
Investigation of preoxygenation methods in cesarean 
surgeries with the oxygen reserve index

Duygu Kocakulak, MD, Gamze Küçükosman, MD, Bengü Gülhan Köksal, MD, Çağdaş Baytar, MD, Rahşan D. Okyay, MD, 
Keziban Bollucuoğlu, MD, Tuğçe Öztürk, MD, Özcan Pişkin, MD, Hilal Ayoğlu, MD.

1317

ABSTRACT

الأهداف: دراسة طرق الأكسجة المسبقة التي تم إجراؤها لمدة 3دقائق )دقيقة( عند 
حجم المدي و  30ثانية باستخدام تقنية السعة الحيوية العميقة الأربعة باستخدام 

مؤشر احتياطي الأكسجين )ORI( بين النساء الحوامل.

2020م  ديسمبر  من  الفترة  خلال  الاستباقية  الدراسة  هذه  أجريت  المنهجية: 
توفير  مع  مجموعتين  إلى  عشوائي  بشكل  المرضى  تقسيم  أجرينا  و2021م. 
3دقائق  لمدة  دقيقة -1   لتر   10 O2 بمعدل   100% باستخدام  المسبقة  الأكسجة 
الحيوية  السعة  بتقنية  ثانية   30 و  الأولى(  )المجموعة  العادي  المدي  الحجم  في 
خضعن  اللواتي  الحوامل  للنساء  بالنسبة  الثانية(.  )المجموعة  الأربعة  العميقة 
قبل  الدموية  الديناميكية  المعلمات  تسجيل  أجرينا  الروتيني،  التخدير  لتحريض 
المسُتَنشَق )FiO2(، وجزء من  المسبقة، وكذلك جزء من الاكسيجين  الأكسجة 
الزفير الاكسيجين )FeO2(، وقيم ORI بعد الأكسجة المسبقة و بعد 0 و  3  و 

.)T4 و T3 و T2 و T1( 7 دقائق بعد التنبيب

 T1منخفضة في FiO2 مريضا. وجدنا قيم النتائج: اكتملت الدراسة على 66 
القيمة الإحصائية )p=0.012( في المجموعة الأولى، ومرتفعة في قيم FeO2 في 
T1 و T2 القيمة الإحصائية )p=0.025 و 0.009( في المجموعة الثانية، لم يتم 
العثور على فروق ذات دلالة إحصائية في أوقات أخرى)p<0.05(. لم تظهر قيم 
قيم  ولكن  المجموعات،  بين  المقارنات  في  كبيرًا  فرقًا  الأكسجين  احتياطي  مؤشر 
التي تم قياسها  التنبيب كانت أقل بكثير من تلك  ORI للمجموعة الأولى بعد 
بعد الأكسجة في مقارنات المجموعة )p>0.001(. وفقًا لنتائج تحليلات الارتباط 
بين متوسط ​​قيم ORI ومتوسط ​​قيم FeO2 و FiO2 ، كانت هناك علاقات ضعيفة 

.)T4 (p>0.05 و T3 وإيجابية ذات دلالة إحصائية عند

الخلاصة: نظرًا لأننا حصلنا على قيم أكبر من FiO2 و FeO2  في عملية الأكسجة 
لم  الطريقة  4، وهذه  ثانية   30 العميقة   الحيوية  السعة  باستخدام طريقة  المسبقة 
تتسبب في انخفاض كبير في قيم ORI بعد التنبيب، فإننا نعتقد أن استخدام 

هذه الطريقة في العملية القيصرية قد تكون مناسبة.

Objectives: To investigate preoxygenation methods that 
were carried out for 3 minutes (min) at tidal volume and 
30 seconds (s) with the 4 deep vital capacity technique 
using the Oxygen Reserve Index (ORI) among pregnant 
women.

Methods: This prospective study was carried out 
between December 2020 and 2021. The patients were 
randomly divided into 2 groups with the provision of 
preoxygenation using 100% O2 at a rate of 10 L.min-1 
for 3 min at normal tidal volume (Group 1) and 30 
s with the 4 deep vital capacity technique (Group 2). 
For the pregnant women who underwent routine 
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anesthesia induction, hemodynamic parameters before 
preoxygenation, as well as their fraction of inspired O2 
(FiO2), fraction of expired O2 (FeO2), and ORI values 
were recorded after preoxygenation and 0, 3 and 7 
minutes after intubation (T1, T2, T3, and T4).

Results: The study was completed with 66 patients.  FiO2 
values were found to be low in T1 (p=0.012) in Group 
1, and high in FeO2 values in T1 and T2 (p=0.025 and 
0.009) in Group 2, while no significant differences 
were found at other times (p>0.05). Oxygen Reserve 
Index  values did not show a significant difference in 
comparisons between groups, but ORI values of Group 
1 after intubation were significantly lower than those 
measured after preoxygenation in in-group comparisons 
(p<0.001). According to the results of the correlation 
analyses between the mean ORI values and their mean 
FeO2 and FiO2 values, there were weak and positive 
statistically significant relationships at T3 and T4 
(p<0.05).

Conclusion: As we obtained greater FiO2 and FeO2 
values in preoxygenation with the 30 s 4 deep vital 
capacity method, and because this method did not cause 
a significant decrease in the post-intubation ORI values, 
we believe that the usage of this method in cesarean 
section surgeries may be appropriate.

Keywords: Oxygen Reserve Index, preoxygenation, 
cesarean section
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The term preoxygenation refers to the procedure of 
the alveolar exchange of the mixture of air inside the 

functional residual capacity (FRC) that contains nitrogen 
and water vapor with 100% oxygen (O2).

1 Performing 
preoxygenation with high-fraction O2 before anesthesia 
induction and endotracheal intubation (ETI), increases 
the O2 reserve in the lungs, and it is a method that 
has been used and accepted for years because it delays 
the time of apnea-related desaturation development.2 
While preoxygenation can be performed using different 
methods, the most frequently utilized method is to 
inspire 100% O2 for 2-10 minutes (min).3-5 In addition 
to this, other recommended methods include the 4 deep 
breaths/30 seconds method that provides equivalent 
oxygenation to deep inspiration and deep expiration, 
providing the inflation of atelectatic areas in the basal 
lungs to increase FRC.1 The efficiency of preoxygenation 
is determined based on the time from the onset of apnea 
to a certain lower limit of peripheral oxygen saturation 
(SpO2).

6 Although it has been reported that SpO2 levels 
should be >93% to obtain sufficient preoxygenation 
in emergencies, this practice might not show the 
adequacy of preoxygenation.7,8 The end-tidal oxygen 
level is used prevalently in anesthesia, and when it is 
≥90%, it is usually accepted as an indicator of adequate 
preoxygenation.6 On the other hand, it has been 
reported that a value of >85% can also show adequate 
denitrogenation and preoxygenation.9,10 It is known 
that by a 40% increase in the tidal volume and a 20% 
reduction in FRC in pregnant women, denitrogenation 
occurs faster than in the case of non-pregnant women.11 
Studies comparing different preoxygenation techniques 
in pregnant women have reported that fractions of 
expired O2 (FeO2), varying in the range of 79-90%, 
provide sufficient preoxygenation.12-14

Tissue oxygenation in anesthesia apAplications is 
monitored through SpO2 and the partial pressure of 
oxygen in arterial blood.15 The oxygen reserve index 
(ORI) is a measurement technique derived from 
hemoglobin oxygenation measurement sensors that 
shows the O2 reserves in arterial blood and can instantly 
assess tissue oxygenation. It has been reported that ORI, 
which aims to provide information on the patient’s 
status in the moderately hypoxic range (100mmHg 
<PaO2 ≤200 mmHg) and is an index that has a unitless 
scale in the range of 0-1, shows an early warning for 

an imminent hypoxic state and can also allow the 
prediction of unwanted hyperoxia cases.16-19

In our study, we aimed to investigate preoxygenation 
methods that were carried out for 3 min at tidal volume 
and 30 seconds with the 4 deep vital capacity technique 
using the ORI among pregnant women.

Methods. This study was carried between December 
2020 and December 2021 after obtaining the approval 
of the ethics committee of the faculty (protocol number: 
2020/22, ClinicalTrials.gov Identifier: NCT05395975) 
and the written consent of the patients. The Consolidated 
Standards of Reporting Trials (CONSORT) flow 
diagram was used for patient enrollment (Figure 1).20 

Our prospectively planned study included 66 
patients scheduled for cesarean surgery, whose 
operation time was approximately 30-90 min, who 
were in the American Society of Anesthesiologists 
(ASA) Status II risk class, aged 18-45 years, in their 
>36th gestational week, and did not agree to the use 
of regional anesthesia techniques. The sample excluded 
patients with preeclampsia, eclampsia, fetal distress, 
morbid obesity, a history of malignant hyperthermia, 
opioid sensitivity, alcohol or drug addiction, congestive 
heart failure, chronic obstructive pulmonary disease 
(COPD), coronary artery disease, significant anemia, 
liver and kidney diseases, hypovolemia, hypotension, 
sepsis, allergies to the drugs that were used in the study, 
or suspicion of a difficult airway.

The demographic characteristics, Mallampati scores, 
ASA risk scores, anesthesia times, and operative times 
of the patients were recorded. In addition to routine 
hemodynamic monitoring, the ORI sensor (ORi™, 
Masimo Corp., Irvine, CA, USA) was placed onto the 
fourth finger in the upper extremity, on which the blood 
pressure measurement cuff was not attached. The ORI 
sensor was wrapped to prevent exposure to light, and it 
was connected to the oximeter device (Root® platform 
Pulse CO-Oximetre, Masimo Corp., Irvine, CA, USA). 
The patients were given the left 15° lateral position 
to prevent aortocaval compression. In the patients 
who were not given premedication, vascular access 
was achieved with an 18–20 gauge peripheral venous 
catheter, and 0.9% saline infusion was administered at 
an infusion rate of 10 mL/kg/s. A 7-cm-high pillow was 
placed under the head of each patient.

The hemodynamic parameters of all patients before 
preoxygenation were recorded. The patients were 
informed on both preoxygenation methods, and they 
were told that a facemask would be placed tightly 
on their face, and that they would inhale 100% O2 
from it. The patients who were randomized using the 
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closed envelope method were divided into 2 groups for 
preoxygenation before anesthesia induction: Group 1 
underwent preoxygenation at the normal tidal volume 
for 3 min with 100% O2 at a flow rate of 10 L.min-1; 
Group 2 underwent preoxygenation by being instructed 
to take a deep breath and exhale every 6-7 seconds (s) for 
30 s (4 deep vital capacity [after maximum exhalation 
and maximum inhalation]) with 100% O2 at a flow rate 
of 10 L.min-1.

Apneic oxygenation was maintained for 60 s in 
patients who underwent rapid sequence induction 
following preoxygenation. All patients were intubated 
with 7–7.5 endotracheal tubes with introducers by 
anesthesia assistants who had at least 2 years of seniority 
and experience intubation with the McGrathTM MAC 
videolaryngoscope (Aircraft Medical Ltd., Edinburgh, 
UK) (at least 20 experiences). The accuracy of 
intubation was tested by monitoring the passage of the 
endotracheal tube from the vocal cords and capnography 
detection. The intubation time (time measured from 
the entry of the blade part of the laryngoscope into the 
mouth of the patient to the passage of the endotracheal 
tube between the vocal cords) was recorded. Following 
endotracheal intubation, all patients were ventilated 
at a tidal volume of 8 ml.kg-1 and a respiratory rate 
of 12 min-1. Anesthesia maintenance was achieved 

by providing a mixture of 4 L.min-1 50/50%: O2/air 
and 2% sevoflurane (Forane, Abbott Lab., England). 
After the delivery of the infant, an intravenous (IV) 
bolus of 1 mcg.kg-1 fentanyl (Fentanyl Citrate, Abbott 
Lab. North Chicago, USA) and 20 units of oxytocin 
(Synpitan Forte, Deva Holding A.Ş., Küçükçekmece/ 
Istanbul) infusion were administered.

The parameters in our study (mean arterial 
pressure [MAP], heart rate [HR], SpO2, inspired O2 
fraction [FiO2], FeO2 and ORI) were recorded after 
preoxygenation and 0, 3 and 7 minutes after intubation 
(T1, T2, T3, and T4).

 We planned to administer IV 5-10 mg ephedrine 
(Efedrin Hidroklorür Biosel 0.05g/1ml ampul, OSEL 
İlaç San. ve Tic. A.Ş Beykoz/ Istanbul) when the MAP 
value of each patient decreased by >20% compared to 
their control value, IV 0.5 mg atropine (Atropin Biosel 
0.5 mg ampul, OSEL İlaç San. ve Tic. A.Ş Beykoz/ 
Istanbul) when their HR fell below 50 beats.min-1, and 
ventilate the patient with 100% O2 when their SpO2 
value dropped under 93%.

All patients were administered 10 mg.kg-1 IV 
paracetamol (Parol 10 mg/ml, Atabay Kimya San. Ve 
Tic. A.Ş, Kadıköy/ İstanbul) infusion for postoperative 
pain and 10 mg IV metoclopramide (Vomepram 
10mg/2ml, VEM İlaç San. ve Tic. Ltd. Şti., Çankaya/ 

Figure 1 -	Consolidated standards of reporting trials flow diagram of the study.
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Ankara)  for nausea-vomiting. After the last skin 
suture, the anesthetic agents were stopped, and the 
patients were ventilated manually with 100% O2 until 
their spontaneous breathing returned. The routine 
reanimation protocol was applied to the patients, and 
following their extubation, they were taken to the 
recovery unit.

Statistical analysis. The data were analyzed using 
the Statistical Package for the Social Sciences, version 
23.0 (IBM SPSS Inc. Chicago, IL, USA) program. 
Conformity with normal distribution was analyzed using 
the Kolmogorov-Smirnov test. In the comparisons of 2 
independent groups, independent-samples t-tests were 
used for the normally distributed variables, while the 
Mann-Whitney U test was used for the non-normally 
distributed variables. The Friedman test was used to 
compare the non-normally distributed variables against 
time for both groups, and multiple comparisons were 
made using the Dunn test. Spearman’s Rho correlation 
analysis was carried out to analyze the relationships 
between quantitative data. Pearson’s Chi-squared test 
and Yates correction were utilized to compare the 
categorical data based on the groups. The results of 

the analyses for the quantitative data are presented 
as mean ± standard deviation (x ± SD) and median 
(minimum-maximum). Considering the mean ORI 
values, in a 95% confidence interval (1- α), at a 95.2 
% testing power (1- β), and an effect size of d=0.822, 
it was determined that the sample should include 66 
cases in total, 33 in each group.15 A p-value of <0.05 was 
considered significant.

Results. Our study was completed with 66 patients, 
and no patients were excluded from the study. There 
was no statistically significant difference between the 2 
groups in terms of the demographic characteristics of 
the patients, their Mallampati scores, intubation times, 
operative times, or anesthesia times (p>0.05; Table 1).

The intergroup comparisons of the FiO2 values 
showed a significant difference between the groups only 
after preoxygenation (T1) (p=0.012) and no significant 
difference at other measurement times (p>0.05; Table 2). 
Both groups showed statistically significant intragroup 
differences in terms of their FiO2 values based on 
measurement times (p<0.001; Table 2). The FiO2 values 
of the patients in both groups started to decline after 

Table 1 -	 Comparison of patients’ demographic data, Mallampati scores, intubation, surgery, and anesthesia times.

 Characteristics
Group 1
n (33)

Group 2
 n (33) P-value

Mean±SD Median (min–max) Mea±SD Median (min–max)
Age (year) 31.00±6.16 32 (19-41) 30.52±5.57 31 (19-40) 0.739**

Weight (kg) 80.42±16.98 81 (51-110) 79.67±12.92 78 (58-105) 0.839**

Length (m) 1.64±0.06 1.65 (1.51-1.75) 1.64±0.06 1.63 (1.52-1.75) 0.938*

BMI (kg/m2) 29.77±5.48 29.76 (21.39-38.06) 29.49±3.91 30 (21.26-35.86) 0.812**

Mallampati score (I/II/III) 9/16/8 13/12/8 0.306*

Intubation time (second) 13.21±4.47 12 (6-22) 13.79±5.69 12 (6-30) 0.974*

Operation time (minute) 49.58±9.63 50 (30-75) 52.48±9.42 50 (40-75) 0.250*

Anesthesia time (minute) 58.42±10.61 57 (35-90) 63.27±12.50 60 (45-90) 0.113*

*Mann-Whitney U test, **Independent-samples t-tests, SD: standard deviation, Min: minimum, Max: maximum, Group 1: 3 minutes at normal 
tidal volume, Group 2: 30 seconds with the 4 deep vital capacity technique, BMI: body mass index

Table 2 -	 Comparison of in-group and between-group fraction of expired oxygen values.

Time
Group 1
n (33)

Group 2
n (33) P-value*

Mean±SD Median (min–max) Mean±SD Median (min–max)
T1 91.97±3.5 92 (81–97)c 93.85±4.67 95 (82–99)b 0.012
T2 90.33±5.42 92 (74–97)c 90.24±5.41 91 (78–98)b 0.908
T3 58.94±5.52 60 (49–69)b 57.15±4.36 58 (49–64)a 0.081
T4 55.39±4.77 58 (46–60)a 55.18±4.18 57 (46–60)a 0.287
P-value† <0.001 <0.001

Group 1: 3 min at normal tidal volume, Group 2: 30 s with the 4 deep vital capacity technique. SD: standard 
deviation, Min: minimum, Max: maximum, T1: after preoxygenation, T2: immediately after intubation, T3: at 

the 3rd min after intubation, T4: at the 7th min after intubation, *P-value: Comparison between groups. †P-value:  
Compared within the group, a-c: There is no difference between times with the same letter in a group. 
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preoxygenation, and the lowest FiO2 values in both 
groups were measured at the 7th min after intubation.

The intergroup comparisons of the FeO2 values 
showed significant differences between the groups only 
at T1 and T2 (p=0.025 and 0.009) and no significant 
difference at other measurement times (p>0.05; Table 3). 
Both groups showed statistically significant intragroup 

differences in terms of their FeO2 values based on 
measurement times (p<0.001; Table 3). As in the FiO2 
values, the FeO2 values of the patients in both groups 
started to decline after preoxygenation, and the FeO2 
values were the same in both groups at T4 (Table 3).

There was no significant difference between the ORI 
values of the 2 groups at any measurement time (p>0.05; 
Table 4). In the intragroup comparisons, both groups 
showed statistically significant differences in terms of 
their ORI values based on time (p<0.001; Table 4). The 
highest ORI values in both groups were measured after 
preoxygenation, while these values showed a decreasing 
trend in later measurements (Table 4).

According to the results of the correlation analyses 
between the ORI values of all patients and their FeO2 
and FiO2 values, there were weak and positive statistically 
significant relationships for the values obtained at the 
3rd and 7th min after intubation (Table 5).

Discussion. In our study, we investigated different 
preoxygenation techniques (3 min of tidal volume and 
30 s 4 deep breaths with 100% O2) in pregnant women 
using ORI, and we obtained similar ORI values with 

Table 3 -	 Comparison of fraction of expired oxygen values within and between groups.

 Time
Group 1
n (33)

Group 2
n (33) P-value*

Mean±SD Median (min.–max.) Mean±SD Median (min.–max.)
T1 81.64 ± 7.07 83 (62–91)c 84.27 ± 9.89 88 (56–95)b 0.025
T2 76.27 ± 6.54 77 (66–89)c 80.85 ± 8.34 82 (62–98)b 0.009
T3 53.70 ± 6.07 54 (42–65)b 51.58 ± 3.86 51 (45–60)a 0.086
T4 49.21 ± 4.24 50 (41–54)a 49.30 ± 3.95 50 (41–54)a 0.732
P-value† <0.001 <0.001

*Mann-Whitney U test; †Friedman test, SD: standard deviation; Min: minimum; Max: maximum, 
Ggoup 1: 3 min at normal tidal volume, Group 2: 30 s with the 4 deep vital capacity technique, T1: after 

preoxygenation, T2: immediately after intubation, T3: at the 3rd min after intubation, T4: at the 7th 
min after intubation, *P-value: Comparison between groups. †P-value:  Compared within the group, a-c. 

There is no difference between times with the same letter in a group. 

Table 4 -	 Comparison of in-group and between-group oxygen reserve index values.

 Time
Group 1
(n: 33)

Group 2
(n: 33) P-value*

Mean±SD Median (min.–max.) Mean±SD Median (min.–max.)
T1 0.52±0.23 0.58 (0.09–1)b 0.47±0.33 0.42 (0–1)b 0.342
T2 0.27±0.20 0.29 (0–0.71)a 0.39±0.31 0.33 (0–1)ab 0.173
T3 0.20±0.22 0.12 (0–0.62)a 0.24±0.22 0.25 (0–0.67)a 0.427
T4 0.15±0.17 0.17 (0–0.48)a 0.23±0.24 0.20 (0–0.9)a 0.226
P-value† <0.001 <0.001  

*Mann-Whitney U test, †Friedman test, SD: standard deviation, Min: minimum, Max: maximum, 
Group 1: 3 min at normal tidal volume, Group 2: 30 s with the 4 deep vital capacity technique, T1: after 
preoxygenation, T2: immediately after intubation, T3: at the 3rd min after intubation, T4: at the 7th min 
after intubation, *P-value:comparison between groups. †P-value:  Compared within the group, a-b: There 

is no difference between times with the same letter in a group.

Table 5 -	 Correlation analysis between ORI and FeO2 and 
FiO2.

 Time ORİ Coefficient FeO2 FiO2

T1 ORİ r
p

0.031
0.805

0.113
0.366

T2 ORİ r
p

0.189
0.129

0.155
0.214

T3 ORİ r
p

0.246
0.047

0.270
0.028

T4 ORİ r
p

0.390
0.001

0.372
0.002

r: Spearman’s Rho correlation coefficient, T1: after 
preoxygenation, T2: immediately after intubation, T3: at the 
3rd min after intubation, T4: at the 7th min after intubation, 

ORI: oxygen reserve index, FeO2: fraction of exhaled O2, 
FiO2: Fraction of inspired O2
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both methods, while greater FiO2 and FeO2 values were 
observed after preoxygenation with the 30 s 4 deep vital 
capacity method. We believe that the use of this method 
in cesarean section surgeries may be more appropriate. 
       Chiron et al12 compared 3 different preoxygenation 
techniques (30 s 4 deep vital capacity at a flow rate of 
9 L.min-1 with O2, 1 min 8 deep vital capacity at 15 
L.min-1 with O2, and 3 min tidal volume at 9 L.min-1 
with O2) in pregnant women, and reported higher 
rates of FeO2 >90% in the 1 min 8 vital capacity and 
3 min tidal volume respiration methods, arguing that 
the 1 min 8 deep vital capacity method to be more 
appropriate for patients undergoing rapid sequence 
induction at emergency obstetrics services. Norris et al.21 
reported that in patients scheduled for cesarean surgery, 
performing preoxygenation with the 30 s 4 vital capacity 
method can raise PaO2 levels to a degree equivalent to 
that of applying 100% O2 for 3–5 min at a normal 
tidal volume. Considering the relationship between 
oxygen reserve index and PaO2; The similarity of ORI 
values in both preoxygenation methods in our study 
suggests that PaO2 values may also be similar. In this 
study, we determined that the patients who underwent 
preoxygenation with 30 s of 4 deep breaths had higher 
FiO2 and FeO2 values following preoxygenation. 
We considered that short preoxygenation caused 
a more effective respiratory pattern, whereas long 
preoxygenation could have shown negative effects on 
respiratory capacity by causing anxiety and fatigue. We 
believe that further studies are needed on this subject.
     It has been reported that the time required for 
the lungs to denitrogenize during preoxygenation is 
shorter due to decreased FRC in pregnant women and 
they desaturate more rapidly during apnea.22,23 The 
method of applying 100% O2 with a tidal volume of 
3-5 min, which is commonly used for preoxygenation, 
may not be practical in some obstetric emergencies 
due to time constraints.21,24 Bernard et al24 compared 
the practice of the 30 s 4 deep breaths method and the 
4 min tidal volume method with 100% O2 at a flow 
rate of 10 L.min-1 in 27 patients undergoing general 
anesthesia (GA) in cesarean surgery and found no 
significant difference between the desaturation times 
(until SpO2 declined to 93%) of the groups. Moreover, 
in their study that included 1,050 patients, Baillard et 
al25 determined FeO2 values of <90% in 56% of the 
patients who underwent preoxygenation with 100% 
O2 at for 3 min at tidal volume, and they reported 
that this result could be associated with difficult mask 
ventilation, and this method resulted in insufficient 
preoxygenation. In our study, where 77.3% of the 
patients showed FeO2 values of <90% at the end of 

preoxygenation, this rate was 91% in Group 1 and 64% 
in Group 2. Therefore, compared to the literature, it 
may be stated that both preoxygenation methods were 
insufficient in the pregnant women who participated in 
our study. We believe that 30 s 4 deep vital capacity 
technique with preoxygenation method may be more 
appropriate in ASA II cases who are scheduled for 
emergency cesarean section. Additionally, we believe 
that there is a need for further studies on the adequacy 
of 90% FeO2 in preoxygenation for pregnant women 
with comorbidities. 
      In alveolar preoxygenation, the aim is to achieve FeO2 
≥90%.26 In a multicenter study (n=2,398), Baillard et 
al.27 reported that factors such as hypertension, COPD, 
expected difficult mask ventilation/intubation, and 
emergency surgery were risk factors associated with 
hypoxemia (n=158) after preoxygenation. In the same 
study, the FeO2 values after preoxygenation were 
determined as <90% in 713 patients, and by defining 
this as difficult preoxygenation, the authors reported 
that this was associated with risk factors for hypoxia. 
In our study, although we determined FeO2 <90% after 
preoxygenation in 77.3% (n=51) of our patients, we 
observed that their SpO2 values did not drop below 
93%. We believe that our patients did not develop 
hypoxia because they did not have the risk factors 
associated with hypoxia.

Tsymbal et al15 in their studies in which they 
performed induction/ETE after the ORI reached the 
plateau level in preoxygenation in obese (30<BMI<40)  
and patients with normal (19<BMI<25) BMI; They 
applied apneic oxygenation until SpO2 reached 94% 
and recorded both pulse oximetry and ORI alarm times 
until SpO2 decreased from 97% to 94% after intubation.  
They showed that ORI provided clinically significant 
additional warning times for both obese patients and 
patients at normal weights. In their study that aimed to 
evaluate preoxygenation with ORI in daily anesthesia 
monitoring, Cheng et al28 compared ORI, SpO2, and 
PaO2 decrease trends in 25 patients who underwent GA 
until their SpO2 values declined to 90%, and reported 
that ORI provided a warning 145 s earlier than 
SpO2 did. In our study, where we continued apneic 
oxygenation until intubation following anesthesia 
induction, we determined a significant decrease in 
the ORI values of Group 1 from the measurement 
made after preoxygenation to that made at the end of 
intubation. On the other hand, in Group 2, there was no 
significant difference between the ORI values measured 
after preoxygenation and those measured at the end of 
intubation. This suggests that preoxygenation with the 
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30 s 4 deep breaths method can be safer in pregnant 
women.

Study limitations. The limitations of our study 
included the fact that we excluded ASA ≥ III patients, 
expected difficult airway cases, and patients with 
problems in their pulmonary mechanics. In addition, 
we did not study PaO2, did not obtain data about 
smoking status, and did not investigate anxiety levels.
In conclusion, as we obtained greater FiO2 and FeO2 
values in the preoxygenation of the pregnant women 
who participated in our study with the 30 s 4 deep 
vital capacity method using 100% O2, and because 
this method did not cause a significant decrease in the 
post-intubation ORI values, we believe that the use 
of this method in cesarean section surgeries may be 
appropriate. In our opinion, preoxygenation procedures 
performed under the guidance of the ORI are highly 
important for patient safety, and there is an urgent need 
for more studies on this topic.

Acknowledgment. The authors gratefully acknowledge 
Scribendi (www.scribendi.com) for English language editing. 

References
  
  1.	 Özgültekin A. Preoxygenation in the Elderly: Comparison of 3 

min and Four Deep Breath Techniques. Haydarpasa Numune 
Med J 2019; 59: 8-12.

  2.	 Benumof JL. Preoxygenation: best method for both efficacy and 
efficiency. Anesthesiology 1999; 91: 603-605.

  3.	 Bouroche G, Bourgain JL. Preoxygenation and general 
anesthesia: a review. Minerva Anestesiologic 2015; 81: 910-920.

  4.	 Azam Danish M. Preoxygenation and Anesthesia: A Detailed 
Review. Cureus 2021; 9; 13: e13240.

  5.	 Tanoubi I, Drolet P, Donati F. Optimizing preoxygenation in 
adults. Can J Anaesth 2009; 56: 449-466.

  6.	 Nimmagadda U, Salem MR, Crystal GJ. Preoxygenation: 
Physiologic Basis, Benefits, and Potential Risks. Anesth Analg 
2017; 124: 507-517.

  7.	 Shippey B, Ray D, McKeown D. Use of the McGrath (R) 
videolaryngoscope in the management of difficult and failed 
tracheal intubation. Br J Anaesth 2008; 100: 116-119.

  8.	 Machlin HA, Myles PS, Berry CB, Butler PJ, Story DA, Heath 
BJ. End-tidal oxygen measurement compared with patient 
factor assessment for determining preoxygenation time. Anaesth 
Intensive Care 1993; 21: 409-413.

  9.	 Higgs A, McGrath BA, Goddard C, Rangasami J, 
Suntharalingam G, Gale R, et al. Guidelines for the management 
of tracheal intubation in critically ill adults. Br J Anaesth 2018; 
120: 323-352.

10.	 Frerk C, Mitchell VS, McNarry AF, Bhagrath R, Patel A, 
O’Sullivan EP,  et al. Difficult Airway Society Intubation 
Guidelines Working Group. Difficult Airway Society 2015 
guidelines for management of unanticipated difficult intubation 
in adults. Br J Anaesth  2015; 115: 827-848.

11.	 Porter R, Wrench IJ, Freeman R. Preoxygenation for general 
anaesthesia in pregnancy: is it adequate? Int J Obstet Anesth 
2011; 20: 363-365.

12.	 Chiron B, Laffon M, Ferrandiere M, Pittet JF, Marret H, 
Mercier C. Standard preoxygenation technique versus two rapid 
techniques in pregnant patients. Int J Obstet Anesth 2004; 13: 
11-14.

13.	 Russell GN, Smith CL, Snowdon SL, Bryson TH. Pre-
oxygenation and the parturient patient. Anaesthesia 1987; 42: 
346-351.

14.	 Russell EC, Wrench I, Feast M, Mohammed F. Pre-oxygenation 
in pregnancy: the effect of fresh gas flow rates within a circle 
breathing system. Anaesthesia 2008; 63: 833-836.

15.	 Tsymbal E, Ayala S, Singh A, Applegate RL, Fleming NW. 
Study of early warning for desaturation provided by Oxygen 
Reserve Index in obese patients. J Clin Monit Comput 2021; 
35: 749-756.

16.	 Chen ST, Min S. Oxygen reserve index, a new method of 
monitoring oxygenation status: what do we need to know? Chin 
Med J (Engl) 2020; 133: 229-234.

17.	 Szmuk P, Steiner JW, Olomu PN, Ploski RP, Sessler DI, Ezri T. 
Oxygen Reserve Index: A novel noninvasive measure of oxygen 
reserve-a pilot study. Anesthesiology 2016; 124: 779-784.

18.	 Ishida Y, Okada T, Kobayashi T, Uchino H. ORi™: a new 
indicator of oxygenation. J Anesth 2021; 35: 734-740.

19.	 Yoshida K, Isosu T, Noji Y, Hasegawa M, Iseki Y, Oishi R, 
Imaizumi T, Sanbe N, Obara S, Murakawa M. Usefulness of 
oxygen reserve index (ORi™), a new parameter of oxygenation 
reserve potential, for rapid sequence induction of general 
anesthesia. J Clin Monit Comput 2018; 32: 687-691.

20.	 Schulz KF, Altman DG, Moher D. CONSORT 2010 
Statement: Updated guidelines for reporting parallel group 
randomised trials. J Clin Epidemiol 2010; 63: 834-840.

21.	 Norris MC, Dewan DM. Preoxygenation for cesarean section: 
a comparison of two techniques. Anesthesiology 1985; 62: 
827-829.

22.	 Byrne F, Oduro-Dominah A, Kipling R. The effect of pregnancy 
on pulmonary nitrogen washout. A study of pre-oxygenation. 
Anaesthesia 1987; 42: 148-150.

23.	 Nitzan M, Romem A, Koppel R. Pulse oximetry: fundamentals 
and technology update. Med Devices (Auckl) 2014; 7: 231-239.

24.	 Bernard F, Louvard V, Cressy ML, Tanguy M, Mallédant Y. 
[Preoxygenation before induction for cesarean section]. Ann Fr 
Anesth Reanim 1994; 13: 2-5.

25.	 Baillard C, Depret F, Levy V, Boubaya M, Beloucif S. Incidence 
and prediction of inadequate preoxygenation before induction 
of anaesthesia. Ann Fr Anesth Reanim 2014; 33: e55-58.

26.	 Mosier JM, Hypes CD, Sakles JC. Understanding 
preoxygenation and apneic oxygenation during intubation in 
the critically ill. Intensive Care Medicine 2017; 43: 226-228.

27.	 Baillard C, Boubaya M, Statescu E, Collet M, Solis A, 
Guezennec J, et al. Incidence and risk factors of hypoxaemia 
after preoxygenation at induction of anaesthesia. Br J Anaesth 
2019; 122: 388-394.

28.	 Cheng HW, Yeh CY, Chang MY, Ting CK, Chang PL. How 
early warning with the Oxygen Reserve Index (ORi™) can 
improve the detection of desaturation during induction of 
general anesthesia? J Clin Monit Comput 2022; 36: 1379-1385

http://www.smj.org.sa/index.php/smj/index
https://jag.journalagent.com/hnhjournal/pdfs/HNHJ_59_1_8_12.pdf
https://jag.journalagent.com/hnhjournal/pdfs/HNHJ_59_1_8_12.pdf
https://jag.journalagent.com/hnhjournal/pdfs/HNHJ_59_1_8_12.pdf
https://pubmed.ncbi.nlm.nih.gov/10485765/
https://pubmed.ncbi.nlm.nih.gov/10485765/
https://pubmed.ncbi.nlm.nih.gov/26044934/
https://pubmed.ncbi.nlm.nih.gov/26044934/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7948304/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7948304/
https://pubmed.ncbi.nlm.nih.gov/19399574/
https://pubmed.ncbi.nlm.nih.gov/19399574/
https://pubmed.ncbi.nlm.nih.gov/28099321/
https://pubmed.ncbi.nlm.nih.gov/28099321/
https://pubmed.ncbi.nlm.nih.gov/28099321/
https://pubmed.ncbi.nlm.nih.gov/17959584/
https://pubmed.ncbi.nlm.nih.gov/17959584/
https://pubmed.ncbi.nlm.nih.gov/17959584/
https://pubmed.ncbi.nlm.nih.gov/8214545/
https://pubmed.ncbi.nlm.nih.gov/8214545/
https://pubmed.ncbi.nlm.nih.gov/8214545/
https://pubmed.ncbi.nlm.nih.gov/8214545/
https://pubmed.ncbi.nlm.nih.gov/29406182/
https://pubmed.ncbi.nlm.nih.gov/29406182/
https://pubmed.ncbi.nlm.nih.gov/29406182/
https://pubmed.ncbi.nlm.nih.gov/29406182/
https://pubmed.ncbi.nlm.nih.gov/26556848/
https://pubmed.ncbi.nlm.nih.gov/26556848/
https://pubmed.ncbi.nlm.nih.gov/26556848/
https://pubmed.ncbi.nlm.nih.gov/26556848/
https://pubmed.ncbi.nlm.nih.gov/26556848/
https://pubmed.ncbi.nlm.nih.gov/21907562/
https://pubmed.ncbi.nlm.nih.gov/21907562/
https://pubmed.ncbi.nlm.nih.gov/21907562/
https://pubmed.ncbi.nlm.nih.gov/15321433/
https://pubmed.ncbi.nlm.nih.gov/15321433/
https://pubmed.ncbi.nlm.nih.gov/15321433/
https://pubmed.ncbi.nlm.nih.gov/15321433/
https://pubmed.ncbi.nlm.nih.gov/3592155/
https://pubmed.ncbi.nlm.nih.gov/3592155/
https://pubmed.ncbi.nlm.nih.gov/3592155/
https://pubmed.ncbi.nlm.nih.gov/18518865/
https://pubmed.ncbi.nlm.nih.gov/18518865/
https://pubmed.ncbi.nlm.nih.gov/18518865/
https://pubmed.ncbi.nlm.nih.gov/32424516/
https://pubmed.ncbi.nlm.nih.gov/32424516/
https://pubmed.ncbi.nlm.nih.gov/32424516/
https://pubmed.ncbi.nlm.nih.gov/32424516/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7028177/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7028177/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7028177/
https://pubmed.ncbi.nlm.nih.gov/26978143/
https://pubmed.ncbi.nlm.nih.gov/26978143/
https://pubmed.ncbi.nlm.nih.gov/26978143/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8072303/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8072303/
https://pubmed.ncbi.nlm.nih.gov/28956237/
https://pubmed.ncbi.nlm.nih.gov/28956237/
https://pubmed.ncbi.nlm.nih.gov/28956237/
https://pubmed.ncbi.nlm.nih.gov/28956237/
https://pubmed.ncbi.nlm.nih.gov/28956237/
https://pubmed.ncbi.nlm.nih.gov/20346629/
https://pubmed.ncbi.nlm.nih.gov/20346629/
https://pubmed.ncbi.nlm.nih.gov/20346629/
https://pubmed.ncbi.nlm.nih.gov/4003814/
https://pubmed.ncbi.nlm.nih.gov/4003814/
https://pubmed.ncbi.nlm.nih.gov/4003814/
https://pubmed.ncbi.nlm.nih.gov/3826588/
https://pubmed.ncbi.nlm.nih.gov/3826588/
https://pubmed.ncbi.nlm.nih.gov/3826588/
https://pubmed.ncbi.nlm.nih.gov/25031547/
https://pubmed.ncbi.nlm.nih.gov/25031547/
https://www.sciencedirect.com/science/article/pii/S0750765894801797
https://www.sciencedirect.com/science/article/pii/S0750765894801797
https://www.sciencedirect.com/science/article/pii/S0750765894801797
https://pubmed.ncbi.nlm.nih.gov/24582112/
https://pubmed.ncbi.nlm.nih.gov/24582112/
https://pubmed.ncbi.nlm.nih.gov/24582112/
https://pubmed.ncbi.nlm.nih.gov/27342820/
https://pubmed.ncbi.nlm.nih.gov/27342820/
https://pubmed.ncbi.nlm.nih.gov/27342820/
https://pubmed.ncbi.nlm.nih.gov/30770057/
https://pubmed.ncbi.nlm.nih.gov/30770057/
https://pubmed.ncbi.nlm.nih.gov/30770057/
https://pubmed.ncbi.nlm.nih.gov/30770057/
https://pubmed.ncbi.nlm.nih.gov/34953137/
https://pubmed.ncbi.nlm.nih.gov/34953137/
https://pubmed.ncbi.nlm.nih.gov/34953137/
https://pubmed.ncbi.nlm.nih.gov/34953137/

	Title
	Affiliation
	ABSTRACT
	Methods
	Results
	Discussion
	References
	Acknowledgment

