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Abstract

Objective: Introduce novel methods and materials to limit microdroplet spread when

performing transnasal aerosol generating procedures in the COVID-19 era.

Methods: Prototypes of a negative pressure face shield (NPFS) were tested then

used clinically to create a suction-clearing negative pressure microenvironment with

controlled access to the nose and mouth. Air pressure measurements within proto-

types were followed by prospective evaluation of 30 consecutive patients treated

with the device assessed through questionnaires and monitoring oximetry.

Results: The NPFS is a transparent acrylic barrier with two anterior instrumentation

ports and a side port to which continuous suction is applied. It is positioned on a

stand and employs a disposable antimicrobial wrap to secure an enclosure around

the head. This assembly was successfully used to complete transnasal laryngoscopy

in all 30 patients studied. Tolerance of the design was excellent, with postprocedure

questionnaire identifying no shortness of breath (27/30), no claustrophobia (27/30),

no pain (29/30), and no significant changes in pulse oximetry.

Conclusion: Diagnostic laryngoscopy was successfully performed in a negative pres-

sure microenvironment created to limit dispersion of aerosols. Further application of

the NPFS device is targeted for use with transnasal laryngeal laser and biopsy proce-

dures to be followed by additional modification to enable intranasal and intraoral pro-

cedures in a similar protected environment.

Level of Evidence: Level 2b (Cohort Study).
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1 | INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic has radically

altered the approach to medical care to impact the management of

disorders of the upper aerodigestive tract. Risk of viral spread during

the aerosol generating procedure (AGP) of transnasal laryngoscopy

was addressed through a consensus development webinar involving

300 participants from the American laryngology community on March

24, 2020.1 This consensus was presented early in the pandemic and

recommended screening patients to radically limit use of this
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procedure. The recommendation at that time concluded that “flexible

laryngoscopy should only be performed in critical cases” and “alterna-

tives to laryngoscopy should be considered.” Additional recommenda-

tions were made for practitioner to use protective gear in a negative

pressure or designated isolation room, and to attend to appropriate

disinfection of equipment and the examination room.

Through evolving knowledge regarding protective measures,

restrictions have been eased over the past months. Guidelines for safe

return to practice to resume the practice of flexible laryngoscopy were

disseminated online by the American Academy of Otolaryngology-

Head and Neck Surgery (AAO-HNS) on May 8.2 These guidelines iden-

tify that flexible nasal laryngoscopy “may potentially increase the likeli-

hood of cough, gag, and sneeze, with possible subsequent

aerosolization, and therefore appropriate precautions should be consid-

ered based on individual clinical circumstances.” The AAO-HNS recom-

mendations focused on use of personal protective equipment (PPE) and

also discussed concern of the variability in COVID testing—emphasizing

a high false negative rate.

Screening patients with nasopharyngeal or oropharyngeal swabs

to test for SARS-CoV-2 infection with the reverse transcription poly-

merase chain reaction (RT-PCR) assay has become common practice

at some institutions before performing transnasal laryngoscopy but is

still limited at others. A recent publication from the Johns Hopkins

School for Public Health acknowledges a high false negative rate early

in the course of infection and suggest that “care must be taken” when

using these results as a basis for removing precautions.3

In addition to use of PPE, other methods have been improvised to

help separate the patient from the health care worker in addressing the

concept that all patients should be managed as if they harbor transmis-

sible virus. One approach has been to outfit the patient with a mask

modified to permit passage of the flexible scope into the nose.4,5

More elaborate barriers have been constructed to shield the

health care workers during endotracheal intubation.6 Similar barriers

have not yet been reported to improve the safety of transnasal

laryngoscopy.

We present development followed by implementation of a nega-

tive pressure face shield (NPFS) designed to establish a negative pres-

sure microenvironment about the patient's face during transnasal and

transoral procedures. The NPFS is a reusable acrylic apparatus

implemented with the common clinical materials of wall suction, dis-

posable tubing, tape, and draping material.

2 | MATERIALS AND METHODS

The local institutional review board (IRB) directed and approved the

clinical evaluation of the NPFS. All methods were in full accordance

with the principles set out by the World Medical Association Declara-

tion of Helsinki.

Testing of multiple prototypes led to development of the NPFS

made of 0.200 (5 mm) thick acrylic. This NPFS is a transparent

900 × 10.500 rectangular device with a depth of 3.500 and an inferior sta-

bilization flange used to engage a clamp on a stand for positioning in

front of the patient (Figure 1). A heavily weighted camera stand

employs a clamp engage the flange (Matthews Hollywood Century

4000 S Stand For Grip Arm Kit, Adorama, Inc, New York, New York)

(Figure 2).

This reusable device was designed without any irregular surfaces

to facilitate cleaning with antimicrobial wipes (either Virex or Sani-

Cloth) to disinfect it for reuse within following 3 minutes of air-drying.

The three openings in the NPFS were smoothed and sealed to ensure

that these areas would not harbor unwanted particulate matter. These

openings included two separate 1/4-inch access ports in the lower mid-

line of the face shield and a 5/16-in. suction port on the midlateral

surface. This device was created in the University of Iowa Machine

Shop with additional oversite from Infectious Disease, Hospital Epide-

miology and Bioengineering Departments in the University of Iowa

Hospital.

Prototype evaluation included initial testing with a standard wall

suction (Vacutron Suction Regulators by Chemetron, Inc) with a maxi-

mum regulated suction of 320 ± 20 mmHg. Additional testing was

done with a portable suction (Neptune 3 Waste Management System

120 VAC Rover, Stryker, Kalamazoo, Michigan) which includes a high

efficiency particulate air (HEPA) Filter and is capable of generating

continuous suction in a range from 50 to 520 mmHg.

All patient-related experiments were performed in a standard

examination room designated as having six air changes per hour

(ACH) and employed standard wall suction as designated above. Ster-

ile disposable suction tubing (0.6 mm × 3.7 mm, nonconductive suc-

tion tubing, 12 ft length; Cardinal Health, Waukegan, Illinois) was

attached to the NPFS and used through the entire test.

Thirty-one consecutive patients required transnasal laryngoscopy

by the senior author (HTH) over a 24-day period beginning May

5, 2020. Limited COVID testing at our facility during this period per-

mitted viral assessment of the single patient with a tracheostomy. This

patient was excluded from study, yielding 30 patients who were

offered inclusion in the study with all consenting to participate.

A sterilization wrap (Halyard H100 sterilization wrap, O&M Hal-

yard, Inc, Alpharetta, Georgia) was fashioned as a cylinder and secured

to the NPFS with tape circumferentially (Figure 3). The wrap was

adapted to drape over the patient's head as a hood to create a closed

environment by drawing the lower aspect of the drape loosely around

the patient with a 3 to 4 ft length of umbilical tie (white twill ½ inch,

36-yard roll, Horn Textile, Inc, Titusville, Pennsylvania).

The H100 sterilization wrap is a “a disposable infection control

product” made of water-repellant breathable “low lint spunbond

meltblown spunbond (SMS) fabric” as is also used in production of

face masks and lab jackets.7

An electronic micromanometer (AirdataMultimeter ADM-870C,

Shortridge Instruments, Inc, Scottsdale, Arizona) was used to measure

air pressure in the NPFS during use. Evaluation of the prototype

involved assessment of the vacuum generated within the face shield.

The probe was placed through one of the anterior ports with H100

sterilization wrap in place around the shield. Pressure readings were

obtained both with the second anterior port opened and closed with

tape (Figure 4).
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Initial testing in human volunteers included assessment of fluctuations

in the negative pressure generated within the shield during inspiration and

ventilation. Additional pressure testing was done employing a single vs

double layer of the sterilization wrap as well as comparison of use of the

wall suction on maximum vs portable suction with a HEPA filter.

The prepared NPFS with sterilization wrap applied is rotated into

position with the patient leaning slightly forward and adjusting the

exam chair to a level optimal for the exam. The most optimal of the

two anterior access ports is chosen for use during the procedure

(Figure 5A,B). The unused port is sealed with tape. A twill tape is

drawn around the sterilization wrap and the patient to improve the

seal and optimize negative pressure within the device (Figure 5C,D).

Before performing transnasal laryngoscopy, all but one (who

deferred anesthesia) of the 30 patients received 1 cc of a mixture of

4% lidocaine with 1% phenylephrine delivered to the nostril through

an anterior access port by syringe spray employing the MADgic

Laryngo-tracheal mucosal atomization device (Teleflex Medical, Inc,

Morrisville, North Carolina) (Figure 6).

The flexible transnasal laryngoscopies were performed with either

a 2.6 mm Olympus ENF-V3 Video or 3.9 mm ENF-VH Olympus

Rhinolaryngoscope during all patient encounters (Figure 7).

If there is perceived need to further decrease the risk of aero-

sol spread, a tighter seal may be formed around the laryngoscope

access port. Clear tape is placed over the access port, through

which a narrow slit is created. The laryngoscope is then placed

through the taped port, forming a tight barrier around the scope

(Figure 8).

Early experience with the implementation of the NPFS provided

sufficient confidence in the capacity to control aerosol generation that

after the first three patients use of N95's and surgical gowns were dis-

continued (Figure 9).

Pulse oximetry (Mallinckrodt N-20E Handheld Pulse Oximeter,

Nellcor Puritan Bennett, Inc, Pleasanton, California) was performed on

each patient prior to placement of the shield, during the procedure

with the shield and drape in place and following completion of the

procedure.

Patient response to a 4-question survey was performed at the

conclusion of the procedure. Patients were asked to rate their toler-

ance of three factors: claustrophobia, shortness of breath, and pain.

Responses were obtained on a 5-point Likert scale, with ratings

defined as (1) none, (2) slight, (3) moderate, (4) severe, and (5) intolera-

ble. The fourth question was an open-ended request for feedback on

F IGURE 1 The acrylic negative pressure face shield oriented upright demonstrating inferior attachment flange (dotted arrows), flat upper
surface, anterior access ports and suction port on the side
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the experience, which was transcribed into the record and read-back

for patient approval.

All study data were collected and managed using Research Elec-

tronic Data Capture (REDCap) tools hosted at the University of

Iowa.8,9 Redcap is a secure, web-based software platform designed to

support data capture for research studies, providing (a) an intuitive

interface for validated data capture; (b) audit trails for tracking data

manipulation and export procedures; (c) automated export procedures

for seamless data downloads to common statistical packages; and

(d) procedures for data integration and interoperability with external

sources.

All statistical analysis was performed using Prism 8 (GraphPad

Software, San Diego, California).

3 | RESULTS

3.1 | Prototype testing

Measurements at the anterior opening of the NPFS with a single layer

of the grade H100 sterilization wrap identified a mean pressure of

−0.013 in. of water, obtained from 18 samples at 10 second intervals.

This finding was reproduced without change independent of whether

the second access port was open or closed with tape.

Pressure measurements with the model in place were obtained at

rest, during inspiration, and during expiration. Further measurements

were obtained during sequential modifications to the size and shape

of the shield as well as methods to occlude the region around the

patient's face (combinations of towels, blankets, and positioning).

Depending on the cycle of respiration, employing a single barrier wrap

and wall suction at 300 mmHg, the pressure varied between −0.002

(expiration) to −0.020 (inspiration) inches of water. Consistently

greater vacuum was achieved with a double layer of the barrier wrap

and higher suction achievable (530 mmHg) with the Neptune portable

suction system.

3.2 | Patient evaluation

3.2.1 | Duration of procedure

The duration of the procedure was measured from the initial place-

ment of shield and barrier wrap around the patient to its removal and

included the nasal spray, a purposeful delay to allow time for the topi-

cal application to work, and then performing the laryngoscopy. This

duration ranged from 2 minutes and 10 seconds to 6 minutes and

5 seconds. The longest procedure included interaction with our

speech pathologist involved to elicit additional vocalization maneuvers

with the flexible laryngoscope in place.

3.2.2 | Pulse oximetry

Intermittent pulse oximetry monitored the subjects' oxygenation sta-

tus with frequent inquiries into the comfort of the process. A Fried-

man test of repeated measures, used due to the nonparametric nature

of the data, was performed on the sample of 30 patients to determine

if differences in SpO2 were due to the use of the NPFS. Results dem-

onstrated that no statistically significant differences in mean SpO2

through the intervention (Fr = 0.17, P = .92). Specifically, no differ-

ences were noted in the SpO2 recorded preprocedure (98 ± 1.3%),

intraprocedure (98 ± 1.2%), and postprocedure (98 ± 1.3%) by Dunn's

multiple comparisons test (P > .99) (Figure 10). One patient with com-

promised pulmonary function at baseline was maintained on continu-

ous oxygen treatment (3 L of oxygen per minute, administered by

nasal cannula) throughout the process and maintained an SpO2 of

100% through the procedure.

3.3 | Patient tolerance

Assessment of tolerance on a 5-point Likert scale was assessed after

the procedure. Ratings included (1) none, (2) slight, (3) moderate,

(4) severe, and (5) intolerable.

Among the 30 patients, 27 reported no shortness of breath dur-

ing the procedure, with the remainder only reporting “slight” short-

ness of breath. Twenty-nine reported no pain in the process. The one

F IGURE 2 A stable camera stand is employed to secure the
negative pressure face shield in front of the patient's face
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patient reporting “slight” pain during the procedure attributed the dis-

comfort to manipulation of the flexible laryngoscope and not the face

shield. Twenty-seven patients reported no claustrophobia, with the

remainder reporting only “slight” claustrophobia. Among the comments

from the three patients who reported “slight” shortness of breath was

“shortness of breath wasn't a big deal—just a little nervous.”

Evaluation of scores in each category were significantly less than

the compared, arbitrarily agreed-upon, acceptable tolerance score of

2, as determined by the one sample sign test (P < .0001) (Figure 11).

Additional qualitative assessments about the process were solicited

from the patients following the procedure and included the following.

3.3.1 | Selected quotations from patients

“I think this was a very good idea with COVID virus.”

“I thought it was absolutely ridiculous—because this is much ado

about nothing a certain amount of people are going to croak anyway

society is just a bunch of lemmings.”

“I think this is going to be a very good instrument to use in the future”;

“anything you can do to prevent the spread of COVID 19 is very good.”

“Was worried I'd be claustrophobic but with the suction on and a

slight breeze through the hood was calming and didn't feel

claustrophobic.”

“I was more worried about being claustrophobic before the procedure

than during” and “very professional and fast, in and out in a hurry.”

“Everything felt fine; didn't feel anxious at all.”

“The fact the walls of the box is clear makes claustrophobia unlikely.”

3.3.2 | Summary of observations (wording
provided by examiner and confirmed correct by the
patient)

Airflow made it comfortable—better than wearing mask he came

in with.

F IGURE 3 The H100 “one step
sterilization wrap” is unfolded and
taped circumferentially around the
back of the negative pressure face
shield (NPFS) (black arrows) and then
pulled forward to permit the patient
to place their face in the device (white
arrows)

F IGURE 4 Testing negative pressure with full wall suction applied
(here shown with second port opened). An average of 18 individual
readings was −0.0131 in. of water
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F IGURE 5 The negative pressure face shield with sterilization wrap is rotated in place and secured around the neck

F IGURE 6 Instillation of nasal decongestant with anesthesia
through anterior access port. Note the full protective equipment as
depicted in examining this patient early in the study was modified
with further experience to employ only a face shield, mask, and gloves
without perceived need for gown or N95

F IGURE 7 The procedure is done with the flexible scope passed
through the upper of two ports
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Did not like the spray (taste); caused sneeze, cough with face shield in

place and [suction] activated.

Mentioned the scope in nose was irritating but process not painful.

3.4 | Surgeon observations

Assembly of instrumentation and preparation of the face shield by

assistants before the patient enters the room is facilitated by use of a

checklist (see Supporting Information). It is helpful to optimize patient

positioning prior to starting the procedure to minimize need for

repositioning during the procedure. Positioning is initiated by

adjusting the height of the exam chair, the angle of the stand, and the

posture of the patient with the face shield in front of the patient

before placing the antimicrobial wrap over the head. The full suction

as applied to the NPFS is maintained through the end of the proce-

dure to perform a vacuuming maneuver as the assembly is rotated

from the patient's face with the blue draping material collapsing into

the face shield under suction.

F IGURE 8 The end of a cotton tipped applicator is used to create
a small opening providing a tight fit through which the flexible
laryngoscope is placed. Note the procedure may be done with the
patient on oxygen as this man required 24 hours/day at 3 L per
minute

F IGURE 9 Successful experience in use of the negative pressure
face shield permitted safely performing the flexible transnasal
laryngoscopy without addition of gown or N95

F IGURE 10 Pre-, intra-, and postprocedure pulse oximetry
measurements identified saturation SpO2 consistently above 96%.
NPFS, negative pressure face shield

F IGURE 11 Postprocedure assessment by the patients identified
no more than “slight” ratings for claustrophobia, shortness of breath
and pain during the procedure. NPFS, negative pressure face shield
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4 | DISCUSSION

A high level of patient tolerance was identified in this effort to limit

dispersion of bioaerosols created during transnasal laryngoscopy. As a

feasibility study, these findings offer support for an approach that—as

is true for many infection control strategies—is guided more by basic

principles and common sense than evidence-based medicine.10

Other barriers to aerosolization have been developed to mitigate

dispersion of aerosol during the COVID-19 era and include the “aero-

sol box” or intubation box designed to provide protection to anesthe-

siologists during direct laryngoscopy.11-13 Canelli et al reported trial of

a transparent plastic cube placed over a mannequin's face with “crude

simulation of a cough” found to be help contain the spread fluorescein

droplets in a manner felt to provide “a modicum of additional protec-

tion” as “an adjunct to standard PPE.”6 Other investigators identified

shortcomings to this device including that it “introduces another con-

taminated device that must be properly handled during use and dis-

infected between use to prevent cross contamination.”14The NPFS

addresses this concern by its simple design with smooth surfaces that

permit rapid disinfection employing antimicrobial wipes followed by

air-drying in a 3-minute period before reuse.

Additional concerns about enclosures restricting access to the

patient15 during intubation were addressed by the original investigators

who reiterated in their reply that “operators should be ready to aban-

don use of the box should airway management prove difficult.”16 The

NPFS is deployed in a manner that permits it to be immediately rotated

away from the patient. However, the excellent patient tolerance identi-

fied in the course of our study makes this process less of a concern.

The limited access to the nose and oral cavity through use of the

NPFS was not an issue for diagnostic imaging but is problematic if

other manipulations such as nasal packing or cautery are needed.

Modifications to the NPFS, including the strength of suction, the posi-

tioning of the suction, as well as the size, shape and covering of the

aperture are under evaluation to address these issues.

Management options other than placing a barrier around the

patient have been proposed to limit viral spread. These options include

pretreatment testing of patients for COVID-19. Greater access to

COVID-19 testing has permitted us to apply this option to patients

who are not candidates for use of the NPFS—including those with tra-

cheostomies and those requiring transoral procedures. Current accessi-

bility to testing remains limited and is still unavailable for use prior to

routine laryngoscopy at our institution (as of June 5, 2020). Shortcom-

ings to testing all patients include the need for patients to make a sepa-

rate trip for testing before the laryngoscopy to allow time for

processing. Additionally, concerns about reliability of testing have been

raised and have identified false negative results to occur.

Other strategies to decrease viral spread include use of topical

preparations to reduce the viral load in the upper aerodigestive tract.

Parhar et al advocate application of a dilute povidone-iodine solution

to the nasal and oral cavities prior to instrumentation of the upper air-

way as safe and potentially helpful in decreasing the viral load.17

Studies addressing influenza have identified that both infectivity

and the severity of an infection are dependent on the viral load to

which a patient is exposed.18,19 While this dose-dependence has not

been specifically identified for SARS-CoV-2, eliminating or minimizing

the inoculum of exposure is a reasonable goal for any aerosolized

virus that has the potential for infection. Although there is currently

no single strategy available to completely eradicate the risk of corona-

virus transmission, methods to decrease dissemination such as the

NPFS are likely to be beneficial.

As identified by Rameau et al “Flexible laryngoscopy in the age

of COVID-19 requires adaptation.”1 The NPFS provides an adapta-

tion designed to decrease dissemination of virus and has been suc-

cessfully used clinically to examine the larynx. It is under active

study for use in transnasal surgical procedures including laser treat-

ments and biopsies.

Shortcomings to this study of the NPFS include the lack of a com-

parison of its efficacy in diminishing aerosol distribution when com-

pared to other methods. Sophisticated techniques to identify

bioaerosol dissemination are available and have been used by a mem-

ber of the research team to assess generation of bioaerosols with toi-

let flushing in the hospital setting.20 Evaluation is planned to employ

these techniques to quantify and compare the degree to which the

bioaerosols dispersion is mitigated with the NPFS.

5 | CONCLUSION

A new device is presented with accompanying methods and materials

designed to limit exposure to aerosols and to enhance the safety of

transnasal AGPs. We have incorporated the NPFS into routine clinical

practice due to its ease of use, rapid disinfection, and high level of

patient tolerance. The NPFS has the potential to extend its application

beyond diagnostics to include procedures at even higher risk for gen-

erating contagious aerosols, including transnasal laser and biopsy

procedures.
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