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ABSTRACT
Mechanical ventilation in an austere environment is 
difficult owing to logistics, training, and environmen-
tal conditions. We evaluated the ability of professional 
caregivers to provide ventilatory support to a simu-
lated patient using the Simplified Automated Ventilator 
(SAVe) with a mask hand attended ventilation, mask 
with single strap unattended ventilation, and supra-
glottic airway (King LT) ventilation. All three methods 
were performed using a SAVe with a set tidal volume of 
600ml and respiratory rate of 10 breaths per minute. 
The simulator consisted of a head and upper torso with 
anatomically correct upper airway structures, trachea, 
esophagus, and lung which, also measured the deliv-
ered tidal volume, respiratory rate, inspiratory flow, and 
air way pressures. Volunteers used each airway control 
method to provide ventilation for 10 minutes in random 
order. Success of each technique was judged as a mean 
delivered tidal volume of > 500ml. The major finding of 
this study was that medical professionals using SAVe re-
suscitator and the manufacturer supplied face mask with 
single head strap failed to ventilate the airway model in 
every case. Keywords: SAVe, Ventilation, Airway manage-
ment, Prehospital, Mask Ventilation

Introduction

Changes in the conduct of military operations have 
challenged military medicine to reach forward and pro-
vide life-saving techniques on the battlefield. One area 
of interest has been the use of mechanical ventilation. A 
recent study has shown that the requirement for airway 
management at the site of wounding particularly with 
penetrating head injury is associated with significant 
mortality.1 Since airway management is typically a pre-
cursor to mechanical ventilation, the role of the ventila-
tor is unclear. Traditionally, ventilatory support on the 
battlefield was accomplished by manual ventilation or 
not at all. This was in part due to the fact that it was 

logistically difficult to carry a ventilator and an oxygen 
source. Additionally, equipment and training to perform 
endotracheal intubation was not always available.2,3

A recent department of defense initiative to develop a 
simple, small, lightweight ventilator capable of operat-
ing from battery without oxygen for use in the battle-
field resulted in a product known as the SAVe ventilator. 
We evaluated the ability of the SAVe to ventilate a model 
of the head, upper airway, and lungs in the hands of 
medical professionals using three different techniques of 
airway management (mask hand ventilation, mask with 
strap, and king LT supralaryngeal airway).

Device Description

The SAVe simplified automated ventilator (AutoMedx, 
Germantown, Maryland) is an automatic resuscitator 
with dimensions of 6.7" x 6.25" x 2.5" weighing 1.4kg. 
The Model 600 uses an internal air compressor to de-
liver a preset tidal volume (VT) of 600ml and a respira-
tory rate of 10 breaths per minute at an inspiratory time 
of 2.25 seconds using a constant flow of 16Lpm. The 
ventilator circuit is a manufacturer-supplied single limb 
circuit that utilizes a nonrebreathing valve to separate 
inspired and expired gas. If the patient breathes spon-
taneously, gas from ambient is drawn in via the non-
rebreathing valve; the SAVe ventilator does not have the 
ability to respond to patient efforts.4

Methods

The ability of the SAVe to ventilate a model of the up-
per airway and lungs (Respi Trainer, Ingmar Medical, 
Pittsburgh, PA) by medical professionals was evaluated 
with three different techniques of airway management 
(hand mask ventilation, mask ventilation with a single 
head strap and ventilation via the king LT supralaryn-
geal airway) in a randomized fashion for 10 minutes 
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each. The test lung was set to mimic a patient with air-
way resistance of 5cm H2O/L/s and lung compliance of 
50cm H2O/L. The medical professionals were registered 
nurses, registered respiratory therapists, and physicians. 
All subjects volunteered to participate and signed in-
formed consent documents. During mask ventilation we 
used the supplied collapsible mask with a single strap 
provided with the SAVe resuscitator as was purchased 
by the Department of Defense. We also tested the ability 
to ventilate the airway using a supralaryngeal airway, 
the King LT. The King LT (King Systems, Noblesville, 
IN) is a curved tube with ventilation apertures located 
between two inflatable cuffs that can be inflated using 
a single valve/pilot balloon. The distal cuff is designed 
to seal the esophagus, while the proximal cuff is de-
signed to seal the oropharynx. The proximal end of the 
tube has a 15mm connector for attachment to standard 
breathing circuit or resuscitation bag. 

The QuickLung Respi Trainer Advance system (IngMar 
Medical, Pittsburgh, PA) consists of three components. 
The first component is a lung model (QuickLung), 
which is a test lung that operates with a combination 
of springs and orifices to represent a number of dif-
ferent settings for resistance (5, 20, or 50cmH2O/L/s) 
and compliance (10, 20, or 50ml/cmH2O). The second 
component is the Data Acquisition Module integrated 
into the mannequin head, which includes an articulated 
neck that can be moved vertically and a stomach bag 
connected to a simulated esophagus. If airway pressure 
exceeds 20cm H2O, gas can be directed into the stom-
ach, simulating real life clinical scenarios of over venti-
lating. The Data Acquisition Module measures airway 
pressure, flow and volume by using the known resis-
tance of the model and the pressure differential across 
that resistance. Measurements are recorded at 100Hz. 
The third component is a PC, which receives measure-
ment data via Bluetooth from the Data Acquisition 
Module and also calculates different performance pa-
rameters those parameters are Vt [Tidal volume = (Ppeak–
Pmin)/ Compliance], Ppeak [the highest value of pressure 
during a breath], BR (breath rate is the quotient of 60 
s and the value of the breath cycle time), and MV (pro-
rated average tidal volume per minute from a sample of 
two to three breaths).

The Respi Trainer was assembled according to the man-
ufacturer instruction. The SAVe was connected to the 
mask then held on the Respi Trainer mannequin by the 
subjects with two hands while maintaining correct air-
way position for 10 minutes (Figure 1). The same mask 
was used with the supplied single strap by the clinicians 
to mask ventilate the Respi Trainer Mannequin after 
correctly positioning the airway for 10 minutes (Figure 
2). Clinicians also used the supralaryngeal airway (King 

LT) to ventilate the Mannequin using the SAVe for 10 
minutes (Fig 3). All three techniques were performed on 
the ground to simulate a pre-hospital scenario. The data 
points (tidal volume, peak airway pressure, respiratory 
rate and minute ventilation) were recorded and stored 
onto a laptop computer for further analysis. 

Figure 1  Mask hand ventilation

Figure 2  Mask with single strap ventilation
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Results

The respiratory rate delivered with all techniques was 
10 breaths/min. The VT varied widely among the three 
different techniques (Figure 4). None of the 30 subjects 
could provide an effective tidal volume using the manu-
facturers supplied mask with single strap strapped to 
the face. The peak inspiratory pressure was 7.6 ± 3.3cm 
H2O for the mask hand ventilation, 0.5 ± 1.4cm H2O 
for the mask with strap ventilation, and 13.9 ± 1.3cm 
H2O for ventilation with the King LT. The minute ven-
tilation was 3.6 ± 1.7L/min with the mask hand ventila-
tion, 0.13 ± 0.33L/min with the mask with single strap 
ventilation, and 6.5 ± 0.3 L/min with the King LT. 

Comparing the three clinicians groups, the only statisti-
cally significant difference (P ≤ 0.05) was between the 
MD and RN groups with the delivered VT using the 
mask hand technique. Physicians delivered a significantly 
greater tidal volume (435ml ± 130 vs. 250ml ± 131).

Discussion

The major finding of this study was that medical pro-
fessionals using the SAVe resuscitator and the manufac-
turer supplied facemask with single head strap failed 
to ventilate the model in every case. Ventilation of the 
model with the SAVe and the King LT supralaryngeal 
airway achieved the best results in delivering the set tidal 

 volume and the respiratory rate. When subjects held the 
mask in place with both hands the tidal volume and the 
respiratory rate delivered varied widely, but was still far 
superior to those parameters delivered with the mask 
and single head strap. This variation may be related to 
differences in subject strength and hand size. After ten 
minutes of holding the mask in place, all participants 
expressed some level of hand fatigue.

Previous work by our group5 found similar results during 
ventilation of a model of the unprotected airway. These 
authors found that a ventilator capable of adjustments in 
flow was better able to compensate for leaks and deliver 
a more consistent volume. They also demonstrated sig-
nificantly different volumes of gas forced into the stom-
ach with different ventilation techniques. The highest 
airway pressure achieved in this study with the SAVe was 
15cm H2O with the King LT. With the mask techniques, 
airway pressure was < 10cm H2O in every case. We did 
not detect gastric insufflation in any of these cases. This 
is consistent with the model using a simulated esopha-
geal opening pressure of 20cm H2O. The low flow and 
leaks around the mask prevented airway pressures from 
reaching a level that would cause gastric insufflation.

Hess et al6 evaluated the ability of caregivers to venti-
late a model and found that hand size was important 
in maintaining an effective mask seal. We did not mea-
sure hand size in this study, but within the nursing cadre 
there were significantly more women. This may explain 
why the physician group (seven men and two women) 
provided larger tidal volumes than their nursing coun-
terparts (nine women and one man). Our current work 
supports the report by Hess and colleagues.

After observing the failure of all 30 participants with the 
current mask with single strap, we evaluated the  ability 

Figure 3  King LT ventilation Figure 4  Delivered VT by the three professional groups using 
the three different ventilation methods
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of a mask with an inflatable cushion, which is com-
monly used in our institution, with 4-tailed head strap 
to ventilate the model with the SAVe. That resulted in 
the delivery of the tidal volume and the respiratory rate 
set on the SAVe with a respiratory rate of 10, tidal vol-
ume of 597ml, and peak inspiratory pressure of 13.5cm 
H2O and a minute ventilation of 6.5L/min. This method 
could be an alternative to the mask with the single strap, 
keeping in mind the issues associated with 4-tailed strap 
ranging from pressure sores to creating too much pres-
sure leading to gastric distension and increasing the risk 
of aspiration (Figure 5). 

According to our findings the supralaryngeal airway 
was the best method to deliver the tidal volume and the 
respiratory rate set on the SAVe. The King LT suprala-
ryngeal airway required minimal training and there were 
no human variables involved such as hand strength or 
hand size to alter the tidal volume delivered and/ or the 
rate at which that tidal volume was delivered. The King 
LT supralaryngeal airway is also less invasive than the 
endotracheal tube, which remains the airway of choice 
in the prehospital setting. Endotracheal tube insertion 
is a more invasive procedure that requires a higher level 
of skill and expertise.1 However, the use of endotracheal 
tubes has met with varying success in the field.7-10 

Limitations of our study were a failure of the model 
to replicate the real life casualty on the battlefield. The 
relatively clean airway model also fails to simulate the 

physical appearance of an airway injury and other in-
juries associated with battlefield trauma. We used fixed 
compliance of 50ml/cmH2Oand resistance 5cmH2O/L/s 
that represents a patient with mild to moderate respira-
tory impairment. There is currently no data regarding 
the respiratory status of wounded casualties or out of 
hospital patients at the point of injury. Other variables 
such as gastric pressure and its impact on the ventilation 
of casualties and the effect of non-invasive ventilation 
on air entering the esophagus may also be different in 
real scenarios.

Conclusions 

Compromised airway is the third leading cause of 
battlefield death, accounting for about 1% of combat 
deaths.2,3 The best airway for the injured casualty has 
yet to be defined. Our data suggest that the use of the 
SAVe resuscitator without an instrumented airway us-
ing the current mask and single head strap is unreliable. 
Holding the mask in place improves ventilation, but 
eliminates the advantage of an “automatic” device as 
it requires the constant attention of a single caregiver. 
The use of a supralaryngeal airway or improved mask 
and head strap allows the greatest success. More impor-
tantly, the role of a ventilator in an austere environment 
has yet to be determined. The right person with the right 
equipment and sufficient training might improve the 
survival of the casualties with compromised airway on 
the battlefield; however, that needs to be further studied. 
The work by Mabry et al. suggests that battlefield inju-
ries, which necessitate and allow airway instrumenta-
tion are overwhelmingly fatal.1 Based on these facts, the 
role of the mechanical ventilator at the site of wounding 
needs to be addressed considering the utility of the de-
vice and the additional weight and footprint. This deci-
sion should be data driven.

The term “far forward” is a term from conventional 
force-on-force conflicts. The example being World War 
II, where there was a definite “forward” and a definite 
“rear”. In the conflicts in which the U.S. is currently 
or recently engaged (Afghanistan and Iraq), there is no 
forward per se, and there is correspondingly no rear. 
Anywhere outside small arms range of a U.S. base is 
“forward”, even the inside of a U.S. base is within en-
emy range. Consider the term “austere” as a possible 
alternative. Even then, there aren’t that many places 
in Afghanistan or Iraq that are much more than a few 
minutes flight time, or even drive time for that matter, 
away from a fixed U.S. facility that had first world level 
medical support. The paper should either focus its con-
text specifically on medical personnel who actually do 
work in austere environments (i.e. Special Operations 
personnel in operations like the Village Support Opera-
tions (VSO) in Afghanistan, or JCETs in Central/South 

Figure 5  Mask with 4-tailed head strap Ventilation
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America), or it should broaden the paper to address ven-
tilation in all circumstances where “hands free” ventila-
tory support is needed.
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