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Background: To compare the effect of different amounts of fresh oxygen flow on oxygen reserve in patients undergoing general anesthesia.

Methods: Seventy-two patients were enrolled in this quasi-experimental study. Patients were randomly divided into experimental groups with a fresh oxygen flow of 1 L/min, 2 L/min, 4 L/min, and 8 L/min (denoted as G1, G2, G3, and G4, respectively) for 2 min of mask-assisted ventilation. Safe apnea time (SAT) was the primary endpoint; SAT was defined as the time from the cessation of ventilation to the time the patient’s pulse oxygen saturation (SpO2) decreased to 90%. Ventilation indicators such as end-tidal oxygen concentration (EtO2), end-tidal carbon dioxide partial pressure (EtCO2), SpO2, and carbon dioxide (CO2) elimination amount, during mask-assisted ventilation, were the secondary endpoints.

Results: The SAT of G1, G2, G3, and G4 were 305.1 ± 97.0 s, 315 ± 112.5 s, 381.3 ± 118.6 s, and 359 ± 104.4 s, respectively (p > 0.05). The EtO2 after 2 min of mask-assisted ventilation in groups G1, G2, G3, and G4 were 69.7 ± 8.8%, 75.2 ± 5.0%, 82.5 ± 3.3%, and 86.8 ± 1.5%, respectively (p < 0.05). Also, there was a moderate positive correlation between the fresh oxygen flow and EtO2 (correlation coefficient r = 0.52, 95% CI 0.31–0.67, p < 0.0001). The CO2 elimination in the G1 and G2 groups was greater than that in the G4 group (p < 0.05). There was no significant difference in other indicators among the groups (all p > 0.05).

Conclusion: The amount of fresh oxygen flow during mask-assisted ventilation was positively correlated with EtO2. Also, even though there was no significant difference, the patients’ oxygen reserves increased with the increase in fresh oxygen flow.
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Introduction

Pre-oxygenation is a routine clinical anesthesia procedure given before anesthesia induction and tracheal intubation (1). Its purpose is to improve the oxygen reserve in the patient’s lungs and provide sufficient time for establishing an accurate artificial airway during anesthesia induction so as to avoid hypoxia (2–4). Previous studies have also shown that pre-oxygenation reduces hypoxemia during induction of anesthesia (5–7).

Pre-oxygenation during anesthesia induction is usually performed with pure oxygen. The commonly used clinical method is to pre-oxygenate the patient by tidal volume method under a fresh oxygen flow of 10 L/min for 3 min before induction of anesthesia (8). End-tidal oxygen concentration (EtO2) ≥90% or end-tidal nitrogen concentration (EtN2) <5% indicate maximal pre-oxygenation (1, 2, 9). When the optimal pre-oxygenation is achieved, the oxygen reserve in the patient’s lungs is significantly greater than the oxygen reserve in the patient’s lungs when breathing air, which can significantly extend the safe apnea time (SAT) of surgical patients to approximately 7 min (the SAT of normal people breathing air is about 1 min) (7, 10). Due to the unpredictable occurrence of some difficult airways, pre-oxygenation is strongly recommended before induction of anesthesia in patients undergoing general anesthesia surgery, as it extends the operating time for establishing an artificial airway (3, 4, 7, 10, 11).

Hypoxaemia remains the most common cause of death, especially during induction of anesthesia, as reported by the American Society of Anesthesiologists (ASA) Closed Claims analysis (12). Many studies have demonstrated that pre-oxygenation can increase the oxygen reserve stored in the functional residual capacity and delay the onset of hypoxemia in case of unanticipated difficult airway management (3, 4, 7, 11). However, the prevalence of inadequate preoxygenation has been reported to be as high as 56% during the induction of anesthesia (13). This condition is mainly caused by air leakage and risk factors associated with difficult mask ventilation (13–15). Currently, there is no clear standard for the amount of fresh oxygen flow during mask-assisted ventilation. Thus, in this study, we compared the effect of different amounts of fresh oxygen flow on oxygen reserve in patients undergoing general anesthesia surgery so as to provide a reliable reference value for the fresh oxygen flow during mask-assisted ventilation in clinical anesthesia.



Materials and methods


Study design and patients

This quasi-experiment study included patients undergoing elective surgery with general anesthesia at the China-Japan Union Hospital of Jilin University, between October 2021 and January 2022. The study was approved by the Ethics Committee of China-Japan Union Hospital of Jilin University (No: 2021092711). Written informed consents were obtained from all subjects.

A total of 72 adult patients (age 18–60 years; BMI 18–30 kg/m2) with American Society of Anaesthesiologists (ASA) physical Status I to II scheduled for elective surgery under general anaesthesia were included in this study. Patients with room air saturation of <97%, anticipated difficult mask ventilation and anticipated difficult tracheal intubation, chronic pulmonary diseases, ischemic heart or brain diseases, raised intracranial pressure, risk of reflux aspiration, facial deformities, and those who were pregnant were excluded.



Randomization

Random number sequences were generated by computer using SPSS ver. 23.0 (IBM, Armonk, New York, United States) software. Patients were randomly assigned to 4 groups (18 people per group): groups G1 (fresh oxygen flow = 1 L/min), G2 (fresh oxygen flow = 2 L/min), G3 (fresh oxygen flow = 4 L/min), and G4 group (fresh oxygen flow = 8 L/min). Allocation concealment was done in a blind manner, using sequentially numbered opaque sealed envelopes.



Intervention

All patients fasted for 8 h before surgery. After arriving in the operating room, all patients rested flat in a supine position on the operating table and were monitored with an electrocardiogram (ECG), non-invasive blood pressure (NIBP), bispectral index (BIS), and pulse oximetry. At the same time, we connected a sensor (Mindray RM, Shenzhen, Guangdong, China) at the Y-shaped interface of the breathing circuit to collect the carbon dioxide partial pressure, gas flow rate, pressure, and volume data in the breathing circuit, which were subsequently exported through the computer at a frequency of 50 Hz for analysis and use. Before anesthesia induction, all patients received pre-oxygenation by tidal volume method for 3 min at an oxygen flow of 10 L/min, and the mask was kept as tight as possible. General anesthesia was induced with lidocaine 1 mg/kg, sufentanyl 0.4 μg/kg, propofol 2 mg/kg and cisatracurium 0.2 mg/kg. When the carbon dioxide waveform became flat, mask-assisted ventilation was started in pressure control mode for 2 min (I:E = 1:2, maximum inspiratory pressure 15 cmH2O, respiratory rate 15 breaths/min). During mask-assisted ventilation, the fresh oxygen flow was set to 1 L/min, 2 L/min, 4 L/min, and 8 L/min according to the randomization. All patients were used jaw thrust method to ensure airway patency and the carbon dioxide waveform was monitored to ensure the best fit between the mask and the face of each patient. All patients were intubated with a video laryngoscope, and the cuff was inflated after the tracheal tube passed through the glottis under direct vision. After tracheal intubation, ventilation was temporarily disconnected, and mechanical ventilation was not started until SpO2 dropped to 90% or SAT reached 10 min (6). If SpO2 fell below 98% after mask-assisted ventilation or SpO2 dropped below 90% during intubation, or difficult endotracheal intubation occurred, the operation was considered as not successful.

When the patient’s SpO2 dropped to 90% or SAT reached 10 min, volume-controlled mechanical ventilation was initiated. Tidal volume was set to 8 mL/kg based on predicted body weight, the fresh oxygen flow was 10 L/min, the respiratory rate was 15 breaths/min, and the I:E was 1:2. The entire experiment ended when the patient’s pulse oximetry reached the highest level. According to the patient’s condition, respiratory rate, inhaled oxygen concentration, and fresh oxygen flow were re-adjusted if necessary.



Outcomes and measurement

Baseline characteristics included age, gender, height, weight, BMI, IBW, HR, SpO2, and hemoglobin values. SAT was the primary endpoint; ventilation indicators such as EtO2, EtCO2, SpO2, CO2 elimination amount, etc., during mask-assisted ventilation were the secondary endpoints. The SAT was defined as the time spent from the end of mask-assisted ventilation until the SpO2 dropped to 90% or lasting for a maximum of 10 min to ensure patient safety (6); the time from the end of mask-assisted ventilation to the time when SpO2 dropped to 99%, 97%, 95%, 93%, and 90% were recorded. When the patient’s SpO2 was >90% after the SAT reached 10 min, it was recorded as 600 s; SpO2, EtO2 and EtCO2 of the patient after 3 min of pre-oxygenation were recorded; SpO2, EtO2, EtCO2, and HR of the patient after 2 min of mask-assisted ventilation were recorded; time during which the patient’s SpO2 recovered to the level after pre-oxygenation since the start of mechanical ventilation, i.e., the re-oxygenation time was recorded; EtCO2 and HR when the patient started mechanical ventilation were recorded; the patient’s lowest SpO2 throughout the experiment was recorded; CO2 elimination amount during the patient’s 2-min mask-assisted ventilation [the amount of CO2 elimination (mL) = ∑[(Flow/60) × (CO2 partial pressure/760) × 0.02]; the flow was calculated as the expiratory gas flow rate in mL/min; data export frequency was 50 Hz].



Statistical analysis

A previous study that used pure oxygen pre-oxygenation in general anesthesia surgery noted the mean SAT of 411 ± 84 (95% CI: 239–528) seconds (7). Based on these findings, the sample size needed to show a 15% change in the SAT with 80% power and an α-error of 0.05 was 15 patients in each group. Considering some dropouts, we decided to include 18 patients in each group.

Statistical analysis was performed using SPSS ver. 23.0 (IBM, Armonk, New York, United States), and the drawing software was Graphpad Prism version 8.0.2 (GraphPad Software, La Jolla, California, United States). If the continuous data conformed to the normal distribution, they were expressed as the mean ± standard deviation ([image: image]±sd); the comparison between groups was performed by variance analysis, and the multi-sample mean comparison was performed by the Student–Newman–Keuls test method. If the continuous data conformed to the skewed distribution, they were expressed as the median (interquartile range) [Median (Q1, Q3)], and the multi-sample nonparametric rank-sum test (Kruskal Wallis) was used for comparison between groups. Categorical data were compared using the chi-square test. p < 0.05 was considered to be statistically significant.




Results

A total of 72 patients were initially evaluated. Two patients in the G3 were excluded due to difficult endotracheal intubation and failed data collection, respectively, and 2 patients in the G4 were excluded due to failed data collection. Finally, 68 patients completed the experiment, 18 patients in G1, 18 patients in G2, 16 patients in G3, and 16 patients in G4. The experimental flow chart is shown in Figure 1. Baseline characteristics of study patients were not significantly different among the 4 groups (all p > 0.05, Table 1).

[image: Figure 1]

FIGURE 1
 Experimental flow chart. G1, G2, G3, and G4 represent the fresh oxygen flow of 1 L/min, 2 L/min, 4 L/min, and 8 L/min, respectively.




TABLE 1 Baseline characteristics of study patients.
[image: Table1]


Safe apnea time (SAT)

Among the 68 patients, 2 patients in G3 had an SAT of 600 s, while for all remaining patients, it was <600 s. G1, G2, G3, and G4 patients had SAT of 305.1 ± 97.0 s, 315 ± 112.5 s, 381.3 ± 118.6 s, and 359 ± 104.4 s, respectively; yet, the multi-sample mean comparison showed no statistical difference among the 4 groups (p = 0.139). In addition, the multi-sample mean comparison showed no statistical difference in the time when the SpO2 decreased to 99%, 97%, 95%, and 93% after mask-assisted ventilation (p > 0.05). The variation trend of SpO2 over time in each group of patients is shown in Figure 2.

[image: Figure 2]

FIGURE 2
 The variation trend of SpO2 over time. G1, G2, G3, and G4 represent the fresh oxygen flow of 1 L/min, 2 L/min, 4 L/min and 8 L/min, respectively. There was no significant difference in the time when the SpO2 decreased to 99%, 97%, 95%, 93%, and 90% among the groups (p > 0.05).




End-tidal oxygen concentration (EtO2)

One-way analysis of variance showed that the end-tidal oxygen concentration of patients in each group was different after 3 min of pre-oxygenation and 2 min after mask-assisted ventilation (all p < 0.001, Table 2). The multi-sample mean comparison showed that G1, G2, G3, and G4 had statistical differences in EtO2 after 2 min of mask-assisted ventilation (p < 0.05). Further, Pearson correlation analysis showed that the fresh oxygen flow had a moderately strong correlation with EtO2 during mask-assisted ventilation (correlation coefficient r = 0.52, 95% CI 0.31–0.67, p < 0.001, Figure 3).



TABLE 2 Comparison of EtO2 at different time points in each group.
[image: Table2]
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FIGURE 3
 Scatter plot and correlation analysis of fresh oxygen flow and EtO2.




CO2 elimination amount

One-way analysis of variance showed that the CO2 elimination amount of patients in each group were statistically different (p = 0.038). The multi-sample mean comparison of Student–Newman–Keuls found that the CO2 elimination amount of the patients in the G1 and G2 was greater than G4 (p = 0.010 and p = 0.015), while G3 had no significant difference with other groups (p > 0.05, Figure 4).

[image: Figure 4]

FIGURE 4
 The amount of CO2 elimination in each group. G1, G2, G3, and G4 represent the fresh oxygen flow of 1 L/min, 2 L/min, 4 L/min, and 8 L/min, respectively. The CO2 elimination of the patients in the G1 and G2 was greater than G4 (p = 0.010 and p = 0.015), while G3 did not significantly differ from the other three groups (p > 0.05).




End-tidal carbon dioxide partial pressure (EtCO2)

There was no significant difference in EtCO2 between groups of patients after 3 min of pre-oxygenation, 2 min after mask-assisted ventilation, and when mechanical ventilation was started (all p > 0.05, Table 2).



Pulse oxygen saturation (SpO2)

There was no significant difference in the SpO2 at baseline, 3 min after pre-oxygenation, 2 min after mask-assisted ventilation, and the lowest SpO2 after stopping ventilation (all p > 0.05, Table 2).



Re-oxygenation time

Mechanical ventilation was started when the SpO2 of patients in each group dropped to 90%, and the nonparametric rank-sum test showed no significant difference in re-oxygenation time among the groups (p > 0.05, Table 2).



Heart rate (HR)

There was no significant difference in the HR of patients in each group at baseline, after 2 min of mask-assisted ventilation, and when the SpO2 was 90% (all p > 0.05, Table 2).




Discussion

The key findings of this study are: (1) no significant difference was observed for SAT among patients during mask-assisted ventilation when the fresh oxygen flow varied from 1 to 8 L/min, but there was a significant trend toward prolongation; (2) during mask-assisted ventilation, the EtO2 showed a moderately strong correlation with the fresh oxygen flow. These findings indicate that the amount of fresh oxygen flow during mask-assisted ventilation affects the patient’s oxygen reserve.

SAT is defined as the interval between the onset of apnea and the time SpO2 reaches a life-threatening value and is usually defined in clinical studies as SpO2 ≤ 90%, which can reflect the oxygen reserve in the patient’s body (4, 6, 7). According to the sigmoid shape of the oxyhemoglobin dissociation curve, SAT is defined as a decrease in SpO2 to 90% that is not harmful to most healthy patients. Altitude experiments have indicated that patients can tolerate periods of relative hypoxia lasting hours or days (SpO2 = 80% or less) (16–18). In this study, we evaluated the effect on the oxygen reserve of patients by adjusting the fresh oxygen flow during anesthesia induction in patients with adequate pre-oxygenation, and found no significant difference in SAT when the fresh oxygen flow was 1–8 L/min. However, with the increase of fresh oxygen flow, we observed a clear prolongation trend of SAT. The SAT of the G4 group was shorter than that of the G3 group, which may be due to the higher BMI in the G4 group. Yet, a larger sample size study is needed to confirm these data.

EtO2, a simple and effective endpoint for pre-oxygenation, showed a moderately strong positive correlation with fresh oxygen flow in this study. This finding is partially consistent with previous studies reporting on fresh oxygen flow during pre-oxygenation (19, 20). Nimmagadda et al. performed pre-oxygenation with fresh oxygen flow groups of 5, 7, and 10 L/min and showed that the EtO2 increased rapidly between 0.5 and 2 min, reaching a plateau at 2.5 min. In addition, pairwise survival analysis showed no difference in patient’s time to the target EtO2 = 90% among the three washing curves (19). Moreover, Russell et al. applied a fresh oxygen flow of 5, 10, and 15 L/min during pre-oxygenation and found the best pre-oxygenation effect when the flow was greater than 10 L/min (20). Similar conclusions were drawn in this study, where we observed a positive correlation with EtO2 in patients with increasing fresh oxygen flow, but we did not observe a plateau during the 2 min of mask-assisted ventilation period. However, the EtO2 value alone could not accurately predict the SAT of the patient as it is related to the patient’s functional residual capacity, oxygen consumption, and the amount of oxygen required to maintain SpO2 = 90% (4, 18).

In this study, we also compared the CO2 elimination amount and EtCO2 at different time points in each group, which can reflect the ventilation efficiency of patients (16). Previous studies have shown that the amount of CO2 elimination is related to the amount of blood flow in pulmonary capillaries, the gradient of the partial pressure between alveoli and capillaries, the blood/alveoli membrane characteristics and the properties of the ventilation cycle, and its main influencing factors include abnormal lung function, gender and weight of patients (21, 22). This study found that the amount of CO2 elimination in the G1 and G2 groups was higher than that in the G4 group, while there was no significant difference between the G3 and G4 groups. This may be due to the low flow of fresh oxygen in patients in groups G1 and G2, resulting in higher CO2 partial pressure in the breathing circuit. At the same time, low FGF will also increase the partial pressure of non-oxygen gases, thereby reducing the FiO2 and affecting the patient’s oxygen reserve. Therefore, we recommend fresh oxygen flow ≥4 L/min during mask-assisted ventilation to avoid an increase in non-oxygen gas partial pressure in the breathing circuit.

This study has several limitations. First, the primary aim SAT of this study was not significantly different among the groups, which may be due to the small sample size or individual differences. Second, air leakage during the pre-oxygenation process resulted in differences in the EtO2 among groups after 3 min of pre-oxygenation, which had a certain impact on the subsequent experimental results. Third, blood gas analysis indicators, hemodynamic indicators, and assessment of the occurrence of atelectasis were not included in the experimental observation indicators, which are of great significance to the experimental integrity and patient safety.

To sum up, this is the first randomized controlled trial that compared the effect of fresh oxygen flow on patient oxygen reserve during mask-assisted ventilation in adequately pre-oxygenated patients. Our results indicated that the amount of fresh oxygen flow during mask-assisted ventilation was positively correlated with EtO2. At the same time, although there was no significant difference in the oxygen reserve of the patients in each group, the patients’ oxygen reserves tended to increase with the increase of fresh oxygen flow. Thus, we recommend fresh oxygen flow ≥4 L/min during mask-assisted ventilation to avoid an increase in non-oxygen gas partial pressure in the breathing circuit.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by the study was approved by the Ethics Committee of China-Japan Union Hospital of Jilin University (No: 2021092711). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

YS: conceptualization, data curation, writing – original draft, writing – review and editing. YJ: conceptualization, data curation, writing – original draft, writing – review and editing. JSO: data curation, formal analysis, writing – original draft, writing – review and editing. JSH: data curation, formal analysis, writing – original draft, writing – review and editing. XL: data curation, formal analysis, writing – original draft, writing – review and editing. GZ: data curation, formal analysis, writing – original draft, writing – review and editing. ZS: conceptualization, writing – original draft, writing – review and editing.



Funding

This study was supported by the Key R&D Project of Jilin Province Science and Technology Development Program (no.202020404165YY).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Campbell, IT, and Beatty, PC. Monitoring preoxygenation. Br J Anaesth. (1994) 72:3–4. doi: 10.1093/bja/72.1.3

 2. Berthoud, M, Read, DH, and Norman, J. Pre-oxygenation--how long? Anaesthesia. (1983) 38:96–102. doi: 10.1111/j.1365-2044.1983.tb13925.x 

 3. McCahon, RA, and Hardman, JG. Fighting for breath: apnoea vs the anaesthetist. Anaesthesia. (2007) 62:105–8. doi: 10.1111/j.1365-2044.2007.04932.x 

 4. Nimmagadda, U, Salem, MR, and Crystal, GJ. Preoxygenation: physiologic basis, benefits, and potential risks. Anesth Analg. (2017) 124:507–17. doi: 10.1213/ANE.0000000000001589 

 5. Frat, JP, Ricard, JD, Coudroy, R, Robert, R, Ragot, S, and Thille, AW. Preoxygenation with non-invasive ventilation versus high-flow nasal cannula oxygen therapy for intubation of patients with acute hypoxaemic respiratory failure in ICU: the prospective randomised controlled FLORALI-2 study protocol. BMJ Open. (2017) 7:e018611. doi: 10.1136/bmjopen-2017-018611 

 6. Bignami, E, Saglietti, F, Girombelli, A, Briolini, A, Bove, T, and Vetrugno, L. Preoxygenation during induction of anesthesia in non-critically ill patients: a systematic review. J Clin Anesth. (2019) 52:85–90. doi: 10.1016/j.jclinane.2018.09.008 

 7. Edmark, L, Kostova-Aherdan, K, Enlund, M, and Hedenstierna, G. Optimal oxygen concentration during induction of general anesthesia. Anesthesiology. (2003) 98:28–33. doi: 10.1097/00000542-200301000-00008

 8. Baraka, AS, Taha, SK, Aouad, MT, El-Khatib, MF, and Kawkabani, NI. Preoxygenation: comparison of maximal breathing and tidal volume breathing techniques. Anesthesiology. (1999) 91:612–6. doi: 10.1097/00000542-199909000-00009

 9. de Jong, A, Futier, E, Millot, A, Coisel, Y, Jung, B, Chanques, G , et al. How to preoxygenate in operative room: healthy subjects and situations "at risk". Ann Fr Anesth Reanim. (2014) 33:457–61. doi: 10.1016/j.annfar.2014.08.001 

 10. Benumof, JL. Preoxygenation: best method for both efficacy and efficiency. Anesthesiology. (1999) 91:603–5. doi: 10.1097/00000542-199909000-00006

 11. Frerk, C, Mitchell, VS, McNarry, AF, Mendonca, C, Bhagrath, R, Patel, A , et al. Difficult Airway Society 2015 guidelines for management of unanticipated difficult intubation in adults. Br J Anaesth. (2015) 115:827–48. doi: 10.1093/bja/aev371 

 12. Peterson, GN, Domino, KB, Caplan, RA, Posner, KL, Lee, LA, and Cheney, FW. Management of the difficult airway: a closed claims analysis. Anesthesiology. (2005) 103:33–9. doi: 10.1097/00000542-200507000-00009

 13. Baillard, C, Depret, F, Levy, V, Boubaya, M, and Beloucif, S. Incidence and prediction of inadequate preoxygenation before induction of anaesthesia. Ann Fr Anesth Reanim. (2014) 33:e55–8. doi: 10.1016/j.annfar.2013.12.018 

 14. McGowan, P, and Skinner, A. Preoxygenation--the importance of a good face mask seal. Br J Anaesth. (1995) 75:777–8. doi: 10.1093/bja/75.6.777 

 15. Schlack, W, Heck, Z, and Lorenz, C. Mask tolerance and preoxygenation: a problem for anesthesiologists but not for patients. Anesthesiology. (2001) 94:546. doi: 10.1097/00000542-200103000-00042 

 16. Berthoud, MC, Peacock, JE, and Reilly, CS. Effectiveness of preoxygenation in morbidly obese patients. Br J Anaesth. (1991) 67:464–6. doi: 10.1093/bja/67.4.464 

 17. Xue, FS, Tong, SY, Wang, XL, Deng, XM, and An, G. Study of the optimal duration of preoxygenation in children. J Clin Anesth. (1995) 7:93–6. doi: 10.1016/0952-8180(94)00011-R 

 18. Tanoubi, I, Drolet, P, and Donati, F. Optimizing preoxygenation in adults. Can J Anaesth. (2009) 56:449–66. doi: 10.1007/s12630-009-9084-z

 19. Nimmagadda, U, Chiravuri, SD, Salem, MR, Joseph, NJ, Wafai, Y, Crystal, GJ , et al. Preoxygenation with tidal volume and deep breathing techniques: the impact of duration of breathing and fresh gas flow. Anesth Analg. (2001) 92:1337–41. doi: 10.1097/00000539-200105000-00049 

 20. Russell, EC, Wrench, I, Feast, M, and Mohammed, F. Pre-oxygenation in pregnancy: the effect of fresh gas flow rates within a circle breathing system. Anaesthesia. (2008) 63:833–6. doi: 10.1111/j.1365-2044.2008.05502.x 

 21. Biro, P, Layer, M, Wiedemann, K, Seifert, B, and Spahn, DR. Carbon dioxide elimination during high-frequency jet ventilation for rigid bronchoscopy. Br J Anaesth. (2000) 84:635–7. doi: 10.1093/bja/84.5.635 

 22. Noël, F, and Mauroy, B. Interplay between optimal ventilation and gas transport in a model of the human lung. Front Physiol. (2019) 10:488. doi: 10.3389/fphys.2019.00488 



OPS/images/fmed-10-1261177-g004.jpg
0.010

p

=0.015

100+

T T T T
< o e S o
* ° - Q

(Jw) yunowe woneurwWIP QD






OPS/images/fmed-10-1261177-t001.jpg
G1(N=18) G2 (N=18) G3 (N =16) G4 (N =16) p value

Sex (male/female) 10/8 919 719 N 0.540
Age (year) 4064119 448294 4092110 4164106 0.666
Height (cm) 166.3£7.1 168.48.0 1649464 1645473 0.405
Weight (kg) 6535111 68.9+10.9 63.9+7.9 68.0+8.4 0.451
IBW (kg) 605582 623294 586477 579483 0438
BMI (kgm™) 23826 242229 235£23 25016 0.263
Hb (g/dL) 14185128 1418£17.0 13674290 139.6+150 0.867

Data presented as mean (+5D) or numbers when applicable. G1, G2, G3, and Gd represent the fresh oxygen flow of 1 L/min, 2 L/min, 4L/min, and 8L/min, respectively. The calculation
formaula is: Male (kg) = 50+0.91 x [Height (cm)—152.4], Female (kg) = 45.5+ 0.91 x [Height (cm)~152.4]. IBW, ideal body weight; BMI, body mass index; Hb, hemoglobin; FGE, fresh gas flow.






OPS/images/fmed-10-1261177-g002.jpg
- Gl
500 - @
-+ G}
400
+ G4

T T T T T T T
100 99 98 97 96 95 94 93 92 91 90
Sp0, (%)





OPS/images/fmed-10-1261177-g003.jpg
EtO, (%)

100

80

60

40

r=0.5154 (95% CI, 0.3141-0.6724)
p<0.0001

1.2 3 4 5 6 7
Fresh oxygen flow (L/min)

8

9





OPS/images/fmed-10-1261177-t002.jpg
GL(N

8) G2 (N=18) G3 (N

6) G4 (N=16) p value

EtO, (%) after 3 min of pre-oxygenation* 66799 6442105 741489 792462 <0.001
After 2min of MAV* 69788 752450 825£33 865+15 <0.001
EACO, (mmHg) after 3min of pre-oxygenation 31452 323453 285£53 291453 o5
After 2min of MAY 313224 308427 289544 204440 0148
When starting MV 471468 466245 486566 469+38 0760
$pO; (%) at baseline 97.0(96.0,98.0) 965 (95.8,98.0) 965 (96.0,98.0) 96.0(95.3,97.0) 0363
After 3min of pre-oxygenation 99.5(99.0,100.0) 1000 (99.0, 100.0) 995 (99.0,100.0) 100.0 (9.0, 100.0) 0969
After 2min of MAY 100.0 (990, 100.0) 100.0 (99.0,100.0) 99.0 (9.0, 100.0) 99.0(99.0,100.0) 0427
“The lowest $pO, 86.0 (85,8, 88.0) 875 (86.0,88.0) 87.5(87.0,88.0) 850 (86.0, 88.0) 0.105
Reoxygenation time (s) 440 (36.8,48.0) 410 (335,48.0) 455(293,57.8) 345 (30.0,42.0) 0947
HR (times/min) at baseline 795 (67.8,91.3) 70.0 (67.5,80.0) 785 (64.0,91.8) 815(753,101.3) 0058
After 2min of MAV 68.5(58.8,81.0) 620/(55.3,69.5) 665 (58.5,73.8) 69.0(645,77.0) 0095
When SpO, is 90% 700 (628,85.8) 655(61.26,76.5) 68.0(633,73.5) 720/(65.3,79.5) 0394

Data are presented as mean (+5D) or median (interquartle range). G, G2, G3,and Gd represent the fresh oxygen flow of 11/min, 2 L/min, 4 L/min, and § Limin, respectively. FGE, fresh gas
flows MAV, mask-assisted ventilation; MV, mechanical ventilation; * indicates that the statistical results of one-way ANOVA among groups are p<0.05.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		A quasi-experimental study of fresh oxygen flow on patients’ oxygen reserve during mask-assisted ventilation under general anesthesia induction



		Introduction



		Materials and methods



		Study design and patients



		Randomization



		Intervention



		Outcomes and measurement



		Statistical analysis









		Results



		Safe apnea time (SAT)



		End-tidal oxygen concentration (EtO2)



		CO2 elimination amount



		End-tidal carbon dioxide partial pressure (EtCO2)



		Pulse oxygen saturation (SpO2)



		Re-oxygenation time



		Heart rate (HR)









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fmed-10-1261177-e001.jpg





OPS/images/fmed-10-1261177-g001.jpg
[ 72 participants enrolled and randomly assigned |

|
v 1 !

| 18 assigned to the G1 I 18 assigned to the G2 l | 18 assigned to the G3 l | 18 assigned to the G4 I

| I [ |

Patients excluded with reasons:

1. 1 patient in G3 for difficulty in
tracheal intubation.

2. 1 patient in G3 and 2 patients in G4 for
data collection failure.

68 patients were included in the final analysis:
18 patients in G1
18 patients in G2
16 patients in G3
16 patients in G4






OPS/images/cover.jpg
’ frontiers | Frontiers in Medicine

A quasi-experimental study of
fresh oxygen ofl w on patients'
oxygen reserve during
mask-assisted ventilation under
general anesthesia induction












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’ frontiers Frontiers in Medicine






