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Abstract: Protecting patients from hypoxia during anesthesia
induction is crucial for those undergoing coronary artery bypass
surgery. High altitude does not change the inspired O2 concentration
(%21), but reduced barometric pressure leads to decreased partial
alveolar pressure and arterial PaO2. We aim to evaluate the effects
of preoxygenation in the operating room at three different altitudes.
After obtaining ethical approval, patients aged 40 and above, living
in the same city for at least 10 years, and scheduled for coronary
artery bypass surgery will be included in the study. A total of 60
patients will be divided into three groups: Group 0, Group 800, and
Group 1900, with 20 patients in each group corresponding to three
different altitudes. Before anesthesia induction, patients will receive
12 L/min of 80% O2 for 3 minutes via a face mask. During
preoxygenation, arterial blood gas values will be recorded at the Oth,
1st, 2nd, and 3rd minutes. PaO2 values from arterial blood gas results
will be evaluated at these time points across the three altitudes. There
were no statistically significant differences between the groups
regarding height, weight, age, and ASA classifications. There were
no statistically significant differences in PaO2 values between the
Oth, 1st, 2nd, and 3rd-minute blood gas measurements across all
groups (p>0.05). Preoxygenation before anesthesia induction for
coronary artery bypass surgery patients produced similar results at
all three altitudes. ©2025 NTMS.
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1. Introduction

Preoxygenation is an important technique that delays ~ reserves during anesthesia. In particular, adequate
the development of hypoxia and increases oxygen oxygenation is critical in minimizing complications and
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accelerating the recovery process in cardiovascular
surgeries. Preoxygenation aims to reduce the risk of
hypoxia by increasing patients' oxygen levels before
anesthesia, especially in major surgeries like coronary
artery bypass grafting (CABG) 2.

This study aims to evaluate the effects of
preoxygenation in the operating room on patients
undergoing coronary artery bypass grafting (CABG)
surgery at three different altitudes. In recent years, the
ability of high-fraction inspired oxygen (FiO2), or
preoxygenation, to delay the onset of arterial
oxyhemoglobin desaturation due to apnea before
anesthesia induction and tracheal intubation has gained
significant importance. Preoxygenation replenishes the
body’s oxygen reserves and increases functional
residual capacity, which is crucial for maintaining
oxygenation during surgery.

Although the inspired oxygen concentration (%21)
remains unchanged at high altitudes, the decreased
barometric pressure reduces partial alveolar pressure
and arterial PaO2. For instance, PaO2, normally around
100 mmHg at sea level, decreases to 74 mmHg at 2000
meters. As altitude increases, PaO2 declines
exponentially 3. Despite the known effects of altitude
on oxygenation, to our knowledge, no study has
specifically addressed the impact of altitude on
preoxygenation efficacy.

Considering the importance of protecting patients from
hypoxemia, optimizing the duration of preoxygenation
based on altitude is crucial for improving patient safety,
especially in environments with varying atmospheric
pressures. This study aims to fill the gap in the literature
and evaluate how preoxygenation, depending on the
altitude, can contribute to maintaining adequate
oxygenation during surgery.

2. Material and Methods

The study was initiated after obtaining approval from
the Faculty of Medicine, Clinical Research Ethics
Committee, Ataturk University (protocol number:
B.30.2.ATA.0.01.00/8, date: 05.11.2020). The study
was supported by the Scientific Research Projects
Coordination Unit, Ataturk University (04.03.2021,
Project Number: TAB-2021-9143, ID: 9143). The
study will include adult patients aged 40 and above who
have been living in the city where the surgery is
performed (altitude) for at least 10 years and are
scheduled for coronary artery bypass grafting (CABG)
surgery. Preoperative assessment will include patients
with ASA II-11l physical status, and the study is
planned to be conducted on at least 80 patients. Patients
with pneumonia or other signs of infection,
hemodynamic instability, respiratory distress, FEV1 <
60%, FEV1/FVC < 60%, VC < 50% before surgery,
BMI > 40, patients who have received a blood
transfusion before surgery, and patients who refuse or
are unable to decide to participate in the study will be
excluded.

The study will begin when patients are admitted to the
operating room for elective CABG surgery without

Evaluation of Preoxygenation at Three Different Altitudes

premedication. Upon entering the operating room,
patients undergo heart rate measurements, peripheral
oxygen saturation (SpO2), and non-invasive arterial
blood pressure using a 5-electrode electrocardiogram
(ECG). Continuous invasive blood pressure
measurements will be obtained using a radial artery
catheter. Immediately before anesthesia induction,
patients will receive 12 L/min of 80% oxygen via a face
mask for 3 minutes. During the anesthesia phase,
preoxygenation will be applied using a face mask that
perfectly fits the patient’s face to prevent gas leakage.
During this period, patients will be instructed to breathe
normally (tidal volume) for 3 minutes with the face
mask (Baillard et al.). The fraction of inspired oxygen
(FiO2) and expired oxygen (FiO2) will be measured
with a calibrated gas analyzer on the ventilator during
preoxygenation.

The study will be conducted in operating rooms in three
cities with different altitudes (1900 m—Erzurum, 800
m—Gaziantep, 0 m—Istanbul). During
preoxygenation, arterial blood gas values will be
recorded at the Oth, 1st, 2nd, and 3rd minutes. Among
these arterial blood gas measurements, PaO2 (partial
arterial oxygen pressure) values will be evaluated at the
three different altitudes. The data obtained will allow
the examination of how the effects of preoxygenation
change depending on environmental conditions.

2.1. Statistical Analysis

Analyzes were made with IBM SPSS 20 statistical
analysis program. Data will be presented as mean,
standard deviation, median, minimum, maximum,
percentage and number. Normal distribution of
continuous variables will be examined with Shapiro-
Wilk test, Kolmogorov-Simirnov test, Q-Q plot,
skewness and kurtosis. In comparing continuous
variables with more than two independent groups, the
ANOVA test will be used if the normal distribution
condition is met, and the Kruskal Wallis test will be
used if it is not met. Chi square test will be used for
comparisons between categorical variables. The
statistical significance level will be set at p < 0,05.

3. Results

There were no statistically significant differences in the
patient's demographic characteristics, such as age,
gender, height, weight, and ASA classifications,
between the groups (p>0.05). Table 1 presents the
demographic data regarding the patient's age, gender,
height, weight, and ASA classifications (Table 1).

3.1. Blood Gas Values

There were no significant differences in the PaO2
values measured at 0, 1, 2, and 3 minutes between the
groups (p>0.05). The detailed SpO2, PaO2, and PaCO2
values measured for each groups (p> 0,05) (Table 2,
Table 3, Table 4, Table 5).

The data presented in the tables above show that there
were no significant differences in PaO2 and PaCO2
values between the groups during the Oth, 1st, 2nd, and
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3rd minutes of preoxygenation. The results indicate that
preoxygenation had similar effects across the three

Table 1: Demographic Data.
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groups, suggesting that altitude did not significantly
impact the preoxygenation process.

Group 0 Group 800 Group 1900 P
Age (years) 60.42 61.75 61.12 0.22
Gender (M/F) (n) 15/5 17/3 16/4 0.42
Height (cm) 168 170.2 169.4 0.68
Weight (kg) 74 72.6 75.8 0.44
ASA (II/IIT) (n) 2/18 3/17 4/16 0.45
All data are represented as n (number ). Chi square test and ANOVA test.
Table 2: Blood Gas Values at 0 Minute.
Grup 0 Grup 800 Grup 1900 P
Sp0O2 (%) 94.45+1.7 93.66+0.9 92.88+1.1 0.21
PaO2 (mmHg) 77.6+£6.42 75.445.47 76.5+7.35 0.15
PaCO2 (mmHg) 35.4+4.01 33.1+3.47 34.942.45 0.33
Data are represented as mean + standard deviation. ANOVA test.
Table 3: Blood Gas Values at 1 Minute.
Grup 0 Grup 800 Grup 1900 P
SpO2 (%) 99.2+0.21 99.3+0.07 99+0.15 0.42
PaO2 (mmHg) 172.25421.4 176.4+£20.3 169.41£18.6 0.66
PaCO2 (mmHg) 35.5+1.14 36.45+2.11 34.6+1.75 0.43
Data are represented as mean =+ standard deviation. ANOVA test.
Table 4: Blood Gas Values at 2 Minutes.
Grup 0 Grup 800 Grup 1900 P
Sp0O2 (%) 100 99.4+0.33 99.6+0.32 0.47
PaO2 (mmHg) 211.4427.54 220.47+24.4 215.434+28.43 0.13
PaCO2 (mmHg) 37.84+2.7 39.543.5 40.4+2.24 0.18
Data are represented as mean =+ standard deviation. ANOVA test.
Table 5: Blood Gas Values at 3 Minutes.
Grup 0 Grup 800 Grup 1900 P
SpO2 (%) 100 100 99.5+0.14 0.65
PaO2 (mmHg) 224.32421.21 232.23+24.30 226.47+22.14 0.54
PaCO2 (mmHg) 36.4+1.45 38.4+1.37 38.2+£2.02 0.33

Data are represented as mean =+ standard deviation. ANOVA test.

4. Discussion

This study aimed to investigate the effects of
preoxygenation at different altitudes (0 m, 800 m, 1900
m) on arterial blood gas values in patients undergoing
elective coronary artery bypass grafting (CABG)
surgery. Despite the differences in altitude, no
significant differences were found in PaO2 values
between the groups during the Oth, 1st, 2nd, and 3rd
minutes of preoxygenation. These findings suggest that
the impact of altitude on preoxygenation, at least in
terms of PaO2 and PaCO2, is minimal in the context of
elective CABG surgeries.

Preoxygenation is a crucial intervention that
replenishes the body’s oxygen reserves and increases
functional residual capacity *° This process is
particularly important in patients undergoing coronary
surgery, where protecting against hypoxemia is
essential for optimal outcomes. It is well-established
that high altitude does not alter the inspired oxygen
concentration (21%), but the reduced barometric
pressure decreases both partial alveolar pressure and
arterial PaO2. For instance, PaO2, which is normally
around 100 mmHg at sea level, has been reported to
decrease to 74 mmHg at 2100 meters above sea level.
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As altitude increases, PaO2 declines exponentially 2.
In our study, while we observed no significant
differences in PaO2 levels across the different altitudes
(0 m, 800 m, 1900 m) during preoxygenation, the
impact of altitude on oxygenation remains a significant
consideration in clinical practice. Although the
preoxygenation procedure may offer some protective
effect in maintaining oxygen levels, it is crucial to
recognize that at higher altitudes, the body's ability to
compensate for reduced oxygen availability may be
limited, particularly in patients with comorbidities or
those undergoing high-risk surgeries like CABG.
Preoxygenation is a critical step in anesthesia,
providing oxygen reserve to delay the onset of hypoxia
in patients undergoing surgery. Studies have shown that
preoxygenation effectively increases oxygen reserve in
healthy individuals and those with various underlying
conditions. In high-altitude areas, the lower
atmospheric pressure could theoretically reduce the
oxygen available to the patient, potentially affecting the
efficacy of preoxygenation. However, our study
suggests that preoxygenation had comparable effects
on arterial oxygen levels within the altitudes considered
(Erzurum at 1900 m, Gaziantep at 800 m, and Istanbul
at 0 m). It is well established that altitude can affect
oxygen partial pressure and the ability to maintain
adequate oxygen levels in tissues. However, it has been
shown that the body adapts to hypoxic conditions over
time through increased red blood cell production and
improved tissue oxygen utilization ®°, This adaptation
may explain why this study found no significant
difference in PaO2 despite varying altitudes. It is
important to note that this study included patients with
ASA 11111 physical status, which may have limited the
influence of altitude on preoxygenation . In healthy
individuals, the effects of altitude may be more
pronounced, especially in those with pre-existing
respiratory or cardiovascular conditions. Our exclusion
criteria, which ruled out patients with significant
respiratory or hemodynamic instability, ensured that
the results were not confounded by these factors.

The study's methodology, including using a calibrated
gas analyzer to measure FiO2 and FiO2 during
preoxygenation, provided accurate data on oxygen
levels and allowed for precise comparisons across
different altitudes. The findings suggest that
preoxygenation, even in higher altitudes, does not lead
to significant changes in Pa0O2, indicating that this
practice  remains  effective  across  varying
environmental conditions. However, this study has
some limitations. The sample size was relatively small,
and the findings might differ with a larger cohort,
especially considering the inclusion of patients with
different comorbidities or those undergoing more
complex surgeries. Additionally, the focus was solely
on arterial oxygen levels, and other factors such as
tissue oxygenation or recovery time were not evaluated.
Further research is needed to investigate these aspects
and to determine whether altitude has a more
significant impact on other physiological parameters.

Evaluation of Preoxygenation at Three Different Altitudes

This study optimized preoxygenation duration based on
altitude to protect patients from hypoxemia. To our
knowledge, no study specifically addresses the effects
of preoxygenation performed before anesthesia
induction at different altitudes on patients' PaO2 values.
Our study compared preoxygenation techniques
applied at three different altitudes and found no
significant differences in PaO2 values between the
groups. Based on these results, we conclude that the
preoxygenation technique and duration applied are
suitable and effective across all altitudes.

These findings are particularly relevant in patients
undergoing coronary surgery, where adequate
oxygenation is critical. Although the effects of altitude
on oxygenation, particularly PaO2, are well-
documented, our results suggest that preoxygenation,
when performed appropriately, can mitigate the
potential impact of altitude on arterial oxygen levels.
Given that preoxygenation did not significantly alter
PaO2 levels at any altitude in our study, this supports
the notion that the current preoxygenation protocol can
be safely applied to patients, regardless of the altitude
at which the surgery is performed.

However, it is important to note that this conclusion is
based on the specific patient population in this study,
which included individuals with ASA 1I-111 physical
status undergoing elective CABG surgery. Further
studies with larger sample sizes, including patients with
varying comorbidities and from different surgical
backgrounds, are needed to confirm these findings and
to explore the broader implications of preoxygenation
in diverse clinical settings.

5. Conclusion

Preoxygenation before anesthesia induction for
coronary artery bypass surgery patients produced
similar results at all three altitudes.

Limitations of the Study

There are some limitations to the study. The study can
be done on a larger population. Time and conditions for
blood gas samples to reach the laboratory.
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