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Abstract

(Blizzard EA, Grandin AA, Sims D. Exploring the use of full-face masks for ventilation in dive rescue. Diving and Hyperbaric
Medicine. 2026 31 March;56(1):2—7. doi: 10.28920/dhm56.1.2-7. PMID: 41875436.)

Introduction: Early oxygenation is essential in a non-breathing scuba accident victim, but the need to exclude water has
thus far prevented underwater ventilation, causing significant delay. The full-face mask (FFM) is a potential solution, but
its safety and feasibility in this context has not been established. This is a preliminary study into the utility of FFMs for
underwater ventilation.

Methods: The tidal volume and peak inspiratory pressure delivered by the OTS Guardian and Neptune III FFMs were
measured using a RespiTrainer Advance Airway Management Trainer and an open circuit scuba system. Ventilations were
tested with varying lengths of purge valve depression and degrees of tightness of the FFM. A tidal volume of 350—560 mL
was considered ideal. Thresholds considered to be high risk were 700 mL for volutrauma and peak inspiratory pressure
> 3.4 kPa for barotrauma.

Results: In all trials, the delivered pressure remained well below the 3.4 kPa threshold. The delivered volume was consistently
less than 700 mL in at least one trial condition per FFM, although this required the fastest possible release of the Guardian
purge valve without maximal mask tightening. The Neptune remained below 700 ml regardless of technique but required
a one second purge valve depression to deliver sufficient volume (> 350 mL).

Conclusions: Recommendations need to be tailored to specific masks styles or brands. However, this form of ventilation could
be feasible. Our findings are most directly applicable to ventilation at the surface. Further testing of these and other FFMs
in simulation at depth will be necessary to evaluate the masks’ use for ventilation. These results merit further investigation.

Introduction and death from hypoxia.” Public safety and commercial
divers also frequently wear full face masks (FFMs) due to

Drowning is generally listed as the most common cause  due to water conditions, and could benefit from the ability to

of death in diving-related fatalities.!> In these cases,
hypoxaemia is the leading cause of cardiac arrest. Because
of this, early treatment of hypoxia is extremely important,
and in-water ventilations may be beneficial once the victim
reaches the surface.> In the past this has been accomplished
via mouth-to-mouth, mouth-to-pocket mask, or mouth-to-
snorkel methods.**

However, diving accidents may present several scenarios
where these methods are insufficient. In military diving
and technical diving with overhead environments or
decompression, it may not be feasible to return the victim
to the surface in time to prevent irreversible brain damage

ventilate without risk of contamination both underwater and
at the surface.” Currently recommended surface ventilation
techniques can be difficult to achieve, especially in rough
water conditions.

The possibility of delivering ventilation underwater has
already been investigated with conventional resuscitation
equipment used outside of diving. Mask ventilators,
laryngeal tubes, and endotracheal tubes were all found to
be unsuccessful, generally due to issues with aspiration
and inadequate seals, especially during device placement.”®
FFMs provide a potential solution to these problems.
These masks cover the mouth and nose of the diver and
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seal tightly to the face. This provides the unique advantage
that they are likely to be found correctly positioned on an
unconscious diver. The mask regulators have purge valves
that deliver air forcefully into the mask, usually with the
intention of clearing water that has entered the mask. This
study evaluated the use of this valve to deliver ventilations.

The only prior study on the use of FFMs for ventilation
looked at the Interspiro MK II.7 This mask initially provided
satisfactory ventilation but eventually caused large leaks that
lead to massive water entry into the airway. The Interspiro
MK 1I is just one of numerous FFMs available, so further
study is required to see if other models might be able to
overcome this issue.

This study evaluated two FFMs in a dry environment to
determine if they could be a feasible way of delivering
ventilation.

Methods
EQUIPMENT CONFIGURATION

The study was conducted using a RespiTrainer Advance
Airway Management Trainer (IngMar Medical, Pittsburgh,
USA). This mannequin monitors the respiratory rate
delivered as well as the tidal volume and peak pressure
for each breath (with a breath being defined as the volume
delivered by one purge valve depression). The mannequin
was factory calibrated by the manufacturer with respiratory
mechanics set to a compliance of 50 mL-cmH,O" and
a resistance of 5 cmH,O-L"-s".* A scuba tank supplied
compressed air to the FFM, which was applied to the
mannequin head. The same person used the purge valve to
ventilate the mannequin in all trials. The person providing
ventilations was not able to observe the readings on the
computer connected to the mannequin.

The mannequin was ventilated using two different FFMs,
the Guardian (Ocean Technology Systems, California, USA)
(OTS) and the Neptune III (Ocean Reef Group, Genova,
Italy). At first, ventilations were delivered using the fastest
possible press and release of the purge valve. Next, the purge
valve was held for one second and released. The mannequin
was ventilated at a rate of one breath every six seconds.
Each trial lasted two minutes. In some cases, breaths were
delivered that were too small for the mannequin to record.
This resulted in fewer data points in some trials.

After completing initial trials, there was concern that the
masks had been tightened too much on the mannequin
and did not reflect how an actual diver would wear them.
To account for this, two additional trials were performed.
For each mask, the trial was repeated using the ventilation
technique that had given the best results previously.
The mask for these trials was tightened according to
manufacturer recommendations, just enough that the mask
seemed capable of excluding water.

OUTCOME MEASURES AND ANALYSIS

The outcome measures were tidal volumes and peak
inspiratory pressures as recorded by the RespiTrainer
manikin. Average and standard deviations of each outcome
measure were calculated. Google Sheets was used for data
analysis and graph generation.

To be safe and effective, purge valve depressions must
deliver an adequate tidal volume without causing lung
injury. Typically, a tidal volume of 5-8 mL-kg™! of ideal body
weight is recommended to meet this goal. Ideal body weight
is calculated based on height and gender as suggested by
Devine and does not vary in the adult population as much as
actual body weight.'® For each centimeter of height, ideal
body weight changes by 0.91 kg. The FFM was expected
to deliver a target tidal volume of 350-560 ml based on a
male with height of 175 cm and ideal body weight of 70 kg.’

Although 5-8 mL-kg"! of ideal body weight is the typical
recommended range, it can be safe to exceed this range
for patients without significant lung disease. For these
patients, volumes greater than 10 mL-kg! have been shown
to be associated with volutrauma and barotrauma.!' Divers
would generally be expected to have relatively healthy
lungs and could likely tolerate this 10 mL-kg! cutoff, which
would be 700 mL for the 70 kg ideal body weight adult.
Therefore, the FFM should ideally deliver tidal volumes of
350-560 mL though not exceeding 700 mL.

The pressure at which ventilations are delivered also has
the potential to cause injury. Previous studies have found
that a peak inspiratory pressure greater than 3.4 kPa
(35 ¢cmH,0O) increases the risk of pneumothorax or
mediastinal emphysema, although some have suggested
that peak inspiratory pressures closer to 4 or 5 kPa might be
safe.!? For ventilations given underwater, air in the pleural
space or mediastinum would be particularly detrimental
as expansion during ascent could cause life threatening
compression of the heart and great vessels.!* Therefore, the
more conservative upper threshold of 3.4 kPa was chosen
for this study.

Results

Ultimately, both masks were capable of delivering an
average tidal volume within the target range of 350-560 mL
(Table 1). However, the technique required to do this varied
between the masks. For the Guardian, ventilations were
appropriate when the purge valve was quickly pressed
and released, and when it was depressed for one second,
they were excessive. For the Neptune III, ventilations were
adequate when given for one second, but too small when
the purge valve was pressed for as short a time as possible
(Table 1).
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Table 1
Results from ventilations delivered by the full-face masks in various trials; SD — standard deviation

Full face mask Ventilation length |Mask condition Mean '(:lr(iz:llg‘::l;ll;l)e (mL) Meal(lr[;:'legs:’u;;e)nga)
Shortest possible Tight 276 (245-322, 33) 0.5 (0.5-0.6, 0.08)
Neptune III Is Tight 500 (375-588, 50) 1.0 (0.8-1.1, 0.09)
Is Loose 463 (395-517,37) 0.9 (0.8-1.0, 0.07)
Is Tight 949 (790-1019, 46) 2.0 (1.6-2.1,0.1)
Guardian Shortest possible Tight 604 (344-802, 117) 1.4 (0.8-2.1, 0.3)
Shortest possible Loose 416 (321-685, 97) 0.9 (0.5-1.4,0.2)

Figure 1 Figure 2

Tidal volume results; green lines show ideal volume range
(350-560mL); red line indicates the 700 mL high risk threshold
for volutrauma; black dots represent individual ventilations; blue
hexagons represent mean values. SP — shortest possible purge
valve depression; 1s — depression of purge valve for one second

1000 i
[ ]
800 o o
5 .
[ ]
E .
GEJ [ ]
5 600 . ]
(o] °
> i P
(—“ l
e, $ . H
00 e i e
* ]
[ ]
[ ]
[ ]
200

Neptune Neptune Neptune Guardian Guardian Guardian
Il - SP, - 1s, ll-1s, -SP tight -SP, - SP,
tight tight loose loose loose

Trial condition

Pressures measured during various ventilation trials; black dots and

blue hexagons represent individual and mean values, respectively;

red line represents the high-risk threshold for barotrauma (3.4 kPa).

SP — shortest possible purge valve depression; 1s — depression of
purge valve for one second
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In continued testing with fully tightened masks, the masks
also differed in reproducibility of the tidal volume delivered.
The Neptune I1I delivered breaths that were more consistent
in volume, and they always remained within the target
350-560 mL range when given over one second. By contrast,
the Guardian exhibited significant variation. Although the
shortest possible depressions of its purge valve provided
appropriate average tidal volumes, some breaths were above
the target range of 350-560 mL (Figure 1).

Loosening the mask seal did have some effect on whether
the mask could deliver volumes within the target range. For
both the Guardian and the Neptune III, the average with
the looser mask was lower but still above the minimum
threshold. All breaths provided by the Neptune III were
within the acceptable range. Once again, the Guardian
delivered breaths that were more variable, with some that

were both too large and too small (Figure 1). However, in
this trial, only one breath was above the 560 mL threshold,
and all were below the 700 mL threshold.

The peak inspiratory pressure delivered with every breath
in each trial was also measured. For all trials, the maximum
pressure delivered remained well below the 3.4 kPa limit
(Figure 2). Even in the trial where breaths were given from
the Guardian over one second and tidal volumes were well
over the desired amount; all breaths were well below 3.4
kPa and only slightly above 2 kPa. Outside of this trial, all
but one breath was below the 2 kPa threshold.

Discussion

This study evaluated the use of two FFMs for ventilation of
divers. Both masks were capable of delivering adequate tidal
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volumes within the safety norm (< 700 mL). However, both
technique and mask tightening needed to be optimal for this.

A large point of concern with using FFMs to ventilate
underwater is that inappropriate assisted ventilations may
cause pulmonary barotrauma during ascent. For this reason,
breaths larger than 700 mL are concerning. Conversely,
breaths below 350 mL would be unlikely to harm the patient
as long as they did not delay the ascent to the surface. Given
these parameters, to be useful for underwater ventilation, a
FFM should be able to consistently deliver breaths below
the 700 mL threshold.

The Neptune III met this criterion, as all breaths delivered
across all trials were below 700 mL. The Guardian was less
consistent in this regard. However, it was able to deliver
breaths below 700mL in the trial where breaths were given
for the shortest possible interval and the mask was only
moderately tightened, which may be more realistic in an
emergency situation.'* The user manual for the Guardian
recommends against overtightening, as it may cause
discomfort and leaking.!> However, further research is
needed to confirm safety of using both masks for emergency
underwater ventilation via purge valve. It is also worth
noting that these findings were for a person with an ideal
body weight of 70 kg, or a height of about 1.75 m in a male.
Some divers, particularly females or teenage divers, might
have an ideal body weight significantly smaller than this.
Additional research will need to consider differing body
habitus and how this might affect the safety or efficacy of
the studied techniques.

FFMs will require testing in an underwater environment.
In a previous study, researchers tested one brand of FFM,
the Interspiro MK II, and found that it was not effective
in providing ventilations underwater.” The authors noted
significant issues with seal leakage and found that large
amounts of water entered the manikin’s airway. They also
noted decreasing tidal volumes at depth. This effect was seen
only with the FFM and no other ventilation methods tried by
the authors. This highlights that underwater conditions may
differ from surface testing, and that the results of this study
cannot be generalised to underwater use without further
testing. It is important to note that the study by Winkler
et al., tested only one FFM, and testing of other masks
underwater is needed.’

The pressure delivered by a mask is also an important safety
factor to consider. Both masks used in this study delivered
breaths well below the dangerous threshold of 3.4 kPa under
both conditions tested. This was likely because of relief and
exhaust systems built into the masks that are designed to
allow comfortable exhalation and prevent excessive pressure
buildup. Despite low peak pressures, the masks were able
to effectively inflate the lungs of the manikin used in this
study. Given the pressure changes that occur at depth, this
may or may not be true for a real person underwater, and

further research will be needed on this point. However,
these results are encouraging because they suggest that
if attempted ventilations are not effective, they are more
likely to not provide an effective breath delivery than to
cause harm as the gas can vent through the exhalation and
relief mechanism as designed. It should be noted that the
mannequin is factory-calibrated prior to reaching the end
user. As such, calibration was not performed by the authors,
and this may impact the accuracy of pressure measurement.

Findings from the Thailand cave rescue using an Interspiro
Divator mask suggested that pressures may increase
underwater.'* Van Waart et al., reported that average
ventilation pressures at the surface were below 3.4 kPa,
although some were as high as 5.31 kPa. At a depth of
0.5 m, pressures of 3.99 kPa were observed." Potentially,
additional depth could further increase pressures, resulting
in unsafe conditions despite surface results suggesting
safety. It should be noted that ventilations in this study were
performed by untrained volunteers and demonstrated wide
variability. Ventilations may have been influenced by factors
such as size, gender, and enthusiasm. This is consistent with
findings from another paper investigating use of traditional
scuba regulators for ventilation.! Further studies will be
needed to determine whether full face masks could be used
for assisted ventilation of a submerged victim. Additionally,
the equipment worn by a diver might impact lung compliance
or ability to maintain an open airway. The mannequin in this
study included only a head and lungs and could not account
for these factors.

Even if further testing reveals that FFMs are not useful for
underwater ventilation, they could be helpful for ventilation
at the surface. In industrial or public safety diving, FFMs
may be worn to protect from contaminated water. In this
scenario, it would not be safe for the patient or rescuer
to remove masks and deliver ventilations using currently
recommended techniques. Assisting ventilation by use of the
FFM may be easier than other alternatives even in relatively
clean water.

The present study indicates that recommendations for
ventilation with a FFM might need to be model specific — the
Guardian performed best with shortest possible depressions
of the purge valve, while the Neptune III required one second
intervals. This complicates recommendation development
because there are many different models of FFM, and testing
all of them would prove logistically challenging. Even
within the same model, maintenance of regulators (or lack
thereof) could also impact their performance and ability to
deliver consistent volumes or pressures. The OTS Spectrum
and ScubaPro in particular introduce wide variability, as
they integrate any standard second stage regulator a diver
might be using into a FFM via a mouthpiece connector.
Given the variety of FFMs available, testing and providing a
recommendation tailored to each mask would be extremely
difficult if not impossible. Even if this could be done,
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delivering breaths safely and effectively in an emergency
would require the rescuer to know the exact type of mask
and regulator used by the patient and look up the proper
technique before use. This would necessitate significant
planning before an accident and would likely not be feasible
for rescuing anyone other than a well-known dive buddy.

The pressure results from this trial might suggest a way to
mitigate this issue. Even in trials where tidal volume was
very large, pressure remained well below the maximum
limit. This was likely because regulators, including those
in FFMs, are designed to allow a release of exhaled gas
once a certain pressure is reached. When the purge valve is
pressed, a diaphragm, valve, or exhalation channel opens ata
pressure set by the manufacturer, limiting the pressure inside
the mask and airway when attempting ventilations. The
pressure limitation by this relief mechanism likely affects
the amount of time that the purge valve must be pressed to
give a desired tidal volume. Specifically, the Guardian and
the Neptune III have distinctly different mechanisms to
allow the exhalation of gas through their relief mechanisms.
The Guardian uses a valve system, while the Neptune III
uses a gradient of pressure between the inside and outside
of the mask without a mechanical mechanism. If specific
mask design features listed by the manufacturer could be
correlated with trial results, it could be possible to provide
recommendations for how long to press the purge based on
brand or style of mask or regulator. This would allow for
more general recommendations that would be easier for
divers to implement.

This study has some limitations. It was performed on
a mannequin, at the surface, and with one experienced
paramedic delivering ventilations. Caution and further
study are needed before applying these results to real
patients, other rescuers (especially laypeople), or underwater
environments. These results should not be used to justify
patient use until further testing can be conducted.

Conclusions

Ventilation with a FFM could be feasible, although different
techniques were required based on the mask and regulator
used. Further testing is necessary before assisted ventilation
by FFM can be recommended for a submerged victim. Our
current findings are directly applicable to ventilation at
the surface, which could be an easier alternative and have
particular utility in rough or contaminated water and resource-
limited environments. Further testing in-water at depth will
be necessary to evaluate the masks’ use for ventilation in
the underwater environment. After sufficient study, addition
of underwater ventilation into dive rescue training could be
lifesaving in overhead, military, or decompression diving.
These results merit further investigation.
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