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Abstract

Objective. The onset of the coronavirus disease 2019
(COVID-19) pandemic changed practice patterns throughout
medicine. The purpose of this study is to evaluate changes in
the volume and location setting of laryngology procedures
after the onset of COVID-I9.

Study Design. Retrospective database cohort study.
Setting. Reg-ENT registry.

Methods. Retrospective review from 2017 to 2022 of patients
who underwent a laryngology procedure identified by proce-
dure code categorized by site of service code—*“ambulatory
surgical” versus “office” setting. Based on March 2020 as the
cutoff point, the procedures were designated as pre-COVID
versus COVID time period.

Results. A total of 5989 patients underwent laryngology
procedures. Forty-two percent more procedures were
performed in the COVID period (n=3780) versus pre-
COVID (n=2209). Pre-COVID, the procedure distribution
between office and ambulatory surgical setting was 70%
(n=1546) compared with 30% (663). This shifted to 77%
(n=2920) and 23% (n =860) during COVID, P=.9. The most
common diagnoses associated with laryngology procedures
during the study period were vocal fold paralysis 47%
(n=12831), dysphonia 33% (n=1392), and laryngotracheal
stenosis 14% (n=838). These trends remained in both pre-
COVID and COVID time periods. After the start of the
pandemic, among patients undergoing laryngology procedures,
there was a 93% increase (n=284-549) in the diagnosis of
laryngotracheal stenosis, 70% increase (n = 520-882 patients) in
dysphonia and 69% increase (n=1054-1777) in vocal fold
paralysis.

Conclusion. An increase in laryngology procedures performed
after the onset of the COVID-19 pandemic was identified
with an overall procedural shift to the office-setting.
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ffice laryngological procedures have grown in
frequency over recent decades due to advances
in technology! and lower costs.” Although
initially described in the 19th century, the first modern
report of awake, in-office, laryngeal procedures was teflon
vocal fold augmentation injection as described by Ward
et al.> Subsequent decades have seen the use of several
different types of less problematic materials for awake
vocal fold injections. More recently, in-office steroid
injections for idiopathic subglottic stenosis either as a
stand-alone intervention or an adjuvant to operative
airway dilation, were first described by Hoffman et al,*
as well as Franco et al’ in 2017. This technique was
subsequently applied to other forms of subglottic stenosis
including that acquired after intubation and reported first
by Bertelsen et al in 2018.° In the past couple of decades
several other influential studies in the field of laryngology
have focused on awake, office-based procedures and have
represented the practice shift of laryngology procedures in
the decades leading up to the coronavirus disease 2019
(COVID-19) pandemic."”®
Elective surgical procedure delays were common across
the United States especially during the early phase of the
pandemic due to federal and state restrictions, rationing
of health care resources, and fear of iatrogenic COVID-19
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exposure. Mattingly et al examined over 13 million
administrative claims from a nationwide health care
technology clearinghouse on elective surgical procedure
volume from 2019 to 2021 and found a 48% reduction in
elective procedures during the initial shutdown period when
compared with 2019 (905,444 vs 458,469), with otolaryn-
gology experiencing the most significant decline (30% of the
comparable 2019 period, 95% confidence interval [CI]: 0.13-
0.46).° After the initial shutdown, surgical procedure
volumes rebounded to 2019 levels during the ensuing
COVID-19 surge (97%; 95% CI. 0.95-1.00) except for
otolaryngology procedures (60,090 procedures in 2019 vs
41,701 procedures) during the subsequent COVID-19 surge
(70%; 95% CI: 0.65-0.75) potentially due to the persisting
masking and distancing guidelines decreasing the rates of
upper respiratory disease and due to persistent anxiety
about iatrogenic exposure.” In an international survey
study of over 500 idiopathic subglottic stenosis patients,
40.1% of patients receiving treatment reported delays in
undergoing scheduled procedures, with 38.8% experiencing
worsening dyspnea as a result.® Anxiety and stress were
common among patients, with 3 in 4 (75.2%) reporting fear
about traveling by public transport and contracting the
virus in the hospital and infecting other family members
(69.0% and 71.9%, respectively).'

Due to the respiratory nature of the severe acute
respiratory syndrome coronavirus 2 (SAR-COV2) virus,
the COVID-19 pandemic resulted in increased sequela to
the upper airway from viral infection itself and from
sequelae of the necessary intubations and tracheostomies.
During the COVID-19 pandemic, 15% to 30% of hospita-
lized patients had severe disease requiring endotracheal
intubation.'! Furthermore, there was a backlog of elective
cases. All these data suggest that there could have been
significant impacts on the volume of laryngology discase
and procedures. Indeed, there are anecdotal reports
documenting such an effect, but thus far the impact has
not been measured in a quantifiable manner. Additionally,
due to technological advances, surgical innovation and
market changes related to procedure reimbursement; as
well as, ambulatory surgical center closures during the
pandemic, we hypothesize that there were several potential
forces that could have shifted practices toward more office-
based otolaryngology procedures. The purpose of this study
is to evaluate changes after the onset of the COVID-19
pandemic in the volume of laryngology procedures and the
location setting where these procedures were performed
utilizing an otolaryngology-specific national database.
We hypothesize that after the onset of the COVID-19
pandemic, there would be an increase in procedures
occurring in the office setting.

Methods

Data Source

This retrospective, cohort study was conducted using data
from the Reg-ear nose and throat (ENT)™™ registry

(American Academy of Otolaryngology—Head and Neck
Surgery Foundation [AAO-HNSF]) and the OMI1 Real-
World Data Cloud (OM1 Inc). The Reg-ENT registry is
connected to OM1's real-world data and evidence platforms
through a data partnership between OM1 Inc and AAO-
HNSF.'? This study was deemed institutional review board
(IRB) exempt by the Albert Einstein and Montefiore IRB.

The OMI1 data set is derived from deterministically
linked, deidentified, individual-level health care claims,
electronic medical records (EMRs), and other data sources
covering over 300 million patients in the United States
since 2013. The EMR data are from sources geographically
representative of the US population and include medica-
tion history, prescription information, laboratory results,
and diagnoses documented by a health care provider.
Medical and pharmacy claims data are linked to the
clinical data to fill gaps in patients' clinical care. The
medical and pharmacy claims contain billing and coding
history on inpatient and outpatient encounters from acute
care facilities, ambulatory surgery centers, and clinics.

AAO-HNSF's Reg-ENT registry is the first and largest
national-level repository of otolaryngology-specific data.
The registry collects complete EMR and billing data from
a large, representative network of clinical otolaryngology
practices in the United States; as well as, from ancillary
services such as audiometry. The data are derived directly
from EMRs on a regular basis and stored in a central
repository covering the full range of otolaryngology
conditions seen in clinical practice, their treatments, and
outcomes. All data are deidentified. The registry includes
data from approximately 3000 clinicians, 500 practices,
and 25 million ENT patient visits since 2015.

Measures

Patients were included based on the use of Current
Procedural Terminology (CPT) codes and Healthcare
Common Procedure Coding System (HCPCS) for lar-
yngological procedures and the associated International
Classification of Diseases (ICD) 9 and 10 codes from 2017
to 2022 with that CPT or HCPCS code (Table 1). The site
of service code was also extracted and used to stratify
the patients into those that had the procedure in the
“ambulatory surgical” setting versus the “office” setting.
Based on a cutoff point of March 2020, the procedures
were designated as pre-COVID versus COVID time
period. Demographic data were also collected including
age, sex, race, and geographic location. Patients under
18 years old were excluded.

Statistical Analysis

For the purposes of analyzing trends over time, ICD 9
and 10 codes were grouped into vocal paralysis,
laryngotracheal stenosis, laryngeal spasm, dysphonia,
and other (Table ). Descriptive statistics were used to
summarize the demographic and geographic data.
Comparisons of the rates pre-COVID versus during
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Table . Diagnosis and Procedure Codes Used to Identify Patients Who Underwent a Laryngology Procedure in the Reg-ENT Database,
2017 to 2022

Diagnosis categories

Vocal fold paralysis ICD9_diagnosis  478.3 Paralysis of vocal cords or larynx, unspecified
43831 Unilateral paralysis of vocal cords or larynx, partial
478.32 Unilateral paralysis of vocal cords or larynx, complete
47833 Bilateral paralysis of vocal cords or larynx, partial
478.34 Bilateral paralysis of vocal cords or larynx, complete
478.5 Other diseases of vocal cords
ICD10_diagnosis  )38.01 Paralysis of vocal cords and larynx, unilateral
]38.02 Paralysis of vocal cords and larynx, bilateral
J38.00 Paralysis of vocal cords and larynx, unspecified
J38.3 Other diseases of vocal cords [vocal cord insufficiency]
Laryngotracheal stenosis ICD10_diagnosis  ]38.6 Glottic stenosis, Idiopathic subglottic tracheal stenosis, subglottic stenosis
J39.8 Acquired tracheal stenosis
J95.5 Postprocedural subglottic stenosis
]95.03 Tracheal stenosis after procedure
787.09 History of tracheal stenosis
Q3.1 Congenital subglottic stenosis
Q31.2 Hypoplastic larynx
Q31.8 Congenital anomaly of cricoid cartilage
Q32.1 Other congenital malformations of the trachea
Dysphonia ICD9_diagnosis  748.42 Web of larynx
784.41 Aphonia
ICDI10_diagnosis  R49.0 Dysphonia
R49.1 Aphonia
Laryngeal spasm ICD9_diagnosis  478.75 Laryngeal spasm
ICDI10_diagnosis  J38.5 Laryngeal spasm
Other ICD9_diagnosis  784.42 Web of larynx
ICDI10_diagnosis  J38.7 Other diseases of the larynx (used for spasmodic dysphonia)
J384 Laryngeal edema
R49.8 Other voice and resonance disorders (Tremor)

Laryngological procedures

CPT 31570 Laryngoscopy, direct, with injection into vocal cord(s), therapeutic;
31571  Laryngoscopy, direct, with injection into vocal cord(s), therapeutic; with operating
microscope or telescope
31573  Laryngoscopy, flexible; with therapeutic injection(s) (e.g., chemodenervation agent
or corticosteroid, injected percutaneous, transoral, or via endoscope channel),

unilateral
31574 Laryngoscopy, flexible; with injection(s) for augmentation (e.g., percutaneous,
transoral), unilateral
31513 Laryngoscopy, indirect; with vocal cord injection
HCPCS C9742 Laryngoscopy, flexible fiberoptic, with injection into vocal cord(s), therapeutic,
including diagnostic laryngoscopy, if performed
HCPCS L8607 Injectable bulking agent for vocal cord medialization, 0.1 ml, includes shipping and
necessary supplies
HCPCS S2340 Chemodenervation of adductor muscle(s) of vocal cord
S234| Chemodenervation of abductor muscle(s) of vocal cord
ICD9_Procedure 31 Injection of larynx

Abbreviations: CPT, Current Procedural Terminology; HCPCS, Healthcare Common Procedure Coding System; ICD, International Classification of Diseases.
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Figure |. Location setting of laryngology procedure by year in the Reg-ENT database, 2017 to 2022. Laryngology procedures by year
by location setting—either ambulatory surgical center or office setting—showing an increase in procedure counts in the office setting during

the coronavirus disease 2019 (COVID-19) pandemic.

Table 3. Diagnosis Associated With Laryngology Procedure by Location Setting in the Reg-ENT Database, 2017 to 2022

Ambulatory surgical setting

Office setting

Total
Pre-COVID, COVID, Pre-COVID, COVID,
N N = 663° N =860 Pvalue® N N = 1546° N =2920° Pvalue® N

Diagnosis 1523 <00 4466 006 5989

Vocal fold 719 302 (46%) 417 (48%) 2112 752 (49%) 1360 (47%) 2831
paralysis

Laryngotracheal 332 109 (16%) 223 (26%) 506 180 (12%) 326 (11%) 838
stenosis

Dysphonia and 315 151 (23%) 164 (19%) 1077 359 (23%) 718 (25%) 1392
aphonia

Laryngeal spasm 6 0 (0%) 6 (0.7%) 170 38 (2.5%) 132 (4.5%) 176

Other 151 101 (15%) 50 (5.8%) 601 217 (14%) 384 (13%) 752

Abbreviation: COVID, coronavirus disease.
n (%).

PFisher's exact test for count data with simulated P value (based on 2000 replicates).

COVID in the different settings were made using the
Fisher's exact test for count data with simulated P value
(based on 2000 replicates). All tests were 2-sided with
a =.05. Statistical analyses were performed using SAS 9.4
(SAS Institute).

Results

From 2017 through 2022, 5989 patients underwent
laryngology procedures. There were 42% more procedures
performed in the COVID period (n =3780) from March

2020 through December 2022 than in the pre-COVID
period (n=2209) from January 2017 through February
2020 (Table 2). When looking at the volume trends
annually, steady numbers of procedures were seen in 2017
and 2018. However, in 2020 and 2021 a significant
increase each year in procedures was seen, with a
subsequent leveling off in 2022 (Figure 1).

When looking at the location of intervention, 25%
(n=1523) patients were treated in the ambulatory
surgical setting versus 75% (n =4466) patients treated in
the office setting. The trends in terms of setting of the
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procedures between ambulatory surgical versus office
setting were stable from 2017 through 2019. However,
starting in 2020 there was a divergence with relatively
more procedures occurring in the office setting (Figure ).
Most of the volume increase after the onset of the
COVID-19 pandemic occurred in the office setting with a
68% increase in 2020 and 38% increase in 2021 when
compared with the year prior. A total of 30% (n=663)
versus 70% (n=1546) patients pre-COVID, while 23%
(n =860) patients versus 77% (n=2920) patients, P=.9,
during COVID were treated in the ambulatory surgical
setting versus the office setting, respectively.

Focusing on the diagnoses trends, vocal fold paralysis,
dysphonia, and laryngotracheal stenosis account for 47%
(n=2831), 33% (n=1392), and 14% (n=2838) of diag-
noses associated with laryngological procedures during
the study period. After the start of the pandemic,
dysphonia, laryngotracheal stenosis, and vocal fold
paralysis account for the largest procedure-related diag-
nosis increase seen, with the majority being treated in the
office setting (P <.001, Table 3). There was a 93%
increase in airway stenosis diagnoses (284 vs 549 patients),
70% increase in dysphonia (520 vs 882 patients), and 69%
increase in vocal fold paralysis (1054 vs 1777 patients) in
the COVID time period. The diagnosis trends by year are
also depicted graphically in Figures 2 and 3. Table 4
shows injection procedure codes by location setting which
shows a 136% increase (n = 543-1279) increase in billing
CPT code 31574 (typically used for vocal fold augm-
entation) and 97% increase (n=284-558) increase in
billing CPT code 31573 (typically used for steroid

486

5 208
. Ty

143 - 142
018 25 48

injection) during COVID compared with the pre-
COVID period.

Figure 4 represents the overall geographical depiction
of the procedure counts by state. A large increase was
seen in the relative percentage of laryngology procedures
performed in the Midwest (342% increase) in the
ambulatory setting, while there was a substantial decrease
in the Southwest in both settings (Table 2).

Discussion

This retrospective data utilizing a large, otolaryngology-
specific database demonstrated a trend toward increasing
office-based laryngology procedures in the 3 years
preceding the pandemic (2017-2019); followed by an
increase in office-based laryngology procedures after the
onset of the COVID-19 pandemic. As technology has
advanced and reimbursement models have changed, there
has been a gradual shift toward more laryngology
procedures being done in the office setting over the past
few decades as can be seen in the prepandemic years.
All postpandemic years reviewed, 2020 to 2022, showed
much higher numbers of office-based laryngological
procedures compared with 2017 to 2019. This trend
accelerated at first in the 2 years (2020-2021) following
the start of the pandemic, with a decrease in 2022 as
compared with 2021; however, overall still showing a much
higher baseline of office-based laryngology procedures in
all postpandemic years compared with prior. This analysis
suggests that factors associated with the onset of the
COVID-19 pandemic could have further contributed to the

Dysphonia/Aphonia Pts
923
Stenosis Pts

Spasm Pts

633

S
o ass

290

113 110
74

2020 2021 2022

Figure 2. Diagnosis associated with a laryngology procedure by year in the Reg-ENT database, 2017 to 2022. Laryngeal procedure
counts by diagnosis by year showing an increase in dysphonia diagnosis driving the increase in procedure counts during the coronavirus

disease 2019 (COVID-19) pandemic.
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Figure 3. Laryngology diagnosis counts associated with a laryngology procedure by year in the Reg-ENT database, 2017 to 2022.
Number of patients receiving a procedure for vocal fold paralysis versus all other diagnoses by year showing the large proportion of

procedures performed due to vocal fold paralysis.

already existing growth of in-office laryngology proce-
dures. The diagnoses associated with the increase in
laryngological procedures in the COVID time period
were laryngotracheal stenosis, dysphonia, and vocal fold
paralysis. We hypothesize that the increase in laryngolo-
gical procedures in the COVID era could be in part due to
the increase in these diagnoses from COVID-related
clinical and nonclinical implications.

From a clinical perspective, there are multiple
potential factors related to COVID-19 pathophysiology
that would increase the need for laryngological proce-
dures, including the respiratory nature of the disease,
the sequelae related to treatment for severe disease
(prolonged intubation and pronation maneuvers) and
postviral neuropathy that could have contributed to
these changes. During the pandemic, millions of
patients were intubated, with a large percentage of
those patients emerging from intubation with some sort
of upper airway injury. In a prospective study on
patients with COVID-19 requiring intubation, out-
patient endoscopy revealed laryngotracheal lesions in
40% of patients, with laryngotracheal stenosis and

vocal fold paralysis being the most common.'?

Furthermore, systematic reviews found the incidence
of dysphonia postintubation to be as high as
76%.'>1%15 The specific rise in vocal fold paralysis
may also be in part due to a postviral vagal neuro-
pathy.'® In a case series of 16 patients who presented an
average of 3 months after COVID-19 infection with a
vagal neuropathy, Rapoport et al noted that the
patients had a clinical course consistent with postviral
neuropathy.'’

From a nonclinical perspective, there are multiple
potential factors related to a COVID-19 increase in
laryngological procedures; as well as, a preference for
office-based procedures. These factors include logistical
challenges in scheduling elective surgical cases, restric-
tions and limited access to ambulatory surgery facilities
that remained in place during the latter half of 2020
and through 2021.° Furthermore, delays in patients
seeking treatment and initial delay in surgical proce-
dures with known high complication rate of vocal fold
paralysis could have resulted in clustering of this
diagnosis in the 2020 to 2021 time period.'®2?° Other
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Figure 4. Total laryngology procedure counts by state in the Reg-ENT database, 2017 to 2022. US map with color showing counts of

patients who underwent laryngology procedures from 2017 to 2022.

nonclinical factors could be due to patient fear about
iatrogenic exposure in an OR setting or the patients'
perception that potentially physicians not wanting to
increase the burden on the already-taxed hospital
systems.® Furthermore, in the past couple of decades
several other influential studies in the field of laryngology
have focused on awake, office-based procedures and have
represented the practice shift of laryngology procedures in
the decades leading up to the COVID-19 pandemic!’:8
pointing to provider preference as a contributing factor. It
is unclear how the fear of aerosolization has contributed
to these trends, as multiple studies have warned of the
aerosolization risks with laryngological procedures.>! We
hypothesize that despite these risks, the availability of
appropriate personal protective equipment and the ease
of scheduling office procedures as compared with
ambulatory surgical procedures could have contributed
to the preference for office-based procedures in the
COVID-19 era.

There are many limitations to the current study. First,
the retrospective nature of the data prevents establishing a
direct causal relationship of COVID-19 infection itself as
the driver behind the increase in laryngology procedures.
An attempt was made to use a claim-based data set to link
a history of previously documented COVID-19 infections
in the 6 months prior to undergoing the laryngology
procedure, but this greatly limited the data set and would
have prevented any meaningful analysis from being
performed. Second, while Reg-ENT represents a broad
swath of geographic and practice settings, it is not fully

representative of the entirety of otolaryngology care being
delivered in the United States as represented in Figure 4
which shows which states' otolaryngologists contributed
to the registry practice. While the number of otolaryngol-
ogists remained fairly static during the study time period
and we were able to identify the number of procedures
being performed at the large hospital systems, we were
unable to directly attribute the patients to particular
otolaryngologists due to the deidentified nature of the
data set. Thus, while unlikely, particularly high-volume
otolaryngologists who may have joined or left Reg-ENT
during the study time may have skewed the volume trends
seen in the analysis. These data also do not capture
information on speech-language pathology and other
ancillary services critical to the care of laryngology patients.
Lastly, there were only 3 years worth of pre-COVID Reg-
ENT data available to compare to the almost 3 years worth
of COVID period data. Data were restricted to 2017 to 2022
as this is when Reg-ENT had the most consistent annual
number of otolaryngologists contributing data to the
registry. Therefore, we cannot fully understand how much
the COVID period changes compare to trends over a longer
pre-COVID period. Questions remain as to whether the
shift to in-office laryngology procedures will continue in the
postpandemic era. The data from 2022 did show a decline in
procedure numbers compared with 2021. The peak in 2021
could have been due to the large backlog from the prior
year; however, overall the COVID-19 era did usher an
unprecedented increase of laryngology procedures in the
office setting.
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Conclusion

This analysis of Reg-ENT data demonstrates an increase
in the number of laryngology procedures being performed
after the onset of the COVID-19 pandemic, and an overall
procedural shift into the office-setting. This represents a
continued trend seen even before the pandemic onset.
Further investigations could help elucidate the outcomes
and efficacy of these procedures, as well as the conve-
nience to patients (eg, time from initial presentation to
procedure) and an analysis of health care resource and
cost utilizations; data that can also be used for
reimbursement advocacy efforts. While each subsequent
wave of the COVID-19 variants that arrives seems to
result in less severe respiratory and neuropathic disease,
we may still experience another rise in upper respiratory
disease depending on the efficacy of prior immunity on
the next dominant viral variant.
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