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Extending the safe apnea window: preclinical
evaluation of the Turbo® O, cap for hypoxia
mitigation during difficult intubation
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Abstract
The Turbo® O, Cap is a novel, FDA Class | airway device designed to mitigate hypoxia during difficult intubation
by delivering high-flow oxygen directly to the glottic area. This study evaluates the performance of the device in a
porcine model simulating rapid sequence intubation (RSI) under conditions of paralysis and apnea. Three Yorkshire
pigs underwent a total of 12 intubation cycles: six control cycles using a standard endotracheal tube (ETT) without
oxygen, and six test cycles with the Turbo® O, Cap delivering 15 L/min of oxygen through the ETT.
In all control cycles, oxygen saturation dropped from the mid-to-high 90s to below 75% in less than one minute.
In contrast, all test cycles maintained oxygen saturation in the high 90s throughout the full 10-minute observation
period. This difference was statistically significant (6/6 vs. 0/6 cycles, Fisher's exact p=0.002). No other current
device or method has demonstrated this level of performance in preventing hypoxia during apneic intubation.
The likely mechanism of action is passive diffusion: oxygen is delivered just proximal to the vocal cords, creating
a steep concentration gradient that facilitates diffusion into the lungs despite the absence of active ventilation. The
Turbo® O, Cap may represent the first practical, passive solution for hypoxia mitigation during RSI. While further
studies in humans are needed, these results provide strong early evidence that the device can extend the safe
apnea window and may improve outcomes during high-risk airway management.
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Introduction

Emergent endotracheal intubation is a lifesaving proce-

dure frequently performed in emergency departments.
(ED), intensive care units (ICU), and pre-hospital set-

tings. While often routine in operating rooms (OR),

where patients are prepared, monitored, and managed

by anesthesiologists, intubations outside the OR carry a
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can decline precipitously during rapid sequence intuba-
tion (RSI). Studies have shown that patients may reach
critical hypoxia within 45 to 60 s of apnea [2], with severe
desaturation (SpO, <75%) reported in over 20% of ICU
and ED intubations [3, 4]. Multiple intubation attempts,
delays in securing an airway, and inadequate preoxygen-
ation further exacerbate the risk. Existing adjuncts such
as nasal cannulas or video laryngoscopy may improve
visualization or slightly extend safe apnea time, but they
do not reliably prevent hypoxia in patients who are not
breathing [5].

The Turbo® O, Cap was specifically designed to be the
first device capable of mitigating hypoxia during difficult
intubations by delivering high-flow oxygen during the
apneic phase, even in paralyzed, non-breathing patients.
Human studies will be necessary to confirm the device’s
clinical effectiveness, and this animal study represents
a critical first step in that validation process. The device
is a low-complexity, high-flow oxygenation cap that
attaches to standard adult endotracheal tubes and deliv-
ers 15 L per minute of 100% oxygen. It incorporates dual
pressure-relief valves to reduce the risk of barotrauma
and allows for simultaneous passage of a stylet [6, 7].
Although this study presents the preclinical performance
of the device in a porcine model, the Turbo® O, Cap has
since received FDA Class I designation and is now com-
mercially available in the United States [6].

This study evaluates the Turbo® O, Cap in a controlled
porcine model designed to simulate difficult intubations
in paralyzed, non-breathing animals under RSI condi-
tions. The objective was to determine whether the device
could prevent or delay the onset of hypoxia compared
to standard practice without oxygen delivery during
intubation.

Materials and methods

Study design and ethics

The study was conducted at Absorption Systems Califor-
nia, LLC (ASC), a Pharmaron Company, using a porcine
model to evaluate the Turbo® O, Cap during simulated
difficult emergent intubation. The protocol was approved
by ASC’s Institutional Animal Care and Use Commit-
tee (IACUC) on March 22, 2022 under IACUC protocol
number 22C627Q), and all procedures were conducted in
accordance with the National Research Council’s Guide
for the Care and Use of Laboratory Animals (8th edition)
and the AVMA Guidelines for the Euthanasia of Animals
(2020).

Device description

The Turbo® O, Cap is designed to mitigate hypoxia during
intubation, the Turbo® O, Cap is a disposable, FDA Class
I device that delivers high-flow oxygen through a stan-
dard adult endotracheal tube (ETT). The cap connects
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to a universal 15 mm ETT connector, making it compat-
ible with any commercially available adult endotracheal
tube. It enables delivery of up to 15 L per minute of 100%
oxygen via a side-port tubing inlet. The device includes
a stylet passthrough port enabling standard intubation
techniques, and is designed for use with ETTs sized 5.5
mm to 9.0 mm internal diameter. The entire unit is con-
structed from rigid medical-grade polycarbonate and
medical-grade silicone components [6].

The Turbo® O, Cap is intended to be removed imme-
diately after successful intubation and inflation of the
ETT cuff, at which point the operator transitions to con-
ventional ventilation methods, such as manual ventila-
tion using a bag-valve-mask (BVM) or connection to a
mechanical ventilator. If the cap is inadvertently left in
place after the ETT cuff is inflated, the now closed respi-
ratory circuit could begin to build pressure. To prevent
over pressurization in this unlikely scenario, the device
includes two redundant silicone pressure-relief valves,
which automatically activate at approximately 20 cm
H,O. These valves are purely a safety mechanism and
are not used during routine operation of the device. The
engineering development and benchtop validation of the
device have been previously described in detail [7].

Animal model

Three Yorkshire pigs (Sus scrofa domesticus), each
weighing approximately 65-85 kg, were used in the
study. The animals were obtained from an ASC-approved
vendor and acclimated for at least five days prior to test-
ing. All animals were kept under deep sedation through-
out the entire procedure. Sedation was maintained at all
times to ensure that the animals did not experience pain
or awareness during any part of the protocol.

Animals were sedated with telazol (4—6 mg/kg IM)
and xylazine (2 mg/kg IM) for induction and main-
tained under continuous deep anesthesia with isoflu-
rane (1-3%). Depth of anesthesia was confirmed by
the absence of corneal and pedal reflexes prior to each
experimental cycle. Isoflurane anesthesia was adminis-
tered during periods when the animals were intubated
and mechanically ventilated, including baseline prepara-
tion and recovery between experimental cycles, but was
not delivered during the apneic experimental phase when
the endotracheal tube was positioned proximal to the
vocal cords. During designated segments of the study, the
animals were also chemically paralyzed using succinyl-
choline (1 mg/kg IV) to simulate apneic, non-breathing
conditions.

Experimental procedure

Three animals underwent four total cycles: two control
cycles and two test cycles, for a total of 12 cycles across
the study. Control cycles involved use of an endotracheal
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tube (ETT) without oxygen; test cycles involved the ETT
fitted with the Turbo® O, Cap and oxygen flowing at 15 L/
min.

Each cycle included preparation, sedation, and admin-
istration of paralytics. The animals were placed in the
prone position. After IV paralytic was given, a standard
laryngoscope was used to elevate the jaw, and an endotra-
cheal tube was placed in the back of the throat with the
tip proximal to the vocal cords, in the area of the glottis
but without advancing through it. The endotracheal tube
was positioned so that it did not obstruct visualization of
the vocal cords, simulating a difficult intubation scenario.
The laryngoscope was maintained in position through-
out each experimental cycle, keeping the oral cavity and
upper airway continuously open to the external environ-
ment and preventing the development of positive airway
pressure.

Animals were not preoxygenated prior to initiation of
the experimental cycles. This decision was intentional
and designed to simulate urgent or emergent intubation
conditions in which adequate preoxygenation may not be
feasible. In addition, effective preoxygenation in swine is
technically challenging due to facial anatomy and airway
geometry, which can limit mask seal and reproducibility.
Omitting preoxygenation ensured a consistent and con-
servative baseline across cycles and avoided confounding
attribution of oxygenation effects to pre-existing alveolar
oXygen reserves.

In control cycles, the endotracheal tube delivered no
oxygen. In test cycles, the Turbo® O, Cap was attached to
the endotracheal tube, with oxygen flowing at 15 L/min,
directed near the entrance of the glottis.

Oxygen saturation was monitored and timed until it
reached 75% or 10 min post paralytic injection, which-
ever came first, thus marking the end of a cycle. The ani-
mal was then intubated and ventilated back to baseline
or greater than 90% oxygen saturation. This ensured that
each cycle began from a comparable physiologic baseline,
minimizing potential sequence bias.

Data collection and safety monitoring

Standard data collection included sex, age, weight, oxy-
gen saturation per unit of time, and time to reach 75%
saturation, if applicable. Oxygen saturation was continu-
ously monitored by pulse oximetry. Vital signs, anes-
thetic depth, and post-procedure status were recorded
throughout the experiment by trained personnel, includ-
ing licensed veterinarians and certified veterinary tech-
nicians. Effective muscular paralysis and apnea were
confirmed by continuous direct visual observation,
including absence of spontaneous respiratory effort, chest
wall movement, and voluntary or reflex motor activity,
as assessed by the attending licensed veterinarians and
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certified veterinary technicians, with direct on-site over-
sight by the study investigators.

Following completion of the acute procedures, ani-
mals were euthanized while still under deep anesthesia
by intravenous administration of potassium chloride (2
mEq/kg IV). This method was selected because it ensures
immediate cardiac arrest and is consistent with the
AVMA Guidelines for the Euthanasia of Animals (2020).
All procedures were performed in accordance with the
approved IACUC protocol (22C627Q) and the National
Research Council’s Guide for the Care and Use of Labo-
ratory Animals (8th edition).

Statistical analysis

The primary endpoint was defined as the proportion of
cycles maintaining SpO, >95% through 10 min. Groups
were compared using Fisher’s exact test due to small
sample size and complete separation. Given two cycles
per condition per animal (#=3 animals), these analyses
are exploratory and may underestimate clustering. No
adjustment for multiplicity was performed.

Results

The results of the six test cycles (Turbo® O, Cap with
oxygen) and six control cycles (no Turbo® O, Cap and no
oxygen) are shown below in Figs. 1 and 2. Figure 2 dis-
plays all 12 cycles individually. Key findings include:

1. Primary endpoint: SpO, =95% was maintained for
10 min in 6/6 Turbo cycles vs. 0/6 control cycles
(Fisher’s exact p =0.002).

2. In all six control cycles, oxygen saturation dropped
from the mid-to-high 90s at the start of the
procedure to below 75% within less than one minute,
representing dangerous hypoxia.

3. In all six test cycles, oxygen saturation increased
from the mid-to-high 90s at the start and remained
in the high 90s for the full 10-minute observation
period.

4. The test cycles demonstrated highly consistent
oxygen saturation curves with minimal variability
across all six runs. A similar pattern of consistency
was observed in the control cycles, where all animals
demonstrated a rapid and uniform desaturation
trend.

Figure 3 presents the same data in an aggregated format,
summarizing the average results for the six test and six
control cycles. The combined trendlines clearly show a
steep decline in oxygen saturation to below 75% within
one minute for the control group, while the test group
showed a sustained increase to high 90s that was main-
tained throughout the entire 10-minute period [6].
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Fig. 1 Labeled schematic of the Turbo® O, Cap device. The device connects to a standard adult endotracheal tube via a universal 15 mm adapter. It fea-
tures a high-flow oxygen delivery port (15 L/min), dual redundant safety pressure relief valves (activating at ~ 20 cm H,0), and a stylet access port allowing
for conventional intubation techniques. The device is designed to deliver oxygen directly to the glottic inlet during apnea and is removed immediately

after successful intubation and cuff inflation
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Fig. 2 Individual oxygen saturation (SpO,) curves from all 12 intubation cycles, including six control cycles (no Turbo® O, Cap and no oxygen) and six test
cycles (Turbo® O, Cap with oxygen). Saturation trends are shown from baseline through the end of each cycle

Discussion

This threshold-based statistical analysis confirms that
Turbo cycles reliably maintained normal oxygen satu-
ration, while control cycles desaturated as predicted,
consistent with human rapid sequence intubation.This
preclinical physiology-based study demonstrates that
the Turbo® O, Cap consistently prevented desaturation
in a porcine model simulating difficult intubation under
RSI conditions. In all control cycles, oxygen saturation
dropped below 75% within one minute, a level consid-
ered to represent dangerous hypoxia. In contrast, all test
cycles using the Turbo® O, Cap maintained oxygen satu-
ration in the high 90s throughout the entire 10-minute
observation period. This level of consistency across all

animals and all cycles strongly suggests that the device
may be effective in extending the safe apnea window dur-
ing the intubation procedure.

The mechanism behind this effect is likely passive dif-
fusion of high-concentration oxygen delivered directly
to the glottic area during apnea. A simple theoretical
explanation is that 100% oxygen is delivered in front of
the vocal cords, while the lungs—just a few centimeters
behind—contain lower concentrations of oxygen due
to apnea. Because oxygen is a relatively light gas, this
concentration difference enables passive diffusion. The
Turbo® O, Cap delivers the oxygen flow down the ETT,
which is positioned directly near the entrance of the glot-
tis, providing oxygen molecules to enter through the
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Fig. 3 Aggregated average oxygen saturation trendlines comparing six test cycles (Turbo® O, Cap with oxygen) to six control cycles (no device, no oxy-
gen). Control cycles demonstrate rapid desaturation; Test cycles maintain high saturation throughout

glottis opening and subsequently entering the lungs. In
contrast, apneic oxygenation with a nasal cannula places
the oxygen source at the external nares—several centime-
ters from the glottic inlet—where much of the oxygen is
lost to ambient air, and only a fraction is available to dif-
fuse across the upper airway. Conceptually and mechani-
cally, the Turbo® O, Cap represents a fundamentally
different approach by delivering oxygen at the anatomical
root of the airway, just proximal to the vocal cords. This
observed effect is consistent with Fick’s Law of diffusion,
which states that the rate of gas transfer increases with
greater surface area, higher gas diffusivity, and a steeper
partial pressure gradient, and decreases with greater
membrane thickness. The large oxygen gradient between
the glottic inlet (~100% O,) and the oxygen-depleted
lungs in the apneic state provides the driving force for
passive diffusion into the alveoli.

By maintaining oxygenation during apnea, this
approach may reduce the need to interrupt intubation
attempts solely due to oxygen desaturation. In clinical
practice, such interruptions often require removal of the
laryngoscope and resumption of bag-mask ventilation
prior to subsequent attempts, which can increase proce-
dural time, airway manipulation, and the risk of gastric
insufflation. Although these outcomes were not directly
measured in the present study, sustained oxygenation
during prolonged apnea may allow clinicians additional
time to optimize technique without repeated interrup-
tion for rescue ventilation.

The animals in this study were intentionally not preox-
ygenated prior to the apneic phase. Classical descriptions
of apneic oxygenation or diffusion respiration, includ-
ing those originally described by Frumin and colleagues,

were based on preoxygenated lungs and involve complex
interactions among alveolar oxygen reserves, gas solubil-
ity, and ongoing oxygen uptake despite absent ventilation
[8]. In the present study, omission of preoxygenation was
deliberate and reflects urgent airway scenarios in which
adequate preoxygenation is incomplete or not achievable.
While oxygen uptake during apnea is known to be multi-
factorial, the objective of this study was not to dissect the
precise physiologic mechanisms involved, but rather to
evaluate whether targeted oxygen delivery at the level of
the glottis could functionally prevent desaturation under
high-risk, non-preoxygenated conditions.

To our knowledge, no currently available method has
demonstrated this level of effectiveness in preventing
hypoxia during difficult intubation, particularly under
conditions of paralysis and apnea. Nasal cannula-based
apneic oxygenation remains the only widely used adjunct,
but its performance is inconsistent and often inadequate
[5]. In current practice, if oxygen saturation falls during
an intubation attempt, the standard intervention is to
remove the laryngoscope and resume bag-mask ventila-
tion until saturation recovers. This interrupts the intu-
bation process and may increase the risk of losing the
airway. The Turbo® O, Cap is designed to sustain oxy-
genation throughout the intubation, thereby reducing or
eliminating the need for such interruptions. The Turbo®
O, Cap may be the first device shown to reliably miti-
gate hypoxia during apneic intubation. Its low cost and
compatibility with standard equipment may allow broad
adoption across emergency and critical care settings.
While no formal statistical analysis was conducted due
to the small sample size, the uniformity of the observed
results—including the graphical trends across all 12
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cycles—was striking. The clear separation between con-
trol and test groups, and the complete avoidance of
desaturation in the test cycles, provides strong early sup-
port for this novel approach.

Limitations of this study include its small sample size
(three animals), the use of a preclinical model, and the
absence of arterial blood gas (ABG) data. Although the
small sample size limits the precision with which the
magnitude of the effect can be estimated, the complete
and consistent separation between the control and test
groups across all animals reduces the likelihood that
these results are due to chance. Although arterial blood
gas analysis was not part of the original protocol, this
decision reflected the study’s initial focus on oxygen satu-
ration as the most clinically relevant metric during dif-
ficult airway management. The unexpectedly prolonged
maintenance of ~99% saturation for 10 min in the test
cycles has now prompted consideration of ABG measure-
ments in future studies, to explore secondary parameters
such as pH, lactate, and PaCO,. Another way to frame
this is that if the device had only extended the safe apnea
window to approximately 1.5 min instead of 10 min, ABG
sampling would not even be under discussion, as the pri-
mary focus would remain on oxygen saturation decline.
Additionally, while the model mimics the apneic state
typical of RS, it does not account for variables such as
airway obstruction, trauma, or anatomical variability that
may be present in human patients. Nonetheless, these
results offer compelling early evidence that the Turbo®
O, Cap may address one of the most persistent and dan-
gerous problems in airway management: severe hypoxia
during intubation, which can cause patient harm, irre-
versible injury, or death. If confirmed in larger studies,
this device could represent a paradigm shift in how we
protect patients during predicted and unpredicted high-
risk airway procedures.

Conclusions

In this preclinical study, the Turbo® O, Cap successfully
prevented oxygen desaturation during simulated difficult
intubation in paralyzed, non-breathing animals. All con-
trol cycles without oxygen experienced rapid hypoxia,
similar to the desaturation patterns that may be observed
in human patients undergoing rapid sequence intuba-
tion. In contrast, all test cycles using the Turbo® O, Cap
maintained oxygen saturation in the high 90s for the full
10-minute observation period. The results support the
hypothesis that delivering high-concentration oxygen
directly to the glottic area can extend the safe apnea win-
dow of time during intubation.

The Turbo® O, Cap may be the first device shown to
reliably mitigate hypoxia under rapid sequence intuba-
tion conditions. The porcine model used in this study is a
well-established human analog for airway physiology, and
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the rapid sequence induction protocol was identical to
that used in human clinical practice. Given the close sim-
ilarity of the model to human conditions, these results
would be expected to produce similar performance in
clinical use. The ability to maintain near-normal oxygen
saturation for prolonged periods during apnea could
be valuable for all patients undergoing intubation, as
hypoxia can occur unexpectedly even in seemingly low-
risk cases. Certain populations, such as those with severe
illness, traumatic injury, or obesity, are at particularly
high risk and may benefit the most from this capability.
The next logical step would be a larger animal study using
this established protocol, incorporating arterial blood gas
analysis to capture secondary physiological parameters
such as pH, lactate, and PaCO,. These data could provide
a more comprehensive characterization of the device’s
physiological effects and further strengthen the evidence
base.

Abbreviations

RSI Rapid Sequence Intubation
ETT Endotracheal Tube

SpO,  Peripheral Oxygen Saturation
ABG Arterial Blood Gas

BVM Bag-Valve—Mask
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