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manual ventilation bag alone during forceful breaths in patients undergoing non-emergent surgery
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Poor manual ventilation often results in excessive
tidal volumes and high airway pressures,
independent of provider experience, increasing the
risk of gastric insufflation and aspiration.
In 2022, the FDA approved a novel flow-limiting
device (Sotair®,SafeBVM Corp.) designed to restrict
flow rates >55 L/min, thereby mitigating excessive
airway pressures and reducing gastric insufflation
risk

This study aimed to compare peak airway pressures
and tidal volumes during forceful manual
ventilation with and without the use of the Sotair®
flow-limiting device in patients undergoing general
anesthesia for non-emergent surgical procedures.

Randomized, two-group crossover superiority trial
involving adult ASA I–III patients undergoing non-
emergent surgery with general anesthesia.
Following endotracheal intubation, patients
received forceful manual ventilations (every 30
seconds for 3 minutes) both with and without the
Sotair® flow-limiting device, in randomized order.
Ventilations were considered forceful if they
triggered the APL (pop-off) valve, which was set at
35 cm H2O.
Primary Endpoint: Mean peak inspiratory pressure
(PIP) from five forceful breaths per condition
Hypothesis: Use of the flow-limiting device would
reduce mean PIP by an estimated 7.5 ± 7.5 cm H2O
compared to manual ventilation alone
Statistical Analysis: Generalized mixed effects
modelling

Patient Characteristics 
A total of 30 patients were enrolled:
• Sex: 12 male (40%) vs. 18 female (60%)
• Age:47.9+/-13.8 years
• BM/: 28.9 +/- 5.3 kg/m2 
All 150 Forceful Breaths successfully Blocked by
flow limiting device
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The figures (A-C) show ventilator parameters with and without the flow-limiting valve (Sotair)
during "forceful" ventilations. These ventilation events were designed to test the impact of
flow limitation on overventilation as measured via a Sensirion SFM3300-D disposable airflow
sensor. By design, a flexible diaphragm in the Sotair completely obstructs airflow through the
airway circuit when 55LPM is exceeded. Panel A shows that Peak Airway Flow, the
instantaneous maximum in the airway flow waveform, was vastly lower in the flow-limited
group, and in practice reflects a transient spike above the design limit of 55LPM. Panel B
demonstrates the range of pressures under flow limitation was markedly lower as well. Panel
C highlights the consequence of complete flow-gating: a potential overventilation event
becomes a non-ventilation. Mean peak presure, tidal volume and peak flow rate differed
between groups p (<0.001).
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authors' institutions and SafeBVM. The contents of this work reflect
the findings and interpretations of the authors and do not
necessarily reflect the opinions of the funding agencies. The authors
maintained full investigative independence for this work.

Evidence that adding the novel flow limiting
device to a manual ventilation bag offers
advantages over standard manual ventilation. 
Device effectively reduces peak pressures and
excessive tidal volumes during forceful breaths
that may be delivered inadvertently during high
stress situations

American Society of Anesthesiologists (2025)
B. RAPSAS, MD (1), K. DANKIEVITCH, BS (1), E. LEE, MD (1), M.
BRADY, MD, MPH(2), M. KENDALL, MD(1)
1 Brown University Warren Alpert Medical School, Department of
Anesthesiology
2 Brown University Warren Alpert Medical School, Department of
Emergency Medicine
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Bag Valve Mask Ventilation in Tactical Combat Casualty Care: Flow Limitation is a Viable
Alternative to Volume Limitation with 1000mL Resuscitator

Mark F Brady, MD, MPH, MMSc, DTM&H1, Arthur Slutsky, MD2,3, Prathamesh Prabhudesai, MBBS, MBID3, Mark Kendall, MD1
1 Alpert Medical School of Brown University, Providence, RI 2 Li Ka Shing Knowledge Institute, St. Michael’s Hospital, Unity Health

Toronto; University of Toronto, CA 3 SafeBVM, Boston, MA



81. Relative Efficacy of a Flow-Regulating Safety Device versus Pop-off Valves during Simulation of
Healthy and Disease-State Lungs
Rameen Forghani, Nina Lane, Nabeeha Farhan, Antonio Gumicio, James Menegazzi, David Salcido
University of Pittsburgh

Background: Manual ventilation using a bag-valve apparatus can be a life-saving maneuver. During
prehospital resuscitation, overly forceful ventilations can lead to excessive peak inspiratory pressures (PIP),
and either excessive or inadequate delivered tidal volumes (TV). Pop-off valves have the potential to limit
these untoward effects, as does a flow-regulating safety device.
Objectives: We sought to compare the relative efficacy of a flow-regulating safety device, to pop-off valves
set at 25 and 40 cmH2O, under conditions simulating healthy lungs and obstructive and restrictive lung
disease. We hypothesized that the flow-regulating safety device would provide superior PIP and TV
compared to the pop-off valves.
Methods: Using a two-lung mechanical test lung, six ventilators delivered 50 ventilations per condition, at a
rate of 12 BPM. Test lung settings were as follows: Healthy lungs- compliance, 0.05, upper airway resistance
(UAR) Rp5, lower airway resistance (LAR) 0.0; Obstructive disease- compliance 0.05, UAR Rp10, LAR Rp50;
Restrictive disease- compliance 0.02, UAR Rp5, LAR Rp20. Manual ventilations were delivered with the 25
cmH2O, the 40 cmH2O pop-off valves, or the flow-regulating safety device. PIP and TV were recorded
continuously. Ventilators were instructed to deliver forceful breaths when the pop-off valves were in place.
Results: We analyzed 2,801 ventilations. Under healthy lung conditions, the mean (SD) PIPs were: 33.1(6.2)
25 cmH2O valve; 41.6(3.8) 40 cmH2O valve; 10.6(3.3) flow-regulating device. The mean (SD) TVs were:
561mL (322) 25 cmH2O valve; 762 (329), 40 cmH2O valve; 654 (298) flow-regulating device. Under
obstructive lung conditions, the mean (SD) PIPs were: 44.4 (7.0) 25 cmH2O valve; 56.5 (7.0) 40 cmH2O
valve; 35.5 (5.5) flow-regulating device. The mean (SD) TVs were: 288mL (213) 25 cmH2O valve; 344 (254),
40 cmH2O valve; 710 (252) flow-regulating device. Under restrictive lung conditions, the mean (SD) PIPs
were: 37.6 (4.2) 25 cmH2O valve; 47.3 (4.9) 40 cmH2O valve; 22.2 (4.5) flow- regulating device. The mean
(SD) TVs were: 446mL (268) 25 cmH2O valve; 701 (214), 40 cmH2O valve; 711 (272) flow-regulating
device.
Conclusions: The flow-regulating device maintained safe PIPs under all three conditions, while delivering
adequate TVs. Pop-off valves did not always release at the designed pressures. 11

Disclosure: This research was funded by the National Science Foundation and conducted independently by the authors. The authors
have no financial interest in SafeBVM, Corp. The posters may not be reproduced without the authors’ permission.
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Conclusions: 
Pop-off valves inconsistently released at the set pressures, often
leading to higher than anticipated inspiratory pressures

The tidal volumes delivered by a flow regulating safety device was
invariant across healthy, restrictive, and obstructive conditions

With the flow regulating device, the tidal volumes were
maintained at lower peak inspiratory pressures in all conditions

Disclosure: This research was funded by the
National Science Foundation and conducted
independently by the authors. The authors have
no financial interest in SafeBVM, Corp. The
posters may not be reproduced without the
authors’ permission. 12



142. A Comparison between Manual Ventilation with a Flow Control Valve versus a Mechanical Transport
Ventilator
David D. Salcido, Rameen Forghani, Nina Lane, Nabeeha Farhan, Jorge Gumucio, James J. Menegazzi
University of Pittsburgh School of Medicine 

Background: Initial respiratory support in the prehospital environment often utilizes a bag-valve-mask or
bag-valve tube airway configuration. Manual ventilation is often discontinued when mechanical ventilators
become available. While a mainstay of out-of-hospital care, manual ventilation can be fraught with risks of
excessive inspiratory pressures and hyperventilation or hypoventilation due to inappropriate delivered
volumes. A commercially available flow control valve (FCV) may mitigate these undesirable clinical effects.
Objectives: We examined the pressure and flow characteristics of manually performed ventilations using an
FCV, to a commercially available transport ventilator. We hypothesized that the use of the FCV would
provide similar peak inspiratory pressures (PIP) and tidal volumes (Vt) compared to the transport ventilator.
Methods: We used a dual-lung mechanical test lung with settings designed to simulate three conditions:
healthy lungs; lungs with obstructive disease (e.g., asthma, COPD); and lungs with restrictive lung disease
(e.g., idiopathic pulmonary fibrosis, sarcoidosis, obesity). The three conditions varied in compliance, upper
airway resistance, and lower airway resistance. Manual ventilations were performed by six ventilators with
a self-inflating resuscitation bag with the FCV in line. Ventilations were maintained at a rate of 12 BPM and
50 breaths were given under each of the three conditions. The transport ventilator settings were: rate 12
BPM; volume 750mL; peak pressure alarm 35 cmH2O.
Results: We analyzed 1,050 ventilations (900 manual and 150 mechanical). Values are reported as means
and standard deviations (SD). Healthy lung conditions: manual ventilations and FCV, the PIP was 10.6 (3.3)
cmH2O, and the Vt was 654 (298) mL; the mechanical ventilator PIP was 13.6 (0.3) cmH2O and the Vt was
1,037 (54) mL. Obstructive lung disease conditions: the PIP was 35.5 (5.5) cmH2O with the FCV and the Vt
was 710 (252) mL; the mechanical ventilator PIP was 17 (0.2) and the Vt was 747 (65) mL. Restrictive lung
disease conditions: the FCV PIP was 22.2 (4.5) and the Vt was 711 (272); the mechanical ventilator PIP was
19.6 (0.3) and the Vt was 801 (23) mL.
Conclusions: We observed that the FCV produced PIPs and Vts that were similar to that of the mechanical
ventilator. 13

Disclosure: This research was funded by the National Science Foundation and conducted independently by the authors. The authors
have no financial interest in SafeBVM, Corp. The posters may not be reproduced without the authors’ permission.
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Authors: Prasanna Kumar, Joseph E Holley, Joshua M Justice, Arthur S. Slutsky, Mark F
Brady

Introduction: Manual ventilation with a resuscitator bag is a basic and essential skill for first
responders, but performance is highly variable. Sotair is a flow-rate limiting valve designed
to prevent peak flow from exceeding 55 LPM, thus minimizing peak pressures and tidal
volumes. A limited market release of the Sotair flow-rate limiting valve took place in
Tennessee.

Methods: 217 providers from the city fire departments of Collierville, Bartlett, and
Germantown in Tennessee participated. Providers performed 60 seconds of ventilation with
a manual resuscitator bag on a simulated lung. After a brief educational intervention
demonstrating how to use the Sotair flow-rate limiting device, providers again performed 60
seconds of manual ventilation on the simulated lung using the Sotair attached to the manual
bag. Peak inspiratory pressures, tidal volumes, and respiratory rates were compared before
and after the educational intervention.

Results: The mean peak inspiratory pressure was lower with Sotair (15.70 cm H2O +/- 1.50)
compared to the bag alone (17.57 cm H2O +/- 5.06) p < 0.01 [Image]. The mean tidal volume
was also significantly lower with Sotair (525 mL +/- 31) than the bag alone (594 mL +/- 141) p
< 0.01. Mean respiratory rate with Sotair was slightly higher (11.54 breaths per minute +/-
3.36) compared to bag alone (10.89 breaths per minute +/- 4.91) p= 0.011.

Conclusion: Use of the Sotair flow-rate limiting device after a brief educational intervention
significantly improved ventilation parameters with manual ventilation by minimizing
interprovider variability.

Manual Ventilation Performance in First Responders
using a Flow-Rate Limiting Device (Sotair)

EMS World Expo's International Scientific
Symposium in partnership with UCLA's

Prehospital Care Research Forum
Abstract Presented September 2024- EMSWORLD EXPO, Las Vegas

EMS World Expo's International Scientific Symposium in partnership with UCLA's Prehospital Care Research Forum
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Figure 1: Peak pressures and tidal volumes delivered by participants with a resuscitator bag versus a
resuscitator bag with the Sotair device. The green color indicates values within safe manual ventilation
parameters (10 to 20 cmH20 peak inspiratory pressure and 400 to 600 mL tidal volumes) whereas the
red color indicates values outside this range. 

Peak Pressures and Tidal Volumes Delivered by 217
Providers

EMS World Expo's International Scientific Symposium in partnership with UCLA's Prehospital Care Research Forum 15
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UNDERVENTILATION WITH A SMALL ADULT BAG (1,000 ML):
PERSISTENT GAPS DESPITE REAL-TIME FLOW-GUIDED TRAINING

Kevin Joles, Melody Morales (1) 
1. Olathe Fire Department, Johnson County EMS System, Kansas

Methods

Background
Manual ventilation is a critical but highly variable skill in
prehospital and hospital settings.
Concerns over over-ventilation have led some EMS
systems to adopt smaller BVMs.
Risk: smaller bags may underventilate adult patients.

Conclusion
Small adult bags deliver suboptimal tidal volumes for
average adult males.
Training + flow-limiting device improved alveolar
ventilation significantly.
However: many breaths remained below target volumes
post-training.
Findings suggest that small bags may be inadequate for
routine adult ventilation, but performance can be
partially improved through targeted flow controlled
training.

Research Question

Participants: 55 first responders, Johnson County, KS.
Task: 60 seconds of manual ventilation on simulated
healthy adult (target Vt: 420–570 mL).
Device: VENTLAB AirFlow 1,000 mL small adult bag.
Measurements: Tidal volume (Vt), peak flow, respiratory
rate (RR) — recorded via SotairIQ Training Platform
(SafeBVM, Boston).
Intervention: 2-minute video + 1-minute hands-on
training with Sotair valve (flow control at ~55 LPM)
(SafeBVM, Boston). Repeat ventilation task with Sotair
inline.

Can a small adult bag (1,000 mL) deliver adequate tidal
volume for a average adult male?
Can performance improve after a brief training
intervention using:

Real-time flow and volume feedback (SotairIQ)
A flow-limiting device (Sotair, 55 LPM cap) to
encourage appropriate squeeze without over-
ventilation.

Results
Mean peak flow rates and Vt were higher after training
(44.5+5.2 vs 28.3+12 LPM; p<0.05; 418+38.6 vs
323.2+92.2 ml; p<0.05). 
Before training, 87.8% of breaths were <420 mL
compared to 51.5% post-training (p<0.05). 
Baseline respiratory rate was 9.73+2.49, compared to
11.8+4.36 after training; p<0.05.
Estimated alveolar ventilation (assuming a dead space of
150 ml) increased from 1776.7 to 3409.7 ml/minute after
training (p<.0.05).

Figure 3. Alveolar Ventilation Before and After Training. Alveolar
Ventilation Doubled after Training and Sotair implementation.

Figure 2. Volume Delivered Before and After Training. Despite
improvements, mean tidal volume struggled to consistently reach the
target zone after training. Ventilating with Sotair had less variability in
performance.

Image 1. Training on the flow control valve (Sotair)
(Participating Depts: Olathe FD, Johnson County Fire District #1(JCFD#1), Johnson County Medical 
Action (MedAct),  Leawood FD, Northwest Consolidated Fire Distrct #1 (NWCFD#1), Shawnee FD)

Figure 1. Test Configuration. SotairIQ w/ 
small adult bag (1000ml) and 2 L test lung.

Resuscitation Science Symposium (ReSS) Nov 8-9 2025
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