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Purpose: The blow-by method using a pediatric non-rebreathing mask (PNRM) is commonly employed to maintain oxygenation
during transport of pediatric patients after general anesthesia. This study aimed to evaluate the performance of the blow-by method
using a PNRM with an oxygen flow rate of 10 liters per minute (LPM) during simulated transport of pediatric patients.

Patients and Methods: This laboratory study was simulated along a 32-meter corridor from the pediatric operating room to the post-
anesthesia care unit at Srinagarind Hospital. A pediatric mannequin was positioned laterally on a transport trolley. A PNRM delivering
oxygen at 10 LPM was placed at distances of 0, 5, and 10 cm from the mannequin’s nose. The fraction of inspired oxygen (FiO,) at the
mannequin’s nose was measured every 2 meters along the corridor. Each distance condition was tested 10 times. The primary outcome
was whether the blow-by method could maintain FiO, above 40% at all measurement points during simulated patient transport.
Results: Oxygen delivery was adequate only when the PNRM was placed at 0 cm from the nose, with a mean FiO, of 86.9 = 0.3%, In
contrast the mean FiO, values at 5 and 10 cm was 28.5 £+ 0.3%, and 24.1 + 0.1%, respectively. The mean FiO, difference between 0
and 5 cm was 58.4% (95% CI: 56.8-60.1; p < 0.001), and between 0 and 10 cm was 62.8% (95% CI: 61.5-64.1; p < 0.001).
Conclusion: The blow-by method using PNRM positioned at 0 cm from pediatric mannequin’s nose provided adequate oxygenation
throughout transport. Clinically, therefore, maintaining a close PNRM position is essential.
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Introduction

Desaturation following general anesthesia (GA) in spontancously breathing pediatric patients during transport from the
operating room (OR) to the post-anesthesia care unit (PACU) has been reported in 21% to 28% of cases.' ® This high
incidence can be attributed to the residual effects of GA, which cause airway collapse, ventilation-perfusion mismatch,
and reduced functional residual capacity (FRC), and the unique respiratory physiology of pediatric patients, both of
which increase the risk of hypoxemia.®’ Pediatric patients, especially those under 6-8 years, are at higher risk of
desaturation than adults owing to their smaller and more compliant airways, higher oxygen consumption, lower FRC, and
immature respiratory control.® Desaturation may result in critical consequences, including neurological injury from
prolonged cerebral hypoxia, cardiovascular instability such as bradycardia and hypotension, and a heightened risk of
cardiac arrest, which has been reported in up to 44% of desaturation events.” Additionally, as many as 80% of pediatric
patients in the immediate post-anesthetic period are uncooperative and may not tolerate direct contact with oxygen
delivery devices on their face. For this reason, oxygen supplementation during transport is currently recommended to
prevent desaturation in these patients.”®'® The oxygen blow-by method is commonly used for pediatric oxygenation. It
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involves directing oxygen flow—via oxygen tubing, corrugated tubing, or a face mask—toward the patient’s nose and
mouth from a short distance, without direct contact. While this method is less reliable in delivering a specific fraction of
inspired oxygen (FiO,), it may be better tolerated by pediatric patients after GA, who often resist face-contact
devices.'*!"!

The blow-by method using a pediatric non-rebreathing mask (PNRM) is commonly employed to provide oxygenation
for pediatric patients during transport after general anesthesia (GA). Previous studies have shown that this method can
deliver oxygen concentrations ranging from 30% to 40%, depending on the flow rate and the distance between the PNRM
and the patient’s face.'>'* However, these studies were conducted under static conditions with immobilized patients. The
performance of the blow-by method using a PNRM during actual transport remains unclear. Movement of the transport
trolley may generate airflow around the patient and the oxygen delivery system, potentially altering the oxygen direction
and diluting the delivered FiO,. Therefore, this study aimed to determine the FiO, delivered using the blow-by method
with a PNRM during the transport of a pediatric mannequin from the OR to the PACU at a normal walking speed. The
blow-by method using a PNRM was selected in this study because it represents the routine practice in our institution.

Materials and Methods

Test protocol
This was a laboratory study simulated in the OR and PACU at Srinagarind Hospital, Khon Kaen University. A pediatric
mannequin was placed in the left lateral decubitus position on a transport trolley. A PNRM delivering oxygen at 10 liters
per minute (LPM) was placed at the level of the mannequin’s nose. The distance between the PNRM and the
mannequin’s nose was tested at three distances: 0 cm (group 1), 5 cm (group 2), and 10 cm (group 3), as illustrated in
Figure 1. The FiO, was measured using an oxygen sensor (Philips IntelliVue G5 anesthetic gas module), with the gas
sampling line tip placed at the mannequin’s nose. The oxygen sensor was calibrated according to manufacturer’s
recommendations to ensure measurement accuracy. The study was conducted along a 32-meter corridor connecting the
pediatric OR and PACU, which included three turning points at 8, 18, and 26 meters. There were two doors in the
corridor connecting the pediatric OR and PACU—one between the pediatric OR and the corridor, and the other between
the corridor and the PACU—both of which were kept open to minimize airflow disruption. Floor markings were placed
every 2 meters to maintain a constant walking speed and to standardize FiO, measurements.

Precision testing was conducted and repeated five times to verify test reproducibility. Each group was tested 10 times,
for a total of 30 tests, to minimize random variability and enhance measurement reliability. All tests were performed by
a single investigator to ensure a consistent walking speed of approximately one meter per second, reflecting the average

Figure | The distances of 0 cm (A), 5 cm (B), and 10 cm (C) from the mannequin’s nose using a pediatric non-rebreathing mask.
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pace of routine patient transport along the corridor. A second investigator recorded the FiO, at every 2-meter interval and
documented the duration of each test.

The run time for each test was recorded as a characteristic of each group. The primary outcome was to determine whether
the blow-by method using a PNRM with an oxygen flow rate of 10 LPM could maintain an FiO, greater than 40% at every
2-meter interval along the corridor during pediatric patient transport. An FiO, above 40% is recommended to ensure adequate
oxygenation during transport; therefore, 40% was selected as the cut-point for safe oxygen delivery. The secondary outcome
was to assess the mean FiO, differences between group 1 and group 2, group 1 and group 3, and group 2 and group 3.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics for Windows (Version 27.0; IBM Inc, Armonk, NY).
Continuous data were presented as mean and standard deviation (SD) or median and interquartile range (IQR), as
appropriate. One-way analysis of variance (ANOVA) was used to assess statistically significant differences among the
three groups and to evaluate mean differences in FiO, between group 1 and 2, group 1 and 3, and group 2 and 3, with
95% confidence intervals (CI). A p-value less than 0.05 was considered statistically significant.

Results
A total of 30 tests were conducted, with 10 tests per group for run time measurement. The average run times were
31.98 £ 0.87, 33.31 £ 1.42, and 32.80 + 1.37 seconds in groups 1, 2, and 3, respectively (p = 0.070).

The mean FiO, percentages at the starting point (0 m) and at the PACU (32 m) with an oxygen flow rate of 10 L/min
were 86.90 + 2.18%, 28.60 + 1.96%, and 24.10 + 0.32% in groups 1, 2, and 3, respectively (p < 0.001). At a 0 cm
distance from the face (group 1), the blow-by method maintained adequate oxygenation (FiO, > 40%) throughout the
entire transport distance, as shown in Figure 2.

The mean FiO, at each 2-meter interval differed significantly among the three groups (p < 0.001), as shown in
Table 1. Pairwise comparisons also revealed statistically significant differences in mean FiO, between all groups
(Table 2). The mean difference in FiO, between group 1 and group 2 was 58.30 (95% CI: 56.35-60.25; p < 0.001),
between group 1 and group 3 was 62.80 (95% CI: 62.80-64.37; p < 0.001), and between group 2 and group 3 was 4.50
(95% CI: 3.09-5.90; p < 0.001).
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Figure 2 The mean fraction of inspired oxygen at distances of 0 cm (Group 1), 5 cm (Group 2), and 10 cm (Group 3) from the mannequin’s nose using a pediatric non-
rebreathing mask.

Abbreviations: FiO,, fraction of inspired oxygen; Group |, pediatric non-rebreathing mask at 0 cm from the mannequin’s nose; Group 2, pediatric non-rebreathing mask at
5 cm; Group 3, pediatric non-rebreathing mask at 10 cm.
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Table | The FiO, at Distances of 0 cm (Group 1), 5 cm (Group 2),
and 10 cm (Group 3) From the Mannequin’s Nose Using a Pediatric
Non-Rebreathing Mask with an Oxygen Flow Rate of 10 LPM

Distance (m.) FiO, p-value
Group | Group 2 Group 3
0 90.90 £ 1.97 | 27.70 £ |.17 | 23.00 + 0.67 | <0.001
2 91.20 £ 1.69 | 27.50 + 3.03 | 22.40 + 0.97 | <0.001
4 90.40 £ 2.46 | 27.80 £ 3.71 | 23.10 £ 2.03 | <0.001
6 87.90 + 3.93 | 33.40 £5.79 | 25.20 £ 2.25 | <0.001
8 85.20 £ 3.97 | 30.80 £ 4.26 | 2540 £ 1.17 | <0.001
10 86.50 £ 4.04 | 29.70 £ 3.09 | 24.20 + 1.40 | <0.001
12 87.50 £ 2.88 | 26.90 + 3.60 | 22.60 + 1.08 | <0.001
14 86.10 £ 493 | 32.30 £ 3.09 | 24.00 + 1.70 | <0.001
16 83.90 + 4.36 | 28.70 + 3.37 | 2440 + 1.43 | <0.001
18 86.60 + 2.63 | 24.70 £ 2.11 | 23.50 + 0.97 | <0.001
20 87.50 + 3.84 | 28.50 + 443 | 25.30 £ 1.89 | <0.001
22 86.00 + 3.89 | 29.20 +£ 2.44 | 24.80 + 1.62 | <0.001
24 85.50 + 3.06 | 26.50 + 3.21 | 24.50 + 1.43 | <0.001
26 85.60 + 2.50 | 25.60 + 2.07 | 23.00 + |.16 | <0.001
28 86.50 + |1.78 | 24.90 £ 2.08 | 23.40 £ |.5] | <0.001
30 86.90 £ 2.64 | 27.70 £ 1.77 | 24.90 £ 1.73 | <0.001
32 83.30 £ 2.54 | 32.20 £ 4.02 | 25.90 £ 0.99 | <0.001
Mean FiO, 86.90 £ 2.18 | 28.60 £ 1.96 | 24.10 £ 0.32 | <0.001

Notes: All data represented as mean * SD.
Abbreviations: FiO,, fraction of inspired oxygen; LPM, liters per minute.

Table 2 Mean Differences of FiO, at 0 m, 32 m and Average Distance (0-32 m) Among Three Groups

FiO, Group | Group 2 Group 3 Mean Difference (95% CI) | P-value
Average (0-32 m) | 86.90 £ 2.18 | 28.60 = 1.96 58.30 (56.35-60.25) <0.001
86.90 £ 2.18 24.10 £ 0.32 | 62.80 (61.23-64.37) <0.001
28.60 = 1.96 | 24.10 + 0.32 | 4.50 (3.09-5.90) <0.001
At 0 m (baseline) | 90.90 + 1.97 | 27.70 £ |.16 63.20 (61.66-64.74) <0.001
90.90 + 1.97 23.00 £ 0.67 | 67.90 (66.45-69.35) <0.001
2770 £ 1.16 | 23.00 = 0.67 | 4.70 (3.81-5.59) <0.001
At 32 m. 83.30 £ 2.54 | 32.20 + 4.02 51.10 (47.94-54.26) <0.001
83.30 + 2.54 25.90 £ 0.99 | 57.40 (55.51-59.28) <0.001
3220 £ 4.02 | 25.90 + 0.99 | 6.30 (3.55-9.05) <0.001

Notes: All data represented as mean * SD.
Abbreviations: FiO,, fraction of inspired oxygen; Group |, pediatric non-rebreathing mask at 0 cm from the mannequin’s nose;
Group 2, pediatric non-rebreathing mask at 5 cm; Group 3, pediatric non-rebreathing mask at 10 cm.
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Discussion

Desaturation following general anesthesia in pediatric patients during transport from the operating room to the post-
anesthetic care unit (PACU) is common.' ® To prevent this, oxygen administration via the blow-by method with an FiO,
greater than 40% is generally recommended. Previous studies by Davies et al'? and Blake et al'® found that using
a PNRM with an oxygen flow rate of 10-15 LPM, held 5-10 cm from the face of an immobilized pediatric patient, could
consistently deliver an FiO, of 30-40%.

In our study, conducted under transport conditions using a PNRM, only group 1—where the mask was placed 0 cm
from the mannequin’s nose—provided adequate oxygenation (FiO, > 40%) throughout transport, with a mean FiO, of
86.90 + 2.18%. In contrast, placing the PNRM at 5 cm (group 2) and 10 cm (group 3) resulted in mean FiO, levels of
28.60 £ 1.96% and 24.10 + 0.32%, respectively, which are inadequate for safe oxygenation. These results differ from
previous studies and may be attributed to aerodynamic factors and the effect of distance on the direction and volume of
oxygen flow during transport.

Our study also demonstrated that when both the patient and the oxygen delivery device were stationary at the starting
point of the corridor (0 m), a PNRM delivering oxygen at 10 LPM, placed 5 cm or 10 cm from the mannequin’s face,
failed to achieve an FiO, > 40%. Therefore, to ensure adequate oxygenation in immobilized patients, the PNRM should
be positioned as close to the patient’s face as possible.

Our findings are supported by the study of Barends et al'’

which evaluated various oxygen delivery devices and flow
rates for supplemental oxygen during transport. They reported that devices delivering oxygen at 10 LPM should be
positioned at 0 cm from the face to achieve an FiO, > 50%. Interestingly, they also found that the Mapleson C system,
even when placed 5 cm from the face, could maintain an FiO, > 50%. This suggests that the type of oxygen delivery
device may influence the FiO, delivered.

This study has several limitations. The oxygen measurements may have been subject to delay due to the use of a gas
sampling line required by the oxygen sensor. Uncontrolled air currents along the corridor could also have influenced FiO,
measurements. Additionally, for safety reasons, the study was conducted using mannequins, which eliminates patient-
related variability such as airway patency, spontaneous breathing pattern, and patient movement. Further studies in
pediatric patients are needed to evaluate various oxygen delivery devices, different oxygen flow rates, and the effects of
varying transport speeds.

Conclusion

The blow-by method using a pediatric non-rebreathing mask placed 0 cm from the mannequin’s nose maintained
adequate oxygenation throughout transport, whereas placements at 5 and 10 cm failed to maintain an FiO, greater
than 40%. In real pediatric patients, FiO, may vary depending on factors such as aerodynamics during transport, the
distance between the device and the patient’s nose, the type of oxygen device, and patient factors, including cooperation
and breathing pattern.
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