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The Coronavirus-19 (COVID-19) pandemic has caused disruptions in the normal patient care workflow, necessitating adaptations within the healthcare profession. The objective of this article is to
outline some of these adaptations and considerations necessitated by COVID-19 within the subspeciality of rhinology and endoscopic skull base surgery.
© 2022 Elsevier Inc. All rights reserved.

Introduction
The Coronavirus-19 (COVID-19) pandemic has resulted
in an unprecedented disruption within health care and necessitated several adaptations. Several studies suggest that
COVID-19 infects through the inhalation of droplets or
as a consequence of direct inoculation of the respiratory
epithelium.1 , 2 The nasal cavity and nasopharynx constitute
regions with heightened viral loads, likely as a result of increased expression of angiotensin-converting enzyme 2 re✩
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ceptor, the receptor for COVID-19 invasion, among the epithelium.3 , 4 As such, otolaryngologists, being in close and
frequent contact with these anatomic sites, are at possible
heightened risk for infection.5 , 6 Unsurprisingly, there were
several early reports from China and Italy of increased infection rates amongst otolaryngologists and members of
their surgical teams during skull base surgery, even those
wearing personal protective equipment (PPE).6
The symptomatology of severe acute respiratory syndrome coronavirus-19 (SARS-CoV-2) has naturally placed
otolaryngologists at the forefront for alterations in clinical
practice and management. The field of Otolaryngology, of
all surgical subspecialities, has produced the highest number of SARS-CoV-2 related research, with rhinology being
the most published subgroup.3 Consequences from the pan-
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demic and their application to rhinology reflect the need
for continuing research. For example, the cancellation of
elective surgeries during the early wave of the pandemic,
and potentially from future waves, creates a surgical backlog, of which rhinologic procedures are likely at the tail
end.7 Such delays can negatively impact patients and result in worsened quality of life and outcomes.3 , 7 Furthermore, rhinologic procedures are often aerosol-generating
procedures (AGPs), thereby further increasing the risk for
infection among providers and warranting research on effective preventative strategies. In addition, clinical management needs to be considered as sensory disorders resulting
from SARS-CoV-2 are also hallmarks of certain rhinologic
conditions.3 As such, there are several important rhinologic
considerations in the context of the current pandemic.

Effect on Practice and Telemedicine
The initial apex of the pandemic significantly affected
the routine patient-care workflow. Several surveys amongst
rhinologists have characterized changes in practice patterns
at the height of the pandemic, many of which have persisted into the present day.8-10 A dramatic reduction of inperson care resulted in a sizable decrease of in-office procedures. Papagiannopoulos et al’s survey of rhinologists
noted that 60% of respondents performed 0 endoscopies
daily during the initial phases of the pandemic.8 This mirrored the finding that the vast majority of rhinologists performed fewer than 20% of the number of pre-pandemic
nasal endoscopies.9 As a consequence of decreased inoffice patient visits, Setzen et al. found that over 96%
of rhinologists had incorporated telemedicine services into
their practices.4 While the incorporation of telemedicine
does not result in full pre-pandemic clinical volumes, it
does help limit unnecessary interactions, thereby presenting an important component of future clinical practice
given the risk for future waves and pandemics.10
The long-term viability of telemedicine in rhinologic
clinics is dependent on both physician and patient satisfaction with the care provided and received, respectively.
As many sinonasal conditions can be diagnosed via virtual
visit, patient care may not necessarily by significantly compromised.11 However, inherent limitations of virtual encounters do exist, such as the lack of physical examination,
which can alter clinical thresholds for utilization of other
resources, such as computed tomography (CT) scans.12 A
study across different subspecialties within Otolaryngology have found favorable patient satisfaction rates with
telemedicine.13-16 Morisada et al. reported similar patient
satisfaction with telemedicine vs in-person office visits of
patients undergoing rhinosinusitis management.17 Hentati
et al. corroborated these findings for patients presenting to
a tertiary rhinology center, noting that 71.1% of patients
felt their needs were met during the virtual encounter.13
However, it is important to note that patient satisfaction
with telemedicine visits does not necessarily equate to a
preference for it. Hentati and et al. reported that the ma-
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jority of their patients (62.2%) preferred an in-person experience, often citing the lack of physical examination as
key determinant. Similarly, patients undergoing endoscopic
skull base surgery also reported comparable satisfaction
rates with telemedicine to in-office visits; however, patients
preferring in-office visits also frequently pointed to nasal
endoscopy as a principle reason.18
A systematic review of telemedicine in Otolaryngology found very high physician satisfaction rates with
telemedicine.19 These findings were mirrored amongst rhinologists. Specifically, a survey of American Rhinologic
Society (ARS) members found that 82.0% of respondents were satisfied with their telemedicine practice to
some degree.10 Similar findings have been reported abroad,
as rhinologists reported a 89.7% satisfaction rate with
telemedicine.20 Furthermore, continued satisfaction with
telemedicine will likely be linked to reimbursement rates.
Specifically, the pandemic led several states to reimburse
telemedicine encounters at the same rate as in person visits, lending to its financial viability for physicians during
the pandemic.21 However, continued identical reimbursement rates is uncertain and will likely further impact longterm feasibility given the limitations of telemedicine. As
such, telemedicine appears to be a temporary viable option
in the setting of a pandemic for rhinology practice, mitigating SARS-CoV-2 spread and PPE use while providing
satisfactory care.

Decreasing Viral Transmission Risk
There has been an increasing transition of procedures
from the operating room to the office in rhinology.22 Such
procedures include cryotherapy ablation, balloon sinus dilation, and limited endoscopic sinus surgery (ESS) with or
without micro debrider use amongst others.4 Performance
of these procedures and their capacity to produce airborne
particulates necessitates the questions of what is appropriate PPE, the risk profile for each specific procedure, and
how and if to test for SARS-CoV-2 prospectively in both
the operating room and office setting.4
Aerosols are suspended gas particles that can potentially
harbor pathogens.23 They typically have diameters <5 to
10 μm and are capable of penetration of the lower airways,
potentially resulting in viral transmissions such as SARSCoV-2.23 Van Doremalen et al. reported that aerosolized
SARS-CoV-2 particles can remain viable in the air for
at least 3 hours and on surfaces for up to 72 hours.24
The viral burden in the nasal mucosa coupled with the
aerosol generating capacity of several procedures poses a
manifest risk for infection. Several authors have sought to
characterize this risk during endonasal instrumentation.25-28
Workman et al. found that the use of high-speed drills and
bipolar electrocautery generated significant airborne particulates while hand instrumentation and microdebriders with
inbuilt suction capacity did not.25 In contrast, Sharma et al.
and Leong et al. found that microdebrider use did result
in the production of extranasal droplets.26 , 29 Furthermore,
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both rigid and flexible nasal endoscopy pose significant
risks to otolaryngologists due to the prolonged proximity
to patients, production of airborne aerosol quantities, and
the unpredictable risk of triggering sneezing events.25
These realities have influenced current guidelines. The
Center for Disease Control and Prevention (CDC) has
recommended six air changes per hour to remove airborne
contaminants when performing AGPs. This has led to
increased room turnover time and has impacted clinical
productivity.30 Naturally, clinicians have sought avenues
to improve air filtration, resulting in the incorporation of
high-efficiency particulate air (HEPA) filters in numerous
otolaryngology clinics.30 , 31 Gill et al. found that HEPA
incorporation into their clinics resulted in up to a 700%
increase in clinical productivity per hour, as a result of
decreased room turnover time.30 They note that HEPA
incorporation resulted in return of aerosol concentrations
to baseline significantly faster.31 Specifically, HEPAincorporated office spaces reached baseline aerosol levels
in nearly half the time and necessitated, on average,
only 2.26 air changes compared to 4.18 air changes.31
It is important to note these findings are specific to the
particular HEPA filter used in the study along with other
office characteristics such as room size and temperature.31
Nonetheless, these results do indicate that HEPA incorporation can facilitate decreased room turnover time and
protect both patients and clinical team members from
potentially aerosolized viral particles.
Workman et al. found that regular surgical masks were
inadequate in protecting against generated airborne aerosol
particles.25 As such, previous guidelines had recommended
minimum PPE should include gloves, gown, and N95 respirator with face shield for patients with unknown SARSCoV-2 status.32 Furthermore, risk mitigation strategies include preoperative patient testing.28 Given the potential for
false negative tests from nasopharyngeal swabs and other
methods for SARS-CoV-2 testing, several institutions test
twice for patients preoperatively and recommend adopting
certain safety techniques universally for both SARS-CoV2 positive and negative patients.33 , 34 Several studies have
evaluated staff SARS-CoV-2 infections in the postoperative
setting. Taha et al. implemented a safety protocol which included several safety features such as universal p100 filter
respirator use, eye protection (via face shield or goggles),
reducing the number of care providers in evaluation settings, and pre-evaluation screening questionnaires for patients.35 They ultimately reported zero staff infections after
over 150 sinonasal, skull base, open airway, and endoscopy
procedures.35 Penner et al. had similar results with no reported provider SARS-CoV-2 infections after adopting appropriate precautions.36 These results suggest that preoperative patient screening and utilization of appropriate PPE
can successfully mitigate risk to healthcare providers. This
is especially important as SARS-CoV-2 becomes potentially endemic in our society.
Beyond appropriate PPE precautions, the use of suction
in endonasal surgery can also decrease droplet spread. Certain high aerosol generating instruments such as an electro-
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cautery or microdebrider cannot be eliminated during endoscopic anterior skull base surgery.33 As such, judicious
use and integration of other protective techniques such as
suction are beneficial. For example, Sharma et al. reported
that addition of a suction device was successful in reducing
aerosols, noting a particular benefit for the surgical smoke
evacuation system.26 Similarly, Leong et al. note that the
addition of suction during microdebrider use significantly
reduced droplet spread outside of the nasal cavity.29 These
findings have been echoed by the works of Workman et al.
and Dharmarajan et al, who both found a significant benefit with suction technology.25 , 37 As such, the utilization
of these techniques during surgery can protect rhinologists
from unnecessary aerosol exposure.
Alternative methods also include placement of a mask
on the patient during surgery. In a cadaveric model simulating ESS, Jones et al. found that the use of a negativepressure mask during surgery resulted in 98% reduction
in particulates <5 μm and elimination of larger droplets
>5–10 μm (Figure 1).38 Helman et al. tested the use of
3-D printed masks during endoscopic skull base surgery.39
Their method did reduce, but not eliminate, aerosolized
particulate detection while preserving surgical maneuverability. They attributed the spillage to instrument removal
from the surgical ports in the mask.39 Viera-Antiles et al.
also explored the utility of 3D-printed masks. Their negative pressure mask system resulted in a 72% reduction
in droplet spread during endoscopic skull base surgery.40
These techniques reflect promising avenues for maintaining
surgical efficacy while protecting caregivers from unnecessary exposure.

Endoscopic Skull Base Surgery
Endoscopic endonasal surgery is a mainstay of treatment for anterior skull base and pituitary tumors. While
the COVID-19 pandemic suspended elective procedures,
certain patients with neurosurgical emergencies could not
tolerate delayed intervention. In a review of their single
center experience in New York City, an epicenter of the
early part of the pandemic, Maragokos et al. shared alterations to their skull detailed that all pituitary tumor cases
base practice. This group were postponed until the development of neurological sequalae such as visual impairment.33 Specifically, changes in treatment algorithms were
necessitated as several patients were managed medically,
if possible.33 For example, some patients with neoplastic
disease were treated with chemotherapy and radiation therapy without a traditional debulking surgery beforehand, reflecting the need for flexibility during a pandemic.33 Given
the AGP nature of endoscopic skull base surgery, surgeons
must continue to adopt several risk mitigation strategies,
as detailed, to minimize risk for themselves and members
of their operating team.
Physicians should also be cognizant of the impact of
prolonged intensive care unit (ICU) and hospital stay. Prioritization of early discharge both reduces patient risk for
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Figure 1

Endoscopy mask. Reprinted with permission.38

hospital acquired infections and decreases resource utilization (ie, ICU beds, nursing staff, etc.) such that it can be
distributed elsewhere.34 To facilitate streamlining, Mallari
et al. shared the benefits of their care protocols in reducing resource utilization during the pandemic.34 Their pandemic protocol included clearly communicating their goal
for postoperative day (POD) one discharge to both the patient and family and to all members of the care team, ensuring prompt evaluations by staff and encouraging early
mobilization by patients.34 Furthermore, patients evaluated
in the recovery room with normal postoperative courses
(expected changes on CT, stable neurological exam, etc.)
were not sent to the ICU.34 Their protocol resulted in significant decrease in LOS while not increasing complication, reoperation, or 30-day readmission rates.34
COVID-19 can induce a hypercoagulable state, increasing the risk for micro and macrovascular thrombosis
and ultimately death.41 , 42 As such, surgeons should have
heightened awareness when performing flaps in at-risk patients. Talmor et al. reported the first case of pedicled nasoseptal (NSF) flap failure due to necrosis in a patient
with COVID-19, hypothesizing a thrombotic event induced
flap failure.43 Inouye et al. also presented two SARS-CoV2 associated cases of impaired wound healing in patients
undergoing head and neck free flap reconstruction.44 Benmoussa et al. also noted free flap failure in a SARS-CoV-2
positive patient undergoing gingival mandibular carcinoma
resection and reconstruction.45 These reports are rare in the
literature; however, they underlie the need for increased
awareness for this potential complication.
Nasopharyngeal swabs are commonly utilized to diagnose patients with SARS-CoV-2, with over half a billion
tests performed.46 , 47 The procedure is a general intervention, however, incorrect technique can result in uncommon
complications such as foreign body creation secondary to
swab fracture, epistaxis, and injury to the skull base lead-

ing to cerebrospinal fluid leak.46-51 Many of these case
reports have been associated with prior defect due to encephalocele or meningocele, however, some patients without any evidence of defect have reported this complication.47 These concerns, while rare, should be kept in mind
during management of patients postoperatively from anterior skull base surgery. Specifically, Aaronson et al. argued
that SARS-CoV-2 testing should not be performed during
the first 2 weeks after surgery and that nasopharyngeal tests
should be avoided until at least 6 weeks postoperatively
once healing has been confirmed via nasal endoscopy.52

COVID-19 Olfactory Dysfunction
Post viral anosmia is a common cause for adult olfactory dysfunction, accounting for 40% of all cases.53 With
regards to COVID-19, Kaye et al. reported that approximately 73% of patients experienced anosmia prior to diagnosis, with nearly 27% having anosmia as their initial
symptom.54 Similar findings have resulted in anosmia being identified as a hallmark finding of SARS-CoV-2 infection with many patients continuing to have olfactory dysfunction after resolution of illness.54-56 These findings are
particularly relevant to rhinologists as olfactory dysfunction is also a common symptom of chronic rhinosinusitis
(CRS).3
Rhinosinusitis is a prevalent condition, accounting for
up to 10% of outpatient primary care and otolaryngology
visits.3 As such, otolaryngologists should be aware of the
differential findings between COVID-19 and CRS induced
olfactory loss. COVID-19 associated olfactory dysfunction
often presents acutely and often with other manifestations
of viral illness.3 , 57 Radiographic differences have also been
described. Naeini et al. analyzed CT scans to assess the
mechanism for COVID-19 induced smell loss, finding no
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Figure 2 Computed tomography scans for each patient in clinical series. All patients had anosmia secondary to COVID-19. Each
number reflects a different patient from the clinical series. Reprinted with permission.59

significant mucosal thickening or opacification.58 Lechien
et al. also noted anosmia in the context of clear olfactory clefts amongst several patients (Figure 2).59 In contrast, Loftus et al. demonstrated the association between
increased CT scan opacification and olfactory dysfunction
in CRS with nasal polyposis (CRSwNP), highlighting the
importance of mucosal thickening as precipitating olfactory
loss in CRS patients (Figure 3).60 , 61 These findings illustrate a likely sensorineural etiology for COVID-19 induced
anosmia, a pathophysiological difference to the obstructive
etiology of CRS.62 Specifically, COVID-19 induced olfactory dysfunction may result from SARS-CoV-2 infection of
the sustentacular cells. These cells support olfactory neurons, and their loss may result in sensorineural deficits
without direct infection of the olfactory neurons.62
Anosmia induced by mucosal injury has a relatively
rapid recovery of usually 3 days.55 , 58 The recovery time
for most COVID-19 anosmic patients is generally within
4 weeks, but 21%-39% of patients may have continued
dysfunction.3 The recovery rates for these have also varied
from 31.7%-89% in self-reported studies, and is reported
that 7% of patients remain anosmic at 12 months post
infection.53 Olfactory dysfunction can significantly impact
patient quality of life.63 Valsamidis et al. reported that patients with complete or partial smell loss had higher rates

of stress and depression.64 A review of COVID-19 patients with olfactory dysfunction concluded that 67.7% of
these patients had a quality of life deficit.65 Furthermore,
the constellation of chemosensory dysfunction and emotional turmoil can reduce a person’s interest and enjoyment
of eating, potentially resulting in nutritional deficiencies.57
These sequelae from COVID infection should be kept in
mind, and anosmic patients should be counseled on the
possible dangers associated with lack of smell.

Rhinosinusitis Management
Rhinosinusitis can influence the expression of proteins
on cells of the nasal epithelium.66 Alterations in expression
of ACE2 or transmembrane serine protease 2 (TMPRSS2),
receptors for SARS-CoV-2, can theoretically modulate risk
for COVID-19 infection.66 One study found that patients
with CRSwNP had reduced expression of ACE2 and TMPRSS2, suggesting a lower risk of COVID-19 for CRS
patients.66 Alternatively, Lee et al. found that CRS patients, with and without polyposis, had no difference in
ACE2 expression.67 Eosinophilic inflammation has also
been demonstrated to reduce ACE2 expression in rat models.68 Interferon-gamma driven inflammation, however, has
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Figure 3 Computed tomography images of the olfactory cleft of patients in the control, chronic rhinosinusitis with nasal polyposis
(CRSwNP), and chronic rhinosinusitis without nasal polyposis (CRSw/oNP) groups. The top panel is images from the control group,
middle panel from the CRSwNP group, and bottom panel from the CRSw/oNP group. Reprinted with permission.61

been shown to upregulate ACE2 expression.69 Given these
heterogenous results, there is no consensus on the effect
of rhinosinusitis on susceptibility or severity of COVID-19
infection.
Changes in treatment utilizing corticosteroid therapy for
rhinitis have been discussed due to concerns for interaction with SARS-CoV-2. The International Consensus Statement on Allergy and Rhinology: Rhinosinusitis 2021 recommended maintenance of topical corticosteroids even in
the setting of COVID infection as there is no evidence
of increased infectivity for these patients.3 Furthermore,
the possibility for increased coughing and sneezing with
corticosteroid discontinuation could increase risk for dis-

semination of the virus.70 Given the efficacy of steroids in
treating CRS, their continuation may help reduce the need
for surgical intervention.3 Outpatient utilization of topical
saline or corticosteroid irrigations for pre-existing allergies
and chronic rhinosinusitis also should not be dramatically
reduced, as over 80% of rhinologists recommended continuation of current treatment plans.8 The question of biologic
therapy for these patients has also been explored. FörsterRuhrmann et al. reported evidence suggesting that CRSwNP patients can continue treatment with dupilumab.71
The European Academy of Allergy and Clinical Immunology recommended COVID-negative patients should continue their biologics while treatment should be suspended
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during SARS-CoV-2 infection.72 Ultimately, based on best
evidence and guidelines, current medical management for
rhinologic conditions remain largely unchanged during the
pandemic.
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rhinology research that may not become apparent for several years.

Conclusion
Academics
The heightened risk of SARS-CoV-2 transmission has
directly impacted resident physician education. Diversion
of personnel to care for patients with COVID-19 coupled with the cancellation of elective procedures directly
translated to reduced clinical and surgical opportunities
for residents. These realities have prompted some authors
to advocate for increased use of community-driven online resources such as the Collaborative Multi-Institution
Residency Education Program.73 These types of platforms
allow residents to continue learning about Otolaryngology
in the context of the pandemic. Surgical training has also
been directly impacted. Chou et al. performed a survey of
otolaryngology residents and reported that 98.3% of residents had decreased case volume and 43.7% had decreased
surgical involvement.74 Similarly, Murthy et al’s survey
found 43% of respondents were not involved in any skull
base procedures, even in COVID-19 negative patients, during the onset of the pandemic.75 Respondents reported supplementing their knowledge through online modalities such
as website surgical videos provided by the ARS.75 The
increased utilization of online resources has been steadily
increasing, but clearly reflects a major development in
resident education as a consequence of COVID.73 , 75
The pandemic has significantly impacted normal research and other scholarly activities. Understanding these
effects is critical as reductions in scholarly activity can
affect the delivery of novel therapeutic advances or techniques for patients. During the initial stages of the pandemic, 1052 clinical trials were suspended in the United
States, with 86% of trials being suspended due to the pandemic.76 These delays raise concerns about the effect of
the pandemic on the interpretability of data from trials.77 In
a survey of ARS members, Grayson et al. reviewed these
considerations. Researchers noticed changes in times to the
Institutional Review Board (IRB) and Institutional Animal
Care and Use Committee approval processes.78 Their study
also found significant alterations in conduction of laboratory based research. All respondents participating in animal
based research had halted their normal activities while 96%
of those pursuing in vitro studies had deviations from preCOVID-19 norms.78 Clinical trials were also significantly
impacted as 51.1% of respondents were only able to enroll
patients into COVID related projects while 36% could not
register any new participants.78 These alterations will likely
directly impact publishing productivity, theoretically slowing the progress of important rhinologic research activity.
Furthermore, the long-term effects of decreased hospital
revenue and cost from COVID may result in the decreased
funding for scholarly activity.78 These unprecedented circumstances will likely have long lasting implications on

The COVID-19 pandemic has significantly altered clinical and scholarly activity worldwide in all fields of
medicine. High viral loads in the nasal cavity and nasopharynx, frequency of AGPs, and COVID symptomatology position rhinologists in the forefront of being impacted. Increased adoption of telemedicine appears to be a
viable avenue for maintaining clinical care while reducing
unnecessary health risks for providers and patients. Furthermore, advances in risk mitigation strategies are likely
to be progressively adopted given the continued presence
of COVID and may prove extremely valuable in possible
future pandemics.
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