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Introduction
 The most prevalent problems following surgery in general an-

aesthesia are postoperative hypoxemia (a decrease in the Partial 
Pressure of Oxygen in the blood [PaO2] with haemoglobin oxygen 
saturation <90%) and Postoperative Pulmonary Complications  

 
(PPCs). In one large study encompassing 833 patients, 21% of them 
encountered one or more episodes of hypoxemia for 10 minutes 
or longer after noncardiac surgical procedures [1]. The presence 
of hypoxemia, in the absence of any additional problems, has been 
observed to have a significant impact on the clinical outcome, lead-
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ing to an extended duration of hospitalization, a higher likelihood 
of re-admission to the Postanesthesia/Intensive Care Unit, and in-
creased mortality rates [2,3]. With an incidence of between 0.8% 
and 6.9%, the pathophysiological mechanisms of PPCs include atel-
ectasis, ventilator-induced lung injury (VILI), hypoventilation (re-
spiratory rate <8 breaths/min or arterial carbon dioxide pressure 
[PaCO2] >50mmHg) or upper-airway obstruction (laryngospasm or 
stridor), imbalances in ventilation and perfusion distribution, and 
pulmonary edema [2-4].

In patients undergoing surgery under general anaesthesia, it is 
important to consider the parameters of mechanical ventilation, as 
lung recruitment and oxygenation may critically depend on them. 
An alveolar Recruitment Maneuver (RM) is a sustained increase in 
airway pressure with the goal of opening collapsed alveoli, after 
which sufficient Positive End-Expiratory Pressure (PEEP) must be 
applied to keep the lungs open. Besides improving oxygenation, RM 
serves as part of a lung protection strategy and is also beneficial 
in improving lung mechanics through better distribution of venti-
lation and oxygenation within the lungs and enhancement of lung 
compliance. These effects in turn prevent or mitigate PPCs. Me-
chanical ventilation encompasses several key parameters, of which 
ventilation settings, respiratory volume, and Positive End-Expira-
tory Pressure (PEEP) are the most important. Based on previous 
findings, it is established that individuals with a breathing tidal vol-
ume (Vt) of about 6-8ml/kg of predicted body weight and PEEP of 
5 cm H2O experience a reduction in atelectasis and an improvement 
in oxygenation [5]. Individual RM should last as short as possible 
(minimum is 7-8seconds, but sometimes 15-40seconds is needed), 
whereas the PEEP levels during the recruitment maneuvers should 
be higher than the baseline PEEP used in mechanical ventilation, 
typically in the range of 10-20cm H2O or sometimes even higher 
depending on the patient’s condition, lung compliance, and the 
clinical situation, to keep lungs open and alveoli stretched [5,6]. 
To keep the lungs aerated once the RM procedure is completed, to 
prevent barotrauma and VILI, the PEEP level should be adjusted to 
a lower value, typically between 5 and 10cm H2O, but sometimes 
a slightly higher than baseline PEEP is needed (8 cm H2O or some 
other carefully adjusted level that optimizes the patient’s oxygen-
ation and pulmonary compliance while avoiding excessive pressure 
on the lungs). Namely, higher PEEP pressure may be associated 
with an observed increase in the concentration of inflammatory 
molecules, pulmonary edema, and alveolar overstretching. Such a 
sequence of events could result in hypoxia and pulmonary injury. 
Conversely, a decrease in respiratory volume has been observed to 
have beneficial effects, including reduced inflammation, improved 
lung mechanics, and limitation of excessive stretching of the alve-
oli [5,6]. In the case of the occurrence of atelectasis, inflammation 
of the lung parenchyma, and hypoxia with mechanical ventilation 
with lower respiratory volumes raise questions about the severity 
of these clinical conditions. The implementation of a high PEEP has 
been found to effectively mitigate the occurrence and progression 
of atelectasis, while also enhancing arterial oxygenation (P/F oxy-
genation index = arterial pO2/FiO2 [fraction of inspired oxygen that 
the patient is receiving expressed as a decimal number, e.g. 40% 
oxygen is 0.40 {a P/F ratio less than 300 indicates acute respiratory 

failure}]) and pulmonary compliance (compliance of the respirato-
ry system, Crs) [6]. However, although in the majority of trials, the 
higher levels of PEEP were associated with improved Crs, better 
oxygen parameters, and mitigation of VILI and barotrauma, it is im-
portant to note that high levels of PEEP (>12 cm H2O) can also com-
promise hemodynamics, especially in very obese patients [7,8] and 
in animal models were shown to be associated with the occurrence 
of hypotension, a reduction in cardiac output, or development of 
hyperlactatemia [9].

The significance of positive pressure ventilation, i.e. the appli-
cation of higher PEEP was first recognized in 1952 when it played a 
crucial role in reducing mortality rates associated with respiratory 
failure during the Danish poliomyelitis pandemic [10]. Ever since 
the implementation of this clinical practice has resulted in the pres-
ervation of numerous lives by enabling better critical care and safe 
surgical treatment under general anaesthesia. However, with the 
advent of computerized tomography (CT) in the 1970s, it has been 
established that positive pressure breathing itself has the poten-
tial to induce some pulmonary damage too [11-13]. According to a 
recent editorial, the reason for this shortcoming in the application 
of PEEP during general anaesthesia can be ascribed to two main 
mechanisms: 1) overdistension of alveoli due to large tidal excur-
sions between breaths, and 2) smaller functional lung size because 
some of the airspaces become atelectatic, consolidated, or flooded 
with edema thus reducing functional residual capacity [14]. Overd-
istension of alveoli and excessive PEEP generated by the ventilator 
may create positive (or at least less negative pressure) in the alve-
olar space and thoracic cavity, which may increase the right atrial 
pressure and decrease venous return to the heart, in turn generat-
ing a decrease in preload and potentially reducing cardiac output. If 
a patient’s compensatory response by increasing systemic vascular 
resistance is not adequate, this will cause a drop in Mean Arterial 
Pressure (MAP), which happens especially in inadequately hydrat-
ed patients. If the increase in MAP occurs due to pain, stress, or oth-
er factors related to the surgical or critical care situation, the anaes-
thesiologist may again consider decreasing the pressure of PEEP. 
As to the second mechanism, if the pressure setting on the venti-
lator is too high or if the patient’s lungs are not compliant (elastic 
enough), the mechanical forces exerted by the ventilator may cause 
barotrauma, particularly when using PEEP above 12cm H2O. As a 
potential consequence of both of the aforementioned mechanisms, 
even though modifying PEEP based on respiratory mechanics is a 
quite straightforward technique, its effectiveness in reducing PPCs 
remains relatively unpredictable. As the number of surgical proce-
dures performed exceeds 313million individuals annually, of which 
over 20 million are in the European Union [15], mitigating adverse 
pulmonary outcomes represents an important issue to be resolved. 
Additionally, despite accumulated knowledge and careful monitor-
ing, sometimes an anaesthesiologist is still unable to entirely avoid 
the occurrence of atelectasis, a common phenomenon observed 
during general anaesthesia. Altogether, it can be concluded that the 
effects of mechanical ventilation and oxygenation over an extended 
period are not yet well understood, particularly regarding the im-
pact of reducing tidal volume and using higher PEEPs.
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 After studying in great detail how to interpret the protective 
role of higher PEEP and reduced tidal volume on the development 
of hypoxia and PPCs, Bluth and colleagues also concluded that this 
problem is still unresolved and designed a protocol for a random-
ized controlled trial [8]. They suggested that by observing the ven-
tilation settings of respiratory volume from 6 to 10ml/kg of body 
weight and PEEP from 5 to 8 cm H2O, the primary outcome in the 
first hour after surgery should be measured through the saturation 
and inspiratory oxygen concentration ratio. Secondary outcomes 
should include time-dependent oxygenation, postoperative du-
ration of hospital treatment, and the total number, severity, and 
duration of PPCs. When determining how each variable affects 
the outcome, the study’s design is crucial since it provides a much 
more detailed justification for the decisions that had been taken. A 
crossover design should be utilized in addition to the randomiza-
tion procedure to properly address outcome variability. Therefore, 
Bluth and colleagues suggest that each patient within the group 
should be associated with a certain procedure sequentially to avoid 
seasonal effects. With these recommendations in mind, and by in-
corporating the recommendations of Bluth, et al. [8] (crossover de-
sign, randomization, and sequential association), the main aim of 
the present study was to compare the influence of the application 
of two different mechanical ventilation intraoperative lung venti-
lation strategies, conventional (standard) procedure (CV group of 
patients) and protective (extended and optimized) procedure (PV 
group of patients), on respiratory and hemodynamic parameters 
during general anaesthesia. Our specific objectives were to com-
pare the impact of the application of these two different lung venti-
lation procedures on 

1) hemodynamic parameters, such as the mean arterial pres-
sure, systolic and diastolic pressure, and pulse; 

2) 2) the occurrence of early PPCs such as hypoxemia, hyper-
capnia, hypocapnia, lactacidemia, metabolic acidosis or alkalosis; 

3) the appearance of late PPCs such as an increase in inflam-
matory parameters (C-reactive protein concentration in blood) and 
clinical and X-rays signs of pneumonia, and their influence on 

4) rate of ICU admission and duration of intensive care and 
overall hospital stay after the surgery.

Subjects and Methods
This study was a prospective, single-center, randomized con-

trolled, patient- and evaluator-blinded clinical investigation with a 
two-arm parallel design to assess the advantage of the protective 
(optimized) ventilation procedure (PV group of patients) com-
pared to the conventional (standard) method of lung ventilation 
(CV) during general anaesthesia. The primary outcome was the 
incidence of early (within the first 5 postoperative days) and late 
PPCs (after the fifth day post-surgery), where the end of the fifth 
day is defined as the boundary between the early and late periods 
based on the clinical experience of many experts and their recom-
mendation [16,17].

 The study was conducted at the General Hospital “Dr. Ivo 
Pedišić” in Sisak (Croatia). Upon patient enrollment using strict in-

clusion and exclusion criteria described below, and after loss due 
to follow-up, fifty-three subjects were included in the study for 19 
months: from March 2015 to September 2016. The inclusion peri-
od of two years was foreseen by the planned speed of inclusion of 
the patients in the study. The local Ethics Committee of the Gener-
al Hospital “Dr. Ivo Pedišić” in Sisak, Croatia, approved the study 
protocol on March 24, 2015 (Case no. 2176-125-04-2516-2/15), as 
well as the informed consent form, where aims of the research were 
explained to the participants in the study. To report the results of 
the study in the doctoral thesis of the first author, ethical permis-
sion was again requested and approved by the Central Ethics Com-
mittee of the University of Zagreb Medical School (Case no. 380-59-
10106-21-111/148, Class 641-01/21-02/01 from June 29, 2021).

The inclusion criteria were as follows: subject status according 
to the American Society of Anaesthesiologists Association classifi-
cation ASA I (normal healthy patients, i.e. patients without associ-
ated comorbidities) or ASA II (patients with mild systemic disease, 
such as well-controlled hypertension), normal heart and lung func-
tion, both sexes, non-smokers, normal X-ray findings for heart and 
lungs, age 18–65 years, planned operation of medial laparotomy 
for colorectal cancer with a minimum duration of anaesthesia of 
at least one hour, signed informed consent. In the case of hyper-
tension in ASA II patients enrolled in the study, by examining the 
self-monitoring diary for the past three months [18], there was no 
increase in systolic pressure more than 20 mmHg from the average 
daily value and no increase in diastolic arterial pressure more than 
10 mmHg from the average daily value. In the case of diabetes type 
II in ASA II patients enrolled in the study, the HbA1c values were not 
higher than 7% while taking oral hypoglycaemic drugs and having 
a regulated diet. The patients enrolled also had no complications or 
episodes of hypoglycaemia in the past three months, as described 
by Gropper, et al. [18]. In the case of thyroid disease in ASA II pa-
tients enrolled in the study, values of TSH, fT3, and fT4 in the period 
up to 6 months since the last examination were normal.

Exclusion criteria were as follows: ASA III (patients with severe 
systemic disease that is not life-threatening but with substantive 
functional limitations) or higher (ASA IV-VI), positive history of 
lung diseases, heart failure according to New York Heart Associ-
ation classification NYHA III (marked limitation in activity due to 
symptoms, even during less-than-ordinary activity, e.g. walking 
short distances of about 20-100 m and being comfortable only at 
rest) and NYHA IV stages (severe limitations; these mostly bed-
bound patients experience symptoms even while at rest), body 
mass index greater than 40, sleep apnea diagnosis, hypoxemia 
with oxygen partial pressure less than 8 kPa, hypoxia with periph-
eral saturation less than 92%, hypercarbia with carbon dioxide 
partial pressure greater than 6 kPa, intrinsic PEEP greater than 3 
kPa, postoperative complications such as acute heart attack, hae-
morrhagic shock, the existence of other inflammatory foci and pro-
longed mechanical ventilation. In both groups of subjects, the same 
preparation for surgery and anaesthesia was used. The subjects 
enrolled in the study were randomly divided into two groups. In 
contrast to anaesthesiologists, other staff members were unfamil-
iar with and unaware of the protective ventilation procedure be-
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ing performed. In group 1 (CV group), a standard lung ventilation 
procedure was applied, and the group consisted of 30 subjects. In 
group 2 (PV group), an extended and carefully optimized procedure 

of protective lung ventilation was applied. The PV group consisted 
of 23 subjects (Figure 1).

Figure 1: Flowchart of study randomization, allocation, follow-up, and analysis. CV, conventional (standard) ventilation group; PV, protective 
(extended and optimized) ventilation group.

Subjects

The study included 24 male and 29 female subjects. Eighteen 
male and 12 female patients were selected by randomization for 
the conventional ventilation procedure (the CV group). Protec-
tive Ventilation (PV) was assigned to six male and seventeen fe-
male patients undergoing general anaesthesia. The proportion of 

male patients in the CV group was significantly higher compared 
to the PV group (Pearson’s 2χ =6.04, df=1, P=0.014). All patients 
gave informed consent for participation in this study. The demo-
graphic and anthropometric characteristics of patients according to 
the group assigned, as well as their ASA status and comorbidities 
(COPD), are given in Table 1.

Table 1: The demographic and anthropometric characteristics of the patients included in the study, as well as their ASA status and 
comorbidities (COPD).

Characteristic CV Group PV Group Statistical Difference

Age (years)

Median 67 67.5

NS (Mann-Whitney U test Z=0.12, P=0.904)

Minimum 53 30

The lower quartile (Q1) 63 56

The upper quartile (Q3) 72 77

Maximum 77 86

Mean 67.96 65.32

Sex

Male 18 6

*(Pearson’s  2χ  with Yates correction =4.75, P=0.03)Female 12 17

Total 30 23

Body Mass Index (kg/cm2)

Median 27.6 27.7

NS (Mann-Whitney U test Z=0.25, P=0.806)

Minimum 18.4 16

The lower quartile (Q1) 24.7 23

The upper quartile (Q3) 28.8 31.4

Maximum 39.1 53
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ASA status

ASA I 2 1

NS (Freeman-Halton extension of the Fisher exact 
probability test, tables evaluated=332, P=0.954)

ASA II 14 12

ASA III 12 9

ASA IV 2 1

Total 30 23

Presence of COPD

No 22 17
NS (Pearson’s  2χ  with Yates correction =0.071, 

P=0.962)
Yes 8 6

Total 30 23

Of the 30 patients from the CV group, 19 had arterial hyperten-
sion, 10 had diabetes, 8 had COPD, 6 had cardiomyopathy, 5 had 
coronary heart disease, 5 had asthma, and 4 had thyroid disease. 
Of the 23 patients from the PV group, 18 had arterial hypertension, 
6 had COPD, 6 had asthma, 3 had cardiomyopathy, 3 had diabetes, 
3 had thyroid disease, 1 had coronary heart disease, and 1 had de-
pression. 

Methods

In the CV group of patients, the conventional (standard) meth-
od of lung ventilation was applied and consisted of preoxygenation 
with 100% oxygen for 3 minutes, endotracheal intubation, and 
volume-controlled mechanical ventilation with respiratory vol-
ume values of 6-8 ml/kg and breathing frequency 10-12 per min, 
and carbon dioxide partial pressure values were maintained in the 
range of 4.6-6 kPa to maintain normocarbia. For the sake of normal 
gas exchange, the ratio of inhalation to exhalation was maintained 
at 1:2 while maintaining anaesthesia with inspiratory oxygen con-
centrations of 50%, which maintained the target peripheral satu-
ration above 94% and peak airway pressure values up to 40 kPa.

The procedure of protective lung ventilation in the PV group 
of patients included preoxygenation with 60% oxygen in a mix-
ture with air for 3 min, which maintained the target peripheral 
oxygen saturation at values above 94%, endotracheal intubation, 
volume-controlled mechanical ventilation, a tidal volume of 6 ml 
per kg of body weight. Normocarbia during the protective ventila-
tion procedure was maintained by adjusting the minute ventilation, 
which is the product of the respiratory rate (12-14 breaths per min-
ute) and the tidal volume set to 6 ml/kg of body weight. The most 
critical variable for the adjustment was the inhalation-exhalation 
ratio of 1:2, which ensured adequate oxygenation and removal of 
carbon dioxide during anaesthesia. Identically as in the PV group, 
the target peripheral saturation was kept above 94% with an in-
spiratory oxygen concentration of 50% and peak airway pressure 
values of up to 40 kPa. However, in the PV group, the protective 
ventilation of the lungs also included the procedure of opening the 
alveoli (recruitment maneuver, RM). In every patient undergoing 
the PV procedure, the RM was performed twice. The first instance 
occurred following the administration of anaesthesia, with a FiO2 
value of 50% (0.5). The second instance took place shortly before 
extubation. RM consisted of maintaining an airway pressure of 40-
45 kPa for 40 s [19], which keeps the collapsed alveoli open and cor-
responds to maximum spontaneous inhalation. The specified pres-

sure of PEEP during RM refers to conditions where hemodynamic 
stability is achieved i.e., without the presence of hypotension and 
desaturation (oxygenation below 92%). During anaesthesia in the 
PV procedure, PEEP was set at 7 kPa, but just before the extubation 
and awakening, patients were switched to spontaneous breathing 
the PEEP was set to 10 kPa. In this way, there was no additive ef-
fect of positive pressure, just an addition of 3 kPa positive airway 
pressure was applied to keep current alveoli open continuously and 
possibly recruit some new ones in that short period, which corre-
sponds to the stochastic model of respiration (described in the Dis-
cussion section). 

For patients from both CV and PV groups during the postoper-
ative period, supplemental oxygen support was increased to main-
tain saturation above 92%. In the first phase immediately after the 
end of the operation, the level of consciousness, physical activity, 
blood pressure, heart rate, respiration rate, oxygen saturation, pain 
sensation, postoperative nausea and vomiting, temperature, and 
bleeding were monitored. No scoring criteria were used neither 
for the mentioned variables nor for the need for oxygen therapy. 
The point-scoring system was used only for the degree of oxygen 
saturation. With 2 points we scored the condition of the patient in 
which the oxygen saturation was above 92% while the patient was 
on oxygen therapy and had an opportunity to self-administer anal-
getics (patient-controlled analgesia, PCA), with 1 point we assessed 
the condition in which the oxygen saturation was above 92% with-
out oxygen therapy but the i.v. PCA was available, and with 0 points 
when saturation was below 92% despite oxygen therapy.

 During the anaesthesiology procedure, the hemodynamics of 
both groups of patients were monitored. Invasive hemodynamic 
monitoring included measuring systolic, diastolic, and mean blood 
pressure, as well as watching the heartbeat. Neuromuscular block-
Train-of-Four (TOF) monitoring was also performed, as well as 
diuresis monitoring. Midazolam, fentanyl, propofol, and non-depo-
larizing muscle relaxants (vecuronium bromide or rocuronium bro-
mide) were used to start the anaesthesia. After that, sevoflurane, 
fentanyl boluses, and one of the non-depolarizing muscle relaxants 
were used to keep the anaesthesia going. Ventilation, hemody-
namic, and inflammatory parameters were monitored at four time 
points: before anaesthesia, after intubation, half an hour from the 
start of anaesthesia, repeat measurements every two hours from 
the beginning of anaesthesia, half an hour after extubation, 12 
hours after extubation, and 24 hours after extubation. Extubation 
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time was measured in both groups of subjects, and X-rays of the 
heart and lungs were always done within two hours after surgery 
and after 48 hours. In the postoperative course, late complications 
were monitored in the period from the X-ray imaging of the lungs to 
five days after the operation.

Statistical Analysis
For the sample size determination and power analysis, the fol-

lowing parameters were used: the level of statistical significance 
was set at α=0.05, and the power of the test (defined as one minus 
the probability of a type II error) was set at 1-β=0.80 (convention-
ally, a power of 80% is used for clinical trials). The required sample 
size, i.e., the number of patients per group, was calculated based on 
the data of Oikkonen, et al. [20]. related to the arterial oxygenation 
index (PaO2/FiO2), where the mean value of arterial oxygenation 
was 357 (SD=36) in the experimental group in which the alveolar 
strengthening method was applied by providing the positive pres-
sure, or 392 (SD=36) in the control group where this was not done. 
Using the methodology according to Machin, et al. [21], with a stan-
dardized effect size =1.0 (meaning that the difference in the mean 
value between groups is one SD (357+36=393), it was determined 
from their Table 5.1 (sample sizes for the two-sample t-test with 
two-sided α=0.05) on page 54 [21] that 17 subjects per group were 
required. Calculating the recommended attrition rate of 15%, we 
rounded the final sample size in each group to 20 respondents per 
group (20x0.15=3; 17+3=20).

Descriptive statistics were presented with frequency, percent-
age, median, mean, and Standard Deviation (SD) values. Graphical 
representations of the measured continuous variables also include 
95% confidence intervals. In the analyses of categorical and discrete 
variables, the difference in proportions of subjects between groups 
was compared with Chi-squared ( 2χ ) or Fisher’s exact test. Para-
metric statistical methods were used to compare continuous vari-
ables whose values followed a normal distribution. Between-group 
differences were assessed with a Student’s t-test. Dependent con-
tinuous variables measured over three or four different time points 
were analyzed using the mixed analysis of variance (mixed ANO-
VA). When an overall significant difference was found in ANOVA, 
Tukey-Kramer Honestly Significant Difference (HSD) post-hoc anal-
ysis was used to perform multiple pairwise comparisons between 
all possible pairs of group means if variances between groups were 
equal (homoscedasticity), the size of groups was relatively large, 
and the data was normally distributed. In cases where sample 
sizes were smaller and the data did not meet the assumptions of 
homoscedasticity and normality, post-hoc pairwise comparisons 
between groups after significant ANOVA results were obtained by 
using Fisher’s Least Significant Difference (LSD) post-hoc analysis. 
For continuous variables where the normality of the data was not 
met, non-parametric statistical methods were used. A Mann-Whit-
ney U-test was used in accordance with the data distribution. Cor-
relations between variables were tested using the Pearson method 
for variables with a normal distribution or the Spearman method 
for variables that did not meet the criteria of a normal distribution. 
Subjects were also analyzed by clustering around the variables of 

tidal volume and PEEP. Where we assumed the existence of a causal 
relationship between the variables, the hypothesis was tested using 
the linear regression analysis. All statistical analyses were done in 
SPSS v.22 (SPSS, Chicago, IL, USA). The level of statistical signifi-
cance was set at α =0.05.

Results
The main results of our study were as follows: 

1) Compared to the CV group, the intraoperative Mean Ar-
terial Pressure (MAP) drop was non-significantly smaller in the PV 
group and also significantly lower in the PV group five days after 
the operation; 

2) Peripheral capillary oxygen saturation (SpO2) was 
non-significantly higher in all time points in the PV group, and, 
compared to the time point one hour after the operation, overall 
significantly lower after 5 days; 

3) Regardless of the group to which they were assigned by 
randomization, male patients had significantly higher intraopera-
tive pulmonary compliance compared to female patients; 

4) Regardless of group assignment, compared to female pa-
tients, peripheral (capillary) oxygen saturation (SpO2) was signifi-
cantly higher in male patients before the operation and one hour 
after the operation but lower 5 days postoperatively; 

5) the concentration of C-reactive protein rose overall al-
most three times from the preoperative time point to the fifth post-
operative day, which was highly significant in both groups; 

6) the overall difference in bicarbonate concentrations be-
tween the three time points (preoperatively, 1 hour, and 5 days af-
ter surgery) calculated for both groups together was significantly 
differen( in the PV group; 

7) In comparison to the CV group, the proportion of pa-
tients requiring ICU care was significantly lower in the PV group 
(*P=0.03); and 

8) In comparison to the CV group (200.67 ± 168.24 min), the 
mean extubation time in the PV group was 66.5 minutes shorter 
(134.17 ± 135.62 min) but this difference did not reach significance 
(P=0.122).

 In all subjects, we measured and followed many hemodynam-
ics, respiratory, laboratory, and other parameters. The main hemo-
dynamics parameters followed were mean arterial pressure, sys-
tolic and diastolic pressure, pulse, and cardiac output. The main 
respiratory parameters were respiratory compliance and airway 
resistance. Both hemodynamics and respiratory parameters were 
correlated with acid-base status and laboratory parameters that in-
cluded peripheral (capillary) oxygen saturation (SpO2), arterial ox-
ygen saturation (SaO2), partial pressure of carbon dioxide (pCO2) in 
the blood, partial pressure of oxygen (pO2) in the blood, blood bicar-
bonate level, pH value, and the level of base excess in the blood. The 
main inflammatory parameters measured were C-reactive protein 
levels in the blood, differential blood count, frequency of breathing, 
and diuresis, as well as the development of the clinical picture of 
pneumonia (febrility above 38°C, leukocytosis above 12,000, leu-
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kopenia below 4,000 leukocytes, increase in CRP above 0.694 nmo-
l/l, productive cough, X-ray signs of pneumonia). Some of the listed 
variables were measured at four time points: before the operation, 
during the operation, 1 day after the operation, and 5 days after the 
operation, and some in three time points: before the operation, 1 h 
after the operation, and 5 days after the operation (will be specified 
in the description of each variable). Here we describe in detail the 
selected variables measured and the relationships between the CV 
and PV groups of patients.

Mean Arterial Pressure (MAP)

Comparison of the Mean Arterial Pressure (MAP) at four differ-
ent time points between the CV and PV groups showed that there 
was neither a significant overall difference between the groups 
(F=0.687, df=47, P=0.411) nor a significant statistical difference 
between the groups at any given time point, except at the last time 
point, where the CV group has a significantly higher mean MAP val-
ue (T=2.06, df=57, *P=0.044) (Figure 2).

Figure 2: Comparison of the Mean Arterial Pressure (MAP) at four different time points between the CV and PV groups. There is neither a 
significant overall difference between the groups (P=0.411) nor a significant statistical difference between the groups at any given time point, 
except at the last time point, where the CV group has a significantly higher mean MAP value (*P=0.044). Bars represent SD. CV, conventional 
ventilation group; MAP, mean arterial pressure; PV, protective ventilation group.

However, testing the effect of the ventilation procedure (CV or 
PV) on MAP changes at four different time points revealed that the 
overall effect of time was significant (mixed ANOVA F=3.69, df=45, 
*P=0.018), which means that in the two studied groups, MAP did 
not change uniformly across all four time points. The LSD post-hoc 
test confirmed that the mean MAP values were significantly differ-
ent over some of the four time points and also that they did not 
behave equally in the CV and PV groups of patients. In the CV group, 
the intraoperative mean MAP value in the CV group was significant-
ly lower than before the operation (post-hoc LSD ***P<0.0005) and 
five days after the surgery (post-hoc LSD **P=0.004). On the other 
side, there was no significant difference in the mean MAP values 
before, during, and after the operation in the PV group (Figure 3).

Systolic and Diastolic Pressures, Pulse, and Cardiac Output

Comparison of the systolic pressure at four different time points 
between the investigated groups showed no significant overall dif-
ference either between the groups (F=1.083, df=47, P=0.303) or at 
any given time point (Figure 4).

Nevertheless, there was an overall difference in systolic pres-

sure over the analyzed time points (F=6.814, df=45, **P=0.001), 
which included significant interactions between the CV and PV 
groups at different time points (F=3.45, df=45, *P=0.024). Although 
these differences were clinically difficult to detect, some of them 
were statistically significant. Specifically, the LSD post-hoc test re-
vealed that the systolic arterial pressure values were significant-
ly different when comparing the time point before the operation 
and the time point during the operation (***P<0.0001) as well as 
between the intraoperative time point and the fifth day after the 
operation (*P=0.028). The dynamics of changes in systolic pres-
sure followed the pattern described for MAP: systolic pressure first 
dropped intraoperatively compared to preoperative value but then 
returned to higher values, and this increase was quicker and more 
pronounced in the CV group. Thus, in the PV group, the systolic 
pressure value rose more slowly and reached a lower level after 
5 days than was the case in the CV group of patients. Comparison 
of the diastolic pressure at four different time points between the 
investigated groups showed no significant overall difference ei-
ther between the groups or at any given time point (F=0.04, df=47, 
P=0.842; Figure 5).
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Figure 3: In the CV group, the intraoperative mean MAP value is significantly lower than before the operation (post-hoc LSD P<0.0005) and 
five days after the surgery (post-hoc LSD P=0.004). In the PV group, there was no significant difference in the mean MAP values before, 
during, and after the operation. Bars represent SD. CV, conventional ventilation group; MAP, mean arterial pressure; PV, protective ventilation 
group.

Figure 4: Comparison of the systolic pressure at four different time points between the CV and PV groups. There is neither a significant 
overall difference between the groups (P=0.3) nor a significant statistical difference between the groups at any given time point. Bars 
represent SD. CV, conventional ventilation group; PV, protective ventilation group.
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Figure 5: Comparison of the diastolic pressure at four different time points between the CV and PV groups. There is neither a significant 
overall difference between the groups (P=0.84) nor a significant statistical difference between the groups at any given time point. Bars 
represent SD. CV, conventional ventilation group; PV, protective ventilation group.

Similarly to systolic pressure, there was an overall effect of time 
on the diastolic pressure over the analyzed time points (F=6.129, 
df=45, **P=0.001), which included significant interactions be-
tween the CV and PV groups at different time points (F=2.97, df=45, 
*P=0.042). Again, these differences were clinically difficult to de-
tect, but some of them were statistically significant. Specifically, the 
LSD post-hoc test revealed that the diastolic arterial pressure values 
were significantly different when comparing the time point before 
the operation and the time point during the operation (*P<0.016) 
as well as the time point one hour after the operation (**P=0.002). 

The diastolic pressure at the intraoperative time point and one 
hour after the operation differed significantly from the mean val-
ue measured on the fifth day after the operation (**P=0.002 and 
***P=0.0001, respectively).

We have also monitored the pulse of all patients. Although the 
effect of time had a significant overall effect on the mean pulse val-
ues in four time points (F=4.659, df=44, **P=0.007), there were no 
significant differences between the CV and PV groups at any given 
time point (F=0.088, df=46, P=0.768; Figure 6).

Figure 6: A comparison of the pulse mean values at four different time points between the CV and PV groups shows no significant differences 
between the CV and PV groups (P=0.669). CV, conventional ventilation group; bpm, beats per minute; PV, protective ventilation group.
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There was no significant difference in the intraoperative cardi-
ac output between the CV and PV groups (N=27, mean heart minute 
volume = 6.344 L/min ± 1.091 (SD) for the CV group and N=19, 
mean heart minute volume = 6.541 L/min ± 0.863 (SD) for the PV 
group; t-test T=-0.655, df=44, P=0.516).

Pulmonary Compliance

Intraoperative measurements of pulmonary compliance (C) 
revealed no significant differences between the CV and PV groups. 
The mean value (± SD) of C measured in 26 patients in the CV group 

was 55.12 ± 19.04 ml/kPa and for 23 patients in the PV group, it 
was 50.73 ± 12.69 ml/kPa, which was a non-significant difference 
(T=0.935, P=0.355). While age had no influence, sex had a signifi-
cant influence on pulmonary compliance. Namely, regardless of the 
group to which they were assigned by randomization, male patients 
(N=21, C=62.97 ± 14.486 ml/kPa) had significantly higher intraop-
erative pulmonary compliance compared to female patients (N=28, 
C=45.63 ± 13.66 ml/kPa), and this difference was highly significant 
(T=4.286, df=47, P<0.0001, Figure 7).

Figure 7: A comparison of the intraoperative pulmonary compliance between male and female patients. The difference was highly significant 
(P<0.0001). C, pulmonary compliance.

Peripheral (capillary) Oxygen Saturation (SpO2) and Arterial 
Oxygen Saturation (SaO2)

Analysis of variance for repeated measurements (before the 
operation, one hour after the operation, and 5 days after the op-
eration) showed that there was an overall statistically significant 
difference in the peripheral capillary saturation with oxygen (SpO2) 
measured with a pulse oximeter in three different time points 
(F=6.32, df=2, **P=0.003); post-hoc testing using HSD test revealed 
that SpO2 values were significantly lower 5 days after the opera-
tion compared to the time point one hour after the operation (post-
hoc HSD, df=74, *P=0.028) (Figure 8). There were no differences 
between the CV and PV groups (F=1.22, df=2, P=0.292). Likewise, 
interactions between time points and the group of patients (CV or 
PV) were not significant (F=1.22, df=2, P=0.301), indicating that the 
groups behaved equally over time.

However, the differences between sexes were significant (re-
gardless of the group) (F=4.8, df=2, *P=0.011) (Figure 9).

The peripheral (capillary) oxygen saturation (SpO2) measured 
with a pulse oximeter on a finger did not correlate well with the 
arterial oxygen saturation (SaO2) measured through a direct blood 

sample, which is the more accurate method. The Pearson’s correla-
tion coefficient r for SpO2 and SaO2 measurements before opera-
tion (N=52, r=0.22, no outliers were found), 1 hour after operation 
(N=51, r=0.38, no outliers were found), and 5 days after operation 
(N=37, r=0.42, one outlier was removed from the analysis) were 
only low to moderate.

Triple interaction between time points, group (CV and PV), and 
sex, was also significant (F=4.11, df=2, *P=0.02), which indicates 
complex relationships regarding SpO2 changes.

Correlations of MAP with SpO2 and pulse

There were no statistically significant differences between 
Mean Arterial Pressure (MAP) and oxygen saturation (SpO2) in the 
CV and PV groups. The only significantly positive correlations were 
those between MAP and SpO2 one hour after the operation in the PV 
group (r=0.773, ***P<0.0001) and between MAP and SpO2 five days 
after the operation in the CV group (r=0.448, *P=0.032). The results 
of the analysis of variance for repeated measurements (before the 
operation, one hour after the operation, and 5 days after the oper-
ation) however showed that there was an overall difference in the 
SpO2 in three different time points (F=6.32, df=2, **P=0.003).
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Figure 8: Peripheral (capillary) oxygen saturation (SpO2) is significantly different between the time point one hour after the operation and 
after 5 days (*P=0.028) and overall (**P=0.003), while there are no significant overall differences between the CV and PV groups (P=0.011). 
Interactions between time points and the group of patients (CV or PV) are not significant either (P=0.301), indicating that the groups behaved 
equally over time. CV, conventional ventilation group; PV, protective ventilation group; SpO2, peripheral capillary oxygen saturation.

Figure 9: Peripheral (capillary) oxygen saturation (SpO2) is significantly higher in male patients in comparison to female patients (*P=0.011). 
The graph shows mean values ± SD. It can be seen from the graph that SpO2 is slightly higher in men before the operation and after 1 hour, 
while after 5 days it is significantly lower than in women. SpO2, peripheral capillary oxygen saturation.
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Generally, correlations between MAP and heart rate were not 
statistically significant either. Pulse and MAP positively correlated 
only intraoperatively in the PV group (N=22; r=0.452, *P=0.035), 
which means that patients with a higher pulse had, on average, a 
slightly higher MAP value.

Correlation of Pulmonary Compliance and SpO2 By Groups

The correlation between pulmonary compliance and SpO2 
was not statistically significant in either group in the study (N=25, 
r=0.186, P=0.373 for the CV group; N=21, r=0.214, P=0.352). This 
relationship was only possible to assess intraoperatively because 
only for that time point, we had measured compliance.

The Partial Pressure of Carbon Dioxide (pCO2)

The results of the ANOVA for repeated measures showed that 
there was a statistically significant difference in pCO2 over time 
(F=5.231, df=2, **P=0.008). Post-hoc analysis indicated that the 
preoperative pCO2 mean value was significantly lower than the 
mean value of pCO2 one hour after the operation (post-hoc HSD, 
df=72, *P=0.015) and that the mean value of pCO2 one hour after the 
operation was significantly higher than after 5 days (post-hoc HSD, 
df=72, **P=0.005). The interaction between time and group was not 
statistically significant (F=0.422, df=2, P=0.657), which indicates 
that the CV and PV groups behaved similarly over time. The interac-
tion between time and sex was also non-significant (F=0.053, df=2, 
P=0.949), which indicates that pCO2 behaved equally over time by 
sex. Triple-way interactions between time points, groups, and sex 
were also not significant (F=0.895, df=2, P=0.413) (Figure 10).

Figure 10: Carbon dioxide pressure (pCO2) between CV and PV groups in three measured time points. The preoperative pCO2 mean value 
was significantly lower than the mean value one hour after the operation (post-hoc HSD *P=0.015) and the mean value of pCO2 one hour after 
the operation was significantly higher than after 5 days (post-hoc HSD **P=0.005). SD, standard deviation; pCO2, partial pressure of carbon 
dioxide.

The C-Reactive Protein Concentration in the Blood

The C-reactive protein concentration was measured at two 
time points: preoperatively and 5 days after surgery. While its con-
centration rose overall almost three times from the preoperative 
time point (mean 32.68 ± 52.07 mg/l) to the fifth postoperative day 

(86.88 ± SD 59.5 mg/l), which was highly significant (F=30.989, 
P<0.0001), there were no significant differences between the CV 
(CRP levels raised from 32.81 ± SD 55.62 mg/l preoperatively to 
89.81 ± SD 61.32 mg/l 5 days after the operation) and PV (CRP lev-
els raised from 32.5 ± SD 48.05 mg/l to 79.42 ± 56.26 mg/l 5 days 
after the operation) groups (F=0.517, df=1,49, P=0.476; Figure 11).
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Figure 11: The C-reactive Protein (CRP) differences between CV and PV groups in two measured time points. The postoperative 
concentration of CRP was significantly higher (***P<0.0001), but there was no difference between the groups (P=0.476). CRP, C-reactive 
protein; CV, conventional ventilation group; PV, protective ventilation group.

The Lactic Acid Measurements in the Blood

The lactic acid measurements in blood were taken at two time 
points: 1 h and 5 days after surgery. The mean lactate concentra-
tion one hour after surgery in the CV group (N=27; 1.307 ± 1.076 
mmol/l) was higher than in the PV group (N=22; 0.905 ± 0.542 
mmol/l) but this difference did not reach statistical significance 
(F=2.665, df=47, P=0.097). Inversely, the mean lactate concentra-
tion 5 hours after surgery in the CV group (N=28; 0.964 ± 0.532 
mmol/L) was lower than in the PV group (N=18; 1.442 ± 1.31), and 

this difference was not significant either (F=3.271, df=44, P=0.157). 
ANOVA showed that the difference in lactate concentrations be-
tween the two time points (1 hour and 5 days after surgery) calcu-
lated for both groups together was not significant (F=0.348, df=1, 
P=0.558) and also confirmed that the difference between CV and 
PV groups is not significant (F=0.091, df=1, P=0.765). However, it 
also showed that the interaction between the time and group was 
significant (F=5.36, df=1, *P=0.026) because lactate in the CV group 
decreased between the two measurements, while lactate in the PV 
group increased between the two measurements (Figure 12).

Figure 12: The lactic acid concentrations in the CV and PV groups one hour and 5 days after the operation. The differences between the 
time points and the groups were not significant, but the interaction between the time points and the group was (*P=0.026). CV, conventional 
ventilation group; PV, protective ventilation group.
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Bicarbonate (HCO3
-) Measurements in the Blood

The blood bicarbonate (HC O3
-) measurements were taken at 

three time points: preoperatively, 1 h, and 5 days after the opera-
tion. The mean bicarbonate concentration before the operation in 
the CV group (N=30; 26.757 ± 3.056 mmol/l) was lower than in the 
PV group (N=23; 28.096 ± 4.648 mmol/l) but this difference was 
not significant (t=-1.263, P=0.212). The mean bicarbonate concen-
tration one hour after the before operation in the CV group (N=29; 
24.945 ± 3.99 mmol/l) was lower than in the PV group (N=21; 
25.033 ± 3.702 mmol/l) but this difference was not significant ei-
ther (t=-0.08, P=0.937). The mean bicarbonate level 5 days after 
the operation in the CV group (N=25; 27.38 ± 3.16 mmol/l) was 
higher than in the PV group (N=17; 26.747 ± 3.942 mmol/l) but 
this difference was also not significant (t=0.576, P=0.633). ANO-
VA confirmed that the difference between the CV and PV groups 

was not significant for each time point (F=0.176, df=1, P=0.678), 
nor was the interaction between the time and group (F=0.43, df=2, 
P=0.652), confirming what is seen on the graph (Figure 13), which 
is that the drop in time point one hour after surgery was similar in 
both groups, as was the rise in the time point after 5 days. However, 
the LSD post-hoc test indicated that bicarbonate levels significant-
ly differed between the time point 1 hour after surgery compared 
to preoperative values (**P<0.001), as well as between 1 hour and 
5 days after surgery (**P<0.005). Most importantly, the difference 
in bicarbonate concentrations between the three time points (pre-
operatively, 1 hour, and 5 days after surgery) calculated for both 
groups together was highly significant (F=7.488, df=2, **P<0.001) 
since better (closer to normal) values were measured in the PV 
group after 5 days even though the PV group started with much 
higher mean bicarbonate levels (Figure 13).

Figure 13: The bicarbonate (HCO3-) concentrations in the CV and PV groups preoperatively, one hour, and 5 days after the operation. 
While the differences between the CV and PV groups were not significant at individual time points (F=0.176, df=1, P=0.678), as well as the 
interaction between the time and group (F=0.43, df=2, P=0.652), the overall difference in bicarbonate concentrations between the three time 
points (preoperatively, 1 hour, and 5 days after surgery) calculated for both groups together was highly significant (F=7.488, df=2, **P<0.001). 
Better (lower) values were measured in the PV group after 5 days although the PV group started with higher bicarbonate levels. CV, 
conventional ventilation group; PV, protective ventilation group.

Extubation Times Difference between the CV And PV Groups

The mean extubation time in the CV group (200.67 ± 168.24 
min) was 66.5 minutes longer than in the PV group (134.17 ± 
135.62 min). However, although a clear trend was present towards 
shorter mean extubation times in the PV group, the extubation time 
difference between the groups did not reach statistical significance 
(t=1.57, df=52, P=0.122; Figure 14).

Rate of ICU Admission and Duration of Intensive Care and Hos-
pital Stay

The mean number of days spent in the ICU for patients in the 
CV group was 3.31 ± 1.57 days (N=26), whereas patients in the PV 

group spent in the ICU 3.62 ± 1.98 days (N=13), the difference being 
statistically non-significant (t=0.529, df=37, P=0.6). Likewise, the 
number of days spent in the hospital was not significantly different 
between the groups (CV group: 11.9 ± 4.34 days vs PV group: 11 ± 
7.31 days; t=0.559, df=51, P=0.579). However, the fact that only 13 
out of 23 patients in the PV group required ICU care (two of whom 
developed pneumonia), was significantly fewer compared to 26 
(four of whom developed pneumonia confirmed by clinical signs 
and X-ray image) out of 30 patients from the CV group who needed 
ICU ( 2χ  with Yates correction factor=4.63, *P=0.03; without correc-
tion for small numbers 2χ =6.09, *P=0.014; Figure 15).
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Figure 14: The difference in the mean extubation time between the CV and PV groups. The respiratory status of patients in the PV group 
allowed for shorter extubation times, but the difference did not reach statistical significance (P=0.122). CV, conventional ventilation group; PV, 
protective ventilation group.

Figure 15: Only 13 out of 23 patients in the PV group required ICU care (two of whom developed pneumonia), whereas 26 out of 30 patients 
from the CV group needed intensive care after the surgery (four of whom developed pneumonia confirmed by clinical signs and X-ray 
images). This difference is significant (*P=0.03). CV, conventional ventilation group; PV, protective ventilation group.
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Discussion
In this randomized study, patients were operated under gener-

al anaesthesia for uncomplicated abdominal laparoscopic surgery 
using intraoperative mechanical ventilation with tidal volumes of 
6 ml/kg body weight in the CV group versus 10 ml/kg body weight 
and a PEEP of 5-8cm H20 in the PV group. In previous studies, the 
level of oxygenation has been established as a dependable indica-
tor of respiratory problems, predicting the potential early onset of 
acute respiratory distress syndrome (ARDS), the emergence of pul-
monary complications, and hospital mortality. As such, oxygenation 
constituted one of the primary measured outcomes in our study 
too. However, we found no clinical and statistical significance on 
the P/F arterial oxygenation index in the early postoperative period 
(in the awakening room). Moreover, there were also no statistically 
significant interactions between tidal volume and PEEP. Most of the 
other outcomes were also not significantly different between the 
CV and PV groups, including oxygenation in the later postoperative 
period, adverse respiratory events, and length of hospitalization. 
However, significantly fewer patients from the PV group needed 
intensive care due to their postoperative condition, where respi-
ratory problems and postoperative pain were the most common 
reasons that required additional intensive monitoring in the ICU. 
Compared to the CV group, we determined significantly lower mean 
MAP values five days after the operation and significantly closer to 
normal values of bicarbonate ions after the surgery in the patients 
from the PV group. Moreover, mean extubation time also showed a 
strong trend toward being shorter in the PV group but did not reach 
statistical significance.

While some previous studies conducted on critically ill patients 
undoubtedly demonstrated the benefits of employing protective 
ventilation techniques (utilizing lower tidal volumes, moderate 
PEEP values, and recruitment maneuver) in reducing the risk of 
lung damage, overall morbidity, and mortality (list all the referenc-
es you consider necessary - there is room for 14 or 15 more refer-
ences in the text, you will know better which are of higher qual-
ity and more important), our study did not establish a clear link 
between variations in respiratory volumes and the occurrence of 
atelectasis based on chest CT findings. The relatively lower PEEP 
pressure used in our study contributed to improved oxygenation 
during intraoperative mechanical ventilation. However, this en-
hancement did not demonstrate a sustained effect, nor did it impact 
the recovery process. It is crucial to note here that comparing the 
outcomes of our study, conducted on abdominal surgical patients 
with normal lung function and shorter ventilation periods, with the 
aforementioned studies on mechanically ventilated patients under-
going prolonged, intensive treatment for acquired severe lung con-
ditions might not be feasible due to the disparity in the level and 
duration of ventilatory support between these patient cohorts. ASA 
1 and ASA 2 patients, who made up the majority of patients in our 
study (29 out of 53), compensated well for breathing problems due 
to general anesthesia and abdominal surgery.

Hence, it may be more crucial to highlight that various sizable, 
randomized trials have previously documented comparable re-

sults to ours, albeit employing different intraoperative ventilation 
strategies. The first is the PROtective Ventilation using HIgh versus 
LOw positive end-expiratory pressure (PROVHILO) trial, conducted 
on 900 patients undergoing abdominal surgery, which compared 
the outcomes of two ventilation approaches. The trial found that 
employing intraoperative low tidal volume ventilation with PEEP 
levels of 12 cm H2O alongside a recruitment maneuver (classified 
as the high PEEP group, which consisted of 447 patients) did not 
demonstrate better protection against PPCs in comparison to us-
ing PEEP levels of 2 cm H2O or less without a recruitment maneu-
ver (encompassing the low PEEP group, which consisted of 453 
patients) [22]. Likewise, ventilation with high vs. low PEEP levels 
during the general anesthesia for abdominal surgery has not affect-
ed postoperative spirometry test results [23].

In a more recent single-center, assessor-blinded, randomized 
clinical trial involving 1236 patients over 40 years old undergo-
ing major surgeries under general anesthesia, those admitted for 
non-cardiothoracic, non-intracranial operations were subjected to 
PEEP at 5 cm H2O. They were randomized to receive a tidal volume 
of either 6 ml/kg of predicted body weight (614 patients in the low 
tidal volume group) or 10 ml/kg of predicted body weight (592 pa-
tients in the conventional tidal volume group). That study, conduct-
ed by Karalapillai, et al. [24], did not reveal any significant differ-
ences in primary or secondary outcomes. Our study’s findings also 
share some similarities with the research by Severgnini, et al. [16]. 
In Severgnini’s study, 56 patients scheduled for abdominal sur-
geries lasting longer than 2 hours were randomly assigned to two 
groups: one receiving mechanical ventilation with a tidal volume of 
9 ml/kg of ideal body weight and zero PEEP (standard ventilation 
group), and the other with tidal volumes of 7 ml/kg of ideal body 
weight, 10 cm H2O PEEP, and recruitment maneuvers (protective 
ventilation group). The protective ventilation strategy, reported 
in Severgnini’s study, improved respiratory function and reduced 
PPCs without affecting hospital stay duration. However, in contrast 
to Severgnini’s study, our research did not exhibit improved pulmo-
nary function tests up to the fifth day, nor did it demonstrate fewer 
chest X-ray alterations up to the third day after surgery. Addition-
ally, higher arterial oxygenation was not observed in our findings.

We find the results concerning bicarbonate levels in our study 
to be of particular significance. The substantial difference in bi-
carbonate concentrations observed across the three time points 
(preoperatively, 1 hour, and 5 days post-surgery) for both groups 
collectively was notably significant. Namely, the patients in the PV 
group initially displayed considerably higher mean bicarbonate 
levels compared to those randomly assigned to the CV group. This 
suggests that, on average, following protective ventilation during 
anesthesia, the PV group tended to achieve markedly improved 
(nearer to normal) values five days after surgery. Bicarbonate levels 
play a pivotal role in preserving the body’s acid-base equilibrium, 
indirectly impacting crucial factors such as enzyme activity, cellu-
lar function, and the overall physiological stability and response 
to stress, particularly for organs like the lungs and kidneys. Conse-
quently, in conjunction with the observed decrease in mean arterial 
pressure, it is plausible that at least a portion of the positive out-
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comes associated with the protective ventilation procedure could 
be linked to the reduction of elevated bicarbonate levels.

Limitations of the Study
The process of randomization process in our study was genu-

inely random and conducted without bias and deliberate manipula-
tion of the groups’ assignments. However, it is important to under-
stand that randomization does not guarantee an equal distribution 
of all variables, as it is entirely possible for random chance to result 
in unequal group compositions. In our case, randomization resulted 
in the fair distribution of patients according to their age, body mass 
index, ASA status, and comorbidities. However, it assigned signifi-
cantly more men to the CV group and more women to the PV group 
(sex bias). To address this issue or prevent potential biases related 
to the unequal sex distribution between groups, researchers con-
ducting similar future studies can consider using stratified random-
ization, where they intentionally divide participants into subgroups 
based on sex and then apply randomization separately within each 
subgroup. Alternatively, they can consider covariate adjustment or 
propensity score matching, to account for this imbalance in subse-
quent data analysis.

Some other significant limitations are present in our research. 
These include the relatively small groups’ sample sizes, and also a 
low number of blood sample withdrawals and tests made at only 
two to four time points. The skill of the operator during the lapa-
rotomy procedure and the different approaches to the mesocolon 
region might have influenced the obtained results as well. Addition-
ally, the experience of the anaesthesiologist in managing balanced 
anaesthesia and ensuring the correct application of protective ven-
tilation might have affected the outcomes. From the technical point 
of view, many possible factors can introduce differences between 
the peripheral (capillary) oxygen saturation (SpO2) measured with 
a pulse oximeter and the arterial oxygen saturation (SaO2) mea-
sured through a direct blood sample, which is the more accurate 
method. In an approximate order based on their potential impact 
on the correlation between these two measurements, the likely 
main reasons are the location of measurement, coexisting medi-
cal conditions (especially smoking), and physiological variabilities 
such as lower heart rate, oxygen consumption, and oxygen pulse 
[25].

To better discern the distinctions in the effects of the two test-
ed ventilation procedures, a more meticulous approach might be 
needed too. This should involve precise monitoring of awakening 
progression and consciousness level. The inclusion criteria for 
subjects enrolling in the study require more substantial and homo-
geneous groups of participants. Regarding the study subjects, it is 
imperative to consider individual differences more comprehensive-
ly when defining inclusion criteria. Furthermore, a more detailed 
measurement and follow-up are essential to assess the impact of 
anaesthetics and muscle relaxants on the observed variables.

To enhance result interpretation, a stricter definition of the pre-
cise testing times, coupled with more frequent sampling is needed. 
Future studies should also consider an extended monitoring period 
for postoperative respiratory complications, which should include 

evaluating the somatic senses and intensity of postoperative pain 
as well as ensuring the appropriateness of physical therapy in the 
recovery process.

Finally, although we haven’t observed distinct variations in ox-
ygenation levels resulting from diverse ventilation techniques em-
ployed in general anaesthesia for abdominal surgery, forthcoming 
clinical studies should delve deeper into understanding how blood 
circulation bypasses oxygen-deprived lung areas, a process known 
as shunting. Shunting is a physiological response to diminished ox-
ygenation that is very difficult to correct with conventional oxygen 
therapy. Even when the blood is rerouted, it fails to efficiently ab-
sorb oxygen, culminating in hypoxemia, and potentially, the onset 
of ARDS and lung dysfunction. Given that our patients did not expe-
rience critical compromise necessitating the activation of shunting 
mechanisms, this underscores the significance of future research 
in developing strategies to mitigate the impact of shunting, espe-
cially in scenarios such as pneumonia, through the safeguarding of 
protective ventilation procedures. An additional valuable tool for 
surveillance and optimizing patient care can be the non-invasive 
measurement of bioelectrical lung impedance that allows for con-
tinuous monitoring of lung function, both in terms of assessing the 
efficacy of protective ventilation and early detection of pulmonary 
complications.

Conclusions
While our study’s findings align with larger randomized stud-

ies, indicating no significant differences in primary and secondary 
outcomes between conventional and protective ventilation meth-
ods during and after major abdominal surgery, it is necessary to 
highlight our distinct contributions as well. We objectively estab-
lished that, in contrast to conventional ventilation, the protective 
anaesthesia ventilation method resulted in statistically favorable 
changes in certain variables: notably, a substantial reduction in 
mean arterial pressure five days post-surgery, a closer approxi-
mation to normal bicarbonate levels, and a significantly lower re-
quirement for postoperative intensive care among patients. These 
results led us to conclude that employing protective lung ventila-
tion strategies holds the potential to modestly yet effectively avert 
PPCs. Therefore, we strongly advocate for their integration as the 
standard practice in general anaesthesia.
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