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Abstract

Background: Previous studies examined the effect of laparoscopic 
cholecystectomy (LC) versus open cholecystectomy (OC) on physio-
logical variables of the respiratory system. In this study we compared 
changes in arterial blood gases-related parameters between LC and 
OC to assess their comparative influence on gas exchange.

Methods: We studied 28 patients, operated under identical anesthet-
ic protocol (LC: 18 patients, OC: 10 patients). Measurements were 
made on the morning before surgery (BS), the second (AS2) and the 
eighth (AS8) postoperative day. Studied parameters, including alveo-
lar-arterial difference in PO2 ((A-a)DO2) and oxygen content (Oct in 
vol%), were statistically compared.

Results: On AS2 a greater increase was found in ((A-a)DO2) for the 
OC compared to LC (4.673 ± 0.966 kPa versus 3.773 ± 1.357 kPa, re-
spectively). Between BS and AS2, Oct in vol% decreased from 17.55 
± 1.90 to 15.69 ± 1.88 in the LC and from 16.99 ± 2.37 to 14.62 ± 2.23 
in the OC, whilst a reduction (P = 0.093) between AS2 and AS8 was 
also found for the open method. Besides, on AS2, SaO2% decrease 
was greater in OC compared to LC (P = 0.096).

Conclusions: On AS2, the greater increase in OC-((A-a)DO2) asso-
ciated with Oct in vol% and SaO2% findings also in OC group sug-
gest that LC might be associated with lower risk for impaired tissue 
oxygenation.

Keywords: Laparoscopic; Open; Cholecystectomy; Arterial oxy-
genation

Introduction

Laparoscopic cholecystectomy (LC) was performed for the 
first time in Lyon, France, by Philip Mouret in 1987 [1]. At 
that time, the influence of conventional upper abdominal sur-
gery on respiratory performance had already been reported in 
literature [2-5]. An increase of postoperative pulmonary com-
plications associated with altered values in pulmonary func-
tion variables had been observed [2-5]. From 1990 to date, LC 
and open cholecystectomy (OC) have been compared between 
them in a number of studies [6-25]. Pulmonary function tests, 
arterial blood gases (ABGs)-related parameters and control of 
breathing indices values, were all examined before and after 
both surgical methods in different across time postoperative 
measurements [6-25]. The studied ABGs-related parameters 
for either LC or OC were pH, the arterial blood partial pres-
sures PaO2 and PaCO2, the alveolar-arterial difference in PO2 
((A-a)DO2), the arterial blood oxygen saturation (SaO2%) and 
the (HCO3

-) concentration. According to literature, the afore-
mentioned ABGs-related variables were specifically measured 
preoperatively and in different across time instants during the 
postoperative period, ranging from the time of the patient’s en-
try into the operating theater up to the eighth postoperative day 
[10-12, 14-18, 21-25].

To our knowledge, although since 1990 LC has been 
widely introduced into clinical practice and a great number 
of studies supported its superiority versus the OC, changes of 
oxygen content (Oct in vol%) and ((A-a)DO2) [14] parameters 
values, have not either been reported or studied [14] for a time 
period longer than the first 24 h after surgery, respectively. In 
our previous works [18, 20] changes of lung volumes, flow 
rates and control of breathing indices have in detail been ana-
lyzed and discussed.

The present study adds information on changes in oxy-
genation-related variables between LC and OC methods. The 
aims of our article are summed up in the following clinical 
research questions: 1) to make a concentrated overall presenta-
tion of what has been published concerning changes of ABGs-
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related parameters after LC and OC, from January 1, 1990 to 
present; 2) to investigate the changes of ((A-a)DO2) and Oct in 
vol% variables reflecting pulmonary gas exchange and tissue 
oxygenation respectively, for a relatively extended period after 
surgery; 3) to discuss and compare the findings of our investi-
gation with those of the relevant literature by further clarifying 
the effects on oxygenation of upper abdominal surgery.

This might be particularly useful for patients whose res-
piratory integrity is not considered functionally ideal.

Patients and Methods

Patients

The data of the study arise from an experimental work, ap-
proved from the Department of Experimental Physiology, 
Medical School, National and Kapodistrian University of 
Athens and the Research Ethics Committee of “Korgialeneio-
Benakeio” Red Cross General Hospital, Athens, Greece, where 
the experimental work has taken place. Different parts of this 
experimental work have previously been reported in literature 
[18, 20]. A written consent was obtained from all participants, 
which should have had only symptomatic cholecystolithiasis 
without cystic or common bile duct gallstones. A complete 
preoperative screening, including chest radiographs, standard 
blood and biochemistry tests, cardiac and upper abdominal 
medical examinations (electrocardiogram, upper abdomi-
nal ultrasonography), was performed before surgery for all 
patients [18, 20]. All were devoid of any other signs and/or 
symptoms related to cardiopulmonary, metabolic, oncologic, 
neurologic or immunologic disorders, and were operated in 
“Korgialeneio-Benakeio” Red Cross General Hospital of Ath-
ens for their gallbladder’s lithiasis. The absence of either any 
type of systematic medical treatment or previous abdominal 
and/or thoracic surgical operation was also set up as a prereq-
uisite for participants in order to be enrolled in the study.

Participants’ enrollment was brought off by the principal 
investigator (George D. Bablekos). The day following admis-
sion to hospital, after patient’s registration accomplishment at 
the Emergency Department by the surgical resident on call, the 
random allocation (no blocking and no stratification) was per-
formed. This was based on patients’ registration at the Emer-
gency Department, by creating triads, and it was conducted 
for the whole allocation period by the principal investigator as 
well. In each triad, the first patient was for the OC and the fol-
lowing two patients for the LC surgical procedure. The random 
allocation was kept confidential until the assignment of surgi-
cal operations. Fifty-three (53) patients were assessed for eligi-
bility, out of which 32 were randomly allocated and finally 28 
patients (20 female and eight male; LC group: 18 patients, OC 
group: 10 patients) [18, 20] were included in the study. Mean 
± SD values for age and weight of participants were found to 
be 52.56 ± 12.16 years and 72.22 ± 10.90 kg for the LC group, 
and 54.8 ± 9.21 years and 79.10 ± 10.04 kg for the OC group 
respectively [18, 20].

Moreover, nine participants of the 28 (five in the LC and 
four in the OC group) smoked less than 10 cigarettes per day 

[18, 20].

Medical drugs and chemicals administered throughout 
the surgical operation

The anesthetic protocol was the same for both the LC and the 
OC groups [18, 20]. Patients’ preparation [18, 20], 1 h before 
induction of general anesthesia and surgery, was performed 
via oral administration of 150 mg of ranitidine hydrochloride, 
while at the same time period 0.5 mg/kg meperidine hydro-
chloride and cephamandol nafate 1 g/vial × 2 were both intra-
muscularly administered as well. General anesthesia was ad-
ministered intravenously (fentanyl citrate, 2 μg/kg; propofol, 
2 mg/kg; atracurium besylate, 0.5 mg/kg) [18, 20] for all pa-
tients. Maintenance [18, 20] of general anesthesia was ensured 
through a mixture of 4 L O2, 4 L N2O plus 1% desflurane at an 
end-tidal concentration of 6.1% (1 MAC, i.e. 1 minimum al-
veolar concentration). Atracurium and fentanyl were continu-
ously administered throughout the surgical procedure in both 
groups [18, 20]. Ten minutes prior to the termination of the 
operation, atracurium and desflurane were both simultaneous-
ly interrupted [18, 20]. Also, neostigmine methylsulfate (0.5 
mg/kg) and atropine sulfate (0.02 mg/kg) were used to reverse 
neuromuscular blockade immediately at the minimal sings of 
muscular function [18, 20]. Moreover, OC was performed by 
a 15 cm right oblique sub-costal incision, Kocher incision, and 
the LC procedure by a standard four-trocar technique (the sur-
geon on the left of the patient) [18, 20]. The duration for the 
open procedure (OC) ranged from 80 to 100 min and for the 
laparoscopic one (LC) from 60 to 80 min [18, 20].

Measurements

Arterial blood samples for all participants were obtained from 
the radial artery in the sitting position on breathing room air as 
follows: in the morning prior to surgery, 2 days after surgery 
(when patients were still hospitalized) and on the eighth post-
operative day (when all had been already discharged from hos-
pital). Analgesics were not administered in any preoperative 
and/or postoperative measurements, and for all participants. 
The automatic ABL 3 Radiometer Copenhagen analyzer Den-
mark was used, and the recorded parameters were: PaO2 in mm 
Hg, PaCO2 in mm Hg, pH, (HCO3

-) concentration (mEq/L), 
the arterial’s blood oxygen content (Oct in vol%), and the arte-
rial’s blood oxygen saturation (SaO2%). The alveolar-arterial 
difference in PO2 ((A-a)DO2) was calculated in mm Hg using 
the alveolar-ventilation equation [26].

The mean ± SD values for pH, PaO2 and PaCO2 in mm Hg 
have merely numerically reported [18] without the percentage 
(%) changes and statistical comparisons for their changes ei-
ther across time per technique or between the two methods, but 
have also not been analyzed or discussed. Besides, the mean ± 
SD values for pH [18], PaO2 [18] and PaCO2 [18] are used in 
the present manuscript to support their medical interpretation. 
Also, the mean ± SD in mm Hg values for PaO2 [18], PaCO2 
[18] and the ((A-a)DO2) difference were all converted and for 
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all measurements to kPa (1 mm Hg = 0.133 kPa exactly).
The recorded across time measurements were performed 

and compared for each surgical group preoperatively versus 
the second and the eighth postoperative day. Moreover, for 
both groups, mean percentage (%) changes from baseline ver-
sus the second and the eighth postoperative day were also cal-
culated.

Statistics

Comparisons of preoperative values between LC and OC sur-
gical groups were performed by using the t-test or the Welch 
test in case of unequal variances. The across time changes for 
each group (preoperative compared to the second and eighth 
postoperative day values) were determined by using the one-
factor repeated measures ANOVA. Statistically significant re-
sults were followed by pairwise multiple comparisons proce-
dure using Bonferroni correction.

To evaluate across time differences between LC and OC 
groups, mean percentage changes and 95% confidence inter-
vals (CIs) from preoperative versus the second and eighth 
postoperative days were firstly calculated for all the examined 
parameters. In either surgical group and for each variable, 
mean percentage changes were calculated by determining the 
percentage change for each patient separately from preopera-
tive versus the second and the eighth postoperative day values 
and then calculating the mean for the second and eighth post-
operative days for each group. Comparisons between the LC 
and OC groups were performed by using the t-test or the Welch 
test as appropriate. All tests were two-sided, and the level of 
significance was set at P = 0.05. For all analyses the SPSS for 
windows version 18.00 was used.

Results

Numerical values concerning the across time per technique 
measurements along with their mean percentage changes (%) 
and 95% CIs for all the examined and medically interpretated 
variables, are presented in Table 1 for the LC and in Table 2 for 
the OC group.

The ((A-a)DO2) measurements showed no statistically 
significant differences between LC and OC patients (Fig. 1), 
although values 48 h after surgery and percentage (%) changes 
from preoperative to second postoperative day were detected 
to be greater in the OC compared to the LC method. Also, from 
the across time comparisons per technique the overall P-values 
were found to be at P = 0.06 (tendency for statistical signifi-
cance) for the LC and P = 0.05 for the OC group. Moreover, 
the across time measurements per technique showed that for 
both methods the ((A-a)DO2) values were observed to be sig-
nificantly different between the second and the eighth postop-
erative days (LC: P = 0.039 vs. OC: P = 0.015).

For the Oct in vol% variable, no statistically significant 
difference was found between the two groups. However, a re-
duction from 17.55 ± 1.90 to 15.69 ± 1.88 in the LC group 
and from 16.99 ± 2.37 to 14.62 ± 2.23 (mean ± SD) in the Ta
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OC group were shown between the preoperative and the sec-
ond postoperative day. In addition, a decrease (P = 0.093) for 
Oct in vol% on the second versus the eighth postoperative day 
values was also found for the OC group. For the (HCO3

-) vari-
able the across time comparisons either per technique (overall 
P-values, LC: P = 0.227, OC: P = 0.501) or between the two 
groups were not significantly different.

Also, the arterial blood oxygen saturation (SaO2%) values 
for either the across time per technique or between the two 
groups measurements showed no statistically significant dif-
ferences neither on the second nor on the eighth postoperative 
day. However, the P-value from the second postoperative day 
versus baseline between LC and OC method was found at P = 
0.096 reflecting a rather greater decrease for the OC compared 
to the LC patients.

Discussion

Our work focuses on the investigation of the influence of lapa-
roscopic and open upper abdominal surgery on ABGs-related 
parameters, particularly on tissue oxygenation, being the ulti-
mate purpose of gas exchange.

The main finding resulting from our experimental study 
could be summarized as an increase in ((A-a)DO2) parameter 
on the second postoperative day or with the lapse of time after 
surgery, being more emphatic in the OC compared to the LC 
group.

By comparing and contrasting the relevant literature 
with our own findings, the following results were obtained. 
First, 2 h postoperatively in both LC and OC methods [14] 
the alveolar-arterial difference in PO2 ((A-a)DO2) was signifi-
cantly increased by approximate 45% (P < 0.05) compared to 
preoperative level. On the first postoperative day the ((A-a)
DO2) values still remained significantly increased (P < 0.05) 
compared to baseline in both groups, but for this time period 
the aforementioned variable was found to be further elevated 
in the OC resulting in a statistically significant difference (P < 
0.05) between the two groups [14]. In our study although our 
measurements were performed on the second and on the eighth 
postoperative day, we are in accordance with the previous 
work [14] in the fact that 2 days after surgery the ((A-a)DO2) 
values were greater in the OC compared to the LC patients. 
Besides, the evolutionary process between the second and the 
eighth postoperative day for the recovery of the ((A-a)DO2) 
parameter to preoperative level was more emphatic for the OC 
group (Fig. 1). Second, no statistically significant differences 
were observed [21, 22, 24, 25] for bicarbonate concentration 
values recorded in all the across time measurements. The lat-
ter is in accordance with our postoperative findings for this 
parameter. According to literature, measurements for (HCO3

-

) concentrations were made in the operating room in supine 
position just before the beginning of the operation and during 
the time of removal of the gallbladder [21], 15 min following 
induction of anesthesia [24], 1 h after creation of pneumop-
eritoneum the patient being positioned in the reverse Trende-
lenburg (10°) with a left tilt (5°) [24], in the supine position 
just when abdominal’s desufflation was accomplished [24] , in Ta
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the recovery room 30 min after tracheal extubation [24], and 
finally from preoperatively to the sixth [22, 25] postoperative 
day. Third, for SaO2% variable a statistically significant de-
crease was observed on the first postoperative day in both LC 
and OC methods (the overall P-value at P = 0.0001) without 
significant difference between groups (P = 0.678) [10]. On the 
sixth postoperative day SaO2% values recovered to their pre-
operative level in either the LC or the OC patients [10]. In a 
previous study, Chumillas et al [23] showed that on the second 
postoperative day SaO2% values were significantly reduced (P 
< 0.003) in the OC compared to the LC method; besides, the 
postoperative percentage (%) decrease from baseline was sig-
nificantly greater (P < 0.005) in the OC group [23]. Mimica 
et al [22, 25] also reported statistically significant decrease in 
SaO2% only in the OC patients. In our study although no statis-
tically significant changes were found, there is an accordance 
with the aforementioned studies [10, 22, 23, 25] in the fact that 
the P-value (P = 0.096) for our measurements from the second 
postoperative day versus baseline between LC and OC reflects 
a tendency for a greater decrease in the OC group.

Moreover as for the oxygen saturation contribution in 
evaluation of patients as appropriate candidates for the ambu-
latory LC, a more recent study [27] showed that the increased 
patient age was the only statistically significant predictor of 
lower SaO2% levels. Furthermore, smoking habits, male sex 
and body mass index (BMI) greater than 30 kg/m2 were all 
factors having a part in statistically significant decrease in oxy-
gen saturation values detected at discharge from hospital [27]. 
Fourth, to our knowledge, Oct in vol% parameter has not been 
previously reported in literature. A reduction, even without sta-

tistically difference between them, was found on the second 
postoperative day in both LC and OC methods. Fifth, for pH 
parameter, it has been shown that in patients having undergone 
LC, values detected during insufflation and in the recovery 
room 30 min after tracheal extubation were statistically sig-
nificant decreased (P < 0.05) compared to baseline level [24]. 
However, in another study, 12 h postoperatively, pH values 
were significantly reduced (P < 0.02) for patients who under-
went OC compared to LC [12]. In another study, pH measure-
ments performed just prior to start of the operation and during 
the removal of the gallbladder showed no significant changes 
for the OC and a statistically significant increase (P = 0.006) 
compared to preoperative for the LC patients [21].

Besides, in a number of studies [10, 11, 15, 17, 22, 25] 
where pH values were determined preoperatively and in differ-
ent across time postoperative instants up to the sixth [10, 22, 
25] postoperative day, no significant differences were detected 
in the across time measurements either per technique or be-
tween LC and OC surgical techniques.

In our work [18] although postoperative pH changes were 
minimal for both groups, nevertheless values recorded on the 
eighth day after surgery showed a statistically significant dif-
ference (P = 0.049) between LC and OC in favor of the LC 
method. Clinical significance could not be attributed to the 
aforementioned statistical significance due to the fact that the 
open method constitutes a more invasive technique resulting 
in more extensive surgical incision and tissue damage. The 
latter suggestion is supported by another study [28]. Specifi-
cally, according to literature [29-31] factors such as increase 
of intra-abdominal pressure and CO2 absorption from the peri-

Figure 1. Mean percentage (%) changes in ((A-a)DO2) parameter, determined from preoperative level, in the across time meas-
urements between laparoscopic and open cholecystectomy group.
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toneal cavity both promote the development of acidosis and 
hypercapnia during the laparoscopic surgical procedure. This 
is in accordance with Karagulle et al [28] who found that the 
intra-abdominal pressure resulting from CO2 insufflation in 
laparoscopic surgery bears short-term metabolic, respiratory 
or mixed-type intraoperative acidosis, being normalized after 
surgery in the recovery room. Sixth, as for PaO2 changes it has 
been shown [21] that during the operation and specifically at 
the time of removal of the gallbladder, when arterial blood gas-
es measurements were performed, no statistically significant 
changes were observed in PaO2 levels in both LC and OC. This 
is in accordance with two studies [12, 16] where no statistical-
ly significant differences were displayed for PaO2 values, 1 h 
[16] and 12 h [12] postoperatively in both LC and OC groups. 
However, 2 h [14] and 6 h [11] postoperatively, PaO2 values 
were found to be significantly reduced (P < 0.05) compared 
to baseline in the across time measurements per technique in 
both methods, while statistically significant difference was not 
detected between LC and OC. Nevertheless, in another two 
studies, 6 h after the operation [22, 25] the LC-PaO2 values 
remained relatively unchanged compared to their preoperative 
level whilst in this time period the OC-PaO2 values were found 
to be significantly reduced (P < 0.05 [22] and P = 0.038 [25]), 
compared to either the LC respective ones or the OC baseline 
level.

Moreover, on the first postoperative day [10] PaO2 was 
found to be significantly reduced (P = 0.0001) compared to 
baseline in both LC and OC methods although no statisti-
cally significant changes were observed between groups. In 

five studies [11, 14, 16, 22, 25] 24 h after surgery PaO2 values 
showed statistically significant decrease compared to preop-
erative level only in patients who underwent OC (P < 0.05) 
[11, 14, 22]. In addition, on the first postoperative day [14, 16, 
22, 25] the OC-PaO2 values were also found to be significantly 
reduced (P < 0.05 [14, 22], P < 0.01 [16], P = 0.011 [25]) com-
pared to LC. In contrast with the previous publications [10, 11, 
14, 16, 22, 25], 24 h after surgery no statistically significant 
changes were detected in both LC and OC and for all measure-
ments [17].

Karayiannakis et al [15] reported that on the second 
postoperative day the LC-PaO2 values returned to their pre-
operative level, by remaining significantly higher (P < 0.05) 
compared to the OC-PaO2 respective ones. Besides, Chumil-
las et al [23] found that 48 h after surgery LC-PaO2 values 
were significantly increased (P = 0.002) compared to OC. In 
the same study [23] on the second postoperative day the OC-
PaO2 values were also significantly reduced (P < 0.01) com-
pared to their preoperative level. Measurements performed on 
the third postoperative day showed that PaO2 values returned 
to their preoperative ones in both LC and OC methods, the 
OC values being lower to LC despite the lack of statistically 
significant difference between groups [11]. Overall PaO2 was 
significantly higher (P < 0.05 by ANOVA) in the LC compared 
to the OC method [11].

Furthermore, another study [22] showed that on the third 
postoperative day the OC-PaO2 values remained significantly 
decreased compared either to their preoperative level or to 
the respective LC ones (P < 0.05) [22]. In addition to the lat-

Figure 2. Mean percentage (%) changes in PaCO2 parameter, determined from preoperative level, in the across time measure-
ments between laparoscopic and open cholecystectomy group. 
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ter study [22], 3 days after surgery the OC-PaO2 values were 
found to be significantly reduced (P = 0.021) [25] compared to 
the ones of the LC patients. In a few studies [10, 22, 25] and 
in both LC and OC surgical procedures, PaO2 measurements, 
either across time per technique or between methods, were 
also performed on the sixth postoperative day without record-
ing statistically significant difference. In our work [18], PaO2 
values on the eighth postoperative day had been completely 
recovered to baseline in both LC and OC groups. However, 
on the second postoperative day [18], although no significant 
differences were noted between LC and OC measurements, 
percentage (%) changes from preoperative to second postop-
erative day (Table 1, 2) were greater in the OC compared to 
the LC method. This is compatible with our findings on the 
second postoperative day for the ((A-a)DO2) parameter show-
ing a greater numerical value and percentage (%) change from 
preoperative to second postoperative day in the OC versus the 
LC group.

The aforementioned studies [11, 14, 15, 18, 22, 23, 25] 
focusing on post-LC PaO2 values suggest that laparoscopic 
surgery in the upper abdomen contributes to sustaining better 
oxygenation. Seventh, in regard with PaCO2 parameter, ABGs 
measurements performed intraoperatively and in the early 
postoperative period showed that PaCO2 values in the operat-
ing room and particularly at the time of gallbladder’s removal 
were significantly increased compared to the ones just prior to 
surgery only for the LC group of patients [21]. Iwasaka et al 
[24] also observed that PaCO2 values recorded in the recovery 
room half an hour following tracheal extubation were signifi-
cantly higher for the LC compared to OC patients. Moreover, 
2 h [14] postoperatively PaCO2 values were significantly in-
creased (P < 0.05) compared to baseline in both LC and OC 
methods without statistically significant difference between 
the two surgical groups. In another study, 6 h after surgery, 
PaCO2 values were significantly decreased (P < 0.05) com-
pared to baseline in both LC and OC patients while significant 
difference was not detected between methods [22]. However, 
12 h [12] postoperatively, the OC group displayed a signifi-
cantly greater increase (P < 0.03) in PaCO2 values compared to 
LC, suggesting diminished alveolar ventilation in the open sur-
gical method. Moreover, on the first postoperative day, PaCO2 
values had returned to their preoperative level in the LC group 
[22]. Twenty-four hours after surgery the OC-PaCO2 values re-
mained reduced compared to either their preoperative or to the 
respective LC ones, having recovered on the third postopera-
tive day [22]. In another work [25] the LC-PaCO2 values de-
termined from 6 h following surgery to the sixth postoperative 
day, remained relatively unchanged compared to their baseline 
level. As for the OC patients, PaCO2 measurements 6 and 24 
h postoperatively displayed marginally significant increase (P 
= 0.056) and decrease (P = 0.044) respectively, compared to 
laparoscopic group [25].

There are also studies [10, 11, 15-17, 23] where no statis-
tically significant changes were found for PaCO2 values in all 
the across time measurements, either per technique or between 
methods.

In our study [18] the findings for: 1) the percentage (%) 
changes from preoperative to second and to eighth postop-

erative day mean ± SEM (95% CI) (Table 1, 2), and 2) the 
marginally significant increase (P = 0.055) [18] displayed in 
OC-PaCO2 values on the eighth postoperative day compared 
to the LC ones (Fig. 2), are all indicative of a better oxygena-
tion performance for the laparoscopic surgery.

Focusing on suggestive explanations of our findings re-
garding all the above studied parameters, the influence of 
possibly administered analgesics is to be excluded from all 
our preoperative and postoperative measurements performed 
either on the second or on the eighth postoperative day. Our 
post-surgery pH values [18], in both LC and OC groups, were 
within normal limits and without clinical significance in any 
postoperative measurement despite the statistically significant 
difference found on the eighth postoperative day between LC 
and OC. This absence of clinical significance is well corre-
lated with our finding of bicarbonate concentration stability 
throughout all measurements before and after surgery.

Also, the tendency for PaCO2 to increase during the across 
time measurements in the OC group [18], may be attributed to 
the greater increase in breathing frequency, which, according 
to mean ± SD values on the second postoperative day and the 
percentage (%) changes from preoperative to second postop-
erative day mean ± SEM (95% CIs) [20], has been previously 
shown to be greater in the OC compared to the LC patients 
[20]. Increased breathing frequency is known to be associated 
with increased dead space ventilation resulting in PaCO2 el-
evation. Moreover, the decrease in inspiratory capacity that 
was observed in the OC group [18] seems to have contributed 
to this effect.

Besides, it is well known that the alveolar-arterial differ-
ence in PO2 ((A-a)DO2) reflects the function of the lung as an 
oxygenator. The fact that, in our study on the second postop-
erative day, the ((A-a)DO2) variable was found to be greater 
for the OC compared to the LC group, is postulated to be due 
to the existence of atelectatic basal alveolar areas that emerge 
following the more invasive procedure of OC (greater incision, 
more soft tissue damage, more aggressive surgical manipula-
tions). This has also been supported by Ford et al [32] as a 
result of the effect of splanchnic and vagal reflexes which in-
hibit the phrenic nerve during the operation. The above postu-
lation is supported by a previous study [2] according to which 
abdominal surgery is considered to be a predisposing cause 
for the appearance of basal-lung areas atelectasis. Also, a re-
cent work [33] showed that during surgery anesthesia intro-
duces disturbances in both alveolar ventilation and perfusion 
by contributing to atelectasis formation, the latter being un-
favorable to arterial blood oxygenation even postoperatively. 
The explanation was that anesthesia induces loss of muscle 
tone, bringing about a reduction in either functional residual 
capacity (FRC) or lung compliance, accompanied by collap-
sus of lung parenchyma and airway closures [33]. In addition 
atelectasis produces shunt formation by further deteriorating 
the oxygenation of arterial blood [33]. Besides, regarding the 
CO2 pneumoperitoneum, although it is in favor of atelecta-
sis production, it does not contribute to shunt formation [33], 
something which correlates well with our finding of a greater 
increase in ((A-a)DO2) values on the second postoperative day 
for the OC patients.
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OC is undoubtedly associated with more intense postoper-
ative pain [12, 15, 16, 34] which hinders normal sighing being 
the protective mechanism for prevention of basal atelectasis. 
We suggest that, according to literature, the resulting atelectat-
ic areas [25] which contribute to ventilation versus perfusion 
mismatch along with formation of shunt [33], are the main fac-
tors of increased ((A-a)DO2) difference found in the OC group. 
The latter is considered to be the cause of a more decreased 
oxygen saturation which along with the greater blood loss dur-
ing OC, seems to result in lower blood oxygen content and 
therefore in a poorer tissue oxygenation for these patients. The 
explanation of our ((A-a)DO2), Oct in vol% and SaO2% find-
ings on the second postoperative day for the OC compared to 
the LC patients, is also probably supported by the fact that for 
this time period the open surgical procedure was accompanied 
with greater inflammatory response than the laparoscopic one 
[12]. The assumption of a greater inflammatory response as-
sociated with the open surgical method, is further enhanced by 
the statistically significant increase found in both erythrocyte 
sedimentation rate (ESR) 24 h postoperatively (P < 0.02) [12] 
and C-reactive protein (CRP) values on the first (P < 0.003) 
[12] and on the second postoperative day (P < 0.04) [12] for 
the OC compared to the LC patients, taking into account that 
CRP is considered to be a sensitive indicator of the inflam-
mation [35]. The aforementioned findings [12], especially for 
CRP, can be explained by Wilmore’s [36] work according to 
which afferent neural stimuli along with circulating factors are 
considered to be involved in metabolic responses, such as in-
creased stress hormones release, attributed to surgical trauma. 
It has also been reported in literature that a single dose of 8 mg 
of dexamethasone IV results in a significant relief of pain and 
of stress response after LC [37], the former being further en-
hanced by using active sub-diaphragmatic aspiration of insuf-
flated CO2 [38]. Also, it has been found that oxygenation prior 
to surgery is considered as a strong predisposing factor in at-
electasis appearance [33]. This can be prevented if throughout 
anesthesia, inflation of the lung is performed by lower airway 
pressures (40 cm H2O) and lower oxygen concentration (less 
than 40%) [33].

However, in our study the examined oxygenation parame-
ters appear to gradually recover as it is shown by the evolution 
of their values with the lapse of time. Furthermore it seems that 
the time needed for complete recovery of ((A-a)DO2) parame-
ter between the second and the eighth postoperative day, might 
probably be critical for patients with deranged lung function in 
favor of those undergoing LC (Fig. 1).

Conclusion

Our findings on the second postoperative day for ((A-a)DO2) 
and Oct in vol% parameters showed that the oxygenation sta-
tus was more affected in patients who underwent the open sur-
gical procedure. This is also supported by the fact that on the 
eighth postoperative day a marginally significant increase was 
noted for PaCO2 in the OC group as well. We can therefore 
postulate that LC preserves rather better tissue oxygenation 
and is presumably more appropriate for patients with chronic 

lung disease.
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