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Abstract

Background: Preoxygenation is an essential step before induction of general anaesthesia
because it increases oxygen reserves and prolongs the duration of safe apnea during
airway management. Adequate preoxygenation reduces the risk of hypoxemia,
particularly in patients with anticipated difficult airway. Various techniques have been
described to achieve optimal preoxygenation, including tidal volume breathing for several
minutes and rapid vital capacity breathing within a shorter time. The present study aimed
to assess and compare two different methods of preoxygenation before induction of
general anaesthesia in patients with difficult intubation. Methods: This analytical cross-
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preoxygenation arterial oxygen levels were significantly higher in the vital capacity
breathing group compared with the tidal breathing group (352.2 + 38.9 mmHg vs 318.6 +
34.7 mmHg; p=0.01). The time required for oxygen saturation to fall to 90% was also
longer in the vital capacity breathing group (249 + 32 seconds vs 212 * 29 seconds;
p=0.01). No significant differences were observed in PaCO,, pH, or bicarbonate levels
between the groups. Conclusion: Vital capacity breathing provided higher arterial oxygen
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INTRODUCTION

Preoxygenation is a fundamental step performed prior to induction of general anaesthesia to improve patient safety during
endotracheal intubation. The technique involves administering 100% oxygen to replace the nitrogen present in the lungs,
thereby increasing oxygen reserves within the functional residual capacity. By raising the fraction of inspired oxygen (FiO:)
close to 1.0 before induction, end-tidal oxygen concentration (EtO:) can exceed 90%, which indicates adequate
denitrogenation of the lungs and effective preoxygenation [1,2]. This physiological preparation significantly prolongs the
duration of safe apnea, defined as the time interval before arterial oxygen saturation decreases below 90% after cessation
of breathing [3,4].

Adequate preoxygenation plays an important role in airway management because induction of anaesthesia and
administration of neuromuscular blocking agents temporarily abolish spontaneous ventilation. During this period, patients
depend entirely on oxygen reserves stored in the lungs and blood. Effective preoxygenation therefore increases the margin
of safety by delaying oxygen desaturation and providing clinicians additional time to secure the airway. This becomes
particularly critical in difficult airway situations and in emergencies described as “cannot intubate, cannot oxygenate”
(CICO) scenarios [5—7]. Consequently, current airway management guidelines recommend routine preoxygenation prior
to tracheal intubation to minimize the risk of hypoxemia during induction of anaesthesia [8].
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Several techniques have been proposed to achieve adequate preoxygenation. The choice of method often depends on
patient-related factors such as age, body mass index, ASA physical status, airway anatomy, and the clinical setting,
including operating rooms, intensive care units, or emergency departments [9—11]. Among the commonly used approaches
are tidal volume breathing with 100% oxygen for three to five minutes and vital capacity breathing performed over a shorter
duration using deep breaths [12]. Both techniques aim to maximize alveolar oxygen concentration and reduce nitrogen
content in the lungs.

Despite routine use of preoxygenation, hypoxemia during induction of anaesthesia remains a frequent clinical concern.
Certain patient populations, including obese individuals, pregnant women, elderly patients, and those with pulmonary
disease, may experience rapid oxygen desaturation due to reduced functional residual capacity and increased oxygen
consumption [6]. In addition to conventional techniques, adjunctive methods such as non-invasive positive pressure
ventilation (NIPPV), positive end-expiratory pressure (PEEP), and high-flow nasal oxygen delivery systems like
Transnasal Humidified Rapid-Insufflation Ventilatory Exchange (THRIVE) have been explored to improve oxygenation
and delay desaturation during airway management [12—14]. However, conventional mask-based techniques remain the
most widely used in many clinical settings.

Therefore, comparing commonly used methods such as tidal volume breathing and vital capacity breathing may help
determine which technique provides better oxygenation and a longer duration of safe apnea in patients with anticipated
difficult intubation.

MATERIALS AND METHODS

After obtaining approval from the Institutional Ethics Committee of Sri Aurobindo Medical College and PG Institute,
Indore, the study was carried out in the Department of Anaesthesiology between June 2024 and November 2025. Written
informed consent was obtained from all participants after explaining the purpose and procedure of the study. A total of 60
patients scheduled for elective surgical procedures under general anaesthesia with anticipated difficult intubation were
enrolled. Using computer-generated randomization, patients were allocated into two groups of 30 each.

Inclusion Criteria
Patients were included if they fulfilled the following criteria:

. Age between 20 and 60 years

. ASA physical status I or I

. Mallampati grade I1I or IV

. Mouth opening less than three fingers
. Restricted neck extension

Exclusion Criteria
Patients were excluded if they had:

. Refused to participate in the study

. Hypersensitivity to drugs used in general anaesthesia

. Ischemic heart disease

. Chronic obstructive pulmonary disease

. Obesity with BMI >30 kg/m?

Study Groups

Patients were divided into two groups according to the technique of preoxygenation.

. Group A: Preoxygenation using tidal volume breathing for three minutes through a face mask delivering 100%
oxygen.

. Group B: Preoxygenation using eight vital capacity breaths within one minute through a face mask delivering
100% oxygen.

Study Procedure

Patients were kept fasting according to standard preoperative guidelines. After arrival in the operating room, standard
monitoring including ECG, pulse oximetry, and non-invasive blood pressure monitoring was applied. Baseline parameters
including heart rate, blood pressure, and oxygen saturation were recorded. A large bore intravenous cannula was secured
and patients were preloaded with 10 ml/kg of intravenous lactated Ringer’s solution. An arterial blood gas sample was
obtained prior to preoxygenation. Patients were then preoxygenated according to their assigned group using a face mask
delivering 100% oxygen. Parameters such as FiO:, end-tidal CO: (EtCOz), and inspired CO: (FiCO2) were monitored during
the preoxygenation period. After induction of general anaesthesia and endotracheal intubation, another arterial blood gas
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sample was obtained immediately. Parameters recorded included pH, PaO., PaCO:, and bicarbonate (HCOs). The time
required for oxygen saturation to decrease to 90% was also recorded to evaluate the effectiveness of the preoxygenation
technique.

Outcome Measures

The outcomes assessed included arterial oxygen tension (Pa0O:), oxygen saturation (SpO:), and arterial blood gas
parameters including pH, PaCO:, and HCOs. In addition, the duration of safe apnea was evaluated by measuring the time
required for oxygen saturation to decrease to 90%.

Statistical Analysis

Data were entered into Microsoft Excel and analyzed using appropriate statistical software. Continuous variables were
expressed as mean + standard deviation, and categorical variables were expressed as frequency and percentage.
Comparisons between groups were performed using the independent t-test, and a p-value <0.05 was considered statistically
significant.

RESULTS

A total of 60 patients were enrolled in the study and were divided equally into two groups of 30 each. Group A underwent
preoxygenation using tidal volume breathing for three minutes, while Group B received eight vital capacity breaths within
one minute. Baseline demographic characteristics including age and gender were comparable between the two groups, with
no statistically significant difference (p > 0.05), confirming homogeneity of the study population.

Table 1. Comparison of Demographic Characteristics
Parameter Group A (n =30) | Group B (n =30) | p-value
Age (years, Mean + SD) | 39.6 + 10.2 40.4+9.8 0.72 (NS)
Sex (M/F) 17/13 16/14 0.79 (NS)

NS = non-significant (p > 0.05)

Hemodynamic parameters including pulse rate, systolic blood pressure (SBP), diastolic blood pressure (DBP), and mean
arterial pressure (MAP) were recorded before and after preoxygenation. The mean values were comparable between the
two groups and did not show statistically significant differences (p > 0.05), indicating that both preoxygenation techniques
maintained stable hemodynamic conditions.

Table 2. Comparison of Hemodynamic Parameters Before and After Preoxygenation

Parameter Group A Group B p-value
Before After Before After

Pulse (beats/min) | 82.6 £7.3 80.9+68 |834+69 |8l.1+£64 | 0.48(NS)

SBP (mmHg) 1245+84 | 122.8+£7.6 | 1251+£79 | 123.6+7.4 | 0.62 (NS)

DBP (mmHg) 782 +6.1 76.5+£58 | 77.9+64 | 758+59 | 0.55(NS)

MAP (mmHg) 93.6+6.8 92.1£63 |93.9+£65 |924+£62 | 0.67(NS)

*p-value calculated by comparing post-preoxygenation values between Group A and Group B using independent t-
test.; NS = non-significant (p > 0.05)

The change in hemodynamic parameters (A = After — Before) was calculated for each group. No statistically significant
difference was observed between the two groups, indicating that both techniques maintained stable hemodynamic
conditions. [Table 3]

Table 3. Change in Hemodynamic Parameters After Preoxygenation

Parameter Group A A (Mean =SD) | Group B A (Mean = SD) | p-value
Pulse (beats/min) | —1.7 +2.4 —2.3+2.6 0.41
SBP (mmHg) -1.7+32 -1.5+3.0 0.78
DBP (mmHg) -1.7+£25 —2.1+27 0.55
MAP (mmHg) -1.5+29 -1.5+3.1 0.98

A = Change from baseline (After — Before); NS = Non-significant (p > 0.05)

Arterial blood gas parameters were analyzed before and after preoxygenation in both groups. The post-preoxygenation
PaO: values were significantly higher in Group B compared with Group A (p = 0.01). However, pH, PaCO., and HCO:s
values did not show statistically significant differences between the groups. [Table 4]
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Table 4. Comparison of Arterial Blood Gas Parameters

Parameter Group A Group B p-value
Before After Before After

pH 7.39 £0.03 7.40 £ 0.03 7.39+£0.02 7.41 £0.02 0.34 (NS)

PaCO. (mmHg) 40.2 £3.7 39.1+3.6 40.0+3.5 385+34 0.48 (NS)

PaO. (mmHg) 943 +8.5 318.6 £34.7 95.1+82 352.2+389 0.01 (S)

HCOs (mEg/L) 244+20 245+19 243+1.8 24.7+£2.0 0.63 (NS)

*p-value calculated by comparing post-preoxygenation values between Group A and Group B using independent t-test; S
= Significant (p < 0.05)

The change in ABG values was calculated to assess the effect of the preoxygenation technique. A significantly greater
increase in PaO: was observed in Group B compared with Group A, indicating more effective oxygenation with the vital

capacity breathing technique. [Table 5]

Table 5. Change in Arterial Blood Gas Parameters After Preoxygenation

Parameter Group A A (Mean £+ SD) | Group B A (Mean = SD) | p-value
pH +0.01 +0.02 +0.02 +0.02 0.32 (NS)
PaCO. (mmHg) | —1.1+2.5 -1.5+27 0.43 (NS)
PaO: (mmHg) +224.3 £36.2 +257.1 £404 0.01 (S)
HCOs (mEq/L) | +0.1+1.3 +04+1.5 0.61 (NS)

A = Change from baseline (After — Before); S = Significant (p < 0.05)

Oxygen saturation increased in both groups following preoxygenation. However, patients in Group B demonstrated slightly
higher SpO: levels and a significantly longer time before desaturation to 90%, indicating a longer duration of safe apnea
compared with Group A.

Table 4. Comparison of Oxygen Saturation and Duration of Safe Apnea
Parameter Group A | Group B | p-value
Baseline SpO2 (%) 98.1+0.7 | 98.3+£0.6 | 0.39 (NS)
Post-preoxygenation SpO: (%) 99.2+04 | 99.5+0.3 | 0.02* (S)
Time to desaturation to 90% (sec) | 212+29 | 249+32 | 0.01* (NS)

S = Significant (p < 0.05)

Overall, vital capacity breathing produced higher arterial oxygen levels and a longer duration before desaturation,
suggesting a greater margin of safety during induction of general anaesthesia.

DISCUSSION
Preoxygenation is a critical component of airway management before induction of general anaesthesia as it increases
oxygen reserves in the lungs and prolongs the duration of safe apnea during airway manipulation. This is particularly
important in patients with anticipated difficult intubation, where prolonged attempts at airway control may increase the risk
of hypoxemia.

In the present study, baseline demographic characteristics including age and gender were comparable between the two
groups, indicating that the observed differences in outcomes were primarily attributable to the preoxygenation technique
used. The results demonstrated that the vital capacity breathing technique produced significantly higher PaO. levels
compared with tidal volume breathing. This suggests that rapid deep breathing may facilitate faster denitrogenation of the
lungs and enhance oxygen reserves prior to induction of anaesthesia.

These findings are consistent with the study conducted by Taha et al. (2009), who evaluated the efficacy of eight deep
breaths within 60 seconds for preoxygenation and reported that this technique achieved adequate oxygenation when high
oxygen flow rates were used [15]. Similarly, Nimmagadda et al. (2001) compared tidal volume breathing with deep
breathing techniques and found that although tidal breathing for 3—5 minutes achieved maximal preoxygenation, deep
breathing techniques could provide effective oxygenation when time was limited [16].

Kang et al. (2010) also reported that three-minute tidal volume breathing provided reliable protection against hypoxemia
during apnea and achieved adequate denitrogenation of the lungs before induction of anaesthesia [17]. In the present study,
oxygen saturation after preoxygenation was slightly higher in the vital capacity breathing group, although both techniques
resulted in high oxygen saturation levels. Similar observations were reported by Arora et al. (2018), who noted that tidal
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breathing with appropriate oxygen flow rates could achieve optimal preoxygenation within approximately three minutes,
although variations in breathing patterns and oxygen delivery systems could influence the efficiency of preoxygenation
[18].

Another important observation in the present study was that the time required for oxygen saturation to decrease to 90%
was significantly longer in the vital capacity breathing group, indicating a longer safe apnea duration. Effective
denitrogenation increases oxygen stores within the lungs and delays arterial desaturation during apnea. A recent
comparative analysis also reported that the eight deep-breath technique may provide superior preoxygenation compared
with conventional tidal breathing, particularly in situations requiring rapid airway management [19]. Nevertheless, tidal
volume breathing remains the most widely recommended technique in routine anaesthetic practice because of its simplicity
and reliability, and several reviews have suggested that breathing 100% oxygen for approximately three minutes generally
achieves adequate denitrogenation in most patients [20].

The present study had certain limitations. The sample size was relatively small and the study was conducted at a single
tertiary care center, which may limit the generalizability of the findings. Additionally, factors such as mask fit, patient
cooperation, and variations in respiratory effort could have influenced the effectiveness of preoxygenation.

CONCLUSION

Effective preoxygenation is essential to ensure patient safety during induction of general anaesthesia, particularly in
individuals with anticipated difficult airway. The present study demonstrated that both tidal volume breathing for three
minutes and eight vital capacity breaths within one minute provided adequate preoxygenation. However, the vital capacity
breathing technique resulted in higher arterial oxygen tension and a longer duration before oxygen desaturation, indicating
a greater margin of safety during apnea. These findings suggest that rapid vital capacity breathing can achieve efficient
lung denitrogenation and improved oxygen reserves within a shorter time. Therefore, vital capacity breathing may serve as
a practical and effective alternative to conventional tidal breathing, especially in situations requiring rapid and reliable
preoxygenation.
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