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ARTICLE INFO ABSTRACT

Keywords: Objective: The novel coronavirus (COVID-19) forced unprecedented changes in pediatric otolaryngology work-
Coronavirus flow in the early pandemic, particularly due to the postponement of elective procedures. In turn, this has
Pediatric otolaryngology impacted timely treatment of patients and ability to train residents and fellows. The objective is to characterize
zL(l)rsf]r)}-,lQ how surgical practices in pediatric otolaryngology have been impacted by the pandemic through a cross sectional

analysis over three years.

Methods: This cross-sectional study focuses on patients who underwent surgical procedures within the depart-
ment of otolaryngology at a single tertiary pediatric hospital. Descriptive statistical analysis was used to compare
subsets of patients from pre-pandemic in 2019, early-pandemic in 2020, and late-pandemic in 2021.

Resuits: Operative volume decreased by 87.57% in the early pandemic and 36.86% in the late pandemic. In the
early pandemic, the greatest decreases were seen in airway reconstruction (100%), adenotonsillectomy (96.4%),
adenoidectomy (94.7%), myringotomy with tympanostomy tube insertion (94.6%), frenulectomy (94.1%), and
sinonasal procedures (93.3%), while in the late-pandemic adenotonsillectomy (42.4%) and myringotomy with
tympanostomy tube insertion (70.1%) remained reduced when compared to pre-pandemic volume. Increased
average case lengths in the early-pandemic (78.28 + 51.95 min) and late-pandemic (71.91 + 70.76 min) were
observed when compared to pre-pandemic (52.26 + 39.20 min) (p < 0.001). An increased proportion of
multidisciplinary cases were completed in 2020 and 2021 (p < 0.001). In the 2020, 25% of cases were completed
without trainee involvement. There was an overall decrease in case numbers for trainees and increase in cases
without their involvement when compared to 2019 and 2021.

Conclusion: The COVID-19 pandemic resulted in a decrease in pediatric otolaryngology surgical procedures,
particularly at the onset of the pandemic. While surgical trainees saw a dramatic reduction in case numbers early
on, one year into the pandemic case volume is increasing and trending to pre-pandemic numbers. More complex
cases, as represented by patients requiring longer operative times, inpatient status, and more frequently multi-
disciplinary care, were seen in the early pandemic, while drastic reductions were seen in routine outpatient
procedures.

1. Introduction

The novel coronavirus (COVID-19) has greatly impacted operative
procedures and hospital protocols, reducing surgical case volumes
across the country to historical lows [1]. As COVID-19 cases in the
United States increased throughout March 2020, postponement of
elective surgeries became a priority in an attempt to further control

disease spread and increase availability of hospital resources and staff-
ing for patients requiring care for COVID-19. Ultimately, the Center for
Medicare and Medical Services released the recommendation to post-
pone elective surgeries on March 18, 2020 [2]. With these recommen-
dations in mind, elective procedures were postponed at our institution
beginning March 18, 2020, leading to a downstream overall reduction in
surgical volume in the early pandemic. On April 7, 2020, a tier system to
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guide treatment priority was released, which offered guidance on
resuming elective cases [2].

At our institution, the following procedures were deemed necessary:
operative laryngoscopy and/or bronchoscopy that could not wait
beyond 6 weeks, tracheostomy, post-operative tonsillectomy bleeding or
other surgical complications, foreign body aspiration, any battery
foreign body, active abscess non-responsive to medical treatment,
complications of otitis media or sinusitis, and biopsies and/or resection
for head and neck cancer management. Non-battery nasal or ear foreign
body were first attempted in-office, then brought to the operating room
on an as-need basis. Other procedures were scheduled at the discretion
of the surgeon if delaying for 6-8 weeks could result in adverse effects.

In a survey across several large United States hospital systems, a 35%
reduction in overall surgical volumes across specialties was seen from
March 2020 through July 2020 compared to years prior, with up to 77%
reduction in pediatric otolaryngology head and neck cases [1,3]. Delays
in care, either due to perceived risks by patients themselves or due to
hospital-wide reductions in non-urgent cases, may lead to negative
outcomes for patients and surgical case backlogs for providers [4,5]. The
downstream consequences may also lead to reduced case volume for
surgical trainees. Otolaryngology residents in the United States must
complete a minimum number of certain cases deemed key indicator
cases to graduate. A subset of these key indicator cases, including 20
airway cases (pediatric and adult), 22 bronchoscopies, 40 ethmoidec-
tomies, and 7 congenital neck masses, are cases that are often completed
on pediatric patients or during a pediatric otolaryngology rotation for
those residents [6]. At the onset of the pandemic, recommendations
were made to reduce elective airway procedures, many of which
comprise otolaryngology training [7]. A reduction in overall surgical
volume may impact resident ability to meet residency key indicator
criteria [8].

Further studies suggest that surgical trainees have had significant
reductions in their ability to participate in both emergency and non-
emergency cases since the onset of the pandemic [9]. In a survey of
pediatric otolaryngology fellowship directors, 86.3% reported some
continued surgical procedures at their institution, yet 77.2% felt
COVID-19 was causing a significant impact on overall fellowship expe-
rience and 68.2% felt implemented changes could have a mild or
moderate impact on ability to become a well-trained pediatric otolar-
yngologist [10]. Decreased operative exposure and experience for pe-
diatric otolaryngology surgical trainees, in particular, may lead to
decreased comfort in complex operative procedures such as correction
of craniofacial abnormalities, cochlear implantation, laryngotracheal
reconstruction, and excision of larger lymphatic malformations [11].

Despite deviation from traditional training, as time has progressed
elective surgeries have been able to resume throughout the country with
certain limitations. On December 3, 2020 the Center for Disease Control
released a statement recommending healthcare workers and residents of
long term care facilities receive the first doses of the COVID-19 vaccine
and as of April 21, 2021 all Americans over age 16 years old became
eligible for vaccination [12]. This, combined with increased availability
of rapid COVID-19 testing, has likely played a role in the resumption of
elective surgical procedures.

With the rapidly changing health climate of the United States in
mind, the objective of this study is to assess the impact of the COVID-19
pandemic on otolaryngology surgical volume at our pediatric institution
both at the immediate onset and one year into the pandemic. Our goal is
to further characterize surgical trends and explore the impact of the
COVID-19 pandemic on surgical trainees.

2. Materials and methods

This cross-sectional study was completed with permission from the
Office for the Protection of Human Subjects and Institutional Review
Board at a single tertiary pediatric hospital, Children’s National Medical
Center, in Washington, DC. An internal surgical billing dataset for
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procedures completed during three time-frames was obtained. Data
from March 18, 2019 through April 18, 2019 made up the pre-pandemic
subset, while data from March 18, 2020 through April 18, 2020, cor-
responding to the first month of shutdown of elective surgical proced-
ures, made up the early-pandemic subset, and data from March 18, 2021
through April 18, 2021 made up the late-pandemic subset. Data
extracted included date of procedure, description of procedure, length of
procedure, American Society of Anesthesiologist (ASA) classification,
and type of admission (outpatient, observation, or inpatient). De-
mographics, including age, gender, body mass index (BMI), and
comorbidities were collected. Comorbidities were categorized into the
following: prematurity, genetic, pulmonary, cardiac, severe obstructive
sleep apnea, developmental delay, and carcinoma. Involvement of a
surgical assist (resident, fellow, or both) was noted. Cases were classified
as multi-disciplinary if a single patient underwent procedures from
multiple departments under a single anesthetic.

The surgical procedures for each patient were reviewed and cate-
gorized. Each procedure was listed as part of one or more of the
following groups: adenoidectomy, tonsillectomy, adenotonsillectomy,
diagnostic direct laryngoscopy with bronchoscopy, direct laryngoscopy
with bronchoscopy with operative intervention, cochlear implant,
myringotomy with tympanostomy tube placement, tracheostomy, exam
under anesthesia, soft tissue mass resection, incision and drainage of
abscess, mastoidectomy and/or tympanoplasty, sinonasal procedure,
frenulectomy, or airway reconstruction. Exam under anesthesia consists
of an ear exam under anesthesia with removal of impacted cerumen
and/or ear foreign body, nasal exam under anesthesia without further
intervention, sleep endoscopy, and any other procedure requiring
anesthesia not better suited for any other category. Neck masses
including branchial cleft cysts, thyroidectomy, and lymph node biopsies
were categorized under soft tissue resection. Incision and drainage of
abscess included both neck and peritonsillar abscesses which were
accessed externally or intraorally.

Descriptive statistical analysis was completed using Microsoft Excel
(2020 Microsoft Corporation) and R Statistical Program (RStudio: Inte-
grated Development for R. RStudio, PBC, Boston, MA). Patients were
divided into two groups regarding the year they underwent surgery
(2020 COVID year versus 2019 non-COVID year). Chi-square analysis
was performed for nominal data with Pearson’s correlation, while in-
dependent samples t-tests were performed for interval data. Statistical
significance was defined as p < 0.05 [13].

3. Results
3.1. Demographics

A total of 771 patients were analyzed in this cohort, with 43.2%
females, average age of 71.34 months, and average BMI of 19.36. While
in 2019 77% of patients were classified as ASA I or II, in 2020 and 2021
these represented 55.5% and 68% respectively. Demographic data for
each subset analyzed is represented in Table 1. There is no statistical
significance in gender between subsets (p = 0.518).

3.2. Surgical volume

At the initial onset of the pandemic, from March 18, 2020 through
April 18, 2020, 56 patients underwent 61 otolaryngology procedures
under general anesthesia, a significant decrease compared to the 433
patients who underwent 491 procedures one year prior, from March 18,
2019 through April 18, 2019. In the following year, operative volume
began to increase with 282 patients and 310 unique procedures
completed in the department from March 18, 2021 through April 18,
2021. Fig. 1 reflects trends in surgical frequency by week during the
study time frame. When procedures were observed overall, adeno-
tonsillectomy and myringotomy with tympanostomy tube insertion had
significant decreases in 2020 and remained decreased when compared
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Table 1
Demographics.
2019 (N = 2020 (N = 2021 (N = P value
433) 56) 282)

Age (months), mean 67.73 52.88 80.55 0.002
(SD) (57.45) (55.79) (69.59)

Female, n (%) 182 (42) 28 (50) 159 (56) 0.52

BMI, mean (SD) 19.02 (5.61) 18.20 20.17 (6.26) 0.009

(4.87)

ASA, % <0.001
1 22 12.5 16
I 55 43 52
111 18 21 23
v 1.4 12.5 1.8
IE 1.1 7 2.5
IIE 1.6 2 2.5
IIIE 0.7 0 1.4
IVE 0.2 2 0.7

Comorbidities, % <0.001
None 73 70 54
One 18 18 23
Two 8 13 23

*P values were obtained from two-sample t-test test for continuous data and Chi-
square/Fisher’s exact test for binary and categorical data.

to pre-pandemic volume. Need for tracheostomy placement was un-
changed across all subsets.

Prior to the pandemic, the majority of procedures were scheduled
outpatient procedures. In 2019, 284 patients (66%) had outpatient
surgery, 81 patients (19%) required overnight observation, and 68

Fig. 1. Weekly Surgery Volume Trends 2019-2021 by Case Type.

Week Number
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patients (16%) required inpatient admission. Early in the pandemic
there was a reduction in patients requiring either outpatient surgery or
post-surgical observation, 15 and 30 patients respectively (27%, 23%),
in comparison to the 28 patients who required inpatient surgery (50%).
By late-pandemic in 2021, the number of inpatient procedures returned
to pre-pandemic volume. However, the extent of recovery did not hold
true for outpatient or observational procedures, at 168 and 45 respec-
tively. There was a statistically significant increase in case length both in
the early-pandemic (78.28 + 51.95 min) and late-pandemic (71.91 +
70.76 min) when compared to average case length pre-pandemic (52.26
+ 39.20 min) (p < 0.001). Multidisciplinary cases made up 3% of cases
in 2019, 11% of cases in 2020, and 10% of cases in 2021 (p < 0.001).

Of the patients treated in 2020, 36 (64.3%) had preoperative COVID-
19 testing, resulting in 2 (3.6%) positive results, while all patients
treated in 2021 had either pre-operative negative COVID-19 testing
within 72 hours or met the hospital policy for exclusion of need for
additional testing. Patients with positive COVID-19 result were not
required to undergo repeat testing if their surgery was >28 days but <90
days of prior positive test. There were no patients in the late-pandemic
subset who tested positive for COVID-19 prior to their operative
procedure.

3.3. Surgical trainee involvement

Table 2 outlines the distribution of trainee involvement. The overall
number of cases with trainee participation was dramatically decreased
in 2020, early in the pandemic, with 25% of cases completed by
attending surgeon only. However, by 2021 this trend began to reverse,
with only 10% of cases uncovered by a resident or fellow.

4 i 1 2 3 4 5 1

Week Number

100

3

Weekly rates of surgical procedures from 2019, 2020, 2021. Case percentages were calculated with 2019 as reference point. A, Tonsillectomy. B, Adenoidectomy. C,
Direct Laryngoscopy Bronchoscopy without intervention. D, Cochlear Implant. E, Myringotomy with Tympanostomy Tube placement. F, Tracheostomy. G, Exam
Under Anesthesia. H, Soft tissue mass resection. I, Incision and Drainage of abscess. J, Mastoidectomy and/or tympanosplasty. K, Sinonasal. L, Direct Laryngoscopy
Bronchoscopy with intervention. M, Frenulectomy. N, Airway reconstruction. O, Adenotonsillectomy.
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Table 2
Involvement of surgical assist.
2019 2020 2021 P value
None, n (%) 65 (15) 14 (25) 27 (10) <0.001
Resident, n (%) 203 (47) 17 (30) 164 (58)
Fellow, n (%) 148 (34) 22 (39) 50 (18)
Both, n (%) 18 (4 3(5) 41 (15)

*P values were obtained from two-sample t-test test for continuous data and Chi-
square/Fisher’s exact test for binary and categorical data.

4. Discussion

The cancellation and postponement of elective pediatric otolaryn-
gology procedures resulted in a significant decrease in overall cases
during the one-month period analyzed immediately after the onset of the
pandemic. Overall there was an 87.57% decrease in surgical volume in
the early pandemic. The most commonly completed procedures in the
department in 2019, adenotonsillectomy and bilateral myringotomy
with tympanostomy tube insertion, demonstrated >94% decrease in
2020, representing a shift from outpatient procedures to procedures on
inpatients or those requiring a postoperative inpatient admission. By
2021 the surgical volume began to increase, in contrast to 2019 with
36.86% volume decrease. Interestingly, the number of procedures per-
formed on inpatients returned to pre-pandemic volume, but outpatient
procedures, including adenotonsillectomy and bilateral myringotomy
with tympanostomy tube insertion, remained lower. This is not sur-
prising due to lockdown precautions put in place, such as transitioning
to virtual school and eliminating daycare, which may have lowered viral
exposure for children. Viral infections serve as one of the main factors
for recurrent infection ultimately requiring surgical intervention.

While in 2020 we noted a decrease in diagnostic and interventional
airway procedures, by 2021 these numbers had returned to pre-
pandemic numbers. There were more cases of direct laryngoscopy
bronchoscopy with intervention in 2021 when compared to 2019, which
could have been due to a backlog of patients from the early pandemic
who required airway procedures whose cases were deemed non-
emergent. Although tracheostomy is an aerosolizing procedure, we did
not observe a change in the number completed across subsets, likely due
to the underlying indication for tracheostomy placement. Airway
reconstruction procedures were not completed in the early pandemic
due to their longer operative time, direct exposure to the airway for the
surgical team, and requirement of postoperative ICU admission, but it
was possible to resume these procedures as the pandemic progressed
with improved COVID-19 testing and precautions.

Multiple factors may have contributed to longer average case lengths
in 2020 and 2021. Longer cases may imply more complex patients, more
complex procedures, or a combination. Our cohort saw an increase in
patients with multiple medical comorbidities, higher ASA classification,
and a higher proportion of multidisciplinary cases in the pandemic
years, which likely contributed to our longer case lengths. Multidisci-
plinary cases are commonly coordinated at our facility in order to
complete multiple procedures under a single session of anesthesia with
the aim to decrease lifetime anesthetic for a single pediatric patient.
These combination cases reduce the need for multiple pre-operative
COVID-19 tests for a single patient, as well as reduced airway manipu-
lation by the anesthesia team.

Although patients undergoing operative procedures typically require
negative pre-operative COVID-19 testing, allowances were made for
emergent cases regardless of COVID-19 positivity. Of note, one patient
in the early-pandemic required immediate surgical treatments for a neck
abscess on two separate occasions, despite being COVID-19 positive.
Appropriate airborne precautions were taken for these cases, including
Powered Air Purifying Respirator (PAPR), and the involvement of only
the most senior surgeon, the attending physician, in order to reduce
potential exposure of the surgical team. In the late-pandemic there were
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no patients who tested COVID-19 positive requiring immediate surgical
intervention.

Resident and fellow surgical involvement was unquestionably
interrupted in the early-pandemic. Not only was there an overall
reduction in total cases in March 2020, but there was also an increase in
cases that were completed without the assistance of a resident or fellow.
In 2019 15% of cases were completed without an assist compared to
25% in 2020. Lack of rapid testing in the early pandemic likely
contributed to decreased trainee participation due to the goal of the
most experienced surgeon participating in the case to both decrease
exposure and expedite completion. In 2020 there were surgical cases
completed without trainees due to unknown or positive COVID-19 status
of the patient. By 2021, only 10% of cases were completed without
trainee involvement. This was likely due to increased availability of
COVID-19 testing, adequate Personal Protective Equipment (PPE), and
vaccinations.

With the reduction of cases in mind in the early-pandemic, there
were concerns regarding adequate training for pediatric otolaryngology
fellows due to absence of required cases and further occasions to
demonstrate leadership. Fellows experienced a reduction in complex
cases, such as laryngotracheal reconstructions and airway intervention
procedures, whereas residents had a reduction in common otolaryn-
gology procedures. Involvement of both a resident and fellow implies a
teaching opportunity, which is an important component of pediatric
otolaryngology fellowship training. In the early-pandemic there were
only three cases with both a resident and fellow involved, but by 2021
there were 41 cases with both trainees involved. At our institution we
are continuing to see an increase in surgical volume and educational
opportunities trending to pre-pandemic levels.

This study is limited to a single tertiary pediatric institution. It is
cross-sectional in nature and focuses on one month time frames in each
respective year, which may not capture the full impact of the pandemic.
Given the fluidity of COVID-19 restrictions and guidelines due to case
increases throughout the country, increased study length and multi-
institutional involvement could further illustrate the impact of this
disease on pediatric otolaryngology surgery.

5. Conclusion

The COVID-19 pandemic resulted in a significant decrease in pedi-
atric otolaryngology surgical volumes in the immediate month following
the onset of the pandemic. With increases in availability of personal
protective equipment, preoperative COVID-19 testing, and availability
of vaccines to providers, trends in surgical volumes are beginning to
return to pre-pandemic levels. This study highlights the increase in
complex otolaryngology procedures with decrease in routine outpatient
procedures seen in response to the pandemic. Future studies may further
quantify the long-term impact on surgical trainees due to the significant
reduction in pediatric otolaryngology cases at the immediate onset of
the pandemic.
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