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APNEA LIFE THREATENING HYPOXIA DURING
EMERGENT ENDOTRACHEAL TUBE INTUBATION

OVERVIEW, DEFINITIONS, INCIDENCE, RELEVANCE, EXISTING AND FUTURE SOLUTIONS
I OVERVIEW

Emergent endotracheal tube intubation is a complex, dynamic, and at times, difficult procedure with major
patient consequences. For critically ill and injured patients undergoing emergency tracheal intubation,
failure to intubate the trachea on the first attempt and/or maintain adequate hemoglobin oxygen saturation
levels during intubation can lead to severe hypoxia, cardiac arrest, and death (Driver, 2021). Even with
preoxygenation methods being introduced to maintain/increase patient oxygen saturation levels, if a
patient has not achieved an oxygen saturation level of 93% to 95% before endotracheal tube intubation,
the patient has an increased likelihood of rapid desaturation during their apneic and tracheal intubation
periods. This is because critically ill and/or injured patients who are already under stress with saturation
levels below 90% can rapidly desaturate in seconds during attempted intubation (Weingart, 2011). The
challenge for medical providers is to maintain the patient’s hemoglobin oxygen saturation level and secure
an endo-tracheal tube rapidly on the first attempt - without critical hypoxia or aspiration manifesting
(Weingart, 2011). Unfortunately, no viable medical solution exists today that significantly reduces the
severity of endotracheal tube intubation-related hypoxia in emergency-related patients. The search for an
efficacious solution to prevent this problem has led to the development of the Turbo® O Cap. The Turbo®
O: Cap attaches to the proximal end of an endotracheal tube while simultaneously allowing up to 15 L/min
of supplemental oxygen to flow through the endotracheal tube into the oral pharynx proximal to the vocal
cords. Preliminary animal studies indicate that the Turbo® O cap may facilitate diffusion respiration
(even if the patient is chemically paralyzed and not breathing) with oxygen going into the blood stream
and carbon dioxide coming out into the atmosphere. Animal research on the Turbo® O- has demonstrated
that it may extend the safe apnea period up to 16 minutes, while maintaining > 97% oxygen saturation
level. The Turbo® O: Cap solves a major medical problem and can be the new standard of care for not
just emergent, but all endotracheal tube intubations.

11 DEFINITIONS

A. INTUBATION is an interventional procedure that can help save a life when a person cannot breathe
spontaneously.

Endotracheal intubation is usually performed in a hospital setting during an emergency, for the critically
ill and injured, as an emergency lifesaving procedure, or it can be performed before surgery. A healthcare
provider uses a laryngoscope to guide an endotracheal tube (ET) into the mouth, then between the vocal
cords and into the trachea. For nasotracheal intubation, an ET tube is placed into the nares and passed
between the vocal cords. Subsequently, the patient is then connected to a ventilator which blows
oxygenated air into a patient’s airway and lungs for assisted mechanical breathing (Clev-Clin, 2021).
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Examples of major issues requiring intubation include:

e Respiratory failure (breathing) or apnea (a temporary stop in breathing)

e Cardiac arrest

e Injury or trauma to the neck, abdomen, or chest that affects the airway

e Loss of consciousness or a low level of consciousness, which can make a person lose control of
the airway

e Airway obstruction (something caught in the airway, blocking the flow of air)

e Risk for aspiration (breathing in an object or substance such as food, vomit, or blood)

B. HYPOXIA is a state in which the tissues of the body do not have sufficient amounts of oxygen.

If oxygen is not available in sufficient amounts, the body cannot maintain adequate physiological internal
stability. During this time, the lungs are receiving virtually no oxygen and the oxygen saturation levels
can drop dramatically. Without oxygen, key organs such as brain, heart, liver, and lungs can be damaged
within a few minutes and in some instances, within seconds. Ultimately, if not corrected, this may lead to
permanent complications or death. The measurement of oxygen levels can be via direct blood samples or
by indirect measurements through the skin. This second method measures the “saturation” of oxygen in
the form of percentages from 0-100% and is the most practical way to measure oxygen in a patient in
“real-time”. The scale is as follows:

Oxygen Saturation Level Description (Hafen, 2021)
100-95% a normal, healthy spontaneously breathing patient
<92% A patient is considered to have hypoxia

A patient is considered to have severe hypoxia; if left
<85% uncorrected, the brain will be affected with visual,
cognitive, and electroencephalographic changes.

The highest incidence of hypoxia occurs during an emergent endotracheal tube procedure. Specifically,
when a medical provider is faced with an unplanned, unprepped patient emergency and the patient is
presented with hypoxemic conditions and/or the provider is struggling to insert the endotracheal tube
between the vocal cords and into the trachea. Typically, once a patient’s oxygen saturation levels drop
below 90% worsening hypoxia occurs rapidly, especially in patients who are already under stress (i.e., the
drop from 90-80% or lower can be as rapid, or even faster, than that from 92-90%)

I RELEVANCE WITHIN THE HOSPITAL ENVIRONMENT
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Intubations are performed in two primary areas of the hospital; (1) operating rooms (OR) in which the
procedure is typically in a controlled fashion and (2) other hospital locations in which the control of the
procedure is unplanned/unprepped to include — Emergency Departments (ED) and Intensive Care Units
(ICU). In 2022, it’s estimated that 34.3 million emergent intubations were performed in the ED and ICUs,
worldwide (Griesdale, 2011). In 2022, in the U.S, its estimated 13.2 million emergent intubations were
performed within the ED and ICUs (DataM, 2022).

Data shows the OR has lower complication rates related to endotracheal tube intubation for a number of
suspected reasons including (1) most are planned and controlled surgeries, patients are prepped (2) well-
lit rooms, (3) extensively trained anesthesiologists performing the intubations which is a major part of
their job function (4) better/more equipment and (5) a large number of support staff (Asai, 2018).

Statistically, the ED and ICUs experience higher complication rates related to endotracheal tube
intubations for a number of reasons including (1) intubations are unplanned —“crash” (2) the patients are
typically not prepped (3) poorly lit rooms (4) the patients are typically under physiological and physical
stress (5) variable levels of staff training from formal emergency residency, to family practice, to
respiratory therapists (6) substandard, lack of supplies and missing equipment (7) decreased number of
support staff.

Numerous articles have been published looking at the complication rates related to intubating the critically
ill and injured, with complication rates for emergent intubation reported as high as 40% within the ED
and ICUs (Simpson, 2012). In a study by Taboada et al, a direct comparison of 416 patients revealed the
following key differences between the O.R. and the ED/ICU environment, with the ED/ICU experiencing
(Taboada, 2018):

(1) less success of first pass intubation
(2) overall higher incidence of difficult intubations
(3) and most importantly, a higher number of complications.

In another study by Nadeem et al, a total of 201 intubations were evaluated, with a low success rate of
first attempt intubation at 67% for Emergency Room physicians (Nadeem, 2017).

v HYPOXIA IS THE PRIMARY COMPLICATION WITH EMERGENT INTUBATIONS

The most common complication of emergent endotracheal tube intubation is life-threatening hypoxia
(Benedetto, 2007). Additionally, hypoxia is feared by many medical providers within the ED and ICUs
due to its speed of onset when struggling to intubate, as the number of endotracheal tube intubation
attempts is directly related to the rate and severity of hypoxia. In one study hypoxia was seen in 70% of
patients that required multiple intubation attempts (Thomas, 2004). Hypoxia can result in life-
threatening complications such as bradycardia, cardiac arrest and neurocognitive dysfunction,
either permanent or transient; particularly at saturations below 70% (Thomas, 2004; Bickler, 2017).

Additionally, clinical guidelines by the Eastern Association for the Surgery of Trauma, as well as the
Brain Foundation, stress the importance of maintaining saturations to avoid hypoxia and subsequent brain
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injury when dealing with difficult emergent intubations to directly reduce morbidity and mortality (Bodily,
2016).

¢ Inastudy published in the Annals of Emergency Medicine, patients breathing room air who are
then chemically paralyzed (Rapid Sequence Intubation) were found to become profoundly
hypoxic in as little as 45-60 seconds (Weingart, 2012).
e In a study by Bodily, et al, it is noted that 1 in 3 patients | Key ED/ICU Intubation Hypoxia

undergoing rapid sequence intubation (RSI) in the ED Take Aways

experienced oxygen desaturation for a median duration e For patients who undergo RSI

of 80 seconds. Pre-intubation saturation of less than 93%, hypoxia can be seen in as little

multiple intubation attempts, and prolonged intubation time as 45-60 seconds

are independently associated with oxygen desaturation

(Bodiy. 2016). G
e In astudy by Simpson, et al, 794 intubations were analyzed dull?ation of 8}(;pseconds

looking at the at the incidence of severe hypoxia (study

noted hypoxia as <80%) during endotracheal intubation of e Inthe ED and ICU, critically ill

critically ill adults, within the ED and ICU. 22% of adults t(22‘;A) and 21.5%

patients experienced severe hypoxia (Simpson, 2012). ﬁﬁf;;ﬁﬁﬁ;ﬁﬁ;ﬁ severe
e Ina study by McKown et al, 433 intubations were analyzed intubation

looking at the incidence of severe hypoxia (study noted

hypoxia as <80%) during endotracheal intubation of ¢ Hypoxia seen in 70% of patients

that require multiple intubation
attempts

critically ill adults, within the ICU. Ninety-three patients
(21.5%) experienced severe hypoxia (McKnown, 2018).

VI PRESENT COMMERCIAL OPTIONS

To date, no commercial medical product has been shown to consistently and effectively reduce the
incidence of hypoxia associated with emergent endotracheal tube intubations. A few techniques and
products have provided limited improvement in specific ways:

Video laryngoscopy (VL) is a method of intubation in which a live camera is mounted within the
laryngoscope to provide a better image than standard direct laryngoscopy. While this does not reduce
hypoxia when a provider is struggling to intubate, it does appear to improve the intubation success rate
approximately 84% to 93% when used in non-operating room locations such as the ED and ICU
(Griesdale, 2011; Aziz, 2012).

Pre-oxygenation (PO) is a technique in which oxygen is provided prior to an attempted intubation with
the goal of creating a “store of oxygen in the alveoli” or a ‘safe buffer’ during periods of hypoventilation
and apnea (Weingart, 2012). The premise is to increase the duration of safe apnea, defined as the time
until a patient reaches a saturation level of 88% to 90%, allowing for the placement of a definitive airway.
When patients desaturate below this level, their status is on the steep portion of the oxyhemoglobin
dissociation curve and can decrease to critical levels of oxygen saturation (<70%) within moments
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(Weingart, 2011). The most common method to perform PO is via a face mask for an estimated three
minutes (Weingart, 2012). This technique is limited to those patients in which there is time to deploy it,
such as in the operating room with a scheduled surgery. In most cases within the ED and ICUs, there is
no time to deploy this technique in a patient who experiences a critical illness such as COVID related
respiratory failure or cardiac arrest. The benefits of pre-oxygenation depend on the health of the patient
and intubation circumstances with studies showing variability from 5 minutes to as fast as 23 seconds
before significant hypoxia manifests (Wong, 2017). It is difficult to predict the time to desaturation after
preoxygenation in the Emergency Department, however, it is important to remember that critically ill and
obese patients can desaturate quickly (Rezaie, 2014).

Apneic oxygenation (AO) is a technique most frequently described by using a nasal cannula to provide
supplemental oxygen while the patient is attempted to be intubated. The term “apneic” implies that the
patient was chemically paralyzed; thereby, eliminating standard breathing. The mechanism of action is
oxygen from the nasal prongs that partially diffuses into the back of the oropharynx and into the pulmonary
system. This technique has documented mixed reviews with the best outcomes found in research within
a controlled operating room setting. A recent narrative review found that 28% of apneic oxygenation
studies in the ED and ICU had no improvement, and even those that did show improvement were small in
sample size. Moreover, neither measured nor were adequately powered to detect adverse respiratory
events or other serious rare complications. (Wong, 2017).

In summary, adjuncts/methods such as VL, PO and AO have been found to show some limited
improvement in reducing hypoxia with difficult intubations; none have resulted in significant progress to
consistently reduce or eliminate endotracheal tube intubation-related hypoxia.
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