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Introduction

Oro-tracheal intubation remains a cornerstone in the advanced airway management of

critically ill or injured patients in the prehospital setting or emergency department. Rapid

sequence intubation (RSI) is the most used approach to achieve a definitive airway in rapidly

deteriorating patients.1 However, in contrast with elective intubation, emergent airway

management outside of the operating room poses unique challenges, including anatomical

factors, logistical issues, and physiological challenges such as hypoxia, hemodynamic instability,

regurgitation of gastric content, and aspiration risk. 2–4 In this framework, airway contamination

from blood, emesis, or secretions can impede the clinician’s ability to ventilate or oxygenate the

patient and to visualize the anatomical landmarks needed to perform a successful intubation,

either via direct or video laryngoscopy. Additionally, the presence of airway contaminants

increases the chance of failing first-pass intubation and of performing repeated attempts,5–9 which

has been shown to be a significant risk factor for airway or hemodynamic adverse events such as

hypoxia, aspiration of gastric contents, and cardiac arrest. 10–12



The increased risk of aspiration, and the higher incidence of oro-pharyngeal fluids such

as blood and emesis during emergent airway management led to the advent of the

Suction-Assisted Laryngoscopy Airway Decontamination (SALAD) technique, whose principles

involve utilizing a rigid suction catheter to evacuate airway contaminants during basic and

advanced airway management.13 The SALAD technique offers a method to maintain continuous

hypopharyngeal decontamination during laryngoscopy with a technique described as the

“SALAD Park” maneuver, in which the rigid suction catheter tip is placed at the upper

esophagus and repositioned to the left of the laryngoscope blade, thus allowing for continuous

airway suctioning without impeding the visualization of the glottic opening.

Apneic oxygenation has been shown to be beneficial in patients at risk of rapid

desaturation or those with a difficult airway and can be implemented via the use of humidified

high-flow nasal oxygenation systems,14–18 or standard nasal cannulae. 19,20 However, there is a

growing concern that continuous airway suctioning during emergent airway management might

have a detrimental impact on preoxygenation or apneic oxygenation due to the evacuation of the

supplemental oxygen provided to the patient. While the benefit of apneic oxygenation is well

documented in the literature and has become increasingly adopted as a technique in the past

decade,21–24 the impact of continuous oropharyngeal suctioning during emergency airway

management on airway oxygen levels remains unknown.

The present study aims to define the degree to which a large bore rigid suction catheter

connected to five separate suction sources will evacuate supplemental oxygen from the

hypopharynx of a task trainer mannequin undergoing apneic oxygenation as described by the



NODESAT (no desaturation) technique.19 Additionally, we evaluated a novel suction system that

utilizes a self-priming fluid pump mechanism that allows for airway suction only in the presence

of a contaminant, with the underlying hypothesis that intermittent suction might reduce the

degree to which supplemental oxygen is removed from the hypopharynx during the SALAD

Park maneuver.

Methods

Experimental Set-Up

A 7-Sigma Modular Partial Airway Trainer (7-SIGMA Simulation Systems, Minneapolis

MN) was instrumented with an SSCOR DuCanto large bore rigid suction catheter (SSCOR Inc.,

Sun Valley, CA) under video laryngoscopy to position its tip immediately proximal the larynx of

the mannequin and secured in place with a Thomas endotracheal tube holder (Laerdal, Stavinger

Norway) throughout the tests. A 3-meter gas sampling line (Smiths Medical, Minneapolis, MN)

was threaded through the mannequin from the distal trachea into a position immediately beneath

the vocal cords. A Carescape B450 Monitor (GE Medical, Helsinki, Finland) with a gas analyzer

module was connected to the gas sampling line and the data was recorded with a Sony A640

video camera (Sony Group Corporation, Minato, Tokyo) alongside a simple timing device to

collect the data in real-time from the gas analyzer (Figure 1). Apneic oxygenation was provided

via an Airlife Nasal Oxygen Cannula (Vyaire Medical, Mettawa, IL) and connected to a

Precision Medical Dial Flowmeter (Precision Medical, Northhampton, PA) connected to the

central hospital oxygen supply. At the start of each test, the oxygen flowmeter was set to 15

liters per minute and allowed to reach a steady state on the gas analyzer over 2 minutes.



Measurement of the airflow for each suction unit

Five portable suction units which represent widely available commercial devices in the

United States were utilized in this study. We tested each suction unit for their maximum gas

flow rates generated by their vacuum pumps through a TSI 5400 series flow meter (TSI,

Minneapolis MN) and was measured in liters per minute (LPM). The suction units evaluated

were the SSCOR Duet Suction unit (SSCOR, Inc., Sun Valley, CA), the Laerdal LSU Suction

unit, and the Laerdal LCSU 4 Laerdal Compact Suction unit (Laerdal, Stvinger, Norway). In

addition to these units, we tested suction obtained from a hospital’s central vacuum system

(Aurora Medical Center at Summit, Wisconsin) as well as the prototype of a novel suction unit,

the AIRO Suction Unit (CRO Medical, Missoula, Montana).

Impact of the individual suction sources on hypopharyngeal oxygen concentration (HOC):

We measured the oxygen concentration as a fraction of the oxygen present in the airway in the

gas mixture (FiO2).25 Hypopharyngeal oxygen concentrations (HOC) were defined as the FiO2

present at the hypopharyngeal level as measured by the Carescape B450 monitor. Each suction

system was tested in the mannequin for a period of 60 seconds after allowing the oxygen

concentration to reach a steady state (HOC 97%). All measurements for each suction unit were

repeated a total of 7 times. Utilizing the video recorded during each test run, the HOC was

recorded every 10 seconds from the beginning of the activation of each suction unit for a total

elapsed duration of 60 seconds.



Results

Suction Units Flow Rate

The suction unit with the highest flow was the central hospital vacuum system (38.4

LPM), closely followed by the SSCOR Duet Suction unit (38.3 LPM). The Laerdal LSU Suction

unit and the LCSU 4 Laerdal Compact Suction Unit generated a flow of 32 and 23 LPM,

respectively). The novel AIRO portable suction device prototype had an airflow of 0.75 LPM.

This extremely low flow rate was likely due to the fact that this device utilizes a self-priming

fluid pump as its core technology in lieu of a vacuum pump, which is utilized in the other suction

units (Figure 2).

Hypopharyngeal oxygen concentration variations while utilizing the five suction systems:

In our experimental setup, when no suction system was used, the HOC reached a steady

state of 97%. The utilization of the central hospital suction system led to a reduction in HOC

from 97% to 42 % at 10 seconds, and to 38% from 20 seconds after activation up to the end of

the experiment. The SSCOR Duet suction unit caused a similar change in HOC compared to the

central hospital suction system, with a reduction in hypopharyngeal oxygen concentration (HOC)

from 97% to 45% at 10 seconds, 40% at 20 seconds, and 38% throughout the remainder of the

test (30 seconds to 60 seconds). At 10 seconds, the Laerdal suction units (LSU and LCUS4)

reduced the HOC to 51% and 63% at 10 seconds, 59% and 49% at 20 seconds, 58% and 47% at

30 seconds, and to 45% and 46% at 60 seconds, respectively. In contrast, the AIRO unit did not



register a change in the HOC following activation, with the HOC maintained at 97% throughout

the experiment. While the rate in the decrease of HOC varied according to the suction system

used, all vacuum-based suctioning systems caused a similar decrease in HOC at 60 seconds from

activation, ranging from 38% to 46%, compared to when no suction systems were used (97%)

(Figure 3).

Discussion

In the present study, continuous oropharyngeal suctioning in an experimental setup

replicating apneic oxygenation during emergent airway management resulted in a significant

reduction in hypopharyngeal oxygen concentration. In contrast with vacuum-based suctioning

systems, the use of an experimental self-priming fluid pump was not associated with a reduction

in airway oxygen levels.

Preoxygenation during induction and airway management has been integrated into the

current standard of care and is associated with prolonged safe apnea time.26–29 Apneic

oxygenation further prolongs the time to desaturation and has been shown to be particularly

useful during rapid sequence intubation and for the management of difficult airways. 20–24,30 The

increase in patient’s oxygen reserves has been shown to reduce the risk of prolonged

oxyhemoglobin desaturation, which is associated with complications such as dysrhythmias,

hypoxic brain injury, cardiac arrest, and death,31 and to increase the operator’s confidence and

performance.32 However, especially during emergent airway management in the prehospital or

emergency department setting, healthcare providers may need to integrate multiple techniques

such as preoxygenation and oropharyngeal suctioning to ensure optimal outcomes. Namely,



during the management of a severely contaminated airway, prolonged suction of the

hypopharynx may become necessary due to the accumulation of airway contaminants (e.g.,

blood, emesis) which can defeat direct or video laryngoscopy and increase the risk of

complications such as aspiration.33–35 Nonetheless, continuous hypopharyngeal suctioning during

airway management can result in a significant loss of airway gas volume which may exceed the

delivery capacity of the nasal cannula, thus decreasing the oxygen delivered to a patient. To

address this issue, possible strategies include increasing the delivery of oxygen, performing

intermittent suctioning, or reducing the time to intubation. In this framework, the use of

high-flow nasal oxygenation at 50 or 60 liters per minute could potentially overcome the volume

depletion caused by the oropharyngeal suctioning. 36–38 Additionally, intermittent suctioning

could yield a lower loss of oxygen in the airway and could be implemented via the clamping and

unclamping of the suction line according to the presence of airway contaminants. Lastly, an

expeditious intubation could limit the need for prolonged and continuous suctioning, thus

limiting the loss of oxygen in the patients' airways. However, all of these approaches require

either equipment, additional personnel, or conditions that may not be easily found in the

emergent setting, especially in the prehospital environment.

The result of this study demonstrates that the use of a continuous suction technique (the

SALAD Park maneuver) during supplemental oxygen administration may reduce the

effectiveness of passive oxygenation utilizing a nasal cannula set to 15 liters per minute, as is

common and current practice. Depletion of supplemental oxygen in the hypopharynx occurs due

to the entrainment of ambient air into the hypopharynx through the mouth and nose due to the

flow of the vacuum pump, which, in our experimental setup, exceeded the supplemental oxygen



supply rate. The degree to which oxygen concentration depletion occurred with each suction

system tested was directly related to the gas flow generated by each individual suctioning

system. The SSCOR Duet suction unit depleted the HOC at a rate similar to the hospital central

vacuum system, whereas the Laerdal suction units depleted the HOC at a slower rate, attributable

to their lower gas flow than the SSCOR Duet unit and the hospital central suction system. The

AIRO unit demonstrated a negligible level of hypopharyngeal oxygen depletion in our tests,

which is attributable to its novel mechanism, a self-priming fluid pump—which moved a

negligible amount of gas when tested prior to the experiment in the instrumented mannequin.

While future clinical trials are needed to assess the variation in HOC during RSI and the role of

different suction devices, this study shows that the use of the SALAD Park maneuver might

affect the efficacy of apneic oxygenation during emergent airway management.

To the best of our knowledge, this descriptive study is the first to investigate the impact

of oropharyngeal suctioning and suction device type on airway oxygenation level. However,

there are several limitations that must be acknowledged. The study was conducted on a

mannequin under ideal and static conditions, without the presence of any airway contaminants. It

is likely that in the clinical setting, the impact of suction on oxygen concentrations might vary

significantly according to changes in suction cannula positioning, presence and amount of airway

contaminants, and anatomical variations. Furthermore, during rapid sequence intubation in

urgent or emergent settings, airway oxygenation can be further influenced by the duration of the

preoxygenation, the patient’s breathing, prior bag-valve-mask ventilation, and factors such as the

type and positioning of the nasal cannulae. Lastly, we conducted our analysis using standard

nasal cannulae at an oxygen flow rate of 15 liters per minute. However, high-flow nasal cannulae



can deliver up to 60 liters per minute.37,38 While the set-up we chose may enhance the

generalizability of our findings, as the resources needed for apneic oxygenation via standard

nasal cannulae and low-flow oxygenation are available in most healthcare settings, future

experimental setups using high-flow nasal cannulas are needed.

Conclusion

Hypopharyngeal oxygen concentrations during apneic oxygenation are inversely

proportional to the gas flow rate generated by suction units. Consequently, the use of continuous

oropharyngeal suctioning during emergent airway management might have a detrimental impact

on oxygen concentrations in the patient's airways. The utilization of a self-priming fluid pump

was associated with a reduced gas flow rate and a minimal impact on airway oxygen

concentration. Future clinical studies investigating the implications of suctioning during

definitive airway management are warranted.
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Figure 1: Experimental set-up.



Figure 2: Maximum Flow Rates of Suction Systems evaluated in study.



Figure 3: Reductions in mannequin hypopharyngeal oxygen concentration (HOC)
over 10-second intervals according to suction source.


