Annals of Clinical and Analytical Medicine

Original Research

The effects of low tidal volume ventilation during cardiopulmonary bypass
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Abstract

Aim: To compare the Postoperative Pulmonary Complication Scores (PPCs) and Modified Clinical Pulmonary Infection Scores (mCPIS) of patients who were
either ventilated using low tidal volume or not ventilated at all during cardiopulmonary bypass (CPB) procedures in on-pump coronary artery graft surgeries.
Materials and Methods: Demographic data including age, gender, ASA (American Society of Anaesthesiologists physical status classification) scores, height,
weight, body mass index (BMI), and smoking status of the 64 patients were recorded. In Group 1, patients were ventilated with a 3-4 ml/kg tidal volume during
the cardiopulmonary bypass surgery. In Group 2, 32 patients were not ventilated during cardiopulmonary bypass. PPC and mCPIS scores were evaluated at the
24th hour after intubation.

Results: There was no difference between the two groups regarding demographic data (p>0.05). PPCs and mCPIS values were statistically significantly lower
in Group 1 compared to Group 2, respectively (%0 / %65.6) and (%0 / %62.5) (p < 0.05). The postoperative 6th-hour blood gas PaO2 values were significantly
higher in Group 1 than in Group 2, respectively (126.9 + 24.2 mmHg/111.3 + 26.2 mmHg) (p < 0.05). Mechanical ventilation duration (649.5 + 153.5/896.4 +
252.8 min), time to extubation (390.3 + 136.7 / 652.2 + 228.4 min), intensive care unit (37.5 + 11.1 / 62.2 + 30.2 h), and hospital (9.5 + 2.9/ 15.7 + 6.8 days)
stays of the patients in Group 1 were statistically significantly shorter than Group 2.

Discussion: In on-pump coronary artery bypass graft surgery, low tidal volume ventilation applied during CPB resulted in shorter mechanical ventilation
duration, time to extubation, intensive care unit, and hospital stays. It has also been shown to reduce PPCs and mCPIS when evaluated in the postoperative
period.
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Introduction

Postoperative Pulmonary Complications (PPCs) are defined
as postoperative pulmonary abnormalities resulting in
identifiable diseases or dysfunctions that negatively impact
the patient’s clinical outcome [1]. PPCs manifest as atelectasis,
pneumothorax, bronchospasm, pneumonia, or pleural effusion,
resulting in respiratory failure and may increase postoperative
mortality rates. These complications can worsen the prognosis
by prolonging the duration of mechanical ventilation and
intensive care unit (ICU) stay [2].

During the postoperative period, changes in pulmonary
mechanics and impaired gas exchange contribute to the
development of pulmonary complications, particularly after
extracorporeal circulation. Various factors commonly associated
with extracorporeal circulation during cardiac surgery, such
as atelectasis,
heart failure, emergency surgery, and prolonged bypass time,
can exacerbate the risk of pulmonary complications [3]. The
application of lung ventilation in cardiac surgery should be
justified with the highest level of clinical evidence due to its
potential impact on surgical procedures and cardiac function
[4].

We aimed to compare the Postoperative Pulmonary Complication
Scores (PPCs) and Modified Clinical Pulmonary Infection Scores
(mCPIS) of patients who were either ventilated using low tidal
volume or not ventilated at all during cardiopulmonary bypass
(CPB) procedures in on-pump coronary artery graft surgeries.
Additionally, we aimed to compare postoperative 6th-hour
blood gas values, extubation times, and durations of ICU and
hospital stays between the groups.

transfusion requirements, advanced age,

Materials and Methods

This study was conducted in compliance with the World
Medical Association Declaration of Helsinki Ethical Principles
for medical research involving human subjects, published in
2013. Intraoperative and postoperative data of patients who
underwent on-pump coronary artery bypass graft surgery
between March 1, 2021, and January 12, 2022, were evaluated.
Written informed consent was obtained from the patients.

A total of 64 patients aged 33-70 years undergoing coronary
artery bypass graft surgery were included in the study. The
study excluded patients with ejection fractions (EFs) below 40%,
restrictive lung disease, liver failure, neuromuscular disease,
morbid obesity, pregnancy, alcohol or drug addiction, those
receiving immunosuppressive therapy or emergency surgeries
and individuals with a history of thoracotomy or sternotomy.
There were 32 patients in each group; Group 1 included patients
ventilated with low tidal volume while Group 2 non-ventilated
patients during CPB. The decision to apply ventilation during CPB
was made collaboratively by the surgical and anesthesiology
team, tailored to the specific intraoperative context to optimize
patient outcomes. This team-based approach allowed flexibility
to adjust ventilation practices based on institutional protocols,
real-time clinical assessments, surgical workflow, and individual
patient needs. Standard anesthesia procedures were applied
to all patients. Preoperative serum albumin (g/dL), creatinine
(mg/dL), hemoglobin (g/dL), and ejection fraction (%) values
of the patients were recorded. In the operating room, patients

were monitored with electrocardiography (ECG), non-invasive
blood pressure measurements (mmHg), and peripheral oxygen
saturation levels (SpO2). Peripheral venous catheterization with
a 20-22 gauge catheter was performed for fluid resuscitation
with 0.9% isotonic saline infused at doses of 4-5 ml/kg/h.
Patients inhaled 100% oxygen prior to induction of general
anesthesia. During the induction phase of general anesthesia,
patients received midazolam (0.05 mg kg-1 to 0.1 mg kg-
1), propofol (up to 2 mg kg-1), fentanyl (5-10 pg kg-1), and
rocuronium (0.6 mg kg-1) via intravenous route. Radial arterial
and central venous catheterizations were performed.

All patients were ventilated by using Datex-Ohmeda Avance S5
(GE Healthcare, Chalfont St. Giles, UK) Workstation, and volume
control mode (V-CMV) was adjusted to 6-8 ml/kg tidal volime
(predicted body weight) with a peak pressure not exceeding 25
c¢cmH20. Respiratory frequency is adjusted between 12-18 min-
1 to maintain end-tidal carbon dioxide (EtCO2) of 30-35 mmHg.
Ventilation was adjusted to maintain PEEP at five mmHg, Fi02
at 40%, and I/E ratio at 1:2.

Maintenance of anesthesia was achieved with sevoflurane
inhalation at a concentration of 1.5-2 %, remifentanil infusion
at 0.1-0.2 pg kg -1min -1, and IV rocuronium bolus injections at
doses of 0.1-0.2 mg kg-1 every 30 minutes. The partial pressure
of arterial oxygen (PaO,) was assessed at approximately
30-minute intervals through arterial blood gas analysis.
Ventilation was discontinued in Group 2 during CPB, while in
Group 1, ventilation continued with a tidal volume of 3-4 ml
kg-1 (predicted body weight), frequency 12 min-1, and five
cmH20 positive end-expiratory pressure (PEEP). Midazolam,
fentanyl, and rocuronium were administered via pump during
CPB.

After CPB terminated, maintenance of anesthesia was achieved
with 1.5-2 9% sevoflurane inhalation, remifentanil infusion
at 0.1-0.2 pg kg -1min-1, and IV rocuronium bolus injections
every 30 minutes. Duration of surgery and CPB, fluid and blood
replacement volumes, amount of blood loss, and urine outputs
were recorded.

All intubated patients underwent recruitment maneuvers
before leaving the operating room and were transferred to
the Cardiovascular Surgery Intensive Care Unit (ICU) for close
monitoring and extubation within the first postoperative 24
hours. Prior to transfer to the intensive care unit (ICU), all patients
were administered 1 gram of acetaminophen and intravenous
tramadol at a dose of 1 mg/kg. Ventilation parameters were
adjusted to maintain FiO2 > 0.4, respiratory rate < 20/min,
Pa02 > 60 mmHg, PaC0O2 < 45 mmHg. Specifically, ventilation
parameters —such as tidal volume, respiratory rate, and
positive end-expiratory pressure (PEEP)— were adjusted to
optimize lung inflation and reduce atelectasis, which supports
effective drainage and minimizes fluid accumulation in the
chest cavity. By coordinating ventilation settings with chest
tube output, we ensured that lung function and drainage were
effectively balanced throughout the procedure.

Patients were extubated if they were awake, followed
commands without the need for inotropes, and fulfilled the
required respiratory criteria. Chest physiotherapy, cough
stimulation techniques, and incentive spirometry were applied
after the extubation of the patients. Arterial blood gases were
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measured at 6 hours after ICU admissions. All patients were
administered intravenous acetaminophen every six hours for
postoperative analgesia. If a patient’s Visual Analog Scale
(VAS) score exceeded 3, tramadol (1 mg/kg) was administered
as the initial analgesic intervention. Morphine (0.05 mg/kg) was
subsequently added as needed for further pain management.
Patients were evaluated based on risk scores for postoperative
pulmonary complications (PPCs) and modified Clinical Pulmonary
Infection Scores (mCPIS) estimated at 24 hours postoperatively.
Postoperative chest X-rays and arterial blood gases were
evaluated. PPCs were assessed for cough, increased mucus
production, chest pain, dyspnea, fever (>38°C), and tachycardia
(>100/min). A total score >3 out of 6 was considered positive.
The modified mCPIS were assessed for tracheal secretions,
chest X-ray infiltrates, temperature, leukocyte count, and Pa02/
FiO2. A total score of more than 6 was considered positive.
Statistical Analysis

The minimum required sample size to detect a statistically
significant difference of 1.0 + 1.4 units in the mCPIS score
between groups was calculated as 32 patients per group, with
a significance level (a) of 0.05 and power (1 - B) of 0.80. This
analysis was conducted using G*Power version 3.1.

The normal distribution of numerical variables was tested using
the Shapiro-Wilk test. Student t-test was used to compare
normally distributed variables between the two groups, while
the Mann-Whitney U test was employed for the comparison
of non-normally distributed variables. Relationships between
categorical variables were tested using the chi-square test.
SPSS 22.0 for Windows was used for the statistical analysis,
and p < 0.05 was considered statistically significant.

Ethical Approval

This study was approved by the Ethics Committee of Gaziantep
University (Date: 2022-03-09, No: 2022/32).

Results

A total of 64 patients, 32 in each group, were included in the
study. The demographic characteristics of the patients were
compared and presented in Table 1. The mean age of the
study patients was 58.7 years, with the youngest being 33 and
the oldest 70 years old. There was no statistically significant
difference in terms of the distribution of age (p = 0.23) of
the patients between Groups 1 and 2. The average BMI of
the patients was 28.2 kg m2-1. BMI values were comparable

Table 1. Demographic data of both groups

Group 1 (n = 32)

Group 2 (n = 32)

Age (years) (median+SD) 59.9+7.2 57.5+8.4 0.23
Height (cm) (Median+SD) 168.2+8.4 167.7+10.1 0.82
Weight (kg) (median+SD) 80.4+13.6 78.6£12.4 0.57
BMI kg/m2 (median+SD) 28.5+5.1 28.0t4.4 0.71
EF (%) (median+SD) 54.5+5.8 522+7.3 020
Gender
Male (n) (%) 23(71.9) 19 (59.4)

0.29
Female (n) (%) 9(28.1) 13 (40.6)
Smokers (n) (%) 13 (40.6) 9(28.1) 0.29

*Significant at p < 0.05, BMI: Body Mass Index, EF: Ejection Fraction

between both groups (p = 0.71). No statistically significant
intergroup difference was observed regarding ejection fraction
(EF) rates (p = 0.20), gender distribution (p = 0.29), and smoking
status (p = 0.29).

Both groups were compared in terms of creatinine, hemoglobin,
and albumin values. No statistically significant intergroup
difference was found in terms of creatinine (p = 0.72) and
hemoglobin (p = 0.13) values. However, albumin values were
statistically significantly higher in Group 1 (p = 0.006). There
was no statistically significant intergroup difference regarding
the prevalence of comorbidities (78.1%vs 90.6%), duration of
surgery (235.1 + 56.6 vs 241.4 + 58.8 min), or CPB pump time
(70.0 £ 31.2 vs 76.3 + 28.9 min). The amount of intraoperative
bleeding (p = 0.25) and urine output (p = 0.88) were comparable
between groups. The amount of intraoperative isotonic serum
infusion was statistically significantly higher in Group 1 than in

Table 2. Laboratory and clinical data of both groups

Group 1 (n=32)

Group 2 (n=32)

Creatinine (mg/dL) 0.9+0.3 0.9+0.4 0.72
Hemoglobin (mg/dL) 13.1+2.2 12.3+2.1 0.13
Albumin (g/L) 38.6+5.2 34.7+5.6 0.006*
Comorbidities (n) (%) 25 (78.1%) 29 (90.6%) 0.16
Hypertension 15 (46.9%) 11 (34.4%) 0.31
Diabetes Mellitus 13 (40.6%) 8 (25%) 1.00
Asthma 2 (6.3%) 2 (6.3%) 1.00
Hyperlipidemia 2 (6.3%) 2 (6.3%) 1.00
CcoPD 2 (6.3%) 2 (6.3%) 1.00
Duration of Surgery (min) 235.1+56.6 241.4+58.8 0.66
On-pump time (min) 70.0+31.2 76.3+28.9 0.28
10 isotonic serum infusion (mL) 2312.5+479.4 2612.5+632.8 0.049*
10 blood loss (mL) 342.1+£354.0 465+574.6 0.25
Urine Output (mL) 277.9+£167.3 280.4£170.4 0.88
PRBCs Transfusion (unit) 1.5+1.2 1.5£0.8 0.69
FFP Transfusion (unit) 1.1+0.6 1.2+0.4 0.64

Significant at p < 0.05, COPD: Chronic obstructive pulmonary disease, 10: Intraoperative,
PRBCs: Packed Red Blood Cells, FFP: Fresh frozen plasma

Table 3. Outcome values of both groups

Group 1 (n:32)

Group 2 (n:32)

Duration of mechanical ventilation (min) 649.53+153.47 896.41+252.79 0.001*
Time to extubation (min) 390.31+136.68 652.19+228.38 0.001*
Duration of ICU stay (hour) 37.5+11.06 62.19+30.17 0.001*
Duration of hospital stay (day) 9.5+2.99 15.66+6.79 0.001*
Postop 1.hr pH 7.3+0.05 7.4+0.06 0.54
Postop 1.hr Pa02 (mmHg) 126.9+24.2 111.3+26.2 0.01*
Postop 1.hr PaC02 (mmHg) 32.9+7.0 36.7+10.8 0.15
Postop 1.hr HCO3 (mEq/L) 20.7+3.62 23.0+3.0 0.003*
Postop 1.hr BE (mmol/L) -3.9+2.9 -2.5+32 0.09
Postop 1.hr Lactate (mmol/L) 3+2.07 2.6+1.2 0.77

Negative 32 (100) 11 (34.4) 0.01*
PPCs (n) (%)

Positive 0 (0) 21 (65.6)

Negative 32 (100) 12 (37.5) 0.01*
mCPIS (n) (%)

Positive 0 (0) 20 (62.5)

*Significant at p < 0.05, ICU: Intensive Care Unit PPCs: Postoperative Pulmonary Complica-
tions Score, mCPIS: Modified Clinical Pulmonary Infection Score, BE: base excess: Pa02:
Partial pressure of arterial oxygen, PaCO2: Partial pressure of carbon dioxide
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Group 2 (2312.5+479.4vs 2612.5 + 632.8 mL). Twelve patients
in Group 1 and 16 patients in Group 2 received blood product
transfusions. There was no significant intergroup difference
concerning amounts of erythrocyte suspension (ES) (p = 0.69)
and fresh frozen plasma (FFP) transfused (p = 0.64) (Table 2).
There was no statistically significant difference in terms of
pH (p = 0.54), PaCO2 (p = 0.15), base excess (BE) (p = 0.09),
and lactate (p = 0.77) values between Groups 1 and 2 based
on the results of postoperative 6th-hour blood gas analysis.
Pa02 values were significantly higher, while HCO3 values
were significantly lower in Group 1 compared to Group 2 (p
= 0.01) and (p = 0.03, respectively). Postoperative Pulmonary
Complication and Modified Pulmonary Infection Scores in
Group 1 were significantly lower than in Group 2 (for both: p =
0.001). Duration of mechanical ventilation (p = 0.001), time to
extubation (p = 0.001), ICU (p = 0.001), and hospital stays (p =
0.001) were significantly shorter in Group 1 (Table 3).

Discussion

In our clinical study involving 64 patients undergoing on-
pump coronary artery bypass graft surgery, we found that low
tidal volume ventilation during cardiopulmonary bypass (CPB)
significantly reduced Postoperative Pulmonary Complication
Scores (PPCs) and the modified Clinical Pulmonary Infection
Scores (mCPIS). Moreover, low tidal volume ventilation during
CPB decreased the duration of mechanical ventilation, time to
extubation, ICU, and hospital stays.

Previous studies have demonstrated that postoperative
pulmonary complications (PPCs) are a significant concern
following cardiopulmonary bypass (CPB), with an incidence
rate as high as 6.2% [5]. In their study examining postoperative
complications in 103 patients undergoing cardiac surgeries,
Bolukcu et al. reported that atelectasis was the most common
cause of dyspnea. Furthermore, they mentioned that the patients
who experienced dyspnea due to pneumonia had a longer ICU
stay [6]. In our study, the patients who had ventilated with low
tidal volume during CPB had lower hospital and ICU stays.
Several studies have investigated predictors of PPCs, including
hypoalbuminemia, advanced age, and CPB duration [7-10]. On-
pump cardiac surgery subjects patients to multiple pulmonary
challenges. The combination of general anesthesia and invasive
mechanical ventilation can lead to ventilator-induced lung
injury [11]. The application of LFV during CPB in valvular heart
surgery demonstrated both feasibility and safety [12]. Wang
et al. identified advanced age, female sex, and high BMI as
significant demographic risk factors for prolonged mechanical
ventilation [13]. In patients undergoing elective CABG, lung
biopsies and blood samples indicate that utilizing LFV during
CPB, as opposed to leaving both lungs collapsed, does not
appear to significantly decrease inflammation [14]. An open-
lung ventilation strategy, including moderate PEEP, recruitment
maneuvers, and continued ventilation during CPB, enhanced
dorsal lung ventilation during cardiac surgery [15].

The impact of CPB on lung injury is not fully understood, as many
factors contribute to its development. Various interventions
have been introduced to reduce the risk of lung damage, and
many have shown positive results by lowering inflammation and
improving recovery. However, because lung injury has multiple

causes that are closely connected, a combination of different
strategies is needed for effective prevention [16].

Maffezzoni et al. highlighted the ongoing debate about
mechanical ventilation during CPB, noting that while some
studies suggest benefits for oxygenation and inflammatory
response, its overall clinical impact remains controversial
[17]. As for Boussion et al., low-tidal volume ventilation during
CPB improves oxygenation and reduces lung injury [18]. Our
findings align with that study, supporting its role in reducing
postoperative pulmonary complications.

Wang et al. [19] found that while positive airway pressure
and ventilation during CPB improved immediate oxygenation,
these benefits were transient and did not reduce long-term
pulmonary complications. In contrast, our study demonstrates
that low-tidal volume ventilation during CPB significantly
reduces postoperative pulmonary complications.

Nguyen et al. conducted a large randomized study focusing
on outcomes such as mortality and prolonged ventilation [20].
While their study provides valuable insights into broader clinical
outcomes, our study focuses on pulmonary-specific measures
like PPCs and mCPIS.

The guidelines for CPB implementation, specifically in the lung
protection section, suggest maintaining ventilation during
the procedure (lIb/B recommendation) [21]. In a randomized,
double-blind clinical study by Zamani et al. [22], lung-protective
strategy during and after CABG surgery significantly reduced
postoperative mCPIS. These findings support our belief that
low tidal volume, PEEP, and recruitment maneuvers can reduce
postoperative pulmonary complications.

Costa Leme et al. conducted a study to determine whether
an intensive alveolar recruitment strategy could reduce
postoperative pulmonary complications when combined with
protective low tidal volume ventilation. Although the results
were not statistically significant, Group 1 had trends toward
reduced oxygen requirements, fewer pulmonary complications,
shorter ICU and hospital stays, and lower mortality [23]. These
outcomes are consistent with our findings, suggesting that
protective ventilation strategies with alveolar recruitment
during CPB may benefit pulmonary recovery.

Pulmonary artery perfusion during CPB may reduce hypoxemia
by supporting lung metabolism [24]. In our study, while low
tidal volume ventilation likely contributed to better outcomes in
Group 1, many factors may have also contributed.

Limitations

The limitations of our study include its retrospective design,
the fact that it was conducted during the COVID-19 pandemic,
and the inability to assess pulmonary function before and after
surgery. Additionally, the single-center nature of the study and
the limited sample size may impact the generalizability of our
findings. While our results suggest an association between
lung ventilation during CPB and improved pulmonary outcomes,
potential confounding factors must be considered.

Conclusion

In conclusion, our study demonstrates that low tidal volume
ventilation during CPB reduces the incidence of postoperative
pulmonary complications in coronary artery bypass grafting.
Patients in the non-ventilated group experienced prolonged
mechanical ventilation and longer ICU and hospital stays
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compared to the ventilated group, underscoring the potential
benefits of this approach for improving postoperative outcomes.
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