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Abstract

Background The COVID-19 pandemic has resulted in large-scale healthcare restrictions to control viral spread,

reducing operating room censuses to include only medically necessary surgeries. The impact of restrictions on which

patients undergo surgical procedures and their perioperative outcomes is less understood.

Methods Adult patients who underwent medically necessary surgical procedures at our institution during a restricted

operative period due to the COVID-19 pandemic (March 23-April 24, 2020) were compared to patients undergoing

procedures during a similar time period in the pre-COVID-19 era (March 25-April 26, 2019). Cardinal matching and

differences in means were utilized to analyze perioperative outcomes.

Results 857 patients had surgery in 2019 (pre-COVID-19) and 212 patients had surgery in 2020 (COVID-19). The

COVID-19 era cohort had a higher proportion of patients who were male (61.3% vs. 44.5%, P\ 0.0001), were

White (83.5% vs. 68.7%, P\ 0.001), had private insurance (62.7% vs. 54.3%, p 0.05), were ASA classification 4

(10.9% vs. 3%, P\ 0.0001), and underwent oncologic procedures (69.3% vs. 42.7%, P\ 0.0001). Following 1:1

cardinal matching, COVID-19 era patients (N = 157) had a decreased likelihood of discharge to a nursing facility

(risk difference-8.3, P\ 0.0001) and shorter median length of stay (risk difference-0.6, p 0.04) compared to pre-

COVID-19 era patients. There was no difference between the two patient cohorts in overall morbidity and 30-day

readmission.

Conclusions COVID-19 restrictions on surgical operations were associated with a change in the racial and insurance

demographics in patients undergoing medically necessary surgical procedures but were not associated with worse

postoperative morbidity. Further study is necessary to better identify the causes for patient demographic differences.
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Introduction

Severe acute respiratory syndrome (SARS)-CoV-2 or

COVID-19 has rapidly expanded worldwide due to its high

virulence resulting in international public lockdowns [1–7].

Following the first case in the United States, many hospi-

tals instituted practices restricting elective surgical proce-

dures to help prevent the spread of the contagion to patients

and healthcare workers and to preserve medical resources

[8–16]. On March 18, 2020, the Centers for Medicare and

Medicaid Services (CMS) announced that elective proce-

dures should be delayed, which prompted 33 states to issue

independent guidance and mandates for the utilization of

hospital resources [10]. At the Hospital of the University of

Pennsylvania, in an effort to both prevent spread of

infection and to preserve hospital resources, a policy was

implemented in mid-March limiting surgical procedures to

those deemed medically necessary by the surgeon,

including operations for severe symptomatology and for

cancer treatment [17–19].

These restrictions resulted in a significant reduction in

our operative census and various hospital personnel,

including operating room staff and perioperative nurses,

were redeployed during this time period. We sought to

investigate if these changes would impact perioperative

outcomes and the patient demographics of those undergo-

ing medically necessary procedures. While attention has

been given to the disparate proportion of COVID-19 cases

and resulting deaths among Black and minority patients,

particularly in areas of higher poverty and lower education

rates, there is presently limited information on the potential

impact of the pandemic on the non-COVID-19 health

problems [20–24]. We hypothesized that minority and

disadvantaged socioeconomic populations may have been

disproportionately impacted by COVID-19 pandemic

restrictions with respect to undergoing medically necessary

surgical procedures.

Study design

Study population selection

Adult (C 18 years) patients who underwent elective sur-

gical procedures performed at the Hospital of the Univer-

sity of Pennsylvania between March 23, 2020 and April 24,

2020 were identified for inclusion into the COVID-19 era

cohort. The study time period was determined based on the

implementation of the CMS restrictions and continued until

prior to relaxation of restrictions during the approximate

resurgence time instituted by our institution. ‘‘Elective’’

procedures were defined as those that were scheduled as

non-emergent, medically necessary and for which patients

arrived at the hospital the morning of surgery prior to their

procedure start time. Patients admitted from the emergency

department prior to surgery were excluded. Routine cal-

culation of the medically necessary, time-sensitive

(MeNTS) scoring system was not implemented until May

4, 2020; prior to this time, the decision for medically

necessary procedures was made by the surgeon with

oversight by respective departments and divisions [18].

Urology, obstetrics and gynecology, or breast oncology

procedures were excluded to reduce the likelihood of

gender bias that these specialties could introduce on other

factors of this study, namely socioeconomic factors, as

prior studies have shown that men are more likely than

women to be uninsured [25]. Minor procedures (i.e.,

endoscopic) were excluded from the study. Similarly,

patients who met these criteria who underwent elective

surgical procedures from March 25, 2019 to April 26, 2019

were identified as the pre-COVID-19 era cohort. Two

patients undergoing palliative procedures were excluded

from the COVID-19 era cohort who expired within 30 days

of surgery. The study was approved by the Institutional

Review Board of the University of Pennsylvania (protocol

#842,962) and in accordance with the Health Insurance

Portability and Accountability Act.

Matching strategy

In our study, we exactly matched 2019 and 2020 patients

on ICD-10 procedure code categories based on the 73 ICD-

10 procedure codes that occurred in 2020. Patients with

ICD-10 procedure code categorization in 2019 that did not

align with those identified from 2020 were not included in

matching. An optimal matching algorithm based on integer

programming to pair patients who were most similar in

terms of measured covariates was used. We matched using

cardinality matching [26] with fine balance—a method of

constraining two groups to be balanced on a particular

variable without restricting matching on the variable within

individual pairs – to nearly exact balance nominal variables

[27]. We used cardinality matching to find the largest

sample of matched patient pairs that have covariate dif-

ferences in means smaller than a pre-specified difference,

and the marginal distributions of surgical specialty are near

finely balanced (Supplementary Table 1, Supplementary

Table 2).

Statistical analysis

Overall morbidity was computed using a composite of the

following events: ventilation requirements[ 48 h, new

hemodialysis needs, total parental nutrition requirements,

blood transfusion, need for reoperation, need for
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percutaneous drainage of abscess, wound infection, pneu-

monia, acute kidney injury, sepsis or septic shock,

myocardial infarction, stroke, and thromboembolic events.

To assess the quality of the matches, we computed the

standardized difference for each covariate [28–30]. Dif-

ferences in study outcomes before and after matching in

each cohort (2020 and 2019) were compared using paired

tests. McNenmar’s test [30, 31] was used for binary out-

comes, and m-estimates [32, 33] were used for continuous

outcomes after matching. All hypothesis tests were two-

sided with a significance threshold of P\ 0.05. Statistical

analyses were conducted using STATA/IC 13.1 statistical

software and R statistical software 3.3.2 [34, 35]. All

matching analyses were conducted using the designmatch

package18 in R.

Results

Patient and clinical characteristics of pre-COVID-19

and COVID-19 surgical patients

From March 25, 2019 to April 26, 2019, there were 857

(80.2%) patients who underwent elective surgical proce-

dures, and from March 23, 2020 to April 24, 2020, there

were 213 (19.8%) patients who underwent medically nec-

essary surgical procedures (Table 1). Overall, 71.7% of

patients identified as White. When compared to patients

from the pre-COVID-19 era cohort, the COVID-19 era

cohort had higher proportions of patients 50–80 years of

age, whereas the pre-COVID-19 era cohort had a higher

proportion of patients who were\ 50 years of age and[
80 years of age (Table 1). The COVID-19 era cohort had a

higher proportion of patients who were male and with

private insurance as compared to pre-COVID-19 era cohort

patients. Of the COVID-19 era cohort patients, a higher

proportion of patients was White race (83.5% vs. 68.7%)

and a lower proportion of patients was Black non-Hispanic

(9% vs. 19%), Asian (2.4% vs. 3.3%), or Hispanic (2.4%

vs. 4.9%) when compared to pre-COVID-19 era cohort

patients (P 0.001).

When examining clinical characteristics of patients,

COVID-19 era cohort patients had more comorbidities and

were more likely to have ASA classification 3 or 4 as

compared to pre-COVID-19 era patients (Table 2). The

majority of patients in both cohorts had a pre-operative

30-day history and physical visit with their surgical team,

but 5.2% of COVID-19 era cohort patients had this visit

done via telemedicine. A higher proportion of COVID-19

era cohort patients was admitted post-operatively to the

hospital compared to pre-COVID-19 era cohort patients.

Lastly, the frequency of procedures related to an oncologic

diagnosis was significantly greater in the COVID-19 era

cohort when compared to pre-COVID-19 era cohort.

Perioperative outcomes

Of the ICD-10 procedure code categories identified from

2020 patients (Supplementary Table 2), 391 (45.6%) of all

pre-COVID-19 era cohort patients were identified to have

corresponding code categories to the 212 COVID-19 era

cohort patients with available code categories and were

utilized to analyze perioperative outcomes. When com-

paring these selected COVID-19 era cohort patients to pre-

COVID-19 era cohort patients with ICD-10 code catego-

rization amenable to matching, patients had a higher like-

lihood of overall morbidity (risk difference-12.6,

P\ 0.0001) and discharge to their home with home ser-

vices (risk difference-8.2, P 0.03) but had a lower likeli-

hood of being discharged to a skilled nursing facility (risk

difference-4.1, P 0.01) (Table 3). COVID-19 era cohort

patients were also more likely to have a longer postoper-

ative median LOS (risk difference-0.8, P 0.04).

Following 1:1 cardinal matching, COVID-19 era

patients (N = 157) no longer demonstrated an increased

risk of overall morbidity (risk difference-8.9, P 0.10) or

discharge to home with home services (risk difference-3.2,

P 0.42) but continued to have a decreased likelihood of

being discharged to a skilled nursing facility (risk differ-

ence-8.3, P\ 0.0001). Additionally, COVID-19 era

patients had shorter median LOS (risk difference-0.6,

p 0.04) as compared to pre-COVID-19 era patients. Similar

to unadjusted analysis, 30-day readmission rates were no

different between the two cohorts following matching (risk

difference-7.6, P 0.07).

Discussion

As a result of the COVID-19 pandemic, hospitals nation-

wide have canceled all non-essential surgeries during sur-

ges of COVID-19 infections; at the Hospital of the

University of Pennsylvania, this restriction on non-essen-

tial procedures occurred during the months of March and

April [17–19]. During this time period, only procedures

which were considered by the surgeon to be medically

necessary were conducted. Our investigation aimed to

understand how this change impacted the typical elective

procedure patient census and to study the postoperative

outcomes related to surgical procedures during the

pandemic.

The implementation of pandemic restrictions and

adoption of medically necessary justification for surgery

resulted in a substantial decrease (75%) in the elective

procedure patient census. Of the patients who underwent
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elective procedures during the pandemic, we noted that

patients were primarily 50–80 years old as opposed to\
50 and[80 years of age; this possibly could be secondary

to an increased prevalence of cancers in this age population

relative to younger patients. Among octogenarian patients,

the perceived risk of COVID-19 infection may have dis-

suaded patients and providers from pursuing surgery.

COVID-19 era patients had increased comorbidities with

higher rates of cardiac problems and immune compromise.

While these patients perhaps had the most medical neces-

sity in the cohort due to symptomatology, they were also at

the highest risk for complications and associated mortality

from a COVID-19 infection [3, 4, 20, 36–38]. Though none

of our surgical patients contracted COVID-19 in the peri-

operative period, these cases pose significant challenges in

decision-making for providers and patients due to the

complex risk/benefit balance.

Notably, a substantial racial difference was observed

between COVID-19 era patients and pre-COVID-19 era

patients. Minority patients were significantly less likely to

undergo surgical procedures during the COVID-19 pan-

demic. Black patients have been shown to have propor-

tionally higher rates of COVID-19 infection as compared

to White patients with three-fold higher infection rates in

predominantly Black counties as compared to predomi-

nantly White counties [20–24]. Our study suggests that

Black and other minority patients may not just be at

increased risk of COVID-19 and its associated morbidity

but may also be at risk of having other aspects of their

healthcare compromised during the pandemic.

Table 1 Patient characteristics of patients undergoing elective surgical procedures at a single insitution during a five-week period in 2019 (pre-

COVID-19) and during a five-week period in 2020 in which restrictions were in place for the COVID-19 pandemic

Patient characteristics 2019 (Pre-COVID-19) N = 857 (80.2%) 2020 (COVID-19) N = 213 (19.8%) P value

Age 0.05*

18–29 years 66 (7.7) 11 (4.7)

30–39 years 94 (11.0) 17 (8.0)

40–49 years 106 (12.4) 23 (10.9)

50–59 years 173 (20.2) 48 (22.6)

60–69 years 210 (24.5) 65 (30.7)

70–79 years 153 (17.9) 44 (20.8)

C 80 years 55 (6.4) 5 (2.4)

Sex \0.0001*

Male 381 (44.5) 131 (61.3)

Female 476 (55.5) 82 (38.7)

Race/ethnicity 0.001*

White 589 (68.7) 178 (83.5)

Black 163 (19.0) 19 (9.0)

Asian 28 (3.3) 5 (2.4)

Hispanic 42 (4.9) 5 (2.4)

Other/unknown 35 (4.1) 6 (2.8)

Marital status 0.20

Single 225 (26.3) 42 (19.3)

Married/domestic partner 534 (62.3) 146 (68.9)

Divorced/separated 46 (5.4) 15 (7.1)

Widowed 51 (6.0) 10 (4.7)

Other/unknown 1 (0.1) 0 (0.0)

Insurance 0.05*

None 8 (0.9) 0 (0.0)

Private 465 (54.3) 134 (62.7)

Medicare 320 (37.3) 71 (33.5)

Medicaid 58 (6.8) 6 (2.8)

Government 6 (0.7) 2 (0.9)

*Indicates significance
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Additionally, we noted a difference in insurance type with

a higher proportion of patients undergoing medically nec-

essary surgeries during the pandemic having private

insurance, as compared to no insurance, Medicare, and

Medicaid together with the noted racial differences, these

findings suggest unexpected disparities in the wake of this

health crisis.

Previous studies investigating disparities related to

COVID-19 have suggested that worse healthcare outcomes

can result from the differences in socioeconomic factors

Table 2 Clinical characteristics of patients undergoing elective surgical procedures at a single insitution during a five-week period in 2019 (pre-

COVID-19) and during a five-week period in 2020 in which restrictions were in place for the COVID-19 pandemic

Clinical characteristics 2019 2020 P value 2019 2020 P value

ASA classification \ 0.0001* Pre-operative HP visit \ 0.0001*

1 41 (4.8) 0 (0.0) None 14 (1.6) 1 (0.5)

2 403 (47.0) 73 (34.4) Clinic 843 (98.4) 200 (93.9)

3 387 (45.2) 116 (54.7) Telemedicine 0 (0.0) 11 (5.2)

4 26 (3.0) 24 (10.9) Telephone 0 (0.0) 1 (0.5)

Comorbidities Primary surgical specialty \ 0.0001*

Prior stroke 42 (4.9) 10 (4.7) 0.91 Gastrointestinal 134 (15.6) 29 (13.7)

Coronary artery disease 82 (9.6) 40 (18.9) \ 0.0001* Colorectal 54 (6.3) 29 (13.7)

Hypertension 426 (49.7) 114 (53.3) 0.35 Oncologic 184 (21.5) 39 (18.4)

Valve disorder 95 (11.1) 22 (9.9) 0.62 Thoracic 49 (5.7) 35 (16.5)

Arrhythmia 81 (9.5) 32 (15.1) 0.02* Vascular 32 (3.7) 7 (3.3)

Congestive heart failure 52 (6.1) 19 (8.5) 0.20 Plastic surgery 73 (8.5) 10 (4.7)

Prior myocardial infarction 31 (3.6) 17 (8.0) 0.01* Otorlaryngology 130 (15.2) 24 (11.3)

Prior cardiac stent 24 (2.8) 22 (10.4) \ 0.0001* Cardiac 63 (7.4) 24 (10.9)

Peripheral arterial disease 37 (4.3) 19 (9.0) 0.01* Neurosurgery 100 (11.7) 8 (3.8)

COPD 40 (4.7) 9 (4.3) 0.79 Orthopedics or foot 18 (2.1) 8 (3.8)

Cirrhosis 4 (0.5) 2 (0.9) 0.41 Oral maxillofacial surgery 20 (2.3) 0 (0.0)

Ascites 5 (0.6) 2 (0.9) 0.56 Secondary specailty 0.10

Diabetes mellitus 0.02* Gastrointestinal 9 (1.1) 3 (1.4)

IDDM 33 (3.9) 16 (7.6) Colorecatal 2 (0.2) 0 (0.0)

NIDDM 123 (14.4) 20 (9.4) Oncologic 2 (0.2) 1 (0.5)

Chronic kidney disease 65 (7.6) 17 (8.0) 0.83 Thoracic 0 (0.0) 2 (0.9)

Dialysis requirements 15 (1.8) 3 (1.4) 0.73 Vascular 4 (0.5) 2 (0.9)

Prior DVT or PE 40 (4.7) 28 (13.2) \ 0.0001* Plastic surgery 7 (0.8) 2 (0.9)

History of smoking 260 (30.3) 105 (49.5) \ 0.0001* Otolaryngology 12 (1.4) 0 (0.0)

Chronic steroid use 24 (2.8) 13 (6.1) 0.02* Neurosurgery 1 (0.1) 1 (0.5)

Obesity (BMI C 30 kg/m2) 345 (40.3) 94 (43.9) 0.34 Anesthesia type 0.19

Hemoglobin (median, IQR) 13.6 (2.1) 13.7 (2.1) 0.54 General 805 (93.9) 207 (97.2)

Thrombocytopenia 38 (4.4) 17 (8.0) \ 0.0001* Monitored anesthesia care 38 (4.4) 5 (2.4)

Unknown 310 (36.2) 35 (16.5) Regional anesthesia 3 (0.4) 1 (0.5)

Hypoalbuminemia 11 (1.3) 9 (4.3) \ 0.0001* Local anesthesia 11 (1.3) 0 (0.0)

Unknown 491 (57.3) 74 (34.4) Surgical approach 0.002*

Pre-operative WBC count \ 0.0001* Open procedure 264 (30.8) 135 (63.2)

Normal 478 (55.8) 157 (73.6) Minimally invasive 87 (10.2) 78 (36.8)

Leukopenia 40 (4.7) 13 (6.1) Not applicable 506 (59.0) 0 (0.0)

Leukocytosis 29 (3.4) 8 (3.8) Oncologic procedure 366 (42.7) 147 (69.3) \ 0.0001*

Unknown 310 (36.2) 35 (16.5) Admission to hospital 473 (55.2) 166 (77.8) \ 0.0001*

Intensive care unit admission 103 (12.0) 36 (16.5) 0.08

ASA American Society of Anesthesiologists, COPD chronic obstructive pulmonary disease, IDDM insulin-dependent diabetes mellitus, NIDDM
non-insulin-dependent diabetes mellitus, DVT deep venous thrombosis, PE pulmonary embolus, BMI body mass index, IQR interquartile range,

WBC white blood cell, HP history and physical

* indicates significance
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and access to healthcare [39]. Though there has been a

significant increase in telemedicine capabilities during this

pandemic, it is still unclear how shifts in administering

healthcare have impacted different patient populations

[40–45]. The noted racial disparity identified in the current

study is significant and could be the result of multiple

factors, including uncaptured socioeconomic factors, an

interaction present between race and insurance status, or an

increased rate of COVID-19 infection in minority patients,

prohibiting them from seeking out surgical care during the

pandemic. Alternatively, the racial differences observed

may reflect a difference in the medically necessary surgical

diseases across races, although this would seem less plau-

sible given the lack of data to support this. In this study, 96

(19.6%) and 67 (18.3%) Black patients underwent benign

and oncologic procedures, respectively, in 2019 and 6

(9.2%) and 13 (8.8%) Black patients underwent benign and

oncologic procedures, respectively, in 2020, declines in

absolute number from 2019 to 2020 were similar across

benign and oncologic procedures. Further investigation is

warranted to better understand the racial disparities in

surgical care that appear to be magnified during the

COVID-19 pandemic.

This study is one of the first to the authors’ knowledge to

examine perioperative outcomes of patients hospitalized

during the COVID-19 pandemic for non-COVID-19 diag-

noses. Other recent studies, performed among patients

undergoing bariatric surgery, head/neck cancer resection,

and colorectal surgical procedures, have noted that the

overall safety profile of surgery during the COVID-19

pandemic is acceptable [46–48]. However, in one study of

patients undergoing colorectal surgery, the postoperative

mortality rate was noted to be higher during the pandemic

[47]. The pandemic has caused significant redistribution of

staff and resources at many institutions, including our own,

resulting in changes in routine practices, which could have

negatively impacted perioperative outcomes. Front-line

healthcare providers have experienced higher fatigue and

burnout during the pandemic, which could impact their

ability to care for others during this time [49–51]. Even so,

morbidity and readmission rates among those patients who

underwent surgical procedures during the pandemic and in

the year prior were not significantly different. Notably, the

median length of stay for patients who underwent surgical

procedures during the pandemic was shorter than that for

patients who underwent surgical procedures prior to the

pandemic, possible the result of clinicians’ efforts to dis-

charge patients from the hospital as soon as possible in

order to mitigate infection risk and to prioritize hospital

resources. The lower rate of discharge to skilled nursing

facilities among the COVID-19 era patients likely reflects

providers’ efforts to keep patients out of healthcare facili-

ties where exposure risk may be higher whenever possible.

These findings are important given the ongoing need to

maintain medically necessary surgical procedures nation-

wide and should be reassuring to patients undergoing

medically necessary surgical procedures.

Our study is not without limitations. This study occurred

at a single, large academic center with a large, diverse

surgical census and our findings may not be generalizable

Table 3 Unadjusted and adjusted patient outcome estimates of morbidity, length of stay, discharge locaiton, and 30-day readmission of patients

undergoing elective surgical procedures in a five-week time period in 2019 and 2020, respectively, following 1:1 cardinal matching

Patient outcomes Unadjusted patient outcome estimates Adjusted patient outcome estimates

2019

(N = 391,

64.8%)

2020

(N = 212,

35.2%)

Risk

difference

P value 2019

(N = 157,

50%)

2020

(N = 157,

50%)

Risk

difference

P value

Morbidity 67 (17.1) 63 (29.7) 12.6 [5.0,

20.1]

\0.0001* 35 (22.3) 49 (31.2) 8.9 [- 0.9,

18.5]

0.10

Length of stay (median,

IQR)

2.4 (5.0) 3.0 (4.0) 0.8 [0.1,

1.6]

0.04* 3.4 (5.0) 2.8 (5.0) - 0.6

[- 1.2,

0.1]

0.04*

Discharge to home with

home services

73 (18.7) 57 (26.9) 8.2 [0.7,

15.7]

0.03* 36 (22.9) 41 (26.1) 3.2 [- 5.7,

12.0]

0.42

Discharge to skilled

nursing facility or

rehab

18 (4.6) 1 (0.5) - 4.1

[- 6.8,

- 1.5]

0.01* 14 (8.9) 1 (0.6) - 8.3

[- 12.9,

- 3.4]

\0.0001*

30-day readmission 42 (10.7) 18 (8.5) - 2.3

[- 7.5,

3.0]

0.46 28 (17.8) 16 (10.2) - 7.6

[- 15.2,

0.1]

0.07

IQR, interquartile range
*Indicates significance
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to other facilities. Morbidity was measured as a composite

of a large group of possible postoperative events that can

occur for surgical patients, but each individual event may

have a different weight depending on the particular pro-

cedure type. We attempted to mitigate this by ensuring that

our match prioritized ICD-10 procedure code categories.

With this approach, patients with ICD-10 procedure code

categories that did not correlate to those found within our

2020 cohort in our matching algorithm were not included

in the matching process, which may have skewed overall

morbidity rates. Next, our cardinal matching approach

matched each covariate based on prioritization; those

covariates lower in the prioritization may have a weaker

match as compared to those higher in prioritization. As

such, this resulted in cohorts with residual differences in

some patient and insurance differences which could impact

findings of the adjusted perioperative outcomes. Addi-

tionally, our study is biased in that we only analyzed

patients who were scheduled and underwent surgical pro-

cedures; we were not able to accurately capture those

patients who may or may not have been seen in clinic but

were unable to proceed to surgery. Inability to access

outpatient pre-operative care or schedule medically nec-

essary procedures could have influenced the findings of this

study in an unknown manner. Although the current study is

limited to capturing only those surgeries that were sched-

uled and performed during the study time period, a better

understanding of which surgical procedures was postponed

or rescheduled secondary to the pandemic and the rationale

for this deference would be an important area of study.

Patients seen in clinic may have had their surgeries post-

poned without clear documentation of the rationale or may

have had their initial clinical appointments postponed,

canceled, or never scheduled without documentation of the

rationale. Given the effect of the pandemic on multiple

non-surgical specialties, patients may have experienced a

delay in diagnosis of new surgical conditions, which would

be difficult to quantify.

The current study is limited by its inability to accurately

capture the reasons to proceed with a particular surgical

procedure (or not) during the early pandemic. The decision

for surgery was ultimately left to the individual surgeon in

careful discussion with the individual patient. These deci-

sions were, in general, in accordance with the CMS,

NCCN, and individual societies’ guidelines and with

oversight from the respective surgical department and

division leadership with consideration of the safety of the

patient and the healthcare providers’ safety, need for

timeliness of surgically addressing the underlying condi-

tion, and the availability of institutional resources. These

were dynamic decisions as the pandemic unfolded, and

unfortunately, cannot be captured in their detail through

our institutional medical records. Additionally, emergency

procedures were excluded from the study, making the

results of the study potentially less generalizable. The

authors elected to exclude these cases because, by their

very nature, the decision to reschedule due to pandemic

restrictions may not be a feasible option in emergency

surgery, and consequently, any socioeconomic and racial

disparities may therefore not be adequately highlighted

through this procedure type, thus confounding the other

findings of the study. Given the relatively small number

and heterogeneous nature of the emergency cases that

occurred during this time period (66 cases were designated

as ‘‘hot’’ or ‘‘cold,’’ identifying them as in the operating

room within 2 and 6 h from case scheduling, including

those cases booked both from the emergency room and

inpatient), a meaningful subgroup analysis of these cases

would not be feasible. Emergency surgery has been fre-

quently associated with higher postoperative complications

across a multitude of surgical procedures, further poten-

tially confounding the results of this study [52, 53]. How

the COVID-19 pandemic affected patients’ decisions to

present to the emergency room with a potential surgical

problem is an important area of future study, but one which

could not be captured through the current medical records

at our institution and under the current study design.

The COVID-19 pandemic has led to nationwide, large-

scale changes in access to healthcare. Our study notes that

there appears to be no increased rate of morbidity, sug-

gesting that non-emergent surgery for those with medically

necessary needs can be performed safely during a pan-

demic. Even so, pandemic-related restrictions in surgical

procedures appear to impact various races and insurance

populations disproportionately. Racial- and insurance-

based differences in those undergoing elective surgical care

during the COVID-19 pandemic were observed, potentially

reflecting underlying disparities which may warrant further

study. Efforts to better understand this disparity and whe-

ther this may reflect an access problem (i.e., inability to

attend in-clinic visits versus inability to gain access to

telemedicine) or other impacts of the pandemic on minority

and non-private insurance patients are urgently needed.

Clinicians and policy makers should be conscious of the

potential for insurance and patient disparities that may

present during a national health crisis.
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