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ABSTRACT
Objective: Pulmonary dysfunction is considered to be the most important complication after open heart 
surgery. Different maneuvers like intermittent or continuous positive pressure ventilation, low tidal 
volume ventilation and different vital capacity maneuvers have been used for reducing the incidence 
of pulmonary dysfunction after cardiac surgery. In this study we evaluated the effects of low tidal 
volume ventilation versus no-ventilation during cardiopulmonary bypass (CPB) in patients undergoing 
conventional CABG surgery.

Methodology: This randomized clinical trial was conducted in a tertiary care cardiac hospital. One 
hundred patients who were planned to undergo conventional CABG surgery were divided into two 
groups by using draw randomization procedure. In Group A patients (ventilation group) ventilation was 
continued at low tidal volume of 3 ml/kg, respiration rate of 12 breaths/min and PEEP of 5 cmH2O. In 
Group B patients (non-ventilation group) ventilation was arrested during CPB. For data analysis Statistical 
Package for Social Sciences (SPSS) V17 was used. Parametric variables were compared using unpaired 
t-test and non-parametric variables were compared using 2-test.

Results: The mean patient’s age in this study was 57.70 ± 8.57 years in ventilated group and 54.5 ± 8.33 
years in non-ventilated group. PaO2/FiO2 ratio and alveolar-arterial oxygen tension gradient immediately 
after intubation was same in groups. But PaO2/FiO2 was significantly high in ventilated group after one 
hours of CPB and even after four hours of CPB (p < 0.001 and 0.002 respectively). Alveolar arterial 
oxygen tension (A-a O2) gradient after 1 hour and four hours of CPB was significantly low in Ventilated 
group (p < 0.001 and 0.001 respectively). Total Mechanical ventilation time was also significantly shorter 
in ventilated group 5.19 ± 1.96 hours versus 6.42 ± 2.60 hours in non-ventilated group (p 0.009). On 
4th post-operative day, incidence of atelectasis was significantly low 20% in ventilated group versus 38% 
in non-ventilated group (p = 0.04).

Conclusion: Continuous low tidal volume ventilation is associated with better oxygenation after surgery 
and reduced risk of post-op pulmonary complications during cardiopulmonary bypass in patients 
undergoing conventional coronary artery bypass graft surgery.
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INTRODUCTION
Cardiopulmonary bypass (CPB) is used by cardiac 
surgeons to work on non-beating heart. CPB is 
responsible for maintaining patient’s circulation, 
oxygenation, and temperature and provides a 
bloodless operative field to the surgeons by draining 
the blood from the right atrium and pumping 
it directly into the ascending aorta bypassing the 
lungs and the heart.1 This diversion from normal 
physiologic circulation may result in post-operative 
pulmonary dysfunction.2 Post-op pulmonary 
dysfunction is considered to be the most important 
complication after open heart surgery ranging from 
minor functional changes to the development of 
acute respiratory distress syndrome. The mortality 
rate is increased to 40-90% in patients who 
developed ARDS after the surgical procedure.3,4

Ventilation arrest after establishing CPB is practiced 
in many cardiac centers because lung oxygenation 
is no longer required after establishing CPB and 
lungs movements can interfere with surgical 
procedure. This ventilation arrest is associated with 
a high rate of retained bronchial sections, regional 
atelectasis, reduction in arterial O2 concentrations 
as a result of increase in arteriovenous shunt, 
decreased lung compliance, pulmonary edema and 
hence increased risk of nosocomial infections.5-7 

Different maneuvers like intermittent or continuous 
positive pressure ventilation, low tidal volume 
ventilation and different vital capacity maneuvers 
have been shown to be beneficial in reducing the 
incidence of post-operative pulmonary dysfunction 
after cardiac surgery. 6,7,8-11 In this study we evaluated 
the effects of low tidal volume ventilation versus 
no-ventilation during CPB in patients undergoing 
conventional coronary artery bypass graft (CABG) 
surgery.

METHODOLOGY 
This randomized clinical trial was conducted in a 
tertiary care cardiac hospital. The duration of this 
study was three months (01 March 2016 to 01 June 
2016). One hundred patients who were planned to 
undergo conventional CABG surgery were divided 
into two groups by using draw randomization 
procedure. In Group A patients (ventilation group) 
ventilation was continued at low tidal volume of 3 
ml/kg, respiration rate of 12 breaths/min and PEEP 
of 5 cmH2O. In Group B patients (non-ventilation 
group) ventilation was arrested during CPB. Patients 
who were planned to undergo off-pump surgery, 
and other valvular procedures, insulin dependent 

diabetes mellitus, reduced ejection fraction < 30%, 
obese patients and patients with pre-operative 
pulmonary dysfunction e.g. having forced vital 
capacity less than 40% of the predictive value were 
excluded from the study. Written informed consent 
was taken from every patient after briefing him/her 
about this research work. Ethical approval from 
department of academic affairs of the hospital was 
obtained.

Anesthesia was induced using standard hospital 
protocols. Fentanyl, midazolam and atracurium 
were used for anesthesia induction. Anesthesia was 
maintained using propofol, fentanyl and atracurium 
and isoflurane in all patients. Arterial and venous 
line cannulation was achieved in all patients before 
anesthesia induction. Invasive blood pressure 
and pulse oximetry was done in every patient. In 
all patients standard CPB was established using 
membrane oxygenator and roller pumps. Activated 
clotting time (ACT) was maintained above 480 
sec during the CPB. Cardiac arrest was achieved 
using potassium enriched blood cardioplegic 
solution. After application of aortic cross-clamp, 
continuous ventilation with low tidal volume was 
started in Group A patients. While ventilation 
arrest was continued in Group B patients till the 
removal of cross-clamp. Moderate systemic cooling 
(temp =30-32 ºC) was achieved during surgery 
and patients were rewarmed to 37 ºC before 
weaning from CPB. Bypass time and cross-clamp 
time were noted. Sample for arterial blood gases 
were collected immediately after intubation, after 
one and four hours of CPB. Chest radiograph to 
rule out pulmonary complications e.g. pulmonary 
edema, atelectasis and pleural effusion was taken 
on 4th post-operative day. Extubation time, ICU 
stay and hospital stay time were also noted.

For data analysis Statistical Package for Social 
Sciences (SPSS) V17 was used. Parametric variables 
were compared using unpaired t-test and non-
parametric variables were compared using 2-test.

RESULTS
The mean patient’s age in this study was 57.70+8.57 
years in ventilated group and 54.5+8.33 years in 
non-ventilated group. There was no significant 
difference regarding smoking history and pre-
operative ejection fraction between the groups. 
Bypass time and cross-clamp time were same 
between the groups (Table 1). PaO2/FiO2 ratio 
and alveolar-arterial oxygen tension gradient 
immediately after intubation was same in groups. 
But PaO2/FiO2 was significantly high in ventilated 
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2.05 kPa (p = 0.001). Total mechanical ventilation 
time was significantly shorter in ventilated group 
5.19 ± 1.96 hours versus 6.42 ± 2.60 hours in 
non-ventilated group (p = 0.009). There was no 
significant difference between the ICU stay and 
hospital stay period between the groups.

On 4th post-operative day, incidence of atelectasis 
was significantly low 20 % in ventilated group versus 
38 % in non-ventilated group (p = 0.04). Although 
there was no significant difference regarding 
incidence of pleural effusion and pulmonary edema 
between groups (Figure 1).

DISCUSSION
Despite many advancements in CPB techniques 
and improvements in post-op care in intensive care 
units, pulmonary dysfunction is still a well-known 
complication of CPB and is associated with increased 
risk of morbidity and mortality in this patient 
population.12 Systemic inflammatory response 
syndrome (SIRS) is considered to be the prime Figure 1: Comparison of postop chest complications seen on chest 

radiograph after 4 days of surgery

Table 1: Comparison of demographic and operative variables

Variables
Group A

(Ventilation Group)
Group B

(Non-ventilation Group)
P

Number of patients 50 50

Age (Years) 57.70 ± 8.57 54.5 ± 8.33 0.06

Male Gender [n (%)] 46 (92.0) 45 (90.0) 1.0

Smoking History [n (%)] 17 (34.0) 20 (40.0) 0.53

Pre-op EF 51.10 ± 9.38 50.30 ± 10.42 0.68

Bypass Time (min) 111.12 ± 25.99 110.98 ± 29.60 0.98

X-clamp Time (min) 64.52 ± 16.90 61.32 ± 17.10 0.34

EF= Ejection Fraction, X-clamp= cross clamp

Table 2:. Comparison of Clinical Parameters 

Variables
Group A

(Ventilation Group)
Group B

(Non-ventilation Group) P

PaO2/FiO2 Ratio after intubation 335.90 ± 12.53 340.46 ± 19.95 0.17

PaO2/FiO2 Ratio after 1 hour of CPB 322.02 ± 12.27 294.36 ± 10.05 < 0.001

PaO2/FiO2 Ratio after hours of CPB 298.38 ± 20.67 285.28 ± 21.48 0.002

A-a O2 gradient after intubation (kPa) 17.69 ± 0.92 17.58 ± 0.88 0.54

A-a O2 gradient after 1 hour of CPB (kPa) 21.45 ± 1.0 27.88 ± 1.98 < 0.001

A-a O2 gradient after 4 hour of CPB (kPa) 19.37 ± 2.05 20.81 ± 1.94 0.001

Ventilation time 5.19 ± 1.96 6.42 ± 2.60 0.009

ICU Stay 32.83 ± 10.90 35.04 ± 12.64 0.35

Hospital Stay 7.28 ± 1.91 7.34 ± 3.32 0.91

CPB= CPB, ICU= Intensive care unit

group after one hours of CPB and even after four 
hours of CPB (p < 0.001 and 0.002 respectively). 
Alveolar arterial oxygen tension (A-a O2) gradient 
after 1 hour of CPB was significantly low in Ventilated 
group 21.45 ± 1.0 kPa versus 27.88 ± 1.98 kPa in 
non-ventilated group (p < 0.001). A-a O2 gradient 
after four hours of surgery was also higher in non-
ventilated group 20.81 ± 1.94 kPa versus 19.37 ± 
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factor responsible for pulmonary dysfunction.4 
SIRS is initiated immediately after establishing CPB 
resulting in leukocytes and complement system 
activation. Activated leukocytes are trapped in the 
interstitial lung tissue during their transit from 
pulmonary vasculature.13,14 Oxygen free radicals 
are also formed during CPB that also mediate 
pulmonary endothelial damage as well.15 Ischemia-
reperfusion injury is also initiated after restoration 
of blood flow to the ischemic lungs after surgery. 
This ischemia-reperfusion injury along with 
systemic inflammatory response syndrome initiates 
a vicious cycle resulting in post CPB pulmonary 
dysfunction.11

Ventilation arrest during CPB has also been 
shown to be associated with the development of 
pulmonary atelectasis, increase in pulmonary 
arteriovenous shunts which results in reduced 
PaO2 and increased incidence of chest infections 
resulting in pulmonary dysfunction.6,7

To reduce the incidence of post-operative 
pulmonary dysfunction many modifications 
have been made in ventilation protocols during 
CPB, these include modifications in vital capacity 
maneuvers, continuous ventilation with low 
tidal volume and continuous positive airway 
pressure.6,7,8-11,16

In this study, we used low tidal volume continuous 
ventilation in one group and in other group 
conventional ventilation method e.g. ventilator 
arrest was maintained during CPB. We found 
significantly better results in ventilation group. 
Post-op PaO2/FiO2 ratio was significantly high in 
ventilation group as compared to non-ventilation 
group. A-a O2 gradient after one and four hours 
of surgery was also significantly low in ventilation 
group as compared to non-ventilation group. We 
also found a reduced incidence of pulmonary 
atelectasis in ventilation group as compared to 
non-ventilation group. 

Ahmed M et al. concluded that low tidal volume 
ventilation is associated with better PaO2/FiO2 
ratio and A-a O2 gradient in the immediate post-op 
period i.e. after one hour of surgery. But in their 
study there was no significant difference in PaO2/
FiO2 ratio and A-a O2 gradient after four hours 
of surgery.11 In our study, PaO2/FiO2 ratio was 
significantly high even after four hours of surgery 
in ventilation group. Similarly A-a O2 gradient 

after four hours was low in ventilation group as 
compared to the non-ventilation group. Ahmed 
M et al. did not found any significant difference 
regarding the incidence of pulmonary atelectasis, 
edema and pleural effusion between the groups. 
But in our study, the incidence of pulmonary 
atelectasis was significantly high in non-ventilated 
group as compared to the ventilated group. Our 
study partially supported the results of this study. 

Dasgupta et al concluded that low tidal volume 
ventilation during CPB is associated with better 
post-op oxygenation and pulmonary functions as 
compared to no-ventilation or continuous positive 
pressure ventilation. They found shorter extubation 
time and ICU stay time in low tidal volume group.17 
In our study, we also found shorter extubation time 
in ventilation group. In our study, ICU stay time 
was no significantly different between the groups. 
Our study supported the results of this study. Alavi 
et al. also found better oxygen saturation and 
decreased alveolar arterial oxygen gradient in low 
tidal volume group.10 Many other studies found 
significant results by using continuous low tidal 
volume ventilation during CPB.18-20

Continuous low tidal volume ventilation during 
CPB has shown to be associated with reduced 
serum chemokine concentrations and less release 
of metalloproteinases during surgery.21,22 Fernando 
et al. found that continuous low tidal volume 
ventilation is associated with reduced inflammatory 
response thereby reducing post-op pulmonary 
complications.23

CONCLUSION
Continuous low tidal volume ventilation is 
associated with better oxygenation after surgery and 
reduced risk of post-op pulmonary complications 
during cardiopulmonary bypass in patients 
undergoing conventional coronary artery bypass 
graft surgery.
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