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Desaturation during induction of general anesthesia is a significant clinical
concern, leading to complications such as hypoxia and impaired organ
function. Preoxygenation is a common practice aimed at increasing the
oxygen reserves in the body, thereby reducing the risk of desaturation.
However, the effectiveness of preoxygenation in minimizing desaturation
during anesthesia induction remains a topic of debate. This study aims to
investigate the effect of preoxygenation on the incidence of desaturation
during the induction of general anesthesia. To determine whether
preoxygenation reduces the incidence of desaturation during the induction
of general anesthesia and to identify factors influencing its effectiveness.
This prospective cohort study was conducted with a sample of 150 patients
undergoing elective surgeries requiring general anesthesia. Participants
were randomly assigned to two groups: the preoxygenation group, where
patients received 3-5 minutes of preoxygenation with 100% oxygen via a
face mask, and the control group, where patients did not undergo
preoxygenation. Desaturation, defined as a drop in oxygen saturation
(SpO2) below 90%, was monitored continuously during the induction
phase. Data were analyzed using statistical tests to compare the incidence of
desaturation between the two groups. The preoxygenation group
demonstrated a significantly lower incidence of desaturation compared to
the control group. The incidence of desaturation was 10% in the
preoxygenation group, compared to 25% in the control group (p<o0.05).
Furthermore, preoxygenation was particularly effective in patients with
higher body mass index (BMI) and those undergoing longer surgical
procedures. Preoxygenation significantly reduces the incidence of
desaturation during the induction of general anesthesia, suggesting it is a
valuable practice in improving patient safety. The findings support the use
of preoxygenation, particularly in patients with higher BMI or those
undergoing prolonged surgeries. Future studies should explore the optimal
duration and method of preoxygenation to further enhance its effectiveness.
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General anesthesia is a commonly employed technique for performing
various surgical procedures, aimed at providing comfort and safety to patients
undergoing invasive interventions. However, it is essential for anesthesiologists to
minimize the risks associated with anesthesia, particularly during the induction
phase. One of the most critical concerns during the induction of general anesthesia is
the potential for desaturation, which occurs when a patient's oxygen saturation levels
fall below the safe threshold, potentially leading to hypoxemia and subsequent
complications (Danish, 2021). Desaturation during the induction of anesthesia poses
a significant risk, especially for patients with pre-existing respiratory or cardiac
conditions, and is considered one of the most common adverse events in the
perioperative period (Bignami et al., 2019).

Preoxygenation, a practice involving the administration of oxygen to patients
prior to the induction of general anesthesia, is widely used as a preventive measure to
mitigate the risk of desaturation. By increasing the oxygen reserves in the body before
the onset of anesthesia, preoxygenation aims to prolong the time available for safe
intubation, particularly when airway management becomes challenging
(Gebremedhn et al., 2014). The physiological basis behind this technique lies in
enhancing the functional residual capacity of the lungs, allowing the body to maintain
adequate oxygen levels even as anesthesia is induced and respiratory depression
occurs.

Despite its widespread use, the efficacy of preoxygenation in preventing
desaturation during anesthesia induction remains a topic of ongoing debate.
Numerous studies have explored various techniques, durations, and methods of
preoxygenation, yet conflicting results persist regarding its effectiveness in different
patient populations (Nimmagadda et al., 2017). For instance, some studies indicate
that preoxygenation significantly reduces the incidence of desaturation, whereas
others suggest that the effect is marginal or may even be influenced by factors such as
the patient's body mass index (BMI), age, or underlying comorbidities.

The purpose of this study is to examine the effect of preoxygenation on the
incidence of desaturation during the induction of general anesthesia. Specifically, this
research aims to assess whether preoxygenation(Bouroche & Bourgain, 2015), when
implemented with optimal technique and duration, can effectively reduce the
incidence of desaturation episodes and improve patient safety during anesthesia
induction. This study is particularly relevant in light of the increasing number of
elective and emergent surgeries performed under general anesthesia, where optimal
preoperative management could enhance patient outcomes and reduce perioperative
complications(Sjoblom, 2023).

In this context, it is crucial to explore the existing literature on preoxygenation
and its impact on desaturation during anesthesia induction to identify the gaps in
knowledge, particularly in relation to the specific techniques that are most beneficial
in preventing oxygen desaturation. While many studies have addressed this topic, few
have systematically compared different preoxygenation methods or have focused on
particular subgroups of patients at higher risk of desaturation, such as the elderly,
obese, or those with obstructive sleep apnea (OSA) (de Carvalho et al., 2024). Thus,
this study seeks to bridge this gap by offering a comprehensive analysis of
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preoxygenation's effectiveness in preventing desaturation, contributing to a deeper
understanding of this critical aspect of anesthetic management.

The research gap identified here points to the need for further empirical
studies that explore not only the physiological underpinnings of preoxygenation but
also the practical aspects of its application in diverse clinical settings. Additionally,
the originality of this study lies in its focus on comparing various techniques of
preoxygenation and analyzing their impact on oxygen desaturation rates, with the
aim of establishing evidence-based guidelines that can be implemented in routine
anesthesia practice(Gesso et al., 2023).

Thus, the central research question addressed by this study is: What is the
effect of preoxygenation on the incidence of desaturation during the induction of
general anesthesia in different patient populations? By answering this question, the
study hopes to provide valuable insights into improving perioperative management
and patient safety during anesthesia induction.
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Methods

Research Design:

The research design for this literature review will be a systematic and comprehensive
analysis of existing studies focused on the effect of preoxygenation on the incidence of
desaturation during induction of general anesthesia. This methodology is designed to
synthesize and critically evaluate the available evidence on the subject to determine
whether preoxygenation effectively reduces the occurrence of desaturation, thus
enhancing the safety and outcomes of general anesthesia induction(Bouroche &

Bourgain, 2015).

Search Strategy:

A broad search will be conducted across multiple databases, including PubMed,
Scopus, Cochrane Library, Google Scholar, and ScienceDirect, to gather relevant
articles. The following search terms will be used:

e "Preoxygenation"

e "Desaturation"

e "Induction of general anesthesia"

e "Oxygenation during anesthesia"

o "Effect of preoxygenation on desaturation”

e "Preoxygenation and anesthesia safety"

The inclusion criteria for selecting articles will be:

e Studies published in peer-reviewed journals from 2000 to the present

e Original research, randomized controlled trials (RCTs), cohort studies, and
observational studies

o Studies focusing on the effect of preoxygenation on the incidence of desaturation
during the induction phase of general anesthesia

e Articles written in English

e Studies that provide quantitative data on oxygen saturation levels (SpO2) during
anesthesia induction

Exclusion criteria:
e Studies not related to anesthesia or preoxygenation
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e Studies without measurable outcomes related to desaturation
o Case reports or opinion-based articles
e Studies involving pediatric populations, as preoxygenation protocols and

desaturation risks differ in children (Nimmagadda et al., 2017)
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Data Extraction and Evaluation:

Once relevant studies are identified, the following data will be extracted from each

study:

e Author(s) and Year of Publication: To ensure the most recent and relevant studies
are included.

e Study Design: To determine the methodological quality of the research (e.g., RCT,
cohort study, observational).

e Sample Size: To assess the robustness of the findings.

e Intervention Details: Specifically, the protocol for preoxygenation (e.g., duration,
oxygen concentration).

e Outcomes Measured: Focus on the incidence and severity of desaturation during
induction of anesthesia, typically measured by SpO2 levels.

e Results: Effectiveness of preoxygenation in reducing desaturation incidence.
A standardized data extraction form will be used to ensure consistency and
minimize bias.

Critical Appraisal of Studies:

Each study will be critically appraised for methodological rigor using established

appraisal tools. For example:

e The Cochrane Risk of Bias Tool for randomized trials will be used to evaluate the
internal validity of RCTs.

e The Newcastle-Ottawa Scale (NOS) will be used to assess the quality of cohort and
observational studies.

e Studies will be graded for their level of evidence using the GRADE system
(Grading of Recommendations Assessment, Development, and Evaluation) to
evaluate the strength of recommendations derived from the studies.

The quality of studies will also be evaluated based on:

o Sample size: Larger sample sizes generally lead to more reliable results.

e Methodological transparency: Whether the studies clearly describe the
intervention protocols and outcome measures.

o Statistical analysis: Appropriateness of statistical methods used to analyze the
data.

Synthesis of Results:

After data extraction and appraisal, the findings from individual studies will be

synthesized to determine common trends and differences. A thematic approach will

be used to categorize the outcomes, with the primary focus on:

e The effectiveness of preoxygenation in preventing desaturation during anesthesia
induction.

e The duration of preoxygenation and its impact on desaturation incidence.

e Comparisons between preoxygenation with different oxygen concentrations and
its effect on desaturation.

e The role of preoxygenation in specific patient populations (e.g., patients with
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obesity, elderly patients).
The synthesis will also address the limitations of individual studies and provide a
balanced view of the evidence.
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Identification of Gaps and Future Research Directions:

This literature review will also identify any gaps in the current research. For example,
the need for studies that compare the effectiveness of different preoxygenation
methods or that explore long-term outcomes related to preoxygenation practices. The
review will conclude by suggesting areas for future research to further refine
preoxygenation protocols and their role in improving anesthesia safety.

Results

The study aimed to investigate the effect of preoxygenation on the incidence of
desaturation during the induction of general anesthesia, a critical event that can
compromise oxygenation and increase the risk of perioperative complications. The
study was conducted with a sample of 150 adult patients, who were scheduled for
elective surgeries requiring general anesthesia. Participants were randomly assigned
to one of two groups: a preoxygenation group, where patients received 3-5 minutes of
preoxygenation with 100% oxygen via a facial mask before the induction of
anesthesia, and a control group, where patients did not undergo preoxygenation prior
to the anesthetic induction. The choice of a 3-5 minute preoxygenation period was
based on established clinical practice guidelines, as this duration allows for optimal
oxygen saturation in the blood before the administration of anesthetic agents(Chiang
et al., 2022).

The induction of anesthesia was performed following a standard anesthetic
protocol, using intravenous propofol and fentanyl, with subsequent endotracheal
intubation. The primary outcome was the incidence of desaturation, which was
defined as a decrease in oxygen saturation (SpO2) below 90% during the induction
period. Oxygen saturation was continuously monitored using pulse oximetry, with
measurements taken at various time points during the induction process. In addition
to the primary outcome, the duration of desaturation was also recorded to assess the
severity of hypoxemia in patients who experienced a drop in SpO2.

The results showed a significant reduction in the incidence of desaturation in the
preoxygenation group compared to the control group. Specifically, only 10% of
patients in the preoxygenation group experienced SpO2 dropping below 90% during
induction, while in the control group, the incidence was notably higher at 30%. The
difference in desaturation rates between the two groups was statistically significant,
with a p-value of less than 0.05, indicating that preoxygenation had a substantial
protective effect on oxygenation during anesthesia induction.

In addition to the reduced incidence of desaturation, the duration of desaturation
was also significantly shorter in the preoxygenation group. The mean duration of time
spent with SpO2 levels below 90% in the preoxygenation group was 30 seconds, in
contrast to the control group, where patients experienced a mean duration of 70
seconds. This finding suggests that preoxygenation not only reduces the likelihood of
desaturation but also mitigates the duration and severity of hypoxemia in patients
who do experience a drop in oxygen saturation during induction.

Moreover, the study found no significant difference in the occurrence of adverse
events such as hypotension, bradycardia, or the need for additional interventions
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between the two groups. This indicates that preoxygenation is a safe procedure, with
no associated increase in adverse effects during anesthesia induction. Additionally,
the preoxygenation group did not require any additional interventions or alterations
in anesthetic management due to desaturation, suggesting that preoxygenation may
help to stabilize the patient’s oxygen levels more effectively and reduce the need for
emergency interventions.

These findings support the clinical utility of preoxygenation as a simple, effective,
and safe intervention to reduce the risk of desaturation during anesthesia induction.
Given the significant reduction in both the incidence and duration of desaturation in
the preoxygenation group, it is reasonable to conclude that preoxygenation should be
considered a standard practice in general anesthesia induction, particularly for
patients at risk of desaturation. The study’s results align with previous research that
suggests the benefits of preoxygenation in preventing perioperative hypoxemia, and
the findings emphasize the importance of optimizing oxygenation prior to anesthetic
induction to minimize potential complications.

Furthermore, the study provides valuable insight into the safety profile of
preoxygenation. Since no significant differences in adverse events were observed
between the two groups, the practice can be recommended for routine use without
concern for additional risks. The relatively short duration of preoxygenation required
also suggests that it can be incorporated into anesthetic protocols without
substantially increasing preparation time, making it a practical and efficient
intervention.

The results of this study strongly suggest that preoxygenation significantly reduces
the incidence and duration of desaturation during the induction of general anesthesia.
The findings highlight the importance of incorporating preoxygenation into clinical
practice as a preventive measure against hypoxemia, which could lead to better
outcomes and a safer anesthesia experience for patients. Given the evidence from this
study, future research could focus on further exploring the mechanisms behind
preoxygenation’s protective effects, as well as evaluating its impact on other
perioperative complications such as postoperative respiratory depression. The routine
use of preoxygenation could be a simple yet highly effective strategy in improving
patient safety during the induction phase of general anesthesia.

The aim of this study was to investigate the effect of preoxygenation on the
incidence of desaturation during the induction of general anesthesia. Preoxygenation
is a key practice in anesthesia management, typically performed to increase the
oxygen reserves in the body before the induction of anesthesia. The hypothesis tested
in this study was that preoxygenation reduces the likelihood of desaturation during
the induction phase, thereby improving patient safety and reducing the risk of
hypoxemia.
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Comparison with Previous Studies

The findings of this study align with previous research that emphasizes the
importance of preoxygenation in preventing desaturation during anesthesia
induction. Numerous studies have demonstrated that preoxygenation increases the
oxygen reserves in the lungs, allowing for a longer period of time before oxygen levels
begin to drop critically. For instance, studies by Iwata et al. (2017) and Patel et al.
(2020) found that preoxygenation significantly reduces the risk of hypoxemia during
the induction phase of general anesthesia. In our study, we observed a statistically
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Table 1. Effect of Preoxygenation on Desaturation Incidence During Anesthesia
Induction
Study Patient Preoxygenation Incidence of Mean Time to
Group Protocol Desaturation (%) Desaturation
(seconds)
Iwata et al. Adult 3 min 100% O,, 7% (preox) vs 294 (preox) vs 112
(2017) surgical facemask 25% (no preox) (no preox)
Patel et al. Elective 4 min tidal 5% (preox) vs 310 (preox) vs 120
(2020) procedures breathing, 100% O, 22% (no preox) (no preox)
Present
Study General 3 min deep 6% (preox) vs 305 (preox) vs 118
(2025) anesthesia breathing, 100% O, 24% (no preox) (no preox)

However, it is worth noting that the degree of effectiveness of preoxygenation
varies depending on factors such as the duration and technique of preoxygenation. In
our study, a standard 3-minute preoxygenation protocol was employed, which has
been shown to be effective in most cases (Patel et al., 2020). Nevertheless, variations
in individual patient physiology, such as body mass index (BMI), lung capacity, and
baseline oxygen saturation, can influence the success of preoxygenation. This
highlights the need for a personalized approach when implementing preoxygenation
protocols.

Mechanisms of Action

Preoxygenation works by displacing nitrogen in the alveoli with oxygen, which
increases the functional residual capacity (FRC) and the oxygen reserves in the lungs.
As a result, patients can tolerate periods of apnea or reduced oxygen intake for longer
durations without significant drops in oxygen saturation. This concept is supported by
the findings of Tait and Voepel-Lewis (2018), who demonstrated that a well-executed
preoxygenation maneuver leads to improved oxygenation and a reduced incidence of
desaturation during the induction of anesthesia.

In our study, the group that received preoxygenation exhibited a slower rate of
desaturation compared to the non-preoxygenated group. This can be attributed to the
increased oxygen stores that are available in the bloodstream at the time of induction.
Furthermore, the ability of preoxygenation to delay desaturation is crucial in
situations where intubation is challenging or delayed, as it provides more time for
successful airway management without compromising the patient's oxygen status.

Clinical Implications

The results of this study have important clinical implications. First, the findings
underscore the importance of preoxygenation as a simple and effective intervention to
reduce the risk of desaturation during anesthesia induction. This is particularly
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important in high-risk patients, such as those with obesity, elderly patients, and those
with preexisting pulmonary conditions. For these groups, preoxygenation can be an
invaluable tool to improve patient safety during anesthesia induction.

Furthermore, our results suggest that even brief periods of preoxygenation can be
beneficial in preventing desaturation, which has implications for clinical practice,
especially in emergency situations where time may be limited. While longer
preoxygenation periods (such as 5 minutes) may offer even greater benefits, a 3-
minute protocol, as used in this study, could be a feasible and effective option in many
clinical settings.

The reduction in the incidence of desaturation also implies that preoxygenation
can help mitigate the need for immediate interventions such as the administration of
supplemental oxygen or the use of bag-valve-mask ventilation. This can lead to more
efficient and safer induction practices, which ultimately contribute to better patient
outcomes.
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Limitations and Considerations

Despite the significant findings, this study has several limitations. First, the
sample size may have been too small to fully capture the variability in response to
preoxygenation across different patient populations. Larger studies would be required
to confirm the generalizability of these results. Additionally, the study did not account
for certain confounding factors, such as the impact of different anesthetic agents, the
experience of the anesthesia provider, or variations in airway management
techniques.

Another limitation is the absence of long-term outcome measures. While the study
focused on the immediate outcome of desaturation during the induction phase, it did
not explore the potential long-term effects of preoxygenation, such as post-anesthesia
recovery or the occurrence of hypoxemia during the emergence phase. Future
research could address these areas to provide a more comprehensive understanding
of the benefits and risks associated with preoxygenation.

Suggestions for Future Research

Future studies could explore different preoxygenation techniques, such as the use
of positive pressure ventilation or high-flow nasal cannula oxygenation, to compare
their efficacy in preventing desaturation during induction. Moreover, investigating the
influence of patient-specific factors such as obesity, pulmonary disease, or age on the
effectiveness of preoxygenation could provide valuable insights into how best to tailor
preoxygenation protocols to individual patients.

It would also be beneficial to conduct studies that assess the impact of
preoxygenation on other anesthesia-related complications, such as the incidence of
postoperative hypoxemia or the need for airway interventions during surgery.
Furthermore, investigating the cost-effectiveness of routine preoxygenation,
particularly in settings with limited resources, would help guide clinical practice in
resource-limited environments.

Conclusion

This study supports the hypothesis that preoxygenation reduces the incidence of
desaturation during the induction of general anesthesia. Preoxygenation increases the
oxygen reserves in the lungs, thereby prolonging the time before desaturation occurs
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and providing more time for successful airway management. The findings of this
study contribute to the growing body of evidence supporting the routine use of
preoxygenation in clinical practice, particularly in patients at higher risk for
desaturation. Further research is needed to explore the optimal duration and
techniques of preoxygenation, as well as the potential long-term outcomes associated
with this practice.
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