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Introduction

Cardiac surgery, particularly, coronary artery bypass 
grafting (CABG), is a huge procedure, globally wide-
spread and responsible for the reduction of coronary 
artery disease symptoms, relief of angina, increased sur-
vival and improved quality of life for cardiac patients.1–4)

However, pulmonary complications can occur after 
CABG as a result of the surgical incision, type and dura-
tion of anesthesia and mechanical ventilation, presence 
of pleural drainage, and degree of preoperative lung 
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function. These effects extend beyond the cardiopulmo-
nary bypass (CPB) procedure, adding to lung injury, 
delaying recovery of respiratory function and conse-
quently increasing duration of mechanical ventilation 
postoperatively.5–8)

After cardiac surgery, the patient remains on mechan-
ical ventilation until complete recovery of consciousness. 
As one of the mechanical ventilation parameters, positive 
end-expiratory pressure (PEEP) contributes to improved 
oxygenation and prevention of atelectasis, maintains 
positive pressure in the airway, promotes recruitment 
and stabilization of alveoli and small airways and reduces 
pulmonary shunting and increases functional residual 
capacity, avoiding alveolar collapse.3,9–13)

We compared the effects of different levels of PEEP 
on mechanical ventilation duration after coronary artery 
bypass to identify parameters that could indicate early 
withdrawal of mechanical ventilation.

Materials and Methods

Study design
Randomized clinical trial conducted in a federal uni-

versity hospital in northeastern Brazil.

Sample composition
We studied 136 adult patients undergoing coronary 

artery bypass grafting between January 2011 and March 
2012. We excluded patients with chronic obstructive pul-
monary disease (COPD) and those requiring emergency, 
concomitant or off-pump surgeries. We also excluded 
patients who died in the perioperative period before 
weaning from mechanical ventilation.

Data collection
Patients received information and an explanation of 

the research preoperatively. Postoperatively, the data 
were collected from a Physical Therapy Evaluation Form 
(physiotherapist register sheet) and the medical records. 
The form was specifically designed for the study and 
was divided into three parts: pre-, intra- and postopera-
tive periods.

On admission to the intensive care unit (ICU), patients 
received mechanical ventilation as per protocol, using an 
Evita 2 dura ventilator (Dräger Medical, Lübeck, Ger-
many). The ventilator was used in volume-control mode, 
with an inspired oxygen fraction of 40%; tidal volume 
between 6 and 8 mL/kg; respiratory rate of 14 bpm; 
inspiratory flow 8 to 10 times the minute volume; and 

inspiratory time equal to 1s.
Patients were assigned to one of three groups using a 

simple draw and ventilated with different PEEP values 
postoperatively, as follows: Group A, PEEP = 5 cmH2O 
(n = 44); Group B, PEEP = 8 cmH2O (n = 47); and 
Group C, PEEP = 10 cmH2O (n = 45). Intraoperatively, 
all patients were ventilated with a PEEP of 5 cmH2O.

Once satisfactory clinical conditions were achieved, 
including hemodynamic stability; Glasgow Coma Scale 
score >10; and at least 30 minutes in a spontaneous 
breathing trial (pressure support = 7 cmH2O, PEEP = 
5 cmH2O, FiO2 ≤40%) without complications, patients 
were extubated and oxygen was administered by nasal 
catheter.

Ethical aspects
The study was approved by the Research Ethics Com-

mittee of the Institution (No. 346/10), as required by 
Resolution 196/96 of the National Health Council. All 
patients gave informed consent.

Statistical analysis
Quantitative variables were described as mean and 

standard deviation and the differences were confirmed 
using the Kruskal–Wallis test. Qualitative variables were 
expressed as proportions and the association between 
these variables and the outcome was tested using G and 
Chi-square tests. We used the Shapiro–Wilk test for 
 normality in the groups. The results were considered 
 statistically significant when p <0.05. The collected 
data were analyzed using Stata/SE statistical software 
version 11.1 (StataCorp, College Station, Texas, USA).

Results

One hundred sixty-seven patients underwent CABG 
during the study period, with 29 not participating because 
of the combination of CABG with another surgical pro-
cedure (22 patients); COPD (6 patients); or off-pump 
surgery (1 patient). Another 2 patients were excluded 
because of death before weaning from mechanical venti-
lation. The mortality in this population was 1.2%.

The groups did not differ significantly in demographic, 
clinical and surgical parameters (Tables 1 and 2).

The average time until the withdrawal of ventilatory 
support was 11.2 ± 10.2 hours (1.9 to 65.7 hours). Eighty-
seven patients (64%) were extubated within 12 hours 
after ICU admission (mean 6.2 ± 3.2 hours); 40 (29.4%) 
patients were ventilated for up to 24 hours (mean 15.4 ± 
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2.7 hours); and only nine (6.6%) required mechanical 
ventilation for more than 24 hours (mean 41 ± 16 hours). 
Prolonged mechanical ventilation for more than 12 hours 
postoperatively following CABG generally occurs due to 
complications such as psychomotor agitation requiring 
sedation; significant metabolic acidosis; arrhythmia; 
hemodynamic instability secondary to elevated inotropes 
or vasopressors; or increased bleeding.

Comparing only patients extubated within 12 hours 
after ICU admission, i.e., uncomplicated in the imme-
diate postoperative period, we found a statistically sig-
nificant difference in mechanical ventilation duration 
between the groups (p = 0.029). In Group A (PEEP = 
5 cmH2O), the average duration of mechanical ventila-

tion was 6.8 ± 3.2 hours; in Group B (PEEP = 8 cmH2O), 
6.7 ± 3.3 hours; and in Group C (PEEP = 10 cmH2O), 
5.1 ± 2.9 hours (Fig. 1).

Discussion

Mechanical ventilation is essential in the periopera-
tive period in cardiac surgery, and must be tailored to 
patients’ needs to minimize changes in lung function and 
reduce postoperative complications.14) According to Aron, 
et al.,15) patients extubated within 12 hours after ICU 
admission have a lower hospital length of stay, with a 
concomitant decrease in overall costs and use of hospital 
resources.

Table 1 Demographic and clinical data for patients undergoing CABG

Variables
GROUP A 

PEEP = 5 cmH2O 
(n = 44)

GROUP B 
PEEP = 8 cmH2O 

(n = 47)

GROUP C 
PEEP = 10 cmH2O 

(n = 45)

TOTAL 
(%)

p

Gender 0.42a

 Male 29 32 35 96 (70.6)
 Female 15 15 10 40 (29.4)
Age group 0.90a

  <60 years 20 22 19 61 (44.9)
  ≥60 years 24 25 26 75 (55.1)
BMI (kg/cm2) 0.74a

 Normal 18 16 14 48 (35.3)
 Overweight 17 24 22 63 (46.3)
 Obese  9  7  9 25 (18.4)
Comorbidities
 Hypertension 33 39 34 106 (77.9) 0.58a

 Diabetes mellitus 22 19 23 64 (47.1) 0.52a

 Smoking 17 12 15 44 (32.4) 0.40a

 Dyslipidemia  6 13 12 31 (22.8) 0.21a 
 Acute myocardial infarction  9  9 11 29 (21.3) 0.81a

 Chronic renal failure  4  2  8 14 (10.3) 0.10b

aChi-square test; bG test; BMI: body mass index

Table 2 Surgical data for patients undergoing CABG

Variables
GROUP A 

PEEP = 5 cmH2O 
(n = 44)

GROUP B 
PEEP = 8 cmH2O 

(n = 47)

GROUP C 
PEEP = 10 cmH2O 

(n = 45)
Mean ± SD p

Number of bypasses  2.5 ± 0.6  2.5 ± 0.8  2.5 ± 0.7  2.5 ± 0.7 0.99
Number of drainage tubes  1.8 ± 0.5  1.7 ± 0.6  1.9 ± 0.3  1.8 ± 0.5 0.15
Pump time (min)  89.9 ± 34.2  83.7 ± 29.2  85. 9 ± 2.8  86.4 ± 30.3 0.87
Aortic clamp time (min)  63.3 ± 24.7  60.6 ± 23.6  61.6 ± 21.8  61.8 ± 23.2 0.97
Surgery time (min) 241.4 ± 58.1 227.5 ± 47.5 234.5 ± 43.2 234.3 ± 49.9 0.42

CABG: coronary artery bypass grafting; PEEP: positive end-expiratory pressure; Data displayed as mean ± standard devia-
tion. Kruskal–Wallis test.
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Figueiredo, et al.16) showed that discontinuation of 
mechanical ventilation after elective uncomplicated cardiac 
surgery averaged seven hours after ICU admission. We 
found similar data in our research, with mean mechanical 
ventilation duration of approximately six hours in uncom-
plicated patients. The presence of cardiac dysfunction 
and prolonged cardiopulmonary bypass were factors 
associated with an increased duration of mechanical ven-
tilation in a study by Nozawa, et al.17)

Other studies evaluating the effect of PEEP on post-
operative cardiac surgery reported controversial results 
regarding the duration of mechanical ventilation. 
Michalopoulos, et al.18) compared the effects of different 
levels of PEEP (0, 5 and 10 cmH2O) on arterial oxygen-
ation in patients undergoing cardiac surgery and showed 
no difference in the duration of mechanical ventilation 
between groups.

However, Dongelmans, et al.,19) in a study comparing 
the application of high levels of PEEP (10 cmH2O) with 
a physiological level (5 cmH2O) in the early hours follow-
ing CABG, showed that patients ventilated with higher 
levels of PEEP required more sedatives; a factor that was 
associated with an increased time to extubation.

In our research comparing the use of different levels 
of PEEP in the immediate postoperative period follow-
ing CABG, and considering only uncomplicated patients, 
we found that ventilation with PEEP at higher values 
(10 cmH2O) led to a shorter duration of mechanical 

Fig. 1  Mechanical ventilation duration in patients extubated 
within 12 hours and ventilated with different PEEP levels 
after CABG. PEEP: positive end-expiratory pressure; 
CABG: coronary artery bypass grafting. Kruskal–Wallis test.

 ventilation.
Zupancich, et al.,20) in a study of 40 patients undergo-

ing CABG with CPB, analyzed the dosage of interleuk-
ins in two groups; one ventilated with high tidal volume 
and low PEEP (2–3 cmH2O) and another ventilated 
with low tidal volume and high PEEP (10 cmH2O). The 
authors concluded that inflammatory markers increased 
significantly in both groups, and that the values remained 
increased after 6 hours of ventilation, but only in the 
patients who were ventilated with high volumes and low 
PEEP. For Holmes, et al.,21) patients with greater inflam-
matory markers after CPB required longer ventilatory 
support after cardiac surgery.

According to Singh, et al.,22) hypoxemia is a common 
complication after CABG, increasing the duration of 
mechanical ventilation, incidence of lung infections, 
hospital costs and mortality. Castellana, et al.23) studied 
the effects of mechanical ventilation on oxygenation in 
61 patients undergoing CABG and observed that the 
degree of hypoxemia was related to the length of time 
the patient required ventilatory support in the immediate 
postoperative period. In a recent survey by Parra, et al.24) 
of anesthesiologists’ ventilatory strategies to prevent 
hypoxia in cardiac surgery, the authors found that ele-
vated PEEP is one of the most frequent strategies.

In these studies, we noted that mechanical ventilation 
with low PEEP levels in post-cardiac surgery may lead 
to increased time until extubation, similar to our study. 
However, controversy regarding the effects of high PEEP 
levels related to mechanical ventilation duration after 
cardiac surgery likely exists because of a lack of unifor-
mity in the methods used in different studies.

Conclusions

Our results indicate that higher levels of PEEP were 
associated with a shorter duration of mechanical ventila-
tion in postoperative CABG patients, likely by improv-
ing hypoxemia and respiratory function.
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