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RESULTS
INTRODUCTION

Patient Characteristics

e Poor manual ventilation often results in excessive A total of 30 patients were enrolled:
tidal volumes and high airway pressures, * Sex: 12 male (40%) vs. 18 female (60%)
independent of provider experience, increasing the - Age:47.9+/-13.8 years
risk of gastric insufflation and aspiration. « BM/: 28.9 +/- 5.3 kg/m?2
* In2022, the FDA approved a novel flow-limiting All 150 Forceful Breaths successfully Blocked by
device (Sotair®,SafeBVM Corp.) designed to restrict flow limiting device
flow rates >55 L/min, thereby mitigating excessive
airway pressures and reducing gastric insufflation = 150 A
risk 5
OBJECTIVE g 100
[e]
e This study aimed to compare peak airway pressures = :
and tidal volumes during forceful manual g 50 ——
ventilation with and without the use of the Sotair® . .
flow-limiting device in patients undergoing general o 40 No S?ta|r Sotair
anesthesia for non-emergent surgical procedures. o B
£
METHOD s 30
e Randomized, two-group crossover superiority trial g 20
involving adult ASA I-Ill patients undergoing non- %
emergent surgery with general anesthesia. & 10
¢ Following endotracheal intubation, patients No Sotair Sotair

received forceful manual ventilations (every 30 C

seconds for 3 minutes) both with and without the = 1500 .
Sotair® flow-limiting device, in randomized order. uEf 1000
e Ventilations were considered forceful if they 2 f
triggered the APL (pop-off) valve, which was set at % 500
35 cm H20. .
 Primary Endpoint: Mean peak inspiratory pressure 0 -
(PIP) from.ﬂve forceful breaths pgr cond‘ltlon No Sotair Sotair
* HyPOtheSIS: Use Of the flOW'l|m|t|ng deVICe WOUld The figures (A-C) show ventilator parameters with and without the flow-limiting valve (Sotair)
reduce mean PIP by an estimated 7.5 + 7.6 cm H20 e e s
compared to manual ventilation alone et o rovan e
* Statistical Analysis: Generalized mixed effects e o s
mod e”.| ng 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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ABSTRACT

Background During the COVID-19 pandemic

it is anticipated that there will be a shortage

of mechanical ventilators available for patients
in critical condition. This has sparked many
discussions about rationing resources and
withholding care; however, an alternative may
be to implement manual ventilation in these
situations instead. Manual ventilation and a
safety device were assessed for efficacy of
extended use, such as may be required during
this pandemic.

Methods To evaluate physical output
characteristics of extended manual ventilation
and efficacy of a barotrauma mitigation device,
47 medical students, nurses and medics
completed two 1-hour manual ventilation
sessions using the SmartLung 2000 Lung
Simulator and 5300 Series Mass Flow Meter with

a SPUR Il resuscitator bag and endotracheal tube,

mimicking a healthy adult with normal lung
physiology, both with and without the Sotair
device. Providers were randomised to complete
their initial session either with or without the
Sotair device.

Findings Collected data show wide variability
in tidal volume and peak pressure in
unmitigated manual breaths despite prior
training and independent exploration of the
resuscitation equipment prior to testing.

The mean (+SD) tidal volume with bag only
was 563.9+128.8 mL and with the safety
device 536.1+80.9mL (p<0.0001). The mean
peak inspiratory pressure with bag only was
17.2+6.3cm H,0 and with the safety device
14.9+2 4cm HED (p<0.0001).

Interpretation While extended manual
ventilation cannot replace mechanical
ventilation, it is feasible with a safety device,
which may reduce barotrauma, underventilation
and overventilation. These results also
demonstrate that withholding care and rationing
resources may not be necessary.

What are the new findings?

» This study shows the parameters for
mechanical ventilation and shows
the variability that may result from
it. It also shows the benefit of using
a safety accessory, as that improved
these parameters and reduced the risk
of barotrauma, underventilation and
overventilation. The authors conclude
that this shows manual ventilation may
be used in the absence of mechanical
ventilation, but that certain measures
should be in place to reduce the risk of
harm to the patient.

How might it impact on healthcare in the

future?

» This information is particularly relevant
to the medical community at this time, as
we may be facing a mechanical ventilator
shortage due to the influx of patients
needing to be ventilated as a result of the
COVID-19 pandemic. This offers another
alternative for practitioners that does not
require them to ration resources.

INTRODUCTION

Anticipated mechanical ventilator short-
ages during the mnovel coronavirus
pandemic have sparked debate and spec-
ulation about rationing and withholding
care,"™ but there is another option that
needs to be explored for this and other
disaster scenarios: manual ventilation.
While not optimal due to the manpower
needed and the variability in pressures
and volumes compared with a mechan-
ical ventilator, manual ventilation by
Sqllef_’zillg a rESllSCirHtOr bﬂg COi]]lECtE‘d to
an endotracheal tube has been acknowl-
edged as an option when no mechanical

ventilation exists.” ©



Prior experience with extended manual ventila-
tion has shown that it is labour intensive, tiring and
increases the risk of exposure to operators.” Despite
the challenges, extended manual ventilation has been
successful for up to several months during a polio
epidemic and for hours to days in other disaster situ-
ations.”'* Additionally, manual ventilation provides
similar gas exchange compared with mechanical venti-
lation in the patient transport setting.'> > However, it
risks potential overventilation and barotrauma, espe-
cially from inexperienced or overconfident operators.
In spite of demonstrated past and potential furure need
for extended manual ventilation, there is a lack of data
regarding the viability and ventilation parameters of
long-term manual ventilation.”*™° In order to mitigate
the risk of improper ventilation, a safety device was
developed to provide feedback through limiration in
inspiratory pressure provided via compression of the
resuscitation bag in order to modify the provider’s
technique and obtain optimal airflow.!”

METHODS
The Sotair device (safeBVM Corp., USA) is a single use,
disposable accessory to the manual resuscitator that can
be used for in-hospital, emergency and transport care.
The Sotair device comprises a flow-limiting valve that
limits the inspiratory flow, enabling providers to venti-
late at approximately 40 L/min. The Sotair device can
be disabled by removing the device, thereby returning
the manual resuscitator to its conventional operation.
To evaluate physical output characteristics of
extended manual ventilation and efficacy of a baro-
trauma mitigation device, 47 medical students, nurses
and medics completed two 1-hour manual ventila-
tion sessions using the SmartLung 2000 Lung Simu-
lator (IMT Analytics, Switzerland) and TSI 5300
Series Mass Flow Meter (TSI, USA) with a SPUR II
resuscitator bag (Ambu, USA) and endotracheal tube,
mimicking a healthy adult male (ideal body weight
73 kg and tidal volume (TV) 6-8 mL/kg) with normal
lung physiology (resistance 5 mbar/L/s; compliance
50mL/mbar), both with and without the Sotair device.
Providers were randomised to complete their initial
session either with or without the Sotair device. Before
each session, providers were given 15 minutes to read
the instructions for use included with the AMBU Spur
IT and the SateBVM. Providers were allowed to prac-
tise with the devices, but no feedback was provided.
All providers were crossed over for the second 1-hour
session for a total of 94 hours of data recorded with a
10 ms sample rate using the 5300 Series Flo-Sight Soft-
ware and recording equipment (TSI, USA).'® A metro-
nome application on a tablet provided a consistent
respiratory rate (12 breaths/min). A Puritan Bennett
980 (Medtronic, Ireland) and a ReVel Portable Crit-
ical Care transport Ventilator (Carefusion, USA) were
each evaluated for comparison with manual ventila-
tion with identical testing equipment as above. Each

ventilator was programmed to provide a peak end
expiratory pressure of 5cm H,O, inspiratory time of
1 s and TV 500mL. Total ventilation time for each
testing case was limited to 5=10min as both ventila-
tors provided highly consistent ventilator pressure and
volume recordings with negligible variability.

Providers were asked a series of questions regarding
their experience with manual ventilation. Pressure
and volume curves were recorded and evaluated for
peak inspiratory pressure (PIP) and TV, respectively.
PIP and TV were then analysed by mean and SD for
each testing case for each provider. An independent
samples t-test was used to evaluate each participant,
randomised group and overall effect of the Sotair
device. A mixed linear regression model was used to
compare the Sotair device versus bag data which were
matched by provider. The role session sequence was
also assessed.

Patient and public involvement

Volunteers were solicited via listservs, social media
groups and word of mouth for medical students at
the University of Tennessee Health Science Center
in Memphis, Tennessee, USA, and by word of mouth
among nurses and medics who work in the emer-
gency department at Methodist University Hospital
in Memphis, Tennessee. No incentives were given to
participants. All participants gave informed consent to
participate in the study.

RESULTS

There were 48 volunteer providers enrolled in this
study. Due to not being present for the second arm
of the study, one provider was excluded (n=47). The
mean age for this study was 26.0 years of age. Out of
the entire cohort, 85.1% consisted of medical students
attending the University of Tennessee Health Science
Center Medical School and the other 14.9% of volun-
teer providers consisted of emergency medical services
personnel and in-hospital nurses. Forty-nine per cent
were women and 51% were men. Only 21.2% of the
providers had ever manually ventilated a real patient
prior to this study. Basic Lite Support (BLS) certifica-
tion only was completed by 89.3% of the cohort, while
BLS, Advanced Life Support and Pediatric Advanced
Life Support certification had been completed by
10.6% of the volunteers (table 1).

No participants needed to stop ventilation during
either session. There was wide variability in TV and
peak pressure in unmitigated manual breaths despite
prior training and independent exploration of the
resuscitation equipment prior to testing (figure 1). The
mean (£SD) TV with bag only was 563.9+128.8 mL
and with the safety device 536.1%£80.9mL. The
instruction was to use a TV of 6-8mL/kg for a 73kg
ideal body weight patient; 44.3% of bag only breaths
were within the goal TV range and 61.4% of breaths



Table 1 Demographic information (n=47)

Age 26.0 mean value
Sex Female: 49%
Male: 51%
Profession
Medical students 40/47 (85.1%)
EMS provider 5/47 (10.6%)
In-hospital nurses 2/47 (4.3%)
Previously manually ventilated real patient 10/47 (21.2%)
BLS certified 42/47 (89.3%)

BLS, ACLS and PALS certified 5/47 (10.6%)

ACLS, Advanced Life Support; BLS, Basic Life Support; EMS, emergency
medical services; PALS, Pediatric Advanced Life Support.

with the safety device were within this range. The
mean PIP with bag only was 17.2%6.3cm H O and
with the safety device 14.9+2.4cm H,O. Peak pres-
sures (p<0.0001) and TVs (p<0.0001) were signifi-
cantly improved with the device (which is currently
pending emergency Food and Drug Administration
approval).

iy i o HEO,

Figure 1 Results with different methods of ventilation. Peak
inspiratory pressure and tidal velume versus provider number/
hours of ventilation while ventilating the SmartLung 2000
Lung Simulator (IMT Analytics, Switzerland) using a SPUR Il
resuscitator bag (Ambu, USA) and endotracheal tube mimicking
a healthy adult man (ideal body weight 73 kg and tidal volume
6-8 mL/kg) with normal lung physiology (resistance 5 mbar/L/s;
compliance 50 mL/mbar). The provider number/hours of
ventilation represent an individual provider and the recorded
data over the hour-long ventilation session for each of the

bag only and bag+Sotair protocols. Provider number/hours of
ventilation 1-25 represent individuals initially ventilating with
the bag only then crossed over to bag+Sotair device. Provider
numberthours of ventilation 26-47 represent individuals who
started with the bag+Sotair device then crossed over to bag
only. The two ventilators provided peak pressures of 14+0.1
¢m H,0 for the Puritan Bennett 980 ventilator (Medtronic,
Ireland) and 15.5£0.2 cm H,O fort the ReVel Portable Critical
Care transport Ventilator (Carefusion, California) at settings

of PEEP of 5 cm H,0, inspiratory time of 1s, and tidal volume
of 500 mL. Blue lines rather than plotted points represent
ventilator outputs as the ventilators were recorded for 5-10 min
in each case and found to have highly repeatable results with
negligible variation. PEEP, peak end expiratory pressure.

Group-level analysis among all participants, bag first
cohort, and Sotair first cohort demonstrated statistical
significance between bag only and bag+Sotair device
ventilation sessions for both TV and PIP. Further anal-
ysis by independent samples t-test was conducted to
compare TV and PIP for bag only and Sotair device
use in initial versus follow-up sessions. There was a
significant difference in TV for bag only use in initial
sessions (589.1+151.4mL) versus bag only use in
follow-up sessions (535.3 £88.5mL); (t(29 344)=40.2,
p<0.001). There was a significant difference in PIP
for bag only use in initial sessions (18.8%7.6 cm H.0)
versus bag only use in follow-up sessions (15.5*3.7 cm
H,0); (126 662)=51.6, p<0.001). There was a signif-
icant difference in TV for bag+Sotair use in initial
sessions (530.8%=87.8mL) versus bag+Sotairuse in
tollow-up sessions (540.8 £74.0mL); (t(30944)=11.2,
p<0.001). There was a significant difference in PIP for
bag+Sotairuse in initial sessions (14.6%2.5 cm H_ 0)
versus bag+Sotairuse in follow-up sessions (15.2+2.2
cm H,0); (¢(31 875)=24.7, p<0.001).

CONCLUSION

Extended manual ventilation is not an optimal replace-
ment for mechanical ventilation due to the extreme
variability in output parameters, especially for unmit-
igated breaths. However, it needed due to a lack ot
mechanical ventilation equipment, it is feasible, and we
have described baseline parameters in providers who
might reasonably be asked to do it. The Sotair device
appears to prevent high peak pressures and overventi-
lation, which are associated with increased mortality
secondary to barotrauma.'® The Sotair device also
appears to improve underventilation. Manual venti-
lation with the Sotair device could reduce iatrogenic
injury and improve oxygenation while temporising
critically ill patients awaiting mechanical ventila-
tion. A learning etfect was observed, with those who
performed their first session with the device having
lower mean TV and PIP as well as SDs for both. This
might suggest an additional application to using the
device in training scenarios in addition to real-world
application.

These data highlight a possible solution to
improve patient outcomes when mechanical ventila-
tion is not available due to the shortage that health-
care providers may face due to COVID-19 and in
acute settings where mechanical ventilation is not
possible. Emanuel ef al, in their article addressing
allocation of resources,' speak to the ethical values
of ‘maximising benefits, treating equally, promoting
and rewarding instrumental value, and giving
priority to the worst off.” We believe the principle
of non-abandonment'’ should be added and note
that the Institute of Medicine and others have devel-
oped crisis standards of care plans and guidance.”’
Ethical decisions regarding care should not be made



by individual physicians without clear guidance, but
instead by policies put in place prior to the need
arising, for as Thompson et al’’ note, ‘Even if the
utilitarian maximisation of benefit is thought to be
ethically sound, how to implement a system based
on this criterion is not ethically straightforward,
and requires ethical reflection about what counts as
good stewardship, and about the moral obligation
to demonstrate transparency, accountability, fair-
ness and trustworthiness in the allocation of scarce
resources.’ These policies should rake into account
things such as the principles set out in response
to the SARS pandemic in Toronto which included
ideas such as duty to care, equity, proportionality
and protection of the public from harm, and stew-
ardship in order to reduce morbidity, mortality and
social disruption. In addition, being transparent and
open about the decision-making process and incor-
porating ethics into this process can increase the
ability to torm trust and solidarity, which are crit-
ical and often in short supply during a pandemic.”!
However, a recent survey showed thar in March of
2020 tewer than half of the respondents’ hospitals
had policies regarding ventilator rationing, and of
those that did there was large variance in what was
taken into consideration when making these deci-
sions, highlighting the need for clear and consistent
guidl&liuf:s.22

Manual ventilation is the standard of care in
many places outside the USA when there are not
enough ventilators, as we have seen first-hand.’ It
is a needed measure during any resuscitation inside
and outside the hospital. The Sotair device appears
to reduce barotrauma, underventilation and over-
ventilation with a small device to prevent these
complications from a common procedure. As such
we should look to manual ventilation as a viable
option before we begin to think abour withholding
care and rationing resources, especially until ethi-
cally sound guidelines are fully assessed, approved
and in place.

Twitter Joseph E Holley @joeholley
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ORIGINAL RESEARCH

Manual Ventilation Performance With Safety Device
in Normal Versus Decreased Lung Compliance:
A Single-Center Simulation Study

Prasanna Kumar,”* Rachel Culbreth? Douglas S. Gardenhire? Arthur S. Slutsky,' Ying J. Wu? Mark C. Kendall?
and Mark F. Brady'

Abstract

Background: Resuscitator bags are commonly utilized in acute care settings; however, poor performance
occurs irrespective of a provider's qualifications or experience. A new flow-limiting device (Sotair by SafeBVM,
Boston, Massachusetts) limits inspiratory flow during manual ventilation, thus minimizing peak inspiratory
pressures. This study examined the differences in flow, pressure, and tidal volume (V) during ventilation with
a manual resuscitator connected to the flow-limiting device versus a mechanical ventilator.

Methods: Second-year respiratory therapy students were recruited from an advanced cardiovascular life
support class. Participants conducted a 2-min trial of manually ventilating a test lung utilizing normal
and decreased compliance settings with the flow-limiting device connected to an endotracheal tube.
Demographic data on participants’ age were collected. The control group consisted of a mechanical ven-
tilator providing ventilation with the same test lung and compliance settings. Mean differences were
compared between the manual ventilation and control group.

Results: A total of 41 respiratory therapy students (71% female, 76% undergraduate) participated. The
mean experience level using the bag-valve-mask was 6.71, and the mean confidence level was 8.02; the
scale was 0-10 with high numbers indicating greater experience or confidence. A small but statistically
significant difference was found in mean peak pressures between manual ventilation with the flow-
limiting device (15 cm H,0) and the mechanical ventilator (13 ¢cm H,0) for the normal lung setting (P =
.008) but not for the decreased compliance lung setting (23 cm H,0 vs 23 cm H,0 with the ventilator).
There was a significant difference in mean V; between manual ventilation (412 mL) and the mechanical
ventilator (460 mL) in the decreased compliance lung setting (P = .003) but not the normal compliance
setting (452 mL vs 474 mL with the ventilator).

Conclusions: Although there were some statistically significant differences between the 2 groups, these
differences were not clinically important. Participants adequately manually ventilated with Vy similar to
a mechanical ventilator.

Keywords: manual ventilation, mechanical ventilation, ventilation-associated lung injury, ARDS, flow-
regulating device
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Introduction

A manual bag-valve-mask (BVM) is the primary initial
method of ventilating patients who have respiratory fail-
ure (eg, cardiac arrest, etc) and during the initial delivery
of general anesthesia.'™> Whereas the BVM is an effec-
tive method, epidemiological studies have demonstrated
that difficult mask ventilation occurs in about 1.4% of
subjects undergoing general anesthesia.> The occurrence
is even higher in emergency department settings, ranging
from 4-11%.*> In addition, the use of the BVM can lead
to insufflation of the stomach with increased risk of aspi-
ration, increased intra-abdominal pressure, hemodynamic
instability caused by decreased venous return, and increased
risk of ventilator-induced lung injmy."ﬁ"’g To minimize
these risks, health care providers should be trained in proper
technique, use an appropriately sized mask, and be mindful
of the volume and pressure delivered.>®

Despite extensive education of providers, manual ven-
tilation is still a difficult skill to master." Even with feed-
back methods such as capnography or pulse oximetry,
BVM ventilation relies on provider skill. In contrast,
mechanical ventilation is machine controlled, providing
precise control of critical parameters. However, ongoing
research has even called into question the superiority of
mechanical ventilation over BVM ventilation during
resuscitations.'®12

Continuous monitoring and prompt adjustments can
help mitigate complications and enhance the effective-
ness of ventilation. There have been no devices that have
consistently been shown to enhance the quality of man-
ual ventilation."*'3 To address this issue, a safety device
(Sotair) was developed by SateBVM (Boston, Massa-
chusetts). This flow-limiting device fits in line between
the bag and the patient. During manual ventilation, if
inspiratory flow exceeds 55 L/min, the device completely
stops flow to the patient until the provider releases the
pressure on the bag. By limiting flow, it minimizes peak
airway pressure to mitigate the potential adverse effects
associated with manual ventilation.

The goal of this study was to assess and compare air
flow, pressure, and tidal volume (V) between manual
ventilation using the flow-limiting device and mechani-
cal ventilation even though a mask was not used. The
study aimed to ascertain whether the performance of the
flow-limited resuscitator was comparable to a mechani-
cal ventilator with regard to ensuring controlled air flow
during simulated resuscitation.

Methods

This prospective, manikin-based randomized study was
conducted by the Department of Respiratory Therapy at
Georgia State University and approved by the institu-
tional review board. Written informed consent was
obtained from all participants.

QUICK LOOK

Current knowledge

Manual ventilation is an important resuscitative intervention
when mechanical ventilation is not available. However, it is
operator dependent, and associated risks include air trapping
during rapid ventilation, hemodynamic compromise, and pul-
monary barotrauma.

What this paper contributes to our knowledge

Using a flow-limited resuscitator at clinically similar thresholds
compared to a mechanical ventilator was similar with regard to
peak inspiratory pressures and tidal volumes (Vy). Respiratory
therapy students were able to effectively do so with a manikin
at both normal compliance and low compliance (to simulate
ARDS conditions). The measured peak inspiratory pressures and
V- were within, or close to, target clinical ranges.

A convenience sample was recruited from an advanced
cardiovascular life support (ACLS) class for second-year
respiratory therapy students at Georgia State University.
Exclusion criteria included previous use of the Sotair
device and unwillingness to participate. All students had
basic life support certification and were going through
ACLS for the first time. A total of 45 individuals were
considered for this study, but 4 were excluded because
they were faculty members and possessed a degree of
training above the remaining participants.

Participants were informed that the manikin (Ambu
SPUR II, Ambu, Ballerup, Denmark), BVM, endotracheal
tube, and SmartLung 2000 2-L test lung (IMT Analytics,
Buchs, Switzerland) represented an average 70 kg adult
male, that the resuscitator bag volume was 1.5 L, that the
target Vo was 500 mL, and that the target breathing fre-
quency was 12 breaths/min. A metronome gave audio and
visual prompting at a rate of 12/min: and air flow, pres-
fsure, and volume were measured using a TSI 5300 series
gas flow meter (TSI, Shoreview, Minnesota). Inspiratory
time was measured as the start of inspiratory flow to the
start of expiratory flow.

Participants performed 2 min of manual ventilation
using the flow-limiting device connected to the test
lung set to a normal resistance of 5.1 cm H,O/L/s and
2 compliance (compliance of the respiratory system
[Crs]) settings—normal respiratory compliance (Cgrs =
73.5 mL/cm H,O at V¢ = 1,000 mL) or decreased com-
pliance (Cgg = 24.5 mL/em H,O at V¢ = 1,000 mL).
The decreased lung compliance setting corresponds to
a patient with ARDS. Participants were blinded to Cgs
of the manikin and were randomized to start on the nor-
mal or low-compliance setting using a random number
generator,
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Table 1. Characteristics of respiratory therapy
student participants

Participants n= 41

Sex

Male 12(29)

Female 29(71)
Race/ethnicity

White/white 5(12)

Black/African American 14 (34)

Hispanic/non-white 8 (20)

Asian 1127

Other/multiracial 3(7)
Education

Undergraduate student 31(76)

Graduate student 10(24)
BWVM experience, range 0-10 7(2)
BVM confidence, range 0-10 8(1)
Age,y 24.4(3.9)

Data are presented as n (%) or mean (SD).

BVM, bag-valve-mask.

The control group was obtained using a mechanical ven-
tilator (LTV 1200, Vyaire Medical. Mettawa, Illinois).
There were 3 trials of 90 s for both the normal and
decreased compliance settings. The ventilator was set to
volume control, 21% O, V¢ 500 mL, PEEP 5, frequency
12 breaths/min, and 1| s inspiratory time. The TSI 5300
series gas flow meter was used to measure flow, pressure,
and volume.

After the exercise, participants completed a survey
that included questions about age, racefethnicity, sex,
education, participant self-assessment of experience with
BVM (quantified on a Likert scale of 0-10), and partici-
pant self-assessment of confidence with BVM (quantified
on a Likert scale of 0-10); 0 indicated no experience or
confidence, and 10 indicated very confident or experi-
enced. Differences in minute ventilation and peak
pressures were compared between the flow-limited
resuscitator and the control group using 2-tailed inde-
pendent samples ¢ tests. Differences in ventilation
between normal and low-compliance lung settings for
each individual were analyzed using a 2-tailed paired

sample ¢ test. P<.05 was used to identify statistical
significance.

Results

Table 1 provides demographic characteristics of the
41 participants; 71% were female, and the majority
were undergraduate students (76%). The mean prior
experience level using a BVM was 6.71 (SD = 1.7),
and the mean confidence level using the BVM was
8.02 (SD=1.3).

Data on the measured and calculated ventilatory varia-
bles under the normal and decreased lung compliance
conditions are presented in Table 2 and analyzed using
independent samples ¢ test. There was a statistically sig-
nificant difference between the manual ventilation group
and the control group with regard to mean peak inspira-
tory pressures (14.6 cm HyO vs 13.4 cm H,O, respec-
tively, P = .008) in the normal lung compliance setting.
There was also a statistically significant difference with
respect to Vp in the decreased compliance lung setting
(412.2 mL vs 460.0 mL, P =.003).

Paired sample r tests were also conducted to evaluate
how participants ventilated normal compliance lungs
versus low-compliance ones. There were statistically sig-
nificant differences in mean peak inspiratory pressure in
the normal (14.6 cm H>O) versus low-compliance setting
(23.0 cm H»0) (P<.001). There was also a statistically
significant difference in mean Vy in the normal compli-
ance (451.8 mL) versus the low compliance (412.2 mL)
(P<.001) (Table 3).

Discussion

Improving the way patients are manually ventilated is
important as mechanical ventilators are not always avail-
able, especially in out-of-hospital settings or austere
environments. Manual ventilation can be associated with
a number of risks including air trapping, gastric insuffla-
tion, hemodynamic compromise, and ventilation-induced
lung injury. As practice patterns and training significantly

Table 2. Manual ventilation measurements with the sotair device compared to the mechanical ventilator for the normal

and decreased lung compliance setting

Manual ventilation Mechanical ventilation
with sotair device n = 41 n=3 P

Normal lung compliance settings

Peak inspiratory pressure, cm H>O 14.6 (2.6) 13.4 (0.04) 008

Vo, mL 451.8(99.1) 473.6(1.1) 17

Peak flow, L/min 40.9(5.5) 39.5(0.3) 10

Inspiratory time, s 1.0 (0.2) 1.0 (< 0.1) 11
Decreased lung compliance settings

Peak inspiratory pressure, cm H,O 23.0(3.2) 234 (< 0.01) 50

Tidal volume, mL 4122 (96.4) 460.0 (1.0) .003

Peak flow, Limin 39.9(5.7) 39.5(0.05) .68

Inspiratory time, s 1.0(0.2) 1.0 (< 0.01) 38

Data are presented as mean (SD).
Vo, tidal volume.
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Table 3. Comparison of subject performance in the normal
lung compliance versus decreased lung compliance settings
using the sotair device

Normal lung Decreased lung
compliance compliance
n=41 n =41 P
Peak inspiratory pressure, 15(3) 23(3) < .001
cm Hgo

Vo, mL 452(99) 412(96) <.001
Peak flow, L/min 41(6) 40 (6) 10
Inspiratory time, s 1{y 1(0) 08

Data are presented as mean (SD).
Vo, tidal volume.

vary among operators, effectively, and safely, ventilating
patients becomes of utmost importance.

Our study demonstrates that operators were able to
adequately ventilate the manikin under both normal lung
compliance and low lung compliance with ventilatory
ariables that are close to being within target ranges.'*

Under both circumstances, the peak pressure and Vi

were similar to those obtained with the mechanical venti-
lator, albeit with some small but statistically significant
differences. Participants ventilated at a lower V¢ than the
ventilator for the decreased compliance lung setting but
still maintained V¢ within 5% of the ARDS recommen-
dations of 6-8 mL/kg (corresponding to 420-560 mL).
Peak flow and inspiratory time were not significantly dif-
ferent between the participants and controls in both
groups. In addition, we found that using the flow-
limiting device participants were able to effectively adapt
to the decreased lung compliance. Participants effec-
tively adjusted their peak pressures and et still venti-
lated with adequate V.

The study sample consisted of respiratory therapy stu-
dents, which may decrease external validity because
these participants represent a segment of the population
that undergoes specific training. As such, respiratory stu-
dents may more skillfully ventilate patients compared to
other providers who receive less training. In addition,
this study was conducted in a simulated environment,
which may not be representative of real-life scenarios.
Another limitation of our study is that we relied on lung
models based on the average-sized 70 kg human, and
thus these results may not generalize to pediatrics.
Lastly, as this study was conducted at a single institution,
future studies are warranted to confirm that these find-
ings are generalizable.

Conclusions
Our study suggests that manual ventilation with the
flow-limiting device may deliver short-term ventilation

with variables (pressure and volume) similar to a mechan-
ical ventilator under normal and decreased Cgg settings.
Manual ventilation is often used under conditions when
mechanical ventilation is not feasible, such as in out-of-
hospital resuscitation or in resource-limited settings or
austere environments. Optimizing manual ventilation is
an important goal.
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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, Rl 2 Li Ka Shing Knowledge Institute, St. Michael’s Hospital, Unity Health
Toronto; University of Toronto, CA 3 SafeBVM, Boston, MA

Introduction Technical Approach m

¢ We previously demonstrated that the flow
limiting device minimizes peak pressures and
limits excessive tidal volumes over 1 hour of

¢ Optimal ventilation is a challenge in Tactical High peak inspiratory pressures (PiP) can cause
Combat Casualty Care (TCCC), particularly in gastric insufflation (PiP>22 cm H,0) leading to

casualties with traumatic brain injury (TBI), aspiration. They can also cause leaks in supraglottic

hemorrhagic shock, or those requiring prolonged airways due to challenges with seal pressure. . mﬂ””?;“;e::'ﬁif’:él e i i
field care. ) ) ) e Hypoxia  (Sp02<90),  hypoventilation,  and 03 mocharical verisionBIL nvavations 20217.257-501.

¢ Based on pre-hospital data, a single hypoxic or  hyperventilation (outside of EtCO2 32-38 mmHg goal) § - - e
hypotensive episode in TBI patients s worsen  outcomes. TCCC 2024  guidelines : .- i : i

associated with a doubling of mortality, and  yecommend using smaller resuscitator BVMs (~1000 ! «-

hyperventilation was independently associated ml) i.e. a volume-limiting approach to mitigate risk of R.
with a 2-5.9 times increase in mortality. over-ventilation.

* References: Spaite DW, Bobrow BJ, Keim SM, et al o 5 ever, recent research suggests that this strategy

may fail to deliver adequate ventilation and even w0
reduce survival rates. 1o
e A flow-limiting valve in the circuit can also addressg -
over-ventilation. Data from manikin studies support
that this approach is effective.

« Referances: w0

Kmr P, Culbreth R, Gardenhire DS, et al. Manual Ventilation Performance With

tion of ide: imp ion of the prehospltal

Safety Device in Mormal Versus Decreased Lung Compliance: A Single-Center

Simulation Study. Respir Care. 2025;70(5):566-568. doi: 10.1089irespcare. 12363 Applicability to Medical Roles of Care
Brocty MF, Wader K, Wokar, N R, ";';;1‘;:1_',";73;;7"“'"""““ Toplacing * For Role 1, 2 and 3 scenarios involving the use of
Justice JM, Slutsky AS, Stanford N, et al. Assessment of Ventilation Using Adult and manual resuscitator bags, a flow-limiting device
202450(0}426.950. Publshed 024l 24 do 0.41ET espcare 11608 (Sotair) can be deployed, since data suggest that
m;}’:“""“ MR-ﬁ:ﬁ?ﬁnﬁ-mr::;:’:x"“"“'ﬂf';"ﬁ;m this helps prevent over-ventilation while reducing
2023:193:10099p°1‘.“du6:1D.10|Bﬁ.rwns<l:iluﬁon.2023.109961 ) ’ the risk of under-ventilation.
This approach avoids the need to switch to a 1000
 Manual Ventilation without n Manual Ventlation . : : L
», mum:&mmsowr % b mmmamumﬁn‘ ml BVM, which has been associated with worse
A j L outcames.
HH A . R Impact to the Warfighter/Significance
capablllty Desc" ptlon ¥ o §- e Flow limitation is an immediately available
e The Sotair® device (FDA 510K-K212905) w } o M alternative solution to TCCC guidelines, The Sotair
. : ; w e " il isti its.
limits peak flow to 55 liters per minute (LPM) S _1 o | -cr?,:r:en;:af;,: bsoit:l?;ﬁtr ?:spt:gfew,:qaﬁ;
and attaches to any manual resusci_tation l‘)ag‘ S M,.,,,m R ek o e (i) “ ventilation during the chain of survival,
e Flow above 55 LPM causes haptic, auditory “ | VT —
and visual feedback, acting as a *forcing i e ‘atien Performance in First Responders using a Fiow-Rate Limitng Device
function” stopping providers from delivering Een e e s eeI CICTRSIgResc)
forceful breaths that could result in gastric - 5 e
insufflation and overventilation. 1- E . i

Developmental Status of

Technology

e TRL8, commercially available and being used

at 100+ Fire and EMS Departments Disclaimer:The U.S. Army Medical Research Acquisition Activity, 808
nationwide. There are pending studies Schreider Street, Fort Detrick MD 21702-5014 is the awarding and
. th tility of the flow-limiting device administering acquisition office. This work was supported by The Assistant
gssessmg € ul t}" . g Secretary of Defense for Health Affairs endorsed by the Department of
in the out-of-hospital setting. Defense, in the amount of $4,536,252 through the Peer Reviewed Medical
. " b & Research Program under Award Mumber HT9425-23-1-0316. Opinions,
interpretations, conclusions, and recommendations are those of the author(s)
and are not necessarily endorsed by The Assistant Secretary of Defense for
Health Affairs endorsed by the Department of Defense. PP is the CEQ of

SafeBVM. AS serves as the part time Chief Scientific Officer for SafeBVM.
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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 cmH20, 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
cmH20, the 40 cmH20 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 cmH20 valve; 41.6(3.8) 40 cmH20 valve; 10.6(3.3) flow-regulating device. The mean (SD) TVs were:
561mL (322) 25 cmH20 valve; 762 (329), 40 cmH20 valve; 654 (298) flow-regulating device. Under
obstructive lung conditions, the mean (SD) PIPs were: 44.4 (7.0) 25 cmH20 valve; 56.5 (7.0) 40 cmH20
valve; 35.5 (5.5) flow-regulating device. The mean (SD) TVs were: 288mL (213) 25 cmH20 valve; 344 (254),
40 cmH20 valve; 710 (252) flow-regulating device. Under restrictive lung conditions, the mean (SD) PIPs
were: 37.6 (4.2) 25 cmH20 valve; 47.3 (4.9) 40 cmH20 valve; 22.2 (4.5) flow- regulating device. The mean
(SD) TVs were: 446mL (268) 25 cmH20 valve; 701 (214), 40 cmH20 valve; 711 (272) flow-regulating
device.

Conclusions: The flow-regulating device maintained safe PIPs under all three conditions, while deIiveriﬂi
adequate TVs. Pop-off valves did not always release at the designed pressures.



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
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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 cmH20.

Results: We analyzed 1,050 ventilations (200 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)
cmH20, and the Vt was 654 (298) mL; the mechanical ventilator PIP was 13.6 (0.3) cmH20 and the Vt was
1,037 (54) mL. Obstructive lung disease conditions: the PIP was 35.5 (5.5) cmH20O 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
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Manual Ventilation Performance in First Responders
using a Flow-Rate Limiting Device (Sotair)

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 H20 +/- 1.50)
compared to the bag alone (17.57 cm H20 +/- 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.

EMS World Expo's International Scientific Symposium in partnership with UCLA's Prehospital Care Research Forum
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Peak Pressures and Tidal Volumes Delivered by 217
Providers

Standard Adult Resuscitator Bag Standard Adult Resuscitator Bag + Sotair®
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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.
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Efficacy of a Ventilatory Safety Accessory for Use
with Manual Ventilations during Simulated Prolonged
Transport: A Porcine Experimental Study

David D. Salcido, Jorge A. Gumucio, Kyung Woon Jeung, Holly Stewart, Haris Shekhani, Arthur Slutsky,
Prathamesh Prabhudesai, Advika Ventrapragada, Nina Lane, Dylan Defilippi, James J. Menegazzi

University of Pittsburgh, SafeBVM Corp.

Background: During prehospital care, those in need of respiratory support are most commonly ventilated
manually by EMS clinicians. This often results in excessive peak inspiratory pressures (PIP) and excessive
inspiratory flow rates (IFR), both of which can be detrimental. Objectives: We sought to determine the effects of
an FDA-cleared ventilatory accessory on PIP and IFR during simulated prolonged transport using porcine models
of both bag-valve-mask (BVM) and endotracheally intubated (ETI} patients needing positive pressure ventilation.

Methods: We used 14 mixed-breed domestic swine of both sexes, weighing 25-30 kgs. Animals were sedated,
anesthetized, and instrumented with central arterial and venous micromanometer pressure transducers. Animals
were randomly assigned to one of four groups: BVM with active device or BVM with sham device; ETI with active
or ETI with sham. Seven ventilators who were trained at least to the EMT level manually ventilated the animals for
30min. Ventilations were delivered at a rate of 12/minute during all conditions. Ventilators were given visual
(airway pressure tracing, ETCO2) and verbal feedback, and were instructed to intentionally give a “forceful”
breath on every sixth inspiration. Abdominal and thoracic x-rays, and necropsies were obtained, and lung injury
scores (LIS) calculated. The primary outcome variables were PIP and Vt. Secondary outcomes were LIS, and
findings at necropsy.

Results: There were 4,922 manual ventilations analyzed (2,706 with the active device and 2,216 with the sham)
with 866 forceful ventilations (407 active device, 459 sham). PIP values during regular ventilations did not differ
during BVM (active device vs. sham) or ETI conditions (active device vs. with sham). During forceful ventilations
the PIP with the active device (31.2 cmH20, 95%CI 29.9-32.4) differed from that of the sham device (72.8 cmH2,
95% CI 70.8-74.7) with p<0.0001. The IFRs also did not differ across conditions during regular ventilations. During
forceful ventilations, the IFR with the active device (20.7L/min, 95% CI 19.1-22.4) differed from that of the sham
(62.4L/ min, 95% CI 55.8-69.1) with p<0.0001.

Conclusions: The safety accessory functioned as designed and prevented excessive PIP and IFR during both
prolonged BVM and ETI ventilation, even during intentionally forceful experimental ventilations.
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Development and validation of an educational intervention to improve
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performance with a new manual ventilation device (Sotair™) efu
Frederick A. Varone MD, Mark F. Brady MD MPH BROWN EM
Department of Emergency Medicine, The Warren Alpert Medical School, Brown University, Providence, RI
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Introduction
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sExpand upon video and printed educational interventions
for Sotair™ in order to improve performance with the device
sCreate and validate the utility of video and printed
materials for proper use of Sotair™

Methods

=Recruitment of EMS providers (n=32)

=Record each individual manually ventilating a simulated adult male
lung for 2 minutes

=Apply educational intervention, attach Sotair™ and repeat

=Primary outcome: peak pressure; Secondary outcomes: volume,
flow, rise time, and inspiratory/expiratory ratio

=Significantly lower PIPs by an average of 4.06 cmH,0 (19.32
5.80 across 791 breaths vs 15.26 * 2.44 across 686 breaths; T-
value 17.06; p < 0.0001). Minute ventilation was also lower by
1238.06cc (7550.47 vs 6312.41)

=36.54% of breaths delivered by BVM crossed the 20 cmH,O
threshold for gastric insufflation compared to 0.25% of breaths
delivered with the Sotair™

Figures 2. Ventilation with BVM+Sotair™
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Figure 3. Proportion of delivered breaths with PIP greater than X-axis value for|

standard BVM and BVM+Sotair™

Conclusions

*Qur data demonstrates the effectiveness of implementing a

brief educational intervention that leads to safer delivery of
breaths using the Sotair™ feedback about the educational
materials was 65.6% positive and 34.4% neutral
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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
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Background 56k
e Manual ventilation is a critical but highly variable skill in g0

prehospital and hospital settings. 400}

e Concerns over over-ventilation have led some EMS 320}

systems to adopt smaller BVMs. a0l

¢ Risk: smaller bags may underventilate adult patients. 160k

. 80t

Research Question .

e Can a small adult bag (1,000 mL) deliver adequate tidal
volume for a average adult male?
e Can performance improve after a brief training
intervention using:
o Real-time flow and volume feedback (SotairlQ)

o A flow-limiting device (Sotair, 55 LPM cap) to il |
4000 f

encourage appropriate squeeze without over- -
ventilation. 3000
Methods 25400

e Participants: 55 first responders, Johnson County, KS.

e Task: 60 seconds of manual ventilation on simulated
healthy adult (target Vt: 420-570 mL).

e Device: VENTLAB AirFlow 1,000 mL small adult bag.

e Measurements: Tidal volume (Vt), peak flow, respiratory
rate (RR) — recorded via SotairlQ 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.

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

et

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)

Pre-Training Post-Training

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.

Alveolar Ventilation (mL/min)

2000
1500
1000
500
0

Pre-Training

Post-Training

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

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).

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 18
partially improved through targeted flow controlled

training.



