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Abstract
Introduction: Postoperative pulmonary dysfunctions (PPDs) are fairly common 
after cardiac surgery with cardiopulmonary bypass (CPB). Prevention of ischemia- 
reperfusion injury is very important to prevent these complications. The authors 
examined effectiveness of low volume ventilation, no ventilation and continuous 
positive pressure (CPAP) ventilation during CPB to prevent PPDs.

Methods: 45 patients were enrolled and randomised to three groups. In group NV- 
ventilation stopped, in group V- ventilation continued with tidal volume 2 ml/kg, 
FiO2=50%, respiratory rate 14/ minute, inspiratory expiratory ratio 1:2 and PEEP 5 
cm H2O, and in group C- CPAP of 10 cm H2O applied after application of cross clamp. 
Postoperative arterial blood gas values after induction, onset of CPB, removal of 
aortic cross clamp and discontinuation of CPB were measured. Inspiratory capacity 
on first and second postoperative day, extubation time, ICU recovery stay and total 
hospital stay were taken into consideration.

Results: Baseline patient parameters, type of surgery and CPB and cross clamp 
times were similar between the groups. PaO2 values were significantly higher 
in group V after removal of cross clamp. PaCO2 values were similar. Significant 
improvement of inspiratory capacity found in the low volume ventilation group. 
ICU recovery stay was lower in the low volume ventilation group. Other parameters 
did not show any significant result.

Conclusion: Low volume ventilation during CPB is associated with better 
oxygenation and pulmonary mechanics after cardiac surgery than CPAP or no 
ventilation. CPAP with 10 cm H2O  does not significantly improve postoperative 
pulmonary function than no ventilation.
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Introduction
During cardiac surgery cardiopulmonary bypass (CPB) serves 
four basic functions: respiration, circulation, temperature 
management and provision of a blood less field. CPB allows 
the surgeon to operate on a non-beating heart at hypothermic 
temperatures facilitating surgery in conditions where surgery was 
considered to be impossible before. The venous return is diverted 
from the heart by cannulation in vena cava or right atrium and 
aortic outflow is provided through aortic cannulation distal to a 
cross clamp and thus the circulation through heart and lungs are 

altogether bypassed. The oxygen supply to lung occurs by the 
bronchial artery [1]. This nonphysiological condition ultimately 
culminates to an array of problems in early postoperative period 
and pulmonary dysfunction was one of the earliest recognized 
complications of cardiac surgery using CPB [2]. Postoperative 
pulmonary dysfunction after CPB may include simple atelectasis, 
pleural effusions, pneumonia, cardiogenic pulmonary edema, 
pulmonary embolism, and various degrees of acute lung injury 
ranging from the mild to the most severe (i.e., acute respiratory 
distress syndrome [ARDS]) [3].

Numerous studies have been undertaken to recognize, prevent 
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and reduce the extent of pulmonary dysfunction at the earliest 
possible period. Of these studies, ventilatory strategy during 
CPB has gained particular interest [3]. In this study, the authors 
compared no ventilation to low volume normal frequency 
ventilation and continuous positive airway pressure maintained 
during CPB to observe effect on postoperative pulmonary 
function.

Methods
Institutional ethics committee approval was obtained. The study 
was structured as a prospective, randomised and double blind 
study. Patients were selected in preanesthesia check up clinic on 
the basis of inclusion and exclusion criteria, explained regarding 
the study and informed written consent was obtained. Inclusion 
criteria were as the following: 18 to 65 years of age, both genders, 
elective cardiac surgery under cardiopulmonary bypass and 
patient’s voluntary agreement for participation. Exclusion criteria 
were: patient refusal, regular smoking, redo surgery, concomitant 
systemic comorbidity including myocardial infarction within 
six weeks prior to surgery, pre-operative renal failure (serum 
creatinine>1.3 mg/dl) or hepatic dysfunction (serum aspartate/ 
alanine amino transferase>40 U/l), any kind of pulmonary 
disease and pre-operative use of steroids and ejection fraction 
below 30%. 45 patients were included to this study and allocated 
to three groups by a computer generated randomisation chart: 
group V received low volume ventilation, group NV received no 
ventilation and group C received CPAP during CPB. 

Anesthesia management were done according to institution 
standardised protocol. All patients were induced following 
narcotic based coinduction technique with fentanyl 5 μg/
kg, midazolam 0.1 mg/kg and sleeping dose of thiopentone 
sodium. Rocuronium was used to assist endotracheal intubation. 
Maintenance was done with isoflurane, midazolam, fentanyl 
and vecuronium. Monitoring included, invasive arterial blood 
pressure, ecg, etCO2, central venous pressure, pulse oxymetry, 
temperature and urine output for all cases. Heparin 4 mg/kg was 
used to achieve adequate anticoagulation (Activated clotting 
time>480 seconds) prior to bypass. Pump was primed with a 
crystalloid based solution with heparin and mannitol. After 
cannulation of major vessels cardiac arrest was induced by ice 
slush and following application of cross clamp a potassium based 
cardioplegia was infused. All patients underwent non-pulsatile 
hypothermic (30-32ºC) CPB with a membrane oxygenator and 
arterial line filter at pump flow rates of 2-2.4 L/min/m2 body 
surface area to maintain mean arterial pressure of 50-80 mm 
Hg. Arterial blood gas analysis was done every 15-30 minutes to 
maintain arterial carbon dioxide partial pressure of 35-40 mm Hg 

unadjusted for temperature (alpha stat), oxygen partial pressures 
of 150-250 mm Hg and hematocrit>21%. Following application 
of aortic cross clamp, different ventilatory strategy was applied 
in different groups. In group NV- ventilation stopped, in group 
V- ventilation continued with tidal volume 2 ml/kg, FiO2=50%, 
respiratory rate 14/ minute, inspiratory expiratory ratio 1:2 and 
PEEP 5 cm H2O, and in group C- CPAP of 10 cm H2O applied. After 
release of aortic cross clamp normal ventilation was resumed. 
Postoperatively arterial blood gas analysis values, inspiratory 
capacity and other standard parameters were recorded. The 
primary outcome measure was extubation time. The secondary 
parameters included arterial blood gas value including PaO2, 
PaCO2; inspiratory capacity, ICU stay and hospital stay. 

For sample size calculation data was collected from a previous 
study. It was estimated that 15 patients is required per group to 
compare extubation time in ventilated patients with non ventilated 
patients with 80% power and 5% probability of Type I error. Data 
was summarized as mean and standard deviation for numerical 
variables and counts and percentages for categorical variables. The 
median and interquartile range was used for numerical variables 
that show a skewed distribution. The independent samples t test 
was employed for intergroup comparison of numerical variables, 
if normally distributed, or the Mann-Whitney U test if otherwise. 
Categorical variables were compared between groups by Fisher’s 
exact test. All analyses were two-tailed and p value less than 0.05 
was considered statistically significant. 

Results
45 patients were included in this study and randomised equally 
to three groups. Age and gender distribution, body weight, 
aortic cross clamp time and cardiopulmonary bypass time were 
comparable between the groups (Table 1). Types of surgery 
undertaken in this study are depicted in Table 2.

Arterial oxygen tension was compared between the groups after 
intubatuion (Baseline), after institution of CPB, after aortic cross 
clamp off and after the discontinuation of CPB. Figure 1 revealed 
significantly better PaO2 values after removal of cross clamp in 
low volume ventilation group.

Comparison of PaCO2 levels between the groups at the same 
times (groups after intubatuion (Baseline), after institution of 
CPB, after aortic cross clamp off and after the discontinuation of 
CPB) revealed low PaCO2 values in CPAP group but this change 
was not significant (Figure 2).

Inspiratory capacity (IC) measured with bedside spirometry was 

Group V (n=15) Group NV (n=15) Group C (n=15) P Value
Age (Year) 29.83±10.45 35.23±13.28 35.25±11.0 0.18

Gender (M:F) 9:9 7:10 8:7 0.73
Body weight (Kg) 43.72±11.06 45.52±8.96 52.62±9.35 0.6
Axcl time (min) 60.66±28.03 52.00±23.71 78.50±21.35 0.33
CPB Time (min) 84.33±41.95 80.70±29.13 96.43±34.04 0.76

Axcl= Aortic cross clamp, CPB= Cardiopulmonary bypass]

Table 1: Comparison of age, gender, body weight and surgery parameters
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compared between the groups and revealed significant increase 
in IC in the low volume ventilation group (Figure 3).

Ventilation time, as measured by time of extubation was compared 
and the low volume ventilation group showed significant low 
ventilation time as shown in Table 2. Postoperative intensive care 
unit stay was significantly lower in the low ventilation group. Total 
hospital stay was similar between the groups (Table 2).

Discussion
The pulmonary dysfunction after CPB has is fairly common and 

associated with significant mortality and morbidity [3-7]. Studies 
have reported variable incidence of postoperative pulmonary 
dysfunction (PPD) between 8 to 79% [3,8] in patients submitted 
to open heart surgery with CPB. The basic pathophysiology 
behind PPD after general anesthesia is related to alteration in lung 
mechanics including upward shift of the diaphragm, relaxation of 
the chest wall, altered chest wall compliance, and a shift in blood 
volume to the abdomen from the thorax [9-12] and subsequent 
ventilation perfusion matching, whereas after cardiac surgery with 
CPB the lungs suffer from some additional insult. During CPB after 
application of cross clamp the lungs are almost excluded from 

VSD AVR ASD MVR Single atrium DVR RSOV TOF OMC TOTAL
Gr V 2 1 2 6 1 2 1 0 0 15

Gr NV 2 0 1 9 1 0 0 1 1 15
Gr C 2 2 2 9 0 0 0 0 0 15

Table 2: Types of surgery

[VSD= Ventricular septal defect, AVR= Aortic valve replacement, ASD= Atrial Septal Defect, MVR= Mitral Valve Replacement, DVR= 
Double (Mitral+ Aortic ) Valve Replacement, RSOV= Ruptured Sinus of Valsalva , TOF= Tetralogy of Fallot, Total Correction, OMC= 
Open Mitral Commissurotomy).
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the circulation except the bronchial arteries. This ischemic insult 
and subsequent reperfusion injury, along with the generalised 
inflammatory response after the CPB, alters pulmonary capillary 
permeability. This change and changes in mechanical properties 
(i.e., elastance or compliance and resistance) of the pulmonary 
apparatus (particularly the lung as opposed to the chest wall) 
in combination gives rise to majority of PPDs after cardiac 
surgery [3]. These conditions are aided by insufficient alveolar 
distension to activate the production of surfactant, abnormal 
pulmonary mechanics, retention of secretions and atelectasis 
[3]. CPB results in sequestration of blood in the microcirculation, 
pulmonary ischemia, injury to the pulmonary capillary walls 
and results in release of inflammatory mediators [13] increased 
capillary permeability [14], interstitial edema [15], and increase 
in intrapulmonary shunt [16] and formation of microthrombi 
which altogether cause closure of small airways and ventilation 
perfusion mismatch in the postoperative period. Therefore efforts 
to protect the lung from CPB induced insult should incorporate 
strategies to reduce pulmonary ischemia after application of 
cross clamp and prevent lung collapse during CPB. 

Previous studies on decreasing postoperative atelectasis after 
cardiac surgery mostly centred on recruitment manoeuvre 
and continuous positive airway pressure (CPAP). Serita et al. 
[17] applied recruitment manoeuvre according to pulmonary 
compliance and found significant improvement of lung function 
after recruitment. Minkovich et al. [18] conducted a randomised 
controlled trial to examine the efficacy of consecutive vital 
capacity manoeuvres (C-VCMs) to improve oxygenation in 
patients  after  cardiac surgery.  They found lung  inflation at 
pressure of 35 cm H2O sustained for 15 seconds before separation 
from CPB and at 30 cm H2O for 5 seconds after admission to the 
intensive care unit (ICU) significantly improves lung function and 
alveolar oxygenation. Claxton et al. [19] examined the effect of 
pressure-controlled stepwise increase in positive end-expiratory 
pressure up to 15 cmH2O and tidal volumes of up to 18 ml/ kg 
until a peak inspiratory pressure of 40 cm H2O was reached for 10 
cycles and maintenance of 5 cm H2O PEEP until extubation and 
found significant improvement. 

Studies on CPAP during CPB have yielded rather inconclusive 
results. Loeckinger et al. [20] examined the effect of CPAP of 
10 cm H2O and found significant improvement in oxygenation. 
Alavi et al. [21] also found similar results. In 2012, Schreiber 
et al. [22] conducted a meta analysis on the effect of different 
lung-protective strategies in patients during cardiopulmonary 
bypass and found CPAP is associated with significant increase in 
oxygenation parameters immediately after weaning from  CPB, 
but this effect was not sustainable and did not improve patient 
outcome. All those studies pointed in favour of CPAP, where 
as Gilbert et al. [23] found low levels of CPAP applied during 
CPB did not significantly change either mechanical properties 
or oxygenation. Figueiredo et al. [24] examined 30 adult patients 
posted for myocardial revascularisation under CPB and found 
CPAP at 10 cm H2O administered during CPB, although had lightly 
improved PaO2/FiO2 at 30 minutes post-CPB, had no significant 
sustained effect on  postoperative  pulmonary  gas  exchange 
and concluded that application of  10  cm H2O  CPAP  does 
not  improve postoperative pulmonary gas exchange in patients 
posted for myocardial revascularisation. 

Low volume ventilation during CPB has been much less studied 
strategy because mobility of the surgical field interferes with 
the surgery. Beer et al. [25] found reduced postoperative 
serum chemokine concentration in patients with low tidal 
volume  ventilation  during cardiopulmonary bypass. Another 
study [26] found reduced release of  matrix metalloproteinases 
and improved oxygenation in patients receiving low volume 
ventilation during CPB. Fernando et al. [27] reviewed protection 
strategies during cardiopulmonary bypass:  ventilation, 
anesthetics and oxygen and concluded, “The application of 
lung-protective ventilation with lower tidal volumes and higher 
positive end-expiratory pressure reduces inflammation, thereby 
reducing postoperative pulmonary complications.” 

The authors conglomerated the protective ventilatory strategies 
into one study. The recruitment manoeuvre is a well accepted 
method to prevent atelectasis and have been proved to be effective 
in other scenarios like ARDS (Table 3). The authors therefore 
explored the other two controversial and less investigated areas 
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to find out the ideal ventilatory strategy during CPB. The authors 
confined the tidal volume for low volume ventilation at 2 ml/kg as 
it did not cause movement of surgical field. The rationality behind 
use of 50% oxygen was that 100% oxygen if remains in the alveolus 
will be absorbed and cause collapse of the alveoli. The authors 
found significant improvement of inspiratory capacity in the low 
volume ventilation group on day 1 and day 2. The PaO2 values 
were significantly improved in low volume ventilation group after 
removal of cross clamp and indicated better oxygenation. There 
was no significant difference in the PaCO2 values between the 
groups.

Alavi et al. [21] has conducted a similar study on on-pump 
coronary artery bypass grafting surgery patients and found 
CPAP and intermittent mandatory ventilation during CPB was 
associated with better postoperative ABG measurements and 
(A-a) DO2. The authors experienced better PaO2 profile with 
low volume ventilation group. Respiratory mechanics were not 

addressed in their study. 

The limitation of the study is long term outcome has not been 
incorporated into this study. The oxygenation parameters 
including arterial oxygen content, oxygen consumption, extraction 
ratio and shunt fraction were planned to be included in this 
study but could not be done due to nonavailability of resources. 
Further study may be done in this context with larger sample size 
and including the oxygenation parameters and follow up details 
to reach a stronger recommendation.

Conclusion
In conclusion, low volume ventilation during CPB is associated 
with better oxygenation and pulmonary mechanics after cardiac 
surgery than CPAP or no ventilation. Low volume ventilation does 
not cause significant movement in the lung field. CPAP with 10 
cm H2O does not significantly improve postoperative pulmonary 
function than no ventilation.

Group V Group NV Group CP P Value

Extubation(Hours) 12.44 ± 6.11 16.47 ± 5.88 13.46 ± 1.38 Gr V vs NV
P = 0.057

ICU Stay (Days) 2.00 ± 0.00 2.4 ± 0.6  2.00 ± 0.00

Gr V vs NV
P = 0.003
Gr CP vs V
P = 0.02

Discharge (Days) 7.00 ±  0.00 7.8 ± 0.7 7.12  ± 0.3 NS
Group V Group NV Group CP P Value

Extubation(Hours) 12.44 ± 6.11 16.47 ± 5.88 13.46 ± 1.38 Gr V vs NV
P = 0.057

ICU Stay (Days) 2.00 ± 0.00 2.4 ± 0.6  2.00 ± 0.00

Gr V vs NV
P = 0.003
Gr CP vs V
P = 0.02

Discharge (Days) 7.00 ± 0.00 7.8 ± 0.7 7.12 ± 0.3 NS
Group V
(n=15)

Group NV
(n=15)

Group C
(n=15) P Value

Age (Year) 29.83 ± 10.45 35.23±13.28 35.25 ± 11.0 0.18
Gender (M:F) 9:9 7:10 8:7 0.73

Body weight (Kg) 43.72 ± 11.06 45.52 ± 8.96 52.62 ±9.35 0.6
Axcl time (min) 60.66 ± 28.03 52.00 ± 23.71 78.50 ± 21.35 0.33
CPB Time (min) 84.33 ± 41.95 80.70 ± 29.13 96.43 ± 34.04 0.76

Table 3. Comparison of hours of extubation, ICU stay and discharge
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