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 Background & Objective:  The present study aimed to assess the supportive role 

of open lung ventilation on respiratory mechanics, the rate of oxygenation, 

inflammatory biomarkers, and probable liver or renal injuries following coronary 

artery bypass grafting surgery. 

 Materials & Methods:  This randomized double-blinded clinical trial study was 

conducted on 64 candidates for coronary artery bypass surgery using a 

cardiopulmonary pump. The patients were randomly categorized into the Positive end-

expiratory pressure (PEEP) group (n = 32) or Zero End Expiratory 

Pressure (ZEEP) group (n = 32).  

Results:  Interleukin-6 levels were similar between the PEEP and ZEEP groups before 

surgery (p = 0.18) and were significantly higher in the ZEEP group after pump 

insertion (p = 0.005). On the contrary, the levels of Interleukin-6 were significantly 

higher in the PEEP group after extubation (p = 0.001). The Between-group analysis 

also showed a significant difference between the levels of interleukin-6 in the ZEEP 

and PEEP groups, representing a greater increase in the PEEP group (p < 0.001). There 

was no difference in certain hemodynamic parameters, including heart rate, mean 

blood pressure, mean CO2 pressure (PCO2), mean concentration of HCO3, and base 

excess. The mean arterial O2 saturation was higher overall in the PEEP group 

compared to the ZEEP group. The mean PaO2/FiO2 was significantly higher in the 

PEEP than in the ZEEP group (p < 0.001). 

Conclusion:  Supportive ventilation technique leads to better oxygenation and 

better lung expansion, as well as lowering inflammatory biomarkers, after coronary 

artery bypass surgery. 
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Introduction

Respiratory failure after major surgeries, especially 

cardiopulmonary bypass operations, is an important 

clinical issue, leading to subclinical functional changes in 

most affected patients and even acute respiratory distress 

syndrome in about two percent of patients who undergo 

coronary artery bypass grafting (CABG) surgery (1,2). 

Common physiological disturbances following this 

surgery are manifested by abnormal changes in gas 

exchange, as well as abnormal mechanical changes in the 

lung, leading to reduced tissue oxygenation and even 

acute respiratory failure (3).  In these conditions, utilizing 

mechanical ventilation could increase the positive 

pressure in the chest and subsequently reduces cardiac 

preload, leading to decreases in cardiac output and blood 

pressure; which could induce reactive shock to fluid 

therapy (3). In addition, the increase in intra-thoracic 

pressure can also reduce the glomerular filtration rate 

(GFR) (4). Moreover, applying mechanical ventilation 

may change neuro-hormonal pathways, such as the renin-

angiotensin pathway, leading to released vasopressin and 

atrial natriuretic peptide (5). In this regard, it is now 

suggested that pro-inflammatory cytokines such as 
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interleukin 1,6, and 8, as well as TNFα, may play central 

roles in acute kidney injury (6). 

Recently, open lung ventilation which has been defined 

as a low tidal volume plus relatively high positive end-

expiratory pressure has been accepted as a supportive 

strategy to prevent lung atelectasis (due to shear forces 

during major surgeries, which increase the risk of 

atelectatic lung events) (7). This strategy can increase 

intrathoracic pressure, but it increases the right ventricular 

afterload due to alveolar over-distention of the lung, in the 

presence of atelectasis or hypoxic vasoconstriction, which 

leads to reduced surgical safety (8). It has been recently 

hypothesized that by using open lung ventilation, the 

increase in the right ventricular afterload can be avoided 

in cardiac surgeries (9). Furthermore, employing this 

approach may result in alleviated respiratory-related 

complications in this surgery, probably due to reduced 

inflammatory biomarkers (10).  This study aimed to 

assess the supportive role of open lung ventilation on 

respiratory mechanics, the rate of oxygenation, 

inflammatory biomarkers, and probable liver or renal 

injuries following CABG surgery. 
 

Materials and Methods 

This randomized double-blinded clinical trial was 

performed on 64 candidates for CABG surgery using a 

cardiopulmonary pump who had been referred to 

Hasheminejad Hospital, Tehran between January 2013 

and January 2014. All eligible patients were aged 18 to 70 

years, candidates for surgery under general anesthesia, 

with a body mass index lower than 30kg/m2, without a 

history of obesity, and agreed with performing respiratory 

functional tests. The exclusion criteria were defined as 

candidates for emergency surgery, a history of lung 

surgeries, a history of chronic obstructive lung disease, 

repeated treatment with systemic corticosteroids, a history 

of liver or kidney diseases, drug or alcohol abuse, 

sensitivity to anesthetic drugs, receiving radiotherapy or 

immunosuppressive drugs (including chemotherapy 

agents) within the last two months, serum hemoglobin 

level of less than 10 mg/dl or albumin level of less than 3 

gr/dl, hemodynamic instability or persistent shock, or a 

predicted need for prolonged mechanical ventilation 

(longer than 6 hours after surgery). The present trial was 

approved by the ethical committee at Iran University of 

Medical Sciences (code 1394.9111174018) and written 

consent was obtained from all patients, which was 

registered at Iran Registry of Clinical Trials (IRCT code: 

IRCT2015040115774N3).  

The patients were randomly categorized (using the 

block randomization method) into the PEEP group (n = 

32) or the ZEEP group (n = 32). On entrance to the 

operating room, the patients, were monitored by the 

standard protocol (electrocardiogram, pulse oximetry, 

IBP, and ETCO2). All subjects were pre-medicated with 

lorazepam (1mg, IV) two hours before surgery and 

morphine sulfate (0.1 to 0.5 mg/kg, IM) 30 minutes before 

transfer to the room. All patients were generally 

anesthetized using etomidate (0.15 to 0.30 mg/kg) plus 

fentanyl (3 to 10 mcg/kg), lidocaine (1.0 to 1.5 mg/dl), 

then atracurium (0.15 to 0.20 mg/kg). Esophageal tube 

cuff pressure was maintained at 20 to 25 mmHg. 

Anesthesia was maintained using midazolam (0.25 to 0.5 

mcg/kg/min) and fentanyl (0.03 to 0.1 mcg/kg/min) and 

then atracurium (0.03 mg/kg). All hemodynamic 

parameters were monitored before anesthesia and during 

operation every 15 minutes, on Intensive Care Unit (ICU) 

admission, and also during extubation (including heart 

rate, mean blood pressure, mean arterial oxygen 

saturation, expiratory CO2 pressure, respiratory rate, tidal 

volume, arterial blood gas, static and dynamic 

compliance). Moreover, urine output, the volume of 

bleeding during the operation, total time of operation, 

volume of infused fluid, time for balloon pump insertion, 

and time for intubation were also measured. In the PEEP 

group, positive end-expiratory pressure of 10 cmH2O and 

tidal volume of 6cc/kg were considered, and respiratory 

rate was set on EtCO2 ranging from 30 to 35 mmHg, with 

similar orders continued at the ICU ward. In the ZEEP 

group, positive end-expiratory pressure was maintained at 

0, tidal volume at 9cc/kg, and respiratory rate on EtCO2 

ranging from 30 to 35 mmHg, with similar orders 

continued at the ICU. 24 hours after surgery, all liver and 

renal function parameters, coagulation factors, fasting 

blood sugar, and interleukin-6 levels were reassessed.  

For statistical analysis, results were presented as mean 

± standard deviation (SD) for quantitative variables and 

were shorted by absolute frequencies and percentages for 

categorical variables. The normality of data was analyzed 

by the Kolmogorov-Smirnoff test. Categorical variables 

were compared by chi-square test, or Fisher's exact test 

after more than 20% of cells with an expected amount of 

less than 5 were observed. Quantitative variables 

compared with T-test or Mann-Whitney U-test. The 

tendency of the change in the levels of interleukin-6 at 

different time points was measured using the Repeated 

Measure ANOVA test and the Greenhouse-Geisser 

correlation test. For statistical analysis, SPSS version 16.0 

for Windows (SPSS Inc., Chicago, IL) was used. p-values 

of 0.05 or less were considered statistically significant.  

 

Results  

In total, one patient in the PEEP group was excluded 

from the study due to later extubation as a result of high 

chest tube drainage. Similarly, two patients in the ZEEP 

group were also excluded because of tachypnea and 

metabolic acidosis leading to extubation beyond 6 hours. 

As shown in Table 1, the two groups were similar in 

gender, mean age, mean body mass index, mean operation 

time, the mean time for using a balloon pump, the volume 

of bleeding, urine output, and time for extubation. The 

levels of interleukin-6 were similar between the two 

groups before surgery (p = 0.18), then significantly higher 

in the ZEEP group after pump insertion (p = 0.005), and 

were conversely higher in the PEEP group after 

extubation (p = 0.001) (Table 2). The Greenhouse-Geisser 

test showed a significant correlation between the type of 

ventilation and the levels of interleukin-6 (p < 0.001). the 
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Between-group analysis also showed a significant 

difference in the levels of interleukin-6 between the ZEEP 

and PEEP groups representing a greater increase in the 

PEEP group (p < 0.001) (Figure 1). There was no 

difference in certain hemodynamic parameters, including 

heart rate, the mean blood pressure, mean PCO2 pressure, 

mean concentration of HCO3, and base excess. However, 

the Greenhouse-Geisser analysis showed the significant 

effect of the type of ventilation on arterial O2 saturation 

within each group (p < 0.001), as well as a significant 

between-group difference in this parameter (p < 0.001). In 

other words, mean arterial O2 saturation was overall 

higher in the PEEP group as compared to the ZEEP group 

(Figure 2). Regarding the difference in compliance, higher 

static compliance was revealed in the PEEP group than in 

the ZEEP group (p = 0.005), however, no difference was 

found in dynamic compliance between the groups (p = 

0.059). The mean PaO2/FiO2 was significantly higher in 

the PEEP group in comparison with the ZEEP group (p < 

0.001).  

 

Table 1 . Comparison of baseline variables between the ZEEP and PEEP groups 

Variable  PEEP group ZEEP group p-value 

Female gender 17 (53.1) 16 (50.0) 0.89 

Mean age, year 56.33 ± 9.28 56.72 ± 8.11 0.92 

Mean BMI, kg/m2 26.00 ± 1.51 25.47 ± 1.39 0.66 

Duration of surgery, min 167.65 ± 24.95 165.31 ± 19.79 0.67 

Time on balloon pump, min 39.50 ± 10.68 37.34 ± 10.31 0.41 

Volume of bleeding, ml 384.37 ± 121.44 404.68 ± 137.58 0.53 

Urine output, ml 1092.18 ± 343.39 1020.31 ± 290.40 0.36 

Intubation time, min 305.00 ± 43.83 293.84 ± 42.05 0.36 

 

Table 2: Comparison ofinterleukin-6 levels between ZEEP and PEEP groups 

Variable  PEEP group ZEEP group p-value 

Before surgery 6.67 ± 2.49 5.33 ± 2.23 0.18 

After balloon pumping 34.75 ± 14.64 59.50 ± 22.83 0.005 

After extubation 87.75 ± 22.57 57.17 ± 14.97 0.001 

 

 

      

 

Discussion 

The present study shows that the application of low tidal 

volume along with end-expiratory pressure, within 

coronary artery bypass surgery as a supportive protocol, 

leads to better oxygenation, improves lung expansion, 

Figure 1. Trend of the changes in interleukin-6 levels 

in the PEEP and ZEEP groups 
Figure 2. Trend of the changes in arterial O2 saturation 

in the PEEP and ZEEP groups 
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besides lowering inflammatory biomarkers. According to 

recent reports, employing mechanical ventilation with 

high tidal volume may activate inflammatory pathways 

within major surgeries. The current study clearly indicates 

that using conventional ventilation could increase the 

serum levels of interleukin-6, indicating an increased risk 

for lung injuries, due to repeatedly collapsing the lungs 

during mechanical ventilation. Similar to our findings, 

Patel et al. showed an increase in the levels of interleukin-

6 after both ventilation approaches, including 

conventional and supportive methods; however, this 

increase was lower in the supportive approach (11).  In 

another survey by von Bethmann et al., interleukin-6 was 

introduced as a specific marker for assessing the 

progression of lung injuries during major surgeries (12). 

Similarly, Zupancich et al. and Lin et al. revealed that the 

level of this marker was considerably lower in those who 

received the supportive ventilation method (13, 14).  It 

seems that by inhibiting the inflammatory pathways 

mediated by the decrease in inflammatory biomarkers 

such as interleukin-6, lung injuries mediated by 

inflammation can be significantly reduced. Independent 

of inflammatory mechanisms, mechanical ventilation can 

induces lung injuries via increasing intra-thoracic 

pressure, as well as decreasing the glomerular filtration 

rate (GFR). Based on the present results, the conventional 

ventilation approach induce augmentation in serum 

creatinine levels. As shown by Imai et al., the increase in 

inflammatory cytokines can cause cell apoptosis in the 

kidneys (15). In other words, interleukin-6 can 

concurrently predict both injuries in lungs and kidneys 

following ventilation, which is less expected in the 

conventional ventilation approach.   

The present study also showed no difference in mean 

arterial blood pressure between the two conventional and 

supportive approaches, despite the study by Zupancich et 

al. (13) However, the present data found higher arterial 

oxygenation and also higher PiO2/FiO2 following the 

supportive approach, indicating better oxygenation in 

those scheduling lower tidal volume. DYHR et al. pointed 

out a direct association between better oxygenation and 

using supportive ventilation (16). In fact, applying PEEP 

at the end of the expiratory period leads to higher static 

compliance. However, this benefit was specified to only 

static but not dynamic compliance, similar to Chaney et 

al.’s study, (17) but contrary to Lin et al.’s study (14). 

 

Conclusion: 

In total, it can be seen that the use of low tidal volume, 

along with end-expiratory pressure, within coronary 

artery bypass graft surgery as a supportive protocol could 

ameliorate oxygenation, lung expansion, together with a 

reduction in inflammatory biomarkers.  
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