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Introduction

Human physiology is a complex mixture of
biological and biochemical events occurring at
every moment of life. It begins with oxygen metab-
olism, which is the most vital part of the process.
Briefly, the oxygen that enters from the lungs into
the system is used for the production of ATP
(Adenosine triphosphate) in the mitochondria,
which is the site of aerobic metabolism in the cells.
In this process, oxygen is the final electron acceptor
in the electron transport chain, forming water in the
end. Oxygen consumption results in carbon dioxide
production in the tissues, and it is transported to the
lungs by the blood. Finally, carbon dioxide is

removed from the body by the lungs through
expired air(1). 

End-tidal carbon dioxide partial pressure
(ETCO2) is described as the partial pressure of car-
bon dioxide at the end of expiration, and closely
correlates with arterial carbon dioxide tension
(paCO2)(2). Therefore, measurement of ETCO2 is
recommended for the non-invasive estimation of
paCO2

(3). It is clinically used to detect the correctly
placed endotracheal tube, valve dysfunction, or dis-
connection from the ventilator in anesthesia prac-
tice(4). Pansard et al. showed that both paCO2 and
ETCO2 increase in patients under general anesthe-
sia during lateral decubitus position, which is
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ABSTRACT

Introduction: End-tidal carbon dioxide partial pressure is a widely used measurement in clinical practice to monitor the cur-
rent condition of the respiratory system. The aim of the present study is to demonstrate the changes in the levels of end-tidal carbon
dioxide partial pressure during supine, Trendelenburg, and reverse Trendelenburg positions in healthy individuals.

Materials and methods: The end-tidal carbon dioxide partial pressure were measured in supine, Trendelenburg (30%), and
reverse Trendelenburg (30%) positions using a facemask connected to an anesthesia machine (Siemens Kion, Sweden) after fixing the
patient on the related position for five minutes. A 30-minutes resting period was provided to the patient for the accuracy of the end-
tidal carbon dioxide partial pressure measurements following each positioning.

Results: The mean end-tidal carbon dioxide partial pressure level in reverse Trendelenburg position was significantly lower
than in supine position (p < 0.01). The mean end-tidal carbon dioxide partial pressure level in Trendelenburg position was found to
be higher when compared to reverse Trendelenburg position (p < 0.01). In supine and Trendelenburg positions, the mean end-tidal
carbon dioxide partial pressure level was higher in males than in females (p = 0.026 and p = 0.043, respectively). 

Conclusion: The findings of the present study revealed that Trendelenburg position may cause increased end-tidal carbon
dioxide partial pressure levels while reverse Trendelenburg leads to a decrease in levels. 
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required for renal surgery(5).
Another study conducted by Choi et al. report-

ed that end-tidal carbon dioxide pressure gradient
increases gradually with time during general anes-
thesia in the Trendelenburg position(6). Several stud-
ies have evaluated the changes in paCO2 and
ETCO2 under general anesthesia in various posi-
tions; however, limited studies showed the influ-
ences of positions on ETCO2 in normal healthy
subjects(5,6,7). We hypothesized that various patient
positions could alter the ETCO2levels. Therefore,
the overall aim of this study is to demonstrate the
effects of supine, Trendelenburg, and reverse
Trendelenburg positions on ETCO2 in healthy indi-
viduals.

Materials and methods

After approval from Gaziosmanpasa
University Clinical Research Ethics Committee
(15-KAEK-133), patients aged between 18 and 40
years, who were, scheduled for elective surgery
between August 2015 and December 2015, were
enrolled in the study. The following parameters
were the exclusion criteria: patients with an
American Society of Anesthesiologists (ASA) score
greater than or equal to a III, patients scheduled for
abdominal surgery or any intervention to the upper
airway, and patients with chronic obstructive or
restrictive pulmonary disease. The demographic
characteristics including age, gender, height,
weight, and ASA score were recorded into a data
sheet. The ETCO2 was measured in supine,
Trendelenburg (30%), and reverse Trendelenburg
(30%) positions using a facemask connected to an
anesthesia machine (Siemens Kion, Sweden) after
fixing the patient in the required position for five
minutes. A 30-minute resting period was provided
to the patient for the accuracy of the ETCO2 mea-
surements following each positioning.

Assuming a 60% proportion rate on the rela-
tionship between ETCO2 and patient position, with
a two-sided type I error of 0.05, and a power of
0.80, 41 subjects were calculated as adequate to
find a significant difference.

Statistical analysis
Normality and variance were tested using the

one-sample Kolmogorov-Smirnov test for each
variable. Quantitative data were presented as means
and standard deviation, and qualitative data as fre-
quency and percentage. The intergroup compar-

isons were performed by using the Wilcoxon rank
sum test, while gender differences were analyzed
by the Mann-Whitney U test. A linear regression
model using backward elimination was performed.
The backward stepwise elimination method was
used to confine the suppressor effects, in which a
predictor has a significant effect only when another
variable is held constant, and to limit the risk of
making a type II error, thereby missing a substantial
predictor. The variable with the highest p value,
which has no significance at the 0.05 level, was
excluded at each step. Analyses were carried out by
using the Statistical Package for Social Sciences
(SPSS Inc., Chicago, IL) version 20.0 program. The
statistical significance for all analyses was set at P
< 0.05.

Results

A total of 44 patients were included in the
study. The demographic characteristics of the sub-
jects are presented in Table 1. The mean ETCO2
level in reverse Trendelenburg position was signifi-

cantly lower than in supine position (p < 0.01). The
mean ETCO2 level in Trendelenburg position was
found to be higher compared to reverse
Trendelenburg position (p < 0.01), (fig. 1).

In supine and Trendelenburg positions, the
mean ETCO2 level was higher in males than in
females (p = 0.026 and p = 0.043, respectively;
Table 2).

A multivariate linear regression analysis using
backward stepwise elimination method on age, gen-
der, height, weight, and body mass index (BMI) as
candidate-independent variables and the ETCO2, as a
dependent variable showed that gender was the only
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Mean±SD n (%) 95% CI Min - Max Median

Age (years) 26.47±6.98 24.35 - 28.60 18 - 45 26

Gender (F/M) 18 (40.9%)

26 (59.1%)

Height (cm) 169.95±10.40

Weight (kg) 72.95±17.04

BMI (kg/m2) 25.17±5.34

Table 1: Demographic characteristics of the study
subjects.
SD, standard deviation; CI, confidence interval, BMI, body
mass index, F, female; M, male.



related predictor for ETCO2, in supine and
Trendelenburg position (β = 2.645, p = 0.011 and β =
2.513, p = 0.044, respectively). The correlation
analysis between age and ETCO2 levels in supine,
Trendelenburg, and reverse Trendelenburg positions
revealed no significance (r = -0.074, p = 0.631; r = -
0.095, p = 0.539; r = -0.004, p = 0.978, respectively). 

Discussion

The present study revealed that there was a
close relationship between patient position and
ETCO2, levels. The ETCO2 was decreased in both
females and males by changing the position from
supine to reverse Trendelenburg or from
Trendelenburg to reverse Trendelenburg. It is
known that ETCO2 is defined as the partial pressure
of carbon dioxide at the end of expiration and
reflects the arterial carbon dioxide tension(2).
Monitoring ETCO2 is a widely-used method for

ensuring safety in modern anesthetic practice. Intra-
operative mishaps including inadvertent esophageal
intubation, valve dysfunction or disconnection from
the ventilator may be identified by observing the
changes in ETCO2.

Furthermore, non-invasive measurement of
ETCO2 leads to a quick diagnosis and management
of several problems encountered in the intra-opera-
tive period. Despite limited studies involved in the
association between patient position and ETCO2
levels, Pansard et al.(5) investigated the effects of
lateral decubitus position (kidney position for renal
surgery) under general anesthesia and demonstrated
that the ETCO2 levels were increased. In relation, a
study conducted by Choi et al.(6) in patients with
pneumoperitoneum during Trendelenburg position
revealed that the ETCO2 levels remained stable in
Trendelenburg position compared to supine.
Moreover, Mishra et al.(8) showed a mean difference
of 5 mmHg in ETCO2 levels after positioning from
supine to Trendelenburg and pneumoperitoneum.
Another study by Cheng et al. investigated the
changes between ETCO2 and paCO2 in patients
under total intravenous anesthesia, breathing spon-
taneously through normal airway.

The authors showed that ETCO2 values signif-
icantly increased after 20 minutes of positioning
from supine to Trendelenburg. They concluded that
paCO2 monitoring is still a vital part of clinical
practice(9). In the present study, the ETCO2 levels in
Trendelenburg position were consistent with supine
levels. Interestingly, ETCO2 value was obviously
decreased in reverse Trendelenburg position com-
pared to supine and Trendelenburg. Our explanation
for this could be that the effect of position change
on ETCO2 level may require time, or perhaps the
respiratory system is involved in decreasing the
ETCO2 level by increasing the frequency/depth of
breathing.

However, the latter explanation could come
into contradiction with the lower level of ETCO2 in
reverse Trendelenburg position. It is known that
Trendelenburg and reverse Trendelenburg positions
reduce pulmonary compliance by changing the
location of intra-abdominal contents and
diaphragm, thereby heightening the airway pressure
and decreasing the functional residual capacity(10).
Additionally, Sprung et al.(11) demonstrated that the
average ETCO2 is lowered by increasing the tidal
volume in patients under general anesthesia. It is
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Female Male
p

Mean±SD Mean±SD

Supine Position 35.27±3.08a 37.92±3.35c 0.026*

Trendelenburg Position 35.33±4.04b 37.84±3.88d 0.043*

Reverse Trendelenburg
Position 33.77±4.06a,b 35.73±4.38c,d 0.137

Table 2: The comparison of ETCO2 levels among patient
positions and gender 
SD, standard deviation; ETCO2, end-tidal carbon dioxide par-
tial pressure.
*p<0.05, Mann-Whitney U test.
Significant differences in intra-group comparisons (Wilcoxon
rank sum test):
ap = 0.028; bp = 0.007; cp = 0.001; dp = 0.001.

Fig. 1: The distribution of ETCO2 levels among diffe-
rent patient positions.
ETCO2, end-tidal carbon dioxide partial pressure.
Wilcoxon rank sum test.
Significant differences between the ETCO2 levels of patient
positions:
ap < 0.01; bp < 0.01.

a b

a,b



evident that there is a close relation between
ETCO2 level and respiratory dynamics. 

In contrast to the findings of the present study,
Rauh et al.(12) showed that position changes did not
affect respiratory dynamics in patients with pneu-
moperitoneum during laparoscopic surgery in
Trendelenburg position. They also reported that the
rise in intra-abdominal pressure due to pneumoperi-
toneum pushed the diaphragm to the maximum
extension that positioning to Trendelenburg did not
show any affect. In addition, Suh et al.(13) indicated
that generous Trendelenburg position has little
effect on pulmonary functions, since overt
Trendelenburg may cause more. In the context of
the above-mentioned studies, positional changes
directly or indirectly can lead to alterations on pul-
monary dynamics along with ETCO2. Parallel with
the technological advancements, new surgical
methods requiring patient positioning have been
developed. Therefore, the effects of positional
changes becomes a priority for anesthesiologists
when , the patient has limited pulmonary functions. 

This study had some limitations. First, arterial
gas sampling was not performed on patients during
positional changes. Arterial gas sampling requires
additional time that would have unethically pro-
longed the duration of the preoperative period.
Second, we did not investigate the ETCO2 levels of
patients under anesthesia, which has been previous-
ly reported in such studies(5,12,13). 

Conclusion

The present study revealed that patient posi-
tioning leads to significant ETCO2 changes.
Therefore, anesthesiologists should pay attention to
pulmonary functions in patients under regional or
general anesthesia in any kind of surgical positions,
thus preventing postoperative pulmonary complica-
tions. 
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