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In otorhinolaryngology-head and neck surgery, there
are several routine and surgical procedures applied to
the upper airway that generate droplets and/or aerosols. Therefore, otorhinolaryngology-head and neck
surgeons are at higher risk of being exposed to viral
content. The COVID-19 pandemic has shaken the
world with approximately 30 million affected cases
and more than 900.000 deaths officially reported in
more than 200 countries/regions from March 11th,
2020 to date (September 12th, 2020). All healthcare
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An infectious respiratory disease caused by severe acute respiratory coronavirus-2 syndrome
(SARS-CoV2) which emerged at the end of 2019
has resulted in a worldwide health crisis known as
the Coronavirus-2019 disease (COVID-19). On
March 11th, 2020, the World Health Organization (WHO) issued a global pandemic warning
for COVID-19 (1). Coronavirus-2019 is a highly
contagious virus with an R0 value of 1.4-5.5 (2).
It is known that the transmission routes of SARS
CoV-2 are direct (person-to-person), indirect (formite), and droplet (>5 mm) contacts. Currently,
it is known that the highest viral load of SARSCoV-2 is in sputum and upper airway secretions
(3). The virus is predominantly spread by droplets.
Droplet transmission is via respiratory particles
that are larger than 5 μm in diameter and have a
tendency to travel less than 1 m. Therefore, a limit of 2 m for contact is mandatory. Some authors
also advocated that SARS CoV-2 is transmitted
by viable viruses in aerosol particles (<5 mm) that
suspend in the air (airborne transmission) (4-6).

providers working at the frontlines of the fight against
the COVID-19 are at risk of contracting the virus.
In this review, we discuss the efficacy of the different
types of respiratory protective equipment and remind
about the surgery-based respiratory protection strategies in otorhinolaryngology and head and neck surgeries in the light of the latest literature.
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To date (September 12th, 2020), approximately 30
million patients with COVID-19 were officially
reported in more than 200 countries/regions with
more than 900.000 deaths. All health-care providers (HCPs) who are working at the frontlines of
the fight against COVID-19 are at risk of being
infected the virus. Unfortunately, more than 3,000
HCPs in China, 9,282 HCPs in the U.S., and 20%
of HCPs in Italy have been infected (7, 8). As seen
in the SARS outbreak in 2003, personal protective equipment (PPE) is known to be effective in
reducing nosocomial infection risks (9). Although
PPE usage can vary according to national resources, the Center for Disease Control and Prevention
(CDC) and the WHO recommended that HCPs
should wear PPEs against droplet-based transmission. Unfortunately, different research showed
that HCPs are at high risk of self-contamination
while removing or disposing of the PPE (10, 11).
Moreover, several medical procedures may generate aerosols that might travel over distances beyond 2 m, even though the airborne behavior of
COVID-19 is uncertain (12).
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In otorhinolaryngology-head and neck surgery, there are several
routine and surgical procedures applied to the upper airway that
generate droplets and/or aerosols. Therefore, otorhinolaryngology-head and neck surgeons are at higher risk of being exposed to
viral content. Respiratory protection should be ensured to correspond to the potential level of airborne transmission to reduce the
risk of contagion during aerosol-generating procedures (13, 14).
Currently, different types of masks (surgical and filtering
facepiece [FFP] masks) and equipment (elastomeric respirators, powered air-purifying respirator [PAPR]) are used for respiratory protection. Unfortunately, our knowledge about these
masks and equipment is limited, and this may lead to confusion about using the appropriate option. Therefore, we aimed to
review the efficacy of different types of masks and respiratory
protective equipment and remind about the surgery-based respiratory protection strategies in otorhinolaryngology and head
and neck surgeries.
Surgical Mask
A surgical mask is not a respiratory protective equipment, even
though it is an effective equipment for the protection of patients
against droplets of HCPs and vice versa. It adapts loosely to the
face and forms a barrier against droplets. However, it is not designed to protect the wearer against airborne infectious agents.
It is known from yearslong experiences that the test pathogen
for the effectiveness of a surgical mask is the Staphylococcus aureus. When the sizes of SARS-CoV-2 and Staphylococcus aureus
are compared, SARS-CoV-2 is 10-50 times smaller. Therefore,
it is structurally not an ideal barrier for COVID-19 contagion.
However, it is noteworthy that the size may not be as critical as it
is assumed, because the viruses are transported by droplets (15).

Respiratory Protective Equipment
Respiratory protective equipment is any mask or device that is
designed for the protection of the wearer from different airborne
hazards and infectious agents. Respiratory protective equipment
Main Points
•

•
•
•

•

Otorhinolaryngology-head and neck surgeons are at higher
risk of being exposed to viral content. Respiratory protection
should be ensured to correspond to the potential level of airborne transmission to reduce the risk of contagion during an
aerosol-generating procedure.
A surgical mask is effective against the droplet transmission of infectious agents; however, it does not protect HCPs
against airborne transmission.
Respiratory protective equipment is highly recommended
when the risk of aerosol exposure is high.
Air-purifying respirators are the best option for the HCPs
during aerosol-generating procedures. Even though all
air-purifying respirators can protect HCPs against aerosols,
it is noteworthy that non-powered air-purifying respirators
require a “respirator-fit test” before usage.
An eye shield and eye-goggles are also recommended for eye
protection for HCPs who use filtering facepiece masks or
partial-face elastomeric respirators.
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is divided into two groups: air-supplying and air-purifying respirators (Figure 1).
Air-supplying respirators are specially designed systems or devices that provide clean breathing air to the wearer and isolate
the wearer from the environment’s atmosphere. Therefore, they
have the highest respiratory safety level. However, they have
limited use in medical applications (5, 16).
Air-purifying respirators are different types of masks and devices that can clean the environment’s air, thereby protect the wearer from airborne hazards and infectious agents. Air-purifying
respirators are widely used in medical applications particularly
during the COVID-2019 pandemic.
Air-supplying Respirators
Air-supplying respirators can be used in oxygen-deficient environments or against airborne hazards (toxic fumes) and infectious agents. There are two types of air-supplying respirators:
supplied-air respiratory system and self-contained breathing
apparatus (Figure 1) (16).

Supplied-air Respiratory Systems
Supplied-air respiratory systems provide clean and breathable air to the
wearer from an air supply through an airline. They are especially used in
biosafety level 4 laboratories that deal with highly infective agents such
as the Ebola virus, the Marburg virus, or the Lassa virus (17).
Self-contained Breathing Apparatus
Self-contained breathing apparatus utilize clean and breathable
air from a tank that is generally carried by the wearer. These
types of equipment are used by special personnel who work in
oxygen-deficient environments or are exposed to highly toxic
and hazardous fumes (17).
Air-purifying Respirators
Air-purifying respirators are divided into two groups according
to power supply: non-powered and powered (Figure 1).

Non-powered air-purifying Respirators
Non-powered air-purifying respirators do not require any power supply. However, all wearers should undertake “respirator
Respiratory protective equipment

Air-supplying respirators

Supplied air
respiratory system

Self-contained
breathing apparatus

Air-purifying respirators

Powered air-purifying
respirators

Non-powered airpurifying respirators

Filtering face-piece
masks
Elastomeric
Respirators
(Partial and Full Face)

Figure 1. The classification of respiratory protective equipment
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fit-testing” before usage (18). There are two types of non-powered air-purifying respirators: filtering facepiece masks and elastomeric respirators (Figure 1).
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Filtering facepiece masks
Filtering facepiece masks are classified based on their filtering
performance of the particles >0.3 μm as FFP1, FFP2 and FFP3.
Filtering performance of FFP1, FFP2 and FFP3 can be defined
as >80%, >94%, and >99%, respectively (17).

One of the main reasons for intolerance to FFP 2 and 3 usage is breathing problems. Therefore, some FFP 2 and 3 masks
may have a breathing valve (ventilation). Breathing (especially
during expirium) is much easier while using FFP masks with a
breathing valve. However, users may still spread droplets, even
though an FFP mask with a breathing valve may effectively protect against SARS-CoV-2 transmission. Therefore, FFP masks
with a breathing valve should be used attentively in healthcare
settings, and anyone using an FFP mask with a breathing valve
should also wear a covering surgical mask (20).

The N95 designation stands for “under test conditions” (certified
under 42 CFR 84 of National Institute for Occupational Safety
and Health and the United States CDC) the respirator blocks at
least 95% of solid and liquid aerosol test particles. Recent studies demonstrated that FFP2 (N95 equivalent) and FFP3 (N99
equivalent) masks are highly protective against MERS, SARS,
and COVID-19 when compared with surgical masks (16, 19)
(Figure 2). The WHO warns that FFP2 and FFP3 masks can be
effectively used up to 4 hours. All FFP2 and FFP3 masks should
fit properly on to the face to create a seal.

The shortage of FFP masks is a major problem worldwide.
Therefore, the re-usage of disposable FFP masks is one of the
hot topics during this pandemic. To date, no research or experiments have been published involving COVID-19 and FFP
masks. A variety of decontamination methods have been proposed, such as UV light, hydrogen peroxide vapor, exposure to
heat and steam, and leaving the mask sit for several days before
reusing. The CDC provided a statement about the decontamination of FFP masks, recommending HCPs to consider using
either Ultraviolet-C, vaporized hydrogen peroxide, or moist
heat in crisis conditions (21-23).

a

b

Figure 2. a, b. Filtering facepiece masks (a) FFP2 and (b) FFP3
a

b

Figure 3. a, b. Elastomeric respirators (a) partial-face, (b) full-face

Figure 4. Powered air-purifying respirator

Elastomeric Respirators (Partial or Full-Face)
These respirators were originally designed for pest control companies. They started to be used during surgeries or high-risk
procedures during the pandemic. They have good respiratory
protection and breathing is relatively easy when compared with
FFP masks. They can be worn in partial or full-face (Figure 3).
Despite similar respiratory protection, full-face elastomeric respirators also protect the eyes. However, poor communication
quality when wearing these respirators and filter replacement
are their main disadvantages (16).
Powered Air-purifying Respirator
A PAPR is defined as a respirator that filters out the contaminants
in the air using a battery-operated blower to maintain clean air to
the user through a tight-fitting respirator, a loose hood, or a helmet
(24) (Figure 4). Powered air-purifying respirators usually have a full
facepiece part and loose-fitting hoods attached to waist-mounted
belt batteries. They are specific for high hazard procedures. In most
PAPRs, high-efficiency particulate air (HEPA) filters are used.
They can thereby filter at least 99.7% of the particles 0.3 μm in
diameter (25). Moreover, the hoods of PAPRs are oil-proof and can
be useful for the protection of the eyes (26).
Powered air-purifying respirators are considered more protective than the FFP masks in terms of the level of respiratory
protection. The aerosol concentration inhaled by HCPs are reduced to 1/25th in PAPRs, and 1/10th in respirators, respectively.
A systemic review with low-quality evidence demonstrated that
PAPR might provide better protection in HCPs when compared with alternative respiratory protection devices. The same
study also showed that satisfaction was higher concerning thermal comfort; however, lower for audibility and mobility (24).
The advantages and disadvantages of FFP2/3 masks, respirators
and PAPR are shown in Table 1.
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Table 1. Advantages and disadvantages of FFP2/3 masks, elastomeric respirators and PAPR
		
FFP2/3 mask

Elastomeric respirators
(full- or partial-face)

PAPR

Assigned protection factor
(respiratory protection)

10

10-25

25-1,000

Mask-fit test

Required

Not necessary

Not necessary

Headlight usage
Possible
		

Possible (particularly for partial
face respirators)

Not possible

Perspiration discomfort

Low

Low

Patient perspective
Hard to recognize the physician
		
Face and eye protection

Able to recognize the physician
(better for partial face respirator)

No (extra goggles and face shield
Variable (extra goggles and face
required)
shield required for partial face
		respirator)

Breathing discomfort

High

Weight-related discomfort

No

Reusable

Filter replacement

Cleaning and Decontamination
Noise-related problem
Charging problem

Communication problem

Interference with occupational activities
Doffing and Donning

Facial skin conditions (scar, bruise, acne)
Environmental pollution
Economic burden

High

Low

No

Yes

Yes

Not recommended

Required

No
No

Yes (mild to moderate)
Yes (mild)
Easy

Yes, particularly in the long term
High risk
Low cost

FFP2/3: filtering facepiece mask 2/3; PAPR: Powered air-purifying respirators

Yes

Intermediate

No
No

Able to recognize the physician

Required
No
No

Yes (moderate to high)
Yes (moderate)
Easy

Yes, particularly in the long term
Low risk

Moderate cost

Yes

Required
Required

Yes (mild to moderate)
Yes

Yes (moderate to high)
Yes (moderate)
Complicated
No

Low risk

Expensive

Respiratory Protective Equipment for Aerosol-Generating
Surgical Procedures
During the COVID-19 pandemic, all otorhinolaryngology-head and neck surgeons must be cautious against aerosol-generating surgical procedures. In this section we would like
to briefly review these surgical procedures in regard of the appropriate respiratory protective equipment.

hemorrhage, acute airway obstruction, airway or esophageal foreign body, any trauma with significant soft tissue injury or airway obstruction, complicated acute otitis media or complicated
mastoiditis, nasal endoscopy for foreign body, endonasal skull
base surgery for cranial neuropathies or pituitary apoplexy) is
not clear (29). However, the rational approach and techniques
are discussed below.

Tracheotomy
In each department, a selected otorhinolaryngology-head and neck
surgeon should be the primary contact person for all COVID-19
tracheotomy consultations (27). If tracheotomy is indicated for a
patient with COVID-19, it is controversial whether to perform
an open surgical tracheotomy or a percutaneous dilatational tracheotomy to minimize aerosol generation. In our opinion, percutaneous tracheotomy with mini-incision seems more reliable
in patients with COVID-19; however, it should be decided individually. During this procedure, all HCPs should wear head cover,
PAPR, gown, and gloves. Tracheotomy might be postponed for patients with COVID-19 if PAPR are not available. Properly fitting
FFP2/3 masks are mandatory in case of PAPR shortage (28).

In the above-mentioned surgical procedures, cold steel instrumentation should be preferred for patients with unknown, suspected, or positive COVID-19 to reduce aerosol generation. Respiratory protective equipment must include an FFP2/3 mask,
or PAPR (preferred) (29, 30).

Pediatric Otorhinolaryngology Surgeries
The appropriate PPEs for a pediatric patient for a surgical intervention (peritonsillar abscess drainage, post-tonsillectomy

Sinonasal Surgeries
In patients with positive COVID-19 or unknown status, the
use of suction electrocautery, microdebriders, drills and balloons,
should be limited to minimize the dissemination of aerosolized
viral particles. Patel et al. (31) reported COVID-19 transmission to surgical staff following microdebrider use. Otorhinolaryngology-head and neck surgeons should prefer cold steel instrumentation for sinus surgeries when possible. Because of the
high transmission risk, enhanced PPE, preferably PAPR, should
be used for any sinonasal procedure in patients with unknown,
suspected, or positive COVID-19 status (32, 33). If microde-
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briders or high-speed powered instrumentations are required,
the use of PAPRs is strongly recommended (34, 35).

Otologic Emergencies
Unless facial paralysis is present, tympanomastoid surgery
in complicated acute mastoiditis may be postponed until
COVID-19 test results are received. The use of PAPR is recommended if high-speed drills used in these procedures (29, 36).
FFP2/3 masks are the second-line respiratory protective equipment.
Laryngopharyngeal Surgeries
As most laryngopharyngeal surgeries carry a high risk of aerosol
generation, elective surgeries can be postponed. There are studies in the literature confirming that lasers, powered electrocautery devices, which can produce blood-containing aerosols and
smoke plumes, can contain viruses and bacteria (37-39). Emergency laryngopharyngeal surgeries should be performed using
PAPR or FFP2/3 masks.
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