnel and 
healthcare staff. In addition, it is progressive and can lead 
to other pulmonary complications such as nosocomial 
pneumonia and subsequent increase in the length of hospi-
tal stay as well as rising costs for healthcare systems (3, 
13). 

To prevent and treat pulmonary complications after 
heart surgery, various methods have been proposed, in-
cluding active respiratory physiotherapy such as deep 
breathing along with coughing, incentive spirometry, fre-
quent change of position in bed and faster ambulation of 
patients, as well as passive methods such as intermittent 
positive-pressure breathing (IPPB), positive end-
expiratory pressure (PEEP) and continuous positive air-
way pressure (CPAP) (14). Given the simultaneous use of 
all active respiratory physiotherapy procedures, the high 
incidence rate of atelectasis after heart surgery is still re-
ported in patients (7, 15). One of these methods that are 
utilized less as a preventive operation is the use of PEEP 
in patients undergoing mechanical ventilation in the inten-
sive care unit or during recovery. PEEP is applied along 
with an increase in respiratory factors, lung volumes and 
improved gas and alveolar exchanges (16, 17), and is rec-
ommended for the main treatment of collapse created in 
patients under anesthesia with healthy lungs (18, 19), ate-
lectasis treatment and improved arterial oxygenation (20, 
21). Some studies on the benefits of PEEP different levels 
reported that elevated values could lead to a reduction in 
ventilator duration and increased survival odds ratio (22). 
A study on the adverse effects of high levels (PEEP>10 
cm of water) reported an increase in ventilation duration, 
prolonged intubation (23) and increased length of hospi-
talization (24). This complication in above studies result-
ing from the use of PEEP was equal to 30 cm of water. 
Some of the articles pointed out the lack of difference 
among different levels (25-27). Meanwhile, most of the 
studies examined patients undergoing coronary artery by-
pass graft surgery, and no studies have been done on other 
cardiac surgical patients. Moreover, the application of 
PEEP is raised as an effective therapeutic method and is 
used less as a preventive method for all patients. 

It appears that one of the ways to prevent atelectasis is 
the use of positive end-expiratory pressure for all eligible 
patients that can be a preventive way, but not for treat-
ment. Based on our recent review of literature, no study 
has been published on the effect of different levels of 
PEEP as a preventive measure for eligible patients. 

Considering the high incidence of atelectasis following 
open heart surgery in spite of using active and passive 
breathing exercises and taking into account the impact of 
increased PEEP levels on respiratory, lung capacity, im-
proved gas and alveolar exchange as well as pulmonary 
volumes, this study was conducted to determine the effect 
of different PEEP levels  on the incidence rate of atelecta-
sis, pulmonary function, length of intubation duration and 
length of hospitalization to improve the mentioned com-
plications. 

 
Methods 
This is a double-blind randomized controlled trial that 

was adopted from a research project and thesis in the field 
of critical care nursing approved by Mazandaran Universi-
ty of Medical Sciences, Iran (No.1855 on 21/07/2015) It 
has been registered in the Iranian Registry of Clinical Tri-
als (IRCT201507307494N14), and obtained the code of 
ethics committee (IR.MAZUMS.REC.94-1855). Study 
population was composed of all of the patients who had 
undergone an open-heart surgery and were hospitalized in 
either cardiac surgical ward or post-cardiac surgery inten-
sive care unit at Fatemeh Zahra Hospital (Mazandaran 
Heart Center, Sari, Iran) during September 2015 – Febru-
ary 2016. Sample size was calculated to include at least 55 
subjects in each group according to the similar article and 
the incidence rate of atelectasis(28), using the following 
formula and considering a minimal difference of 25% 
between the two groups, α=0.05, β=0.20, p1= 0.50 in the 
control group, and p2=0.25 in the experimental group.  
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Considering a dropout rate of 30%, the sample size in-
creased to 77 individuals, which was then further rounded 
up to 80 (per group) to enhance the accuracy. According 
to our CONSORT diagram (Fig. 1), after the dropout, 
each group ended up to contain 60 samples. 

After legal procedures and obtaining necessary approv-
als from the authorities and ethics committees at Ma-
zandaran University of Medical Sciences, Iran, referring 
to Mazandaran Heart Center, the patients were selected. 
Using accessible sampling and a random-number table 
patients were randomly assigned into three groups: control 
(PEEP= 5), PEEP= 8 and PEEP= 10. Researcher reviewed 
the list of patients waiting for heart surgery, interviewed 
the patients and explained about this survey. Consent was 
taken from the patients after having inclusion criteria. 

Inclusion criteria were non-emergency open heart sur-
gery (coronary artery bypass grafting, heart valve re-
placement, combined with sternotomy and cardiopulmo-
nary bypass techniques), age range of 18-65 years, lack of 
ejection fraction less than 30% in the preoperative an-
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giography sheet due to its negative effects on the patient's 
breathing pattern, no history of chronic lung disease and 
any damage to the lungs, no previous history of open heart 
or lung surgery, no history of rib fractures and chest tube, 
no history of head or nasal trauma, neurologic disease 
history and frequent sinus infections. 

Exclusion criteria included history of chemotherapy,  
the use of immunosuppressants during three months prior 
to surgery, arterial systolic pressure less than 90 mmHg 
despite fluid intake, arterial PH less than 7.30, arterial 
carbon dioxide pressure over 50 mmHg, arterial oxygen 
saturation less than 80% despite receiving supplemental 
oxygen, blood hemoglobin less than 7 g/dl after surgery, 
serum creatinine over 3.5 mg/dl and body mass index 
(BMI) over 40 kg/m2 due to increased risk of developing 
postoperative respiratory complications, as well as post-
operative hemodynamic instability (systolic blood pres-
sure below 80 mmHg), aortic clamp time over 150 

minutes, cardiopulmonary bypass time over 240 minutes, 
use of intra- and postoperative intra-aortic balloon pump 
(IABP), intubated for more than 24 hours, retransmission 
to the operating room, require ventilation - therapeutic 
protocol and hypotension after intervention up to 10 
mmHg of baseline blood pressure. The participants were 
allocated in three groups of PEEP8, PEEP10, and control 
using Excel's RANDBETWEEN function. Each group 
was identified by a letter: A to PEEP8, B to PEEP10, and 
C to control group. 180 envelopes were sequentially num-
bered from 1 to 180 for three groups. Each opaque and 
sealed envelope contained a letter (A, B, or C) randomly 
selected using RANDBETWEEN function of Excel. This 
procedure was carried out by someone not involved in the 
project. The first eligible patient was designated as num-
ber one, and the envelope numbered one was then opened, 
and the patient was allocated to one of the three groups 
based on the letter contained in the envelope. The data 

 
 
 Total number of patients undergoing 

heart surgery 
N= 465 

240 patients were included 
by randomization method 

Control group, N=83 

Excluded samples (N =225) 
Dissatisfaction to participate in the 
research, N=65 
Age over 65 years, N=94 
Ejection fraction less than 30%, 
N=18 
History of open heart and thoracic 
surgeries, N=4 
History of lung disease, N=11 
Emergency surgery, N=18 
History of neurological disease and 

PEEP = 8 group, N =78 PEEP = 10 group, N =79 

Duration of cardiopulmonary 
bypass pumps more than 240 min, 
N=1 
The use of intra-aortic balloon 
pump, N=3 
Outside the study respiratory 
protocol, N=7 
Retransmission to the operating 
room N=7 
Intubation over 24 hours, N=5 

Duration of cardiopulmonary bypass 
pumps more than 240 min, N=3 
Duration of aortic clamping more 
than 150 min, N=4 
The use of intra-aortic balloon pump, 
N=3 
Outside the study respiratory 
protocol, N=5 
Retransmission to the operating room 
N=3 

Duration of cardiopulmonary bypass 
pumps more than 240 min, N=5 
The use of intra-aortic balloon 
pump, N=3 
Outside the study respiratory 
protocol, N=4 
Retransmission to the operating 
room N=4 
Systolic blood pressure less than 80 
mmHg, N=3 

N=60 People were 
statistically 
analyzed. 

N=60 People were 
statistically 
analyzed. 

N=60 People were 
statistically 
analyzed. 

 
Fig. 1. Consort flow 
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gathering tool consisted of demographic questionnaire, 
medical and surgical questionnaires, which the researcher 
recorded all of them. The demographic and medical in-
formation were age, sex, smoking, and body mass index. 
Data on surgical and postoperative status included the 
type of surgery (vessels, valves, combined), number of 
grafted vessels, duration of surgery, cardiopulmonary by-
pass time, aortic clamp time, number of chest tubes, dura-
tion of mechanical ventilation in the ICU, duration of in-
tubation and atelectasis on chest x-ray, which were col-
lected through patient records and during the process of 
patient care and the mentioned questionnaire. 

Before the intervention, the incidence rate of atelectasis 
was measured in all three groups. The patients in control 
group by having the inclusion criteria and 30 minutes after 
admission to ICU received 5 cm H2O PEEP until extuba-
tion according to routine care. The patients in the two 
PEEP8 and PEEP10 intervention groups separately re-
ceived 8 cm H2O PEEP and 10 cm H2O PEEP, respective-
ly, 30 minutes after admission to the ICU for 4 hours in 
the absence of impairment of the hemodynamic status and 
then had 5 cm H2O PEEP until extubation. The incidence 
rate of atelectasis two hours after extubation and on the 
third postoperative day (72 hours after surgery) was rec-
orded. None of the routine care in all three groups was 
omitted, but the entire health care was tried to be done. 
The initial consequence was atelectasis, as interpreted by a 
radiologist based on chest X-ray radiography. The sec-
ondary consequences included intubation time in post-
cardiac surgery intensive care unit, length of ICU and 
hospital stay. 

The researcher collected the required information and 
followed up the patients in all three groups. Since the pa-
tients and radiologists, who interpreted the chest X ray, 
were unaware of the type of intervention and grouping, 
the study was considered as double-blind trial. Data were 
analyzed using SPSS version 20 software through descrip-
tive statistic such as frequency, mean, standard deviation 
and  analytical statistics, ANOVA, Chi-square, 
McNemar’s and repeated measures ANOVA tests. A p-
value <0.05 was considered significant in this study 

 
Results 
After excluding 23 patients from the control group, 18 

from PEEP8 group and 17 from PEEP10 group, 60 pa-
tients were finally analyzed in each group. Comparison of 
demographic variables among the groups indicates that the 
data for age, sex, body mass index and smoking were not 
significantly different (Table 1). 

In addition, there was no statistically significant differ-
ence among the three groups for variables associated with 
surgery including type of surgery, number of chest tubes, 
number of grafted vessels, duration of anesthesia, duration 
of aortic clamping and duration of cardiopulmonary by-
pass pump (Table 2). 

The chest x-ray results showed significant difference 
among the three groups for incidence of atelectasis two 
hours after extubation (p<0.05). There was a difference 
between the control group (22 patients, 36.7%) and the 
intervention group of PEEP10 (10 patients, 16.7%) 
(p=0.03). This comparison indicated significant difference 
between the intervention group of PEEP8 (20 patients, 

Table 1. Comparison of demographic variables among patients undergoing heart surgery in three groups 
Variables Groups Test and P 

value 
 

PEEP = 5 
(n=60) 

PEEP = 8 
(n=60) 

PEEP = 10 
(n=60) 

Age (year), (mean ± SD) 54.87±8.72 55.93±8.84 56.38±8.94 F=0.464 
p=0.63NS 

Sex Male, n (%) 35 (58.33) 34(56.73) 36(60) x2=0.137 
p=0.93NS Female, n (%) 25(41.77) 26(43.37) 24(40) 

Current smoker Yes, n (%) 6(10) 5(8.33) 4(6.77) x2=0.436 
p=0.80NS No, n (%) 54(90) 55(91.73) 56(93.33) 

BMI (kg/m2), (mean ± SD) 27.29±5.54 26.38±4.62 25.83±5.14 F=1.220 
p=0.29NS 

NS: Not Significant 
 
Table 2. Comparison of variables associated with surgery among patients undergoing heart surgery in three groups 
Variables 
 

Groups Test and P 
value Control 

(n=60) 
PEEP = 8 

(n=60) 
PEEP = 10 

(n=60) 
Type of surgery Vessels, n (%) 48 (80) 47(78.33) 47(78.34) x2=0.501 

p=0.97NS Valves, n (%) 8(13.33) 8(13.33) 7(11.66) 
Vessels and valves, n (%) 4(6.77) 5(8.33) 6(10) 

Number of chest 
tube 

1, n (%) 8(13.33) 7(11.66) 7(11.66) x2=0.216 
p=0.99NS 2, n (%) 34(56.77) 33(55) 34(56.66) 

3, n (%) 18(30) 20(33.33) 19(31.66) 
Number of grafted 
vessels 

1, n (%) 1(1.7) 2(3.3) 2(3.3) x2=0.575 
p=0.99NS 2, n (%) 10(16.66) 9(15) 9(15) 

≥3, n (%) 41(68.33) 41(68.33) 42(70) 
No, n (%) 8(13.31) 8(13.31) 7(11.66) 

Anesthesia time (h), (mean ± SD) 4.55±0.89 4.61±0.85 4.53±0.82 F=0.126 
p=0.88 NS 

Aortic clamp time  (min), (mean ± SD) 56.90±22.34 57.28±22.13 56.63±20.3 F=0.014 
p=0.98 NS 

Cardiopulmonary bypass time (min), (mean ± SD) 79.02±21.3 80.28±24.3 80.05±20.3 F=0.056 
p=0.94NS 

NS: Not Significant 
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33.3%) and the intervention group of PEEP10 (10 pa-
tients, 16.7%) (p= 0.035), but there was no statistically 
significant difference between the control group (22 pa-
tients, 36.7%) and PEEP8 (20 patients, 33.3%) (p= 0.70). 
On the third day after surgery, the incidence rate of atelec-
tasis had statistically significant difference between the 
intervention group of PEEP10 (21 patients, 35%) and the 
control group (39 patients, 65%) (p= 0.001), as well as 
between the intervention groups of PEEP10 and PEEP8, 
36 patients (60%) (p= 0.02). However, there was no statis-
tically significant difference between the PEEP8 group 
and the control group (p= 0.79) (Table 3). 

According to Table 4, the incidence rate of atelectasis in 
the two times studied in each of the three groups showed 
that the incidence rate of atelectasis in the control group 
on the third day after surgery (n= 39, 65%), with one case 
improvement and 18 new cases, was significantly 
diufferent based on McNemar's test compared with the 
time of two hours after extubation (n= 22, 36.6%), 
(p<0.001). In addition, the incidence rate of atelectasis in 
the PEEP8 group on the third day after surgery (n= 36, 
60%), with four cases improvement and 20 new cases, 
was significantly different compared with a time of two 
hours after extubation (n= 20, 33.3%), (p< 0.001). Never-
theless, the incidence rate of atelectasis in the PEEP10 
group on the third day after surgery (n= 21, 35%), with 
eight cases improvement and 19 new cases, was not sig-
nificantly different based on McNemar's test compared 

with a time of two hours after extubation (n= 10, 16.6%) 
(p<0.001) (Table 4). 

Tukey post hoc test revealed statistically significant dif-
ference for the mean (SD) duration of intubation in the 
ICU between the intervention group of PEEP10 and the 
control group (p<0.001), as well as between the interven-
tion group of PEEP10 and the intervention group of 
PEEP8 (p<0.001). However, no significant difference was 
observed between the intervention group of PEEP8 and 
the control group (p=0.97). The mean (SD) duration of 
stay in ICU had statistically significant difference between 
the intervention group of PEEP10 and the control group 
(p<0.001), as well as between the intervention group of 
PEEP10 and the intervention group of PEEP8 (p<0.001); 
but no significant difference was found between the inter-
vention group of PEEP8 and the control group (p=0.36). 
Moreover, considering the duration of hospitalization, 
there was a statistical significant difference between the 
intervention group of PEEP10 and the control group 
(p<0.001), as well as between the intervention group of 
PEEP10 and the intervention group of PEEP8 (p<0.001). 
Nevertheless, no significant difference was found between 
the intervention group of PEEP8 and the control group 
(p=0.91). The data have been shown in Table 5. 

 
Discussion 
The results of this study demonstrated that the prophy-

lactic use of 10 cm H2O PEEP in patients with mechanical 

Table 3. Comparison of atelectasis incidence rate during two hours and on the third day after surgery between three groups 
Time 
 

 
Groups 

Atelectasis Test and P value 
Yes No Total 

2 hours after extubation Control, n (%) 22(36.66) 38(63.33) 60 (100) 6.70= x2 

p=0.035 PEEP8, n (%) 20(33.33) 40(66.77) 60(100) 
PEEP10, n (%) 10(16.66) 50(83.33) 60(100) 
Total, n (%) 52(28.88) 128(78.11) 180(100) 

3 day after surgery Control, n (%) 39 (65) 21(35) 60 (100) 16.3= x2 

p=0.003 PEEP8, n (%) 36(60) 24(40) 60(100) 
PEEP10, n (%) 21(35) 39(65) 60(100) 
Total, n (%) 96(53.3) 84(84) 180(100) 

 
Table 4. Comparison of atelectasis incidence rate between two hours after extubation and on the third day after surgery in each group 
Groups Atelectasis incidence Total McNemar's test 

3 day after surgery 
Yes No 

Control 
2 hours after extubation 

Yes, n (%) 21(35) 1(1.66) 22(36.6) P<0.001 
No, n (%) 18(30) 20(33.33) 38(63.33) 
Total, n (%) 39(65) 21(35) 60(100) 

PEEP8 
2 hours after extubation 

Yes, n (%) 16(26.66) 4(6.66) 20(33.3) P<0.001 
No, n (%) 20(33.33) 20(33.33) 40(66.66) 
Total, n (%) 36(60) 24(40) 60(100) 

PEEP10 
2 hours after extubation 

Yes, n (%) 2(3.33) 8(13.33) 10(16.6) P=0.52 
No, n (%) 19(31.66) 31(51.66) 50(83.33) 
Total, n (%) 21(35) 39(65) 60(100) 

 

Table 5. Comparison of mean duration of intubation, duration of stay in ICU and duration of hospitalization the three groups 
Variables Groups P value 

Control 
(n=60) 

PEEP = 8 
(n=60) 

PEEP = 10
(n=60) 

Duration of intubation in ICU (hour), (mean ± SD) 10.03±2.48 10.12±2.22 7.94±1.92 F=18.48 
p<0.001 

Length of stay in ICU (day), (mean ± SD) 4.53±0.99 4.30±0.97 3.48±0.81 F=20.89 
p<0.001 

Length of stay in hospital (day), (mean ± SD) 8.37±1.2 8.28±1.07 7.02±1.04 F=27.74 
P<0.001 
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ventilation in the ICU after heart surgery can lead to a 
significant reduction in the incidence rate of atelectasis 
after extubation on the first and third days after surgery. It 
seems that using this level of PEEP prevents the collapse 
of the airways, high functional residual capacity (FRC), 
improved alveolar performance with increased pressure 
and volume of the alveoli (29) as well as elevated pulmo-
nary compliance(30). However, 8 cm H2O PEEP and 5 cm 
H2O PEEP had no significant effect in reducing the inci-
dence rate of atelectasis. In a similar study on the effect of 
5 cm H2O PEEP and 10 cm H2O PEEP after coronary ar-
tery bypass surgery, a significant difference was observed 
between the two groups in terms of atelectasis incidence. 
Thus, some degree of atelectasis was found among the 
intervention (26.7%) and the control (56.7%) groups that 
the level of 10 cm H2O PEEP reduced the incidence rate 
of atelectasis, which is in line with the present study. 
Compared with our study, in the mentioned study the pa-
tients in the intervention group did not receive constant 
PEEP, but the rate varied between 5 to 10 cm of water 
until tracheal extubation depending on the patient's condi-
tion. In addition, the patients in the control group received 
PEEP less than 5 cm of water. However, in our study, all 
patients in the control group received at least 5 cm H2O 
PEEP ; this could be the reasons for the high percentages 
in both intervention and control groups in the above study 
compared with the present study (28). 

In another study on the effect of PEEP on respiratory 
function after heart surgery in three groups, the patients 
experienced three levels of PEEP including 0, 5 and 10-15 
cm of water after heart surgery. The results showed that 
the PEEP levels of less than 10 cm H2O had no effect on 
the reopening of the lungs with atelectasis, which is in line 
with the above study. The difference of the current re-
search with the above study design is the use of various 
levels and periods of PEEP. Thus, the PEEP in the men-
tioned study was applied 3 to 5 hours after admission in 
the ICU until extubation, and the patients did not receive 
PEEP greater than 10 cm of water within the constant time 
so that the patients were given PEEP for 15 minutes and 
again after 20 minutes of pause. In the present study, the 
patients received 8 or 10 cm H2O PEEP for a maximum of 
4 hours continuously, which the time remained constant 
for all samples (31). A prospective clinical trial that was 
carried out on non-hypoxic patients connected to mechan-
ical ventilation with normal chest X-ray showed that 0, 5 
or 8 cm H2O PEEP levels had no effect on the incidence 
of atelectasis; it is in line with the present study. The re-
sults of the study showed that the levels of 5 to 8 cm H2O 
PEEP improved hypoxia and reduced the incidence rate of 
ventilator-associated pneumonia in the patients. Unlike the 
present study the patients did not undergo heart surgery, 
but the patients in the general and trauma intensive care 
units were studied (32). 

PEEP has a specific effect on improving pulmonary 
compliance that is effective in preventing atelectasis (30). 
It seems that the best special effects of PEEP are applied 
via the ventilator when using endotracheal tube in the 
ICU, not after extubation and with non-invasive methods; 
because according to some studies on cardiac surgical 

patients, the use of similar methods of positive pressure 
ventilation via face mask such as continuous positive air-
way pressure (CPAP) and inspiratory resistance-positive 
expiratory pressure (IR-PEP), which are non-invasive 
ventilation, did not show clinical effects (33, 34). 

Another study investigated the effects of PEEP in pa-
tients after coronary artery bypass graft surgery at three 
levels of 0, 5 and 10 cm H2O. These levels had no effect 
on the incidence of atelectasis (35), contrary to the present 
findings. In this study, the incidence of atelectasis was 
measured on the fifth day after surgery; the sample size in 
their three groups was 44 people. In the present study, the 
incidence of atelectasis was measured on the first and 
third days and the sample size was 180; this seems to be 
the reason for the differences in the results. It also appears 
that the mean duration of cardiopulmonary bypass in 
above study was much longer than the present study; pro-
longation of bypass duration is directly related to the inci-
dence of pulmonary complications after heart surgery, 
including atelectasis (6). 

Comparison of the atelectasis findings in each group be-
tween two hours after extubation and on the third day after 
surgery indicated that the incidence of 18 new cases of 
atelectasis in group PEEP5, but 20 new cases of atelecta-
sis in group PEEP8 on the third day after surgery than two 
hours after extubation was statistically significant. It 
seems that 8 cm H2O PEEP was not effective for 4 hours 
and had no significant difference with the control group 
receiving 5 cm H2O PEEP. The duration of 8 cm H2O 
PEEP should also be increased to be effective.  

The present study demonstrated that the duration of me-
chanical ventilation in the ICU had significantly decreased 
in patients who received 10 cm H2O PEEP compared to 
the control group and the group received 8 cm H2O PEEP. 
This decline might be due to better levels of arterial oxy-
genation in ICU after heart surgery in early times by ap-
plying 10 cm H2O PEEP. Many studies have confirmed 
that high levels of PEEP can improve arterial oxygenation 
after heart surgery (22, 23, 25). 

Based on the results of a study on the influence of 5 cm 
H2O PEEP and 8 cm H2O PEEP after heart surgery, dura-
tion of intubation in the ICU had no differences between 
the two groups (25). This result is consistent with the pre-
sent study and the duration was reduced only in the 10 cm 
H2O PEEP group. Another study on PEEP following cor-
onary artery bypass grafting reported that levels over 10 
cm H2O PEEP increased ventilation duration (23), contra-
ry to our results. This difference seems to be due to the 
fact that the average age is an important factor in the de-
layed extubation and in an increase of connectivity to 
ventilator after heart surgery (36). In the mentioned study, 
the average age in the group with high levels of PEEP was 
equal to 65±8 years; but in the present study, age over 65 
years was one of the exclusion criteria. 

In the current study, there were significant differences 
between the incidence rate of atelectasis after extubation 
on the first day and on the third day, duration of intuba-
tion, length of ICU stay and hospitalization in PEEP10 
group compared with the control and the PEEP8 groups. 
Considering the history of cardiac surgery and the advent 
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of subsequent novel care methods, we can also see the 
incidence of atelectasis as common pulmonary complica-
tions. Although numerous research have been done on the 
effect of PEEP in patients with severe acute respiratory 
syndrome, its effects on respiratory function in patients 
after heart surgery has been less published. Researchers 
still have not reached a clear consensus on the effective 
level and duration of its use after heart surgery as a pre-
ventive action. 

Based on current literature, no study investigated the 
three levels of PEEP as a preventive measure to avoid 
atelectasis incidence after heart surgery. Therefore, there 
are needs for further studies in this area. Future studies on 
the duration of PEEP more than four hours is recommend-
ed. 

Limitations of this study included failure to control pain 
and anxiety in the patients as confounding variables until 
the third day after surgery, inability to use identified heart 
surgeon and anesthesiologist, failure to recruit a specified 
physiotherapist due to their different skills in physiothera-
py; These limitations were outside the control of the re-
searcher. 

 
Conclusion 
The results revealed that the use of 10 cm H2O PEEP as 

a preventive measure had a significant impact in decreas-
ing the incidence of atelectasis, and reducing the duration 
of intubation in the ICU in the early period after heart 
surgery. Considering the advantages of PEEP at this level 
including ease of use, cost-effectiveness, lack of physical 
fatigue, no need for patient cooperation, easy implementa-
tion and low risk, it is recommended to use this method in 
conjunction with other conventional techniques for pre-
venting respiratory complications after heart surgery. 

 
Acknowledgements 
This article has been adapted from a research project 

and thesis in the field of critical care nursing that was ap-
proved by Mazandaran University of Medical Sciences, 
Iran (No.1855 on 21/07/2015). We hereby sincerely thank 
and appreciate the cooperation of Deputy of Research and 
Technology at Mazandaran University of Medical Scienc-
es in approval, implementation and financial supports of 
the project, and honorable head and personnel of Ma-
zandaran Heart Center, as well as patients who helped us 
in performing this research. 

 
Ethics Statement 
This study was registered in the Iranian Registry of 

Clinical Trials (IRCT201507307494N14), and obtained 
the code of ethics committee (IR.MAZUMS.REC.94-
1855).  
 

Conflict of Interests 
The authors declare that they have no competing interests. 
 
 

References 
1.Ji Q, Mei Y, Wang X, Feng J, Cai J, Ding W. Risk factors for 

pulmonary complications following cardiac surgery with 

cardiopulmonary bypass. Int J Med Sci. 2013;10(11):1578-83. 
2.Romanini W, Muller AP, Carvalho KA, Olandoski M, Faria-Neto JR, 

Mendes FL, et al. The effects of intermittent positive pressure and 
incentive spirometry in the postoperative of myocardial 
revascularization. Arq Bras Cardiol. 2007;89(2):94-9, 105-10. 

3.Canet J, Mazo V. Postoperative pulmonary complications. Minerva 
anestesiologica. 2010;76(2):138-43. 

4.Al-Qubati FAA, Damag A, Noman T. Incidence and outcome of 
pulmonary complications after open cardiac surgery, Thowra 
Hospital, Cardiac center, Sana’a, Yemen. Egyptian J Chest Dis 
Tubercul. 2013;62(4):775-80. 

5.Sachdev G, Napolitano LM. Postoperative Pulmonary Complications: 
Pneumonia and Acute Respiratory Failure. Surg Clin North Am. 
2012;92(2):321-44. 

6.Esmaeili R, Nasiri E, Ghafari R, Mousavinasab SN, Saffari NHN. 
Frequency Rate of Atelectasis in Patients Following Coronary Artery 
Bypass Graft and Its Associated Factors at Mazandaran Heart Center 
in 2013-2014. Med Arch. 2015;69(2):72. 

7.Shaban MZM, Kordestani P. The effects of breathing [respiratory] 
exercises teaching on incidence of postoperative (thoracic surgery) 
atelectasis in hospitalized patients. Iranian J Nurs Res. 2007;1(1):7-
12. 

8.Cabrini L, Plumari VP, Nobile L, Olper L, Pasin L, Bocchino S, et al. 
Non-invasive ventilation in cardiac surgery: a concise review. Heart 
Lung Vessel. 2013;5(3):137-41  

9.Ambrosino N, Gabbrielli L. Physiotherapy in the perioperative period. 
Best Pract Res Clin Anaesthesiol. 2010;24(2):283-9. 

10. Brunner LSSS, Bare BG, Hinkle JL, Cheever KH. Brunner and 
Suddarth's textbook of medical-surgical nursing  Philadelphia 
Lippincott Williams & Wilkins. 13 ed. United States, Philadelphia: 
Lippincott Williams & Wilkins; 2013 November 18, 2013. 

11.Sasseron AB, Figueiredo LC, Trova K, Cardoso AL, Lima NM, 
Olmos SC, et al. Does the pain disturb the respiratory function after 
open heart surgery? Revista Brasileira de Cirurgia Cardiovascular. 
2009;24(4):490-6. 

12.Aguirre VJ, Sinha P, Zimmet A, Lee GA, Kwa L, Rosenfeldt F. 
Phrenic nerve injury during cardiac surgery: mechanisms, 
management and prevention. Heart Lung Circul. 2013;22(11):895-
902. 

13.Younossian AB, Adler D, Bridevaux PO, Kherad O. [Postoperative 
pulmonary complications: how to anticipate and prevent the risk?]. 
Revue Medicale Suisse. 2011;7(317):2214, 6-9.[Persian] 

14.Renault JA, Costa-Val R, Rossetti MB. Respiratory physiotherapy in 
the pulmonary dysfunction after cardiac surgery. Revista Brasileira de 
Cirurgia Cardiovascular. 2008;23(4):562-9. 

15.Westerdahl E, Lindmark B, Eriksson T, Hedenstierna G, Tenling A. 
The immediate effects of deep breathing exercises on atelectasis and 
oxygenation after cardiac surgery. Scand Cardiovasc J Suppl. 
2007;37(6):363-7. 

16.Talmor D, Sarge T, Malhotra A, O'Donnell CR, Ritz R, Lisbon A, et 
al. Mechanical Ventilation Guided by Esophageal Pressure in Acute 
Lung Injury. N Engl J Med Overseas Ed. 2008;359(20):2095-104. 

17.Krebs J, Pelosi P, Tsagogiorgas C, Alb M, Luecke T. Effects of 
positive end-expiratory pressure on respiratory function and 
hemodynamics in patients with acute respiratory failure with and 
without intra-abdominal hypertension: a pilot study. Crit Care 
(London, England). 2009;13(5):R160. 

18.Gattinoni L, Caironi P, Valenza F, Carlesso E. The role of CT-scan 
studies for the diagnosis and therapy of acute respiratory distress 
syndrome. Clin Chest Med. 2007;27(4):559-70. 

19.Matthay MA, Ware LB, Zimmerman GA. The acute respiratory 
distress syndrome. J Clin Invest 2012;122(8):2731-40. 

20.Tusman G, Bohm SH, Vazquez de Anda GF, do Campo JL, 
Lachmann B. 'Alveolar recruitment strategy' improves arterial 
oxygenation during general anaesthesia. Br J Anaesth. 2008 Jan 
1;82(1):8-13.  

21.Auler Jr J, Carmona M, Barbas C, Saldiva P, Malbouisson L. The 
effects of positive end-expiratory pressure on respiratory system 
mechanics and hemodynamics in postoperative cardiac surgery 
patients. Braz J Med Biol Res. 2009;33(1):31-42. 

22.Lago Borges D, José da Silva Nina V, Pereira Baldez TE, de 
Albuquerque Gonçalves Costa M, Pereira dos Santos N, Mendes Lima 
I, et al. Effects of Positive End-Expiratory Pressure on Mechanical 
Ventilation Duration after Coronary Artery Bypass Grafting: A 
Randomized Clinical Trial. Ann Thorac Cardiovascul Surg. 



    
Prophylactic  PEEP effect  after cardiac surgery  

 
 

 http://mjiri.iums.ac.ir 
Med J Islam Repub Iran. 2018(10 Mar);32:20. 
 

8 

2014;20(Supplement):773-7 
23.Dongelmans DA, Hemmes SN, Kudoga AC, Veelo DP, Binnekade 

JM, Schultz MJ. Positive end-expiratory pressure following coronary 
artery bypass grafting. Minerva anestesiol. 2012;78(7):790-800. 

24.Springer RR, Stevens PM. The influence of PEEP on survival of 
patients in respiratory failure: a retrospective analysis. Am J Med. 
2009;66(2):196-200. 

25. Hansen JK, Anthony DG, Li L, Wheeler D, Sessler DI, Bashour CA. 
Comparison of positive end-expiratory pressure of 8 versus 5 cm H2O 
on outcome after cardiac operations. J Intensive Care Med. 
2015;30(6):338-43. 

26.Briel M, Meade M, Mercat A, Brower RG, Talmor D, Walter SD, et 
al. Higher vs lower positive end-expiratory pressure in patients with 
acute lung injury and acute respiratory distress syndrome: Systematic 
review and meta-analysis. JAMA. 2010;303(9):865-73. 

27.Oba Y, Thameem DM, Zaza T. High levels of PEEP may improve 
survival in acute respiratory distress syndrome: A meta-analysis. 
Respirat Med. 2009;103(8):1174-81. 

28.Niazi MPR. The effects of positive end -expiratory pressure on the 
incidence of atelectasis after coronary artery bypass graft. J 
Kermanshah Uni Med Sci. 2004;16(7):4-8.[Persian] 

29.Singer M. Oxford Textbook of Critical Care. 2 ed. United Kingdom: 
Oxford University Press; 2016 Jul 25;102(12):1238-45. 

30.Rello J ,Lisboa T, Koulenti D. Respiratory infections in patients 
undergoing mechanical ventilation. Lancet Respir Med. 2014; 
2(9):764-74. 

31.Valta P, Takak J, Elissa NT, Milic-Emili J. Effects of PEEP on 
respiratory mechanics after open heart surgery. CHEST. 
1992;102(1):227-33. 

32.Manzano F, Fernandez-Mondejar E, Colmenero M, Poyatos ME, 
Rivera R, Machado J, et al. Positive-end expiratory pressure reduces 
incidence of ventilator-associated pneumonia in nonhypoxemic 
patients. Crit Care Med. 2008;36(8):2225-31. 

33.Ingwersen U, Larsen KR, Bertelsen MT, Kiil-Nielsen K, Laub M, 
Sandermann J, et al. Three different mask physiotherapy regimens for 
prevention of post-operative pulmonary complications after heart and 
pulmonary surgery. Intensive Care Med. 2009;19(5):294-8. 

34.Westerdahl E, Urell C, Jonsson M, Bryngelsson L, Hedenström H, 
Emtner M. Deep breathing exercises performed 2 months following 
cardiac surgery: a randomized controlled trial. J Cardiopulm Rehabil 
Prev. 2014;34(1):34-42. 

35.Marvel SL, Elliott CG, Tocino I, Greenway LW, Metcalf SM, 
Chapman RH. Positive end-expiratory pressure following coronary 
artery bypass grafting. CHEST Journal. 1986;90(4):537-41. 

36.Ji Q, Chi L, Mei Y, Wang X, Feng J, Cai J, et al. Risk factors for late 
extubation after coronary artery bypass grafting. Heart Lung. 
2010;39(4):275-82. 

 
 


