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Abstract

Background: Operating safely throughout the coronavirus disease 
2019 (COVID-19) pandemic has required surgical centers to adapt 
and raise their level of readiness. Intuitively, additional expenses re-
lated to such adaptation may have resulted in an increase in the cost 
of surgical care. However, little is known about the magnitude of such 
an increase, and no study has evaluated the temporal variation in the 
costs of care throughout the pandemic. The aim of the current study 
was to evaluate the impact of COVID-19 on the cost of surgical and 
anesthetic care in a free-standing, pediatric ambulatory care center.

Methods: We performed a retrospective review of the electronic medi-
cal record (EMR) and financial data for pediatric ambulatory settings 
between 2019 and 2020 (April - August) from our tertiary care chil-
dren’s hospital. The primary outcomes were the inflation-adjusted sur-
gical cost for elective tonsillectomy, adenoidectomy, and tympanosto-
my tubes (BTI) placement procedures in children less than 18 years of 
age. These data were obtained from financial databases and aggregated 
into categories including anesthesia services, operating room services, 
recovery room services, and supply and medical devices.

Results: Costs per case to provide care were significantly higher fol-
lowing the COVID-19 pandemic in 2020 compared to 2019 across 
all services: anesthesia ($1,268 versus $1,143; cost ratio (CR): 1.11, 
95% confidence interval (CI): 1.08 - 1.14, P-value < 0.001), operating 
room ($1,221 vs. $1,255; CR: 1.03, 95% CI: 1.02 - 1.04, P-value < 
0.001), recovery room ($659 vs. $751; CR: 1.14, 95% CI: 1.10 - 1.18, 
P-value < 0.001), and supply ($150 vs. $271; CR: 1.81, 95% CI: 1.26 
- 2.6, P-value = 0.001). There was an overall increase in healthcare 
service costs in 2020, with significant fluctuations in the early and 
mid-year months.

Conclusion: Our study identified specific economic impacts of 
COVID-19 on free-standing pediatric ambulatory centers, thereby 
highlighting the need for innovative practices with cost containment 
for sustainability of such specialized centers when dealing with future 
pandemics related to COVID-19 or other viral pathogens.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic exposed 
a significant unmet need for preparedness among healthcare 
institutions [1]. Free-standing pediatric ambulatory centers 
may have underestimated the pandemic and its potential im-
pact on daily operations including the cost of providing anes-
thesia and surgical services [2]. During this period, one of the 
primary challenges faced by ambulatory surgery centers was 
the implementation of additional safety measures to ensure the 
safe completion of scheduled surgical procedures due to the 
impact of COVID-19 on patients and healthcare providers [3-
5]. This led to the deferral of numerous surgical procedures 
labeled as non-essential or elective, thereby negatively affect-
ing patients and their quality of life [6]. In particular, pediatric 
patients may have been denied potentially life-improving sur-
geries such as tonsillectomies, adenoidectomies, or tympanos-
tomy tube placements.

Recognizing the potential for the cancellation of these sur-
gical procedures to result in a decline in the quality of patient 
care, surgical centers had to adapt and improve their readiness 
to treat patients safely and efficiently. To address the concerns 
arising from surgical procedure deferment, pediatric ambula-
tory centers adapted by implementing new regulations to en-
sure patient and healthcare worker safety when there was a 
resumption of elective surgery. These regulations, including 
strict adherence to social distancing, improved surface dis-
infection, use of personal protective equipment (PPE), and 
increased attention to hand-washing allowed centers to align 
with CDC guidelines and enhanced their ability to care for pa-
tients and yet prevent COVID-19 transmission and infection 
[7]. With these measures in place, pediatric ambulatory cent-
ers successfully increased their capacity to perform surgical 
procedures. However, as they adapted, new issues emerged 
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including limitations in the supply chain led to increased cost 
of surgical care.

Although it is known that the cost of surgical care in-
creased during the COVID-19 era for pediatric ambulatory 
care centers, the exact magnitude of this increase and the fac-
tors primarily responsible for it remain uncertain. To date, 
there has been limited emphasis on the impact of supply chain 
limitations on increasing the overall cost of surgical care [8]. 
Understanding this connection enables the management of 
pediatric ambulatory surgical centers to navigate similar sup-
ply chain challenges more effectively should we be faced with 
future pandemics. Given the ongoing risk of future global pan-
demics, preparation is crucial for pediatric ambulatory surgical 
centers to ensure the timely completion of non-urgent surgi-
cal procedures which can significantly impact the quality of 
life of patients as well as result in ongoing comorbidities if 
not addressed. With the goal of enhancing the health outcomes 
for children and their families during future global pandem-
ics, our study evaluates the economic and financial impact of 
COVID-19 on pediatric surgery. We have collected data on 
the costs of overall care, otolaryngology cases, recovery room 
care, operating room services, anesthesia services, and medical 
supplies to examine how these costs evolved during the pan-
demic. The primary goal is to shed light on the fluctuation in 
surgical costs during the COVID-19 pandemic, offering valu-
able insights for hospitals and healthcare professionals.

Materials and Methods

Study setting, design and population

This retrospective study was approved by the Institutional 
Review Board of Nationwide Children’s Hospital (Colum-
bus, Ohio) and was conducted in compliance with the ethical 
standards of clinical research on human subjects and the Hel-
sinki Declaration. Following IRB approval, we performed a 
cross-sectional study integrating the electronic medical record 
(EMR) of our free-standing, tertiary care children’s hospital 
and financial data for pediatric ambulatory settings, compar-
ing the months of April through August for the years 2019 and 
2020. For the purpose of the study, a convenience sample that 
included two 6-month periods of time was chosen using the 
database from the operating room of our own hospital, Na-
tionwide Children’s Hospital (NCH). NCH is a large tertiary 
care, free-standing children’s hospital in the state of Ohio. This 
allowed a time-based comparison of a 6-month period prior to 
the COVID-19 pandemic (2019) with a 6-month period dur-
ing the height of the pandemic (2020) and its impact on surgi-
cal volumes and cost. The study cohort included children < 18 
years who underwent elective tonsillectomy, adenoidectomy, 
or tympanostomy tubes (BTI) placement.

Study outcomes

Our study outcome was the inflation-adjusted surgical costs, 
defined as the total amount spent to deliver care, including 

wages, supplies, and utility costs. These costs were obtained 
from financial databases and aggregated into categories, in-
cluding anesthesia services, operating room services, recovery 
room services, and supply and medical devices. We inflated 
the costs to the 2021 US dollars using Consumer Price Index 
for the gross domestic products [9].

Statistical analysis

Categorical variables were presented as frequency and column 
percentage. We tested the normality of continuous variables 
by using the one-sample Kolmogorov-Smirnov test. Non-
continuous variables were summarized as median (interquar-
tile range (IQR)). Poisson regression was used to estimate the 
average costs and their 95% confidence interval (CI) for 2019 
and 2020. To compare the costs between 2019 and 2020, we 
used a generalized linear model with gamma distribution to 
account for the non-normality of costs. Results were presented 
as cost ratios (CRs) and their 95% CI. We performed all data 
analyses and management using Stata, version 16 (StataCorp, 
College Station, TX).

Results

The study cohort included 1,797 children who underwent elec-
tive otolaryngology surgery during 2019 compared to 622 pa-
tients during the same period in 2020, resulting in a 52.9% 
reduction in case volumes (Table 1). In 2020, the children who 
were cared for were older (P-value < 0.001) and had a higher 
American Society of Anesthesiologists (ASA) physical classi-
fication status (P value = 0.001). Costs per case to provide care 
were significantly higher in 2020 compared to 2019 across all 
services: anesthesia ($1,268 versus $1,143; CR: 1.11, 95% 
CI: 1.08 - 1.14, P-value < 0.001), operating room ($1,221 vs. 
$1,255; CR: 1.03, 95% CI: 1.02 - 1.04, P-value < 0.001), re-
covery room ($659 vs. $751; CR: 1.14, 95% CI: 1.10 - 1.18, 
P-value < 0.001), and supply and medical devices ($150 vs. 
$271; CR: 1.81, 95% CI: 1.26 - 2.6, P-value = 0.001) (Table 
2 and Figs. 1-5). Figures 1 to 5 summarize the comparative 
trend in average costs for various healthcare services between 
the study months of the years 2019 versus 2020. Starting with 
operating room services, there was an observable downward 
trend from March to April 2020, subsequently followed by a 
steady rise through August, with the costs generally surpassing 
those of 2019, except for a notable dip in April 2020. In con-
trast, the costs for anesthesia services in 2020 displayed more 
variability, with a significant decline in April and a peak in 
July, suggesting an increase in cost volatility during this year 
compared to the more stable trend observed in 2019.

For medical supplies and devices, 2020 showed an increase 
in costs in May, which contrasts with the moderate fluctuations 
seen in 2019. The overall care costs are consistent with this 
pattern of heightened variability in 2020, with the highest av-
erage cost recorded in July, overshadowing the more consist-
ent costs across the months of 2019. Recovery room services 
mirror the general trend, with costs in 2020 consistently higher 
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than in the previous year, alongside a mid-year rise.

Discussion

Our study not only confirms the significant financial impact 
of the COVID-19 pandemic on free-standing pediatric am-
bulatory centers, but also serves as a warning regarding the 

potential consequences of future pandemics without adequate 
preparation. The unpreparedness of healthcare organizations 
for a global pandemic resulted in a substantial decline in am-
bulatory otolaryngology procedures. In many centers, there 
was not just a decline, but a cessation of elective or non-urgent 
surgical cases as it was necessary to divert healthcare resourc-
es and personnel to care for patients with COVID-19 infec-
tions [10, 11]. The restrictions on elective surgery were also 

Table 1.  Demographic Data of the Study Cohort

Characteristics Overall 2019 2020 P-value
Study population 1,797 (100.0) 1,175 (65.4) 622 (34.6)
Male gender 960 (53.6) 632 (54.1) 328 (52.8) 0.615
Race/ethnicity
  Non-Hispanic White 1,420 (80.8) 938 (81.6) 482 (79.3) 0.348
  Non-Hispanic Black 164 (9.3) 108 (9.4) 56 (9.2)
  Other 153 (8.7) 93 (8.1) 60 (9.9)
  Hispanic 21 (1.2) 11 (1) 10 (1.6)
Age in years
    ≤ 5 93 (5.2) 36 (3.1) 57 (9.2) < 0.001
  6 - 12 438 (24.5) 249 (21.3) 189 (30.4)
    ≥ 13 1,259 (70.3) 884 (75.6) 375 (60.4)
ASA physical classification
  1 903 (50.4) 616 (52.7) 287 (46.2) 0.001
  2 870 (48.6) 548 (46.9) 322 (51.9)
  3 17 (0.9) 5 (0.4) 12 (1.9)
BMI category (for patients ≥ 2 years of age)
  Underweight 85 (8) 58 (9) 27 (6.4) 0.096
  Normal weight 714 (66.8) 439 (68.1) 275 (64.9)
  Overweight 168 (15.7) 90 (14) 78 (18.4)
  Obese 102 (9.5) 58 (9) 44 (10.4)
Insurance
  Private/commercial 965 (53.9) 653 (55.9) 312 (50.2) 0.117
  Medicaid/sCHIP; private/commercial 124 (6.9) 75 (6.4) 49 (7.9)
  Medicaid/sCHIP 690 (38.5) 433 (37) 257 (41.4)
  Self-pay 11 (0.6) 8 (0.7) 3 (0.5)

The data are listed as number (%). BMI: body mass index; sCHIP: Children’s Health Insurance Program; ASA: American Society of Anesthesiologists.

Table 2.  Average Healthcare-Related Costs

Services
Average cost (dollars) Cost ratio  

(2020 vs. 2019) P-value
2019 2020

Anesthesia services 1,143 (1,130, 1,156) 1,268 (1,241, 1,295) 1.11 (1.08, 1.14) < 0.001
Operating room services 1,221 (1,213, 1,229) 1,255 (1,243, 1,268) 1.03 (1.02, 1.04) < 0.001
Recovery room services 659 (649, 669) 751 (731, 772) 1.14 (1.10, 1.18) < 0.001
Supply and medical devices 150 (97, 202) 271 (248, 294) 1.81 (1.26, 2.6) 0.001
Overall 3,030 (2,999, 3,061) 3,313 (3,248, 3,378) 1.09 (1.07, 1.12) < 0.001

The average cost is listed in dollars with 95% confidence intervals.
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implemented in an effort to limit the ongoing spread of the 
virus. These restrictions were widespread and included pediat-
ric centers even though the number and severity of COVID-19 
infections was limited when compared to adult hospitals [11]. 
These measures were implemented in an effort to free up sup-
plies, equipment, and personnel to care for adult patients if 
needed. Similar decreases in patient volumes were seen when 
comparing the pre-COVID-19 era to the COVID-19 period 

with decreases in emergency department (ED) visits and de-
creases in overall hospitalizations [11, 12]. As many of these 
ED visits and hospitalizations were related to acute respiratory 
illnesses including asthma and bronchiolitis, it was postulated 
that the overall decrease in respiratory illnesses may have been 
related to masking and social distancing imperatives. Other pa-
tient-care issues related to the pandemic were similarly noted 
in other hospital-based services including palliative care [13].

Figure 2. Average cost of recovery room services during April - August in 2019 compared to April - August 2020.

Figure 1. Average cost of overall care during April - August in 2019 compared to April - August 2020.
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Eventual efforts to address the decline in outpatient sur-
gery including increased availability of PPE and other supplies, 
were hindered by an inadequate supply chain that struggled to 
provide essential goods in a timely fashion and at reasonable 
prices. Other areas of care also saw cost increases during this 
period, with recovery room services, operating room services, 
and anesthesia services. Our data underscore the significantly 
higher financial burden placed on both patients and providers 

during the COVID-19 pandemic.
The economic impact of hospitals suspending elective 

procedures was significant, with an average loss of $50.7 bil-
lion reported by hospitals in the United States from March 1 to 
June 30, 2020, according to the American Hospital Association 
[2]. This loss was attributed to a combination of operational 
restrictions imposed on ambulatory surgical centers, which re-
duced caseloads while increasing costs, and a notable decline 

Figure 3. Average cost of operating room services during April - August in 2019 compared to April - August 2020.

Figure 4. Average cost of anesthesia services during April - August in 2019 compared to April - August 2020.
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in pediatric patient hospitalization rates during 2020 compared 
to previous years. Our ambulatory center experienced a 52% 
decrease in pediatric otolaryngology caseload. In 2020, the to-
tal pediatric surgical case numbers for the hospital declined by 
21%, marking the first year of decline in a decade of consist-
ent growth. In many centers, the decline in surgical numbers 
resulted in not only loss of revenue for the hospital, but also 
impacts on the staff including the reassignment of nursing staff 
and other highly trained employees to other areas or in lay-offs 
and salary cuts.

This study, while providing valuable insights with specific 
cost data, has certain limitations. First, it is a single-center 
study, which may limit the generalizability of the findings to 
other pediatric ambulatory centers with different patient de-
mographics or operational structures. Secondly, the study pe-
riod only covers the first year of the COVID-19 pandemic, and 
therefore, longer-term impacts on surgical costs and healthcare 
delivery might not be fully captured. However, when evaluat-
ing our current surgical volume during the calendar year 2023, 
we have noticed a significant rebound with total surgical cases 
exceeding 43,000 for the first year ever at our hospital and 
exceeding the previous high of 39,000 the year prior to the 
pandemic. Additionally, the study focuses solely on elective 
otolaryngology procedures in pediatric patients, excluding 
other surgical specialties that might have experienced different 
trends. We chose this population to maintain a homogenous 
and manageable data set. The impact of other external factors, 
such as regional COVID-19 policies and healthcare funding 
changes, was not accounted for, which might have influenced 
the study outcomes. During the COVID-19 pandemic, with the 
restriction of elective surgical procedures, there was a slight 
change in the demographic population so that the patients dur-
ing 2020 months were younger and had a higher ASA physical 

classification. Lastly, the cost analysis did not include indirect 
costs such as lost wages or transportation expenses for patients 
and their families, which could have further contributed to the 
financial burden.

In summary, the COVID-19 pandemic undeniably disrupt-
ed the pediatric surgical healthcare system, particularly elective 
ambulatory surgery settings. Our study illustrates the signifi-
cant financial impact of the pandemic on pediatric ambulatory 
centers, emphasizing the need for robust preparedness plans 
for future health crises. Although we noted cost increases in 
all four services (anesthesia, operating room, recovery room, 
and supply and medical devices) totaling an average of $283, 
43% of the increase came from supply chain issues (increase 
of $121) and 33% was due to recovery room costs (increase of 
$92). The observed reduction in elective surgical procedures 
and the subsequent increase in care costs underscore the vul-
nerabilities in healthcare delivery during and after pandemic 
scenarios. Our findings highlight the importance of strategic 
resource allocation, including PPE stockpiling and efficient 
supply chain management, to ensure continuity and quality of 
care. The lessons learned from this pandemic are invaluable 
for guiding future policies and practices in healthcare settings, 
especially in maintaining essential surgical services for pediat-
ric patients. It should also be noted that the impact of the initial 
COVID-19 pandemic of 2020 continues to have long reach-
ing effects on our healthcare system including ongoing faculty 
staffing and staff shortages across the perioperative and inpa-
tient setting, equipment and medication supply chain issues, 
and increased burnout leading to retirement or job changes 
which further affects staffing shortages [14]. This impact ex-
tends far beyond the financial consequences of the pandemic. 
As healthcare systems continue to evolve in response to global 
health challenges, our study contributes to a growing body of 

Figure 5. Average cost of medical supplies and devices during April - August in 2019 compared to April - August 2020.
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knowledge that can lead to better preparedness and resilience 
in the face of the current and future pandemics.
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