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stitution. All procedures performed during this operating room shutdown (ORS) were logged,
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Background

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the pathogen that causes coronavirus disease 2019
(COVID-19), has presented unique challenges to surgical prac-
tice worldwide. COVID-19 has been linked to increased periop-
erative morbidity and mortality, and diagnosis of preexisting
infection is often missed preoperatively.? In addition, both
patients and providers are at risk of transmitting or acquiring
COVID-19 in the hospital environment, which discourages
elective surgeries and creates technical obstacles for urgent or
emergency surgeries.? Lastly, COVID-19 surges have necessi-
tated rapid reallocation of resources and personnel away from
the operating room (OR) to accommodate influxes of critically
ill COVID-19-positive patients, which can cause disruptions to
surgical service. Because of these issues, current consensus
guidelines have recommended proactive limitation or sus-
pension of elective surgical services during COVID-19 surges,
which can impact overall quality of surgical care.>-®

When the COVID-19 outbreak first occurred in New York
City in early spring 2020, it was marked by a rapid spike in
cases, resulting in a devastating peak hospitalization rate
of over 1,800 cases/day and a peak mortality rate of over
500 cases/day just four weeks after the first local diagnosis
was made.” This “first wave” of the pandemic in the United
States, spanning roughly from March-May 2020, resulted
in the diagnosis of over 203,000 confirmed COVID-19 cases
throughout the city, which put significant strain on local
healthcare systems.”® Accordingly, by gubernatorial man-
date, New York-based hospital systems limited surgical
services and shut down operating rooms to accommodate the
new, overwhelming need for COVID-related hospitalizations
during this time."»'° These changes had a significant impact
on caseloads and outcomes, although the full extent of this
impact is not yet well-realized.

In this study, we present data from our New York-based
community hospital during the spring of 2020 to demonstrate
how the implementation of operating room restrictions
affected operative case volumes between different surgical
specialties. We further present data regarding changes in
emergency caseloads, perioperative decision-making, and
our subsequent recovery from this shutdown.

Methods
Restructuring the hospital

From March 16 to June 14, 2020, our 591-bed community
hospital (NewYork-Presbyterian Brooklyn Methodist Hospital,
NYPBMH) canceled all elective surgical procedures, expanding
intensive care capacity by re-designating post-anesthesia care
units, coronary care units, endoscopy suites, pediatric wards,
and even psychiatric wards as COVID-19 overflow intensive
care units (ICUs). To facilitate this expansion, the hospital
purchased additional ventilators, hired traveling nursing
staff and respiratory therapists, divided the emergency de-
partment into dedicated COVID and non-COVID sections
with temporary respiratory isolation barriers, and formed

anesthesiology-led dedicated emergency airway intubation
teams. In the weeks following these preparations, the hospital
saw an increase in average daily emergency department ad-
mission rates from 26.4% to 40.5%, with a peak COVID-related
admission rate of 60 new cases per day in late March 2020.

During this inpatient surge, only 3 of 18 inpatient operating
rooms remained open to accommodate urgent and emergency
surgery. In accordance with guidelines from the American
College of Surgeons,” emergency cases were defined as cases
that required operative intervention within the first 24 hours
of hospitalization (e.g., perforated viscus) and were treated
immediately depending on operating room availability. Urgent
surgery requests were reviewed by a multidisciplinary leader-
ship group, which included representation from the general
surgery, orthopedic surgery, urology, and neurosurgery depart-
ments; this body determined the timing of urgent surgeries
on a case-by-case basis and reported directly to the greater
NewYork-Presbyterian Health System. Non-urgent proce-
dures with only mild symptoms were delayed indefinitely, and
nonoperative management of emergency procedures (e.g.,
antibiotics or interventional radiology for appendicitis) was
pursued when possible. While minimally invasive surgery
was encouraged if considered standard-of-care (e.g., laparo-
scopic cholecystectomy), it was otherwise discouraged to
preserve resources and reduce potential COVID-19 spread via
pneumoperitoneum. Moreover, for all laparoscoipc surgeries,
specialized smoke evacuators with filters were made manda-
tory, regardless of urgency. All attendings were aligned with
this plan.

Data collection and study variables

For this analysis, surgical volumes and data were obtained di-
rectly from weekly case logs from the operating room. These
logs documented all surgical cases performed within the
hospital and tracked basic statistics, such as procedure time
and/or date, patient medical record number, Current Procedu-
ral Terminology code (CPT), operating surgeon and/or service,
and reason for admission. Additional data regarding patient
demographics, length of hospital stay, and final disposition
were obtained retrospectively from the electronic medical
record. Surgical services were divided into six primary groups
based on preexisting departmental structure within the hos-
pital: general and vascular surgery; orthopedics and podiatry;
obstetrics and gynecology; otolaryngology, plastic, and hand
surgery; urology; and neurosurgery.

All procedures performed in the OR during the shutdown
(ORS, 13 wk) were recorded, as well as those 4 weeks before
(PRE) and 4 weeks after (POST) for comparison. This bookend
time of 4 weeks was chosen since operating rooms were
fully active for both time intervals; waiting 13 weeks for
an identical time frame for comparison was not practical
for this study. Total operative volume, volume by specialty,
surgical approach (open versus laparoscopic versus robotic
versus intravascular), and emergency status were analyzed
and compared between PRE, ORS, and POST case cohorts.

All pediatric cases (<18 y old) requiring an overnight inpa-
tient stay were transferred to a dedicated in-system pediatric
hospital. Advanced pulmonary and gastroenterology endo-
scopic procedures such as bronchoscopies and endoscopies,
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while performed in the operating room during this time pe-
riod, were excluded from analysis due to their small number
and different resource requirements. Obstetrical caesarian
sections and other related procedures were also excluded
from this study since they were performed in a separate unit
that was not impacted by the change in hospital policy.

An additional subgroup analysis of appendectomy cases
was conducted to analyze the effect of an OR shutdown on a
common emergency procedure. Within this analysis, further
consideration was given for case severity on presentation, op-
erative versus conservative management, surgical approach,
and readmission after surgery.

Statistical analysis and ethics

Data from the registry were deidentified and entered into
LibreOffice Calc (v7.0.3.1, The Document Foundation, Berlin,
Germany) on a password-protected computer with an en-
crypted hard drive. R statistical programming language (v4.0.3,
R Foundation for Statistical Computing, Vienna, Austria, 10
October 2020) was used for statistical analysis. Approval of
the study was obtained via in-hospital institutional review
board (IRB), which approved wavier of consent.

Surgical caseloads were categorized and normalized to
average cases per week. Major categories and subgroups
were also expressed as proportions (percentages) of overall
caseload per time period. Associations between continuous
variables were determined using student t-test or analysis of
variance (ANOVA) where appropriate. Comparisons between
categorical variables were made via Pearson chi-square test.
A P-value < 0.05 was considered significant.

Results
Timeline and overall caseloads

The operating room shutdown at NYPBMH lasted 13 weeks
(March 16 to June 14, 2020). Accounting for an additional
4 weeks before (PRE) and after (POST) the shutdown (ORS),
the total time period for data collection and analysis was 21
weeks (February 17 to July 12, 2020).

Over this 21-wk time frame, a total of 2,475 surgical cases
were documented. Between the three phases of our analysis,
case numbers dropped significantly during ORS and increased
during recovery once restrictions were lifted (mean 245.0 +
28.4 PRE versus 58.0 + 30.9 ORS versus 186.0 + 19.4 POST
cases/wk, P < 0.001, see Fig. 1). Within ORS, the majority of
cases occurred during the latter half of shutdown, with the
highest weekly case tally occurring during the final week
before reopening (117 cases, ORS wk #13) and the lowest
weekly case tally occurring during early April (20 cases, ORS
wk #4). By the end of the analysis, weekly case totals had
returned to their pre-shutdown levels (209 cases during PRE
wk #1 versus 209 cases during POST wk #4).

Total hospital admissions during the three time periods
were 1,747, 3,974, and 1,233 during the PRE, ORS, and POST
time periods, respectively. Corresponding total OR case counts
for these time periods were 979, 754, and 742, demonstrating

a decrease in case-admission ratio during ORS (56.0% versus
19.0% versus 60.0%).

Surgical cases by category

Table 1 shows that emergency cases comprised the majority
of surgeries during ORS, while representing fewer than one-
third of cases during the PRE and POST time periods (26.4%
PRE versus 59.3% ORS versus 31.5% POST, P < 0.001, see Fig. 2
upper panel). Despite this, the overall frequency of emergency
cases decreased during ORS (mean 64.5 + 7.9 PRE versus 34.4
+ 12.1 ORS versus 58.5 + 4.0 POST cases/wk, P < 0.001), with
a nadir at ORS wk #4 (14 cases). By ORS wk #13, the weekly
emergency case rate was similar to those of non-shutdown
periods (60 cases/wk).

Figure 2 (upper panel) depicts the changes in emergency
and elective surgeries during the three phases. The most com-
mon emergency surgery performed during ORS was insertion
of permanent dialysis catheter (53 cases), followed by ortho-
pedic open reductions and internal fixations (42 cases) and ap-
pendectomies (28 cases). Case totals for tracheostomies were
low overall: 3, 8, and 2 during the PRE, ORS, and POST time pe-
riods, respectively. This represented a proportional increase in
tracheostomies during ORS, although this result was not sig-
nificant (0.3% PRE versus 1.1% ORS versus 0.3% POST, p = 0.051).

Open surgeries represented half of all surgeries throughout
all three phases and remained relatively constant propor-
tional to caseload (52.2-54.1%, see Table 1; Fig. 2 lower panel).
By comparison, intravascular surgeries were proportion-
ally increased during ORS, whereas minimally invasive and
robotic surgeries were proportionally decreased (+7.6%, -
3.4%, -3.0%, respectively, P < 0.001). As shown in Fig. 2 (lower
panel), robotic cases ceased entirely between ORS wk #2-8,
resuming at low numbers by ORS wk #9; in spite of this, it
was the second-most decreased case-type in terms of average
cases per week (14.2 + 1.26 PRE versus 3.5 + 2.3 ORS average
cases/wk, net decrease 75.4%, P< 0.001).

The surgical approach that saw the steepest decline in
utilization was minimally invasive surgery, which decreased
from 87.5 £+ 20.3 PRE to 18.8 + 15.2 ORS average cases/wk
(net decrease -78.5%, P < 0.001, see Fig. 2 lower panel). When
considering emergency cases in isolation, minimally invasive
surgeries decreased during the shutdown (30.6% PRE versus
24.4% ORS versus 36.8% POST), with proportional increases in
open and intravascular surgeries between the PRE and ORS
periods (+2.8% and +5.1%, respectively, P = 0.002).

As shown in Fig. 3, all services had a significant decrease in
average weekly case rates during the shutdown. The services
most impacted during this time were the otolaryngology,
plastics, and hand surgery services, which combined saw a
decrease from 27.5 &+ 8.3 PRE to 4.0 + 2.7 ORS average cases/wk
(net decrease -85.5%, P < 0.001). Neurosurgery had the lowest
average weekly case rate between all three periods and was
also the least affected by the shutdown (4.3 + 1.7 PRE versus 2.8
+ 1.8 ORS average cases/wk, net decrease -34.9%, P < 0.001).

Importantly, general/vascular surgery saw the largest
proportional increase of any service during ORS, followed by
urology and neurosurgery (+9.5%, +3.0%, +2.8%, respectively,
see Fig. 3). In contrast, orthopedics, gynecology, and otolaryn-
gology/plastics/hand surgeries all decreased (-5.0%, -4.4%,
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Fig. 1 - Operating room weekly case totals through the 21-wk study period. Case totals sharply decreased after cancellation
of elective cases, followed by gradual increase during recovery as restrictions were lifted. Color version of figure is available

online.

-5.9%, respectively, P < 0.001). Nearly all specialties recovered
to pre-shutdown levels after the OR was reopened. Changes
in emergency status, surgical approach, and surgical service
are further detailed in Table 1.

Appendectomies during operative shutdown

As the acute care surgery service was the busiest in all three
time periods, we looked at the appendectomy rate both during
the operating room shutdown (29/754 cases, 3.8%) and during
the observed time frame as a whole (76/2475 cases, 3.1%). Pa-
tients more frequently presented with perforated appendicitis
during ORS, although this result was not significant (3.7% PRE
versus 12.5% ORS versus 0.0% POST, P = 0.132). Occasionally,
patients presenting with acute appendicitis were treated
nonoperatively with antibiotics, drainage by interventional
radiology, or both; however, we noted no significant difference
in decision-making for nonoperative management of appen-
dicitis between time periods (7.4% PRE versus 9.4% ORS versus
4.3% POST, P = 0.779). The majority of appendectomies were
performed via laparoscopic approach during all three periods
(92.6% PRE versus 90.6% ORS versus 95.6% POST, P = 0.957), and
complication rates were low overall (all minor surgical site in-
fections, 3.7% PRE versus 6.3% ORS versus 0.0% POST, P = 0.476).

Discussion

The cancellation of elective procedures during the spring
2020 SARS-CoV-2 outbreak in New York City resulted in the
expected decrease in operative caseloads across all types
of surgery at our institution, allowing for temporary rede-
ployment of resources to critical areas. We show that the
operating room services were able to recover quickly after

closure, with weekly case volumes reaching pre-COVID levels
by 4 weeks after reopening. We observe that not all types of
surgery decreased equally during shutdown, and certain case
types, operative methodologies, and surgical specialties were
more likely to be seen and utilized than others. These results
suggest potential strategies for reallocation of operating
room resources in crisis scenarios, especially when rapid
deployment is a priority.

Since elective procedures were selectively discontinued at
our institution, emergency surgeries comprised the majority
of cases during the shutdown period. Remarkably, the weekly
case rate of actual emergency surgeries was also decreased
during this time, for reasons that are unclear. A major compo-
nent of this decrease in surgeries may have been the citywide
lockdown that was put into effect during March 2020 in New
York City. By restricting population movement, this policy
had the combined effect of discouraging patient presentation
at hospitals while reducing the likelihood of traumatic injury
requiring surgery. A number of studies from countries with
similar lockdown policies during the early stages of the
pandemic (e.g., Italy, Spain) report an analogous decrease in
both emergency department visits and emergency and/or
acute care surgeries during COVID-19 spikes.''"'3 Likewise,
in an observational retrospective study of more than 80,000
emergency room visits across a five-hospital system between
March 2019 and March 2020, Baugh et al. report a 30.9%
reduction in all emergency room visits across nearly all
non-COVID-19 conditions.™*

A potential consequence of decreased emergency room
visitation is delayed diagnosis, which can result in increased
complication rates and worse outcomes. In a prospective
analysis of 606 patients presenting at a tertiary referral center
in Israel during the outset of the COVID-19 pandemic (March-
April 2020), Aviran et al. describe a 25% lower admission rate
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Table 1 - Average cases per wk and proportion of overall caseload categorized by emergency status, surgical approach,
and service.

Average cases per wk

Proportion of overall caseload

PRE ORS POST p-value PRE ORS POST P-value
(n=979) (n=754) (n=742) (ANOVA) (n=979) (n=754) (n=742) (x2)
Emergency <0.001
No 180.0 £30.0 23.6+20.0 127.0+23.2 <0.001 721 307 508
(73.6%) (40.7%) (68.5%)
Yes 64.5+7.9 344+121 585=+4.0 <0.001 258 447 234
(26.4%) (59.3%) (31.5%)
Surgical Approach <0.001
Intravascular 105+ 1.9 69+29 95+17 0.045 42 90 38
(4.3%) (11.9%) (5.1%)
Minimally Invasive 87.5+203 188+152 71.5+104 <0.001 350 244 286
(35.8%) (32.4%) (38.5%)
Open 132.0+12.7 30.7 £14.8 96.8+16.5 <0.001 530 399 387
(54.1%) (52.9%) (52.2%)
Robotic 142+126 35+23 7.8+44 <0.001 57 21 31
(5.8%) (2.8%) (4.2%)
Service <0.001
General Surgery 81.0+11.2 247 +84 66.2 +£6.9 <0.001 324 321 265
(33.1%) (42.6%) (35.7%)
Orthopedics & Podiatry 742 +145 147 £9.7 51.8+7.3 <0.001 297 191 207
(30.3%) (25.3%) (27.9%)
Urology 23.8+4.2 87+72 248+73 <0.001 95 96 99
(9.7%) (12.7%) (13.3%)
Gynecology 34.0+83 6.0+53 18.2+3.9 <0.001 136 72 73
(13.9%) (9.5%) (9.8%)
ENT, Plastics, Hand, & 27.5+83 40+27 18.2+54 <0.001 110 40 73
Dental Surgery (11.2%) (5.3%) (9.8%)
Neurosurgery 43+17 28+1.8 6.3+1.9 0.014 17 34 25
(1.7%) (4.5%) (3.4%)

PRE = pre-shutdown (February 17 - March 15, 2020); ORS = operating room shutdown (March 16 - June 14, 2020); POST = post-shutdown (June

15 - July 12)

during the pandemic period, with patients taking approxi-
mately 1.5 days longer on average to report to the emergency
department with symptoms. At the same time, patients
reporting during the COVID-19 period were also found to have
worse clinical status on presentation, including elevated heart
rate, more leukocyte disturbances, higher creatinine levels,
and higher CRP levels, with a greater proportion of patients
ultimately requiring urgent surgery (39.0% versus 27.4%, P =
0.03).1> A similar retrospective analysis of multiple emergency
surgeries at a single Italian referral center by D’Urbano et al.
suggests that patients requiring emergency surgery during
a pandemic lockdown are not only less likely to present at
the emergency department (-41.3% between March 2019 and
March 2020), but are also more likely to experience post-
operative complications (55.6% versus 36.9%), regardless of
SARS-CoV-27 status.'® Put in context, our subgroup analysis of
patients presenting with acute appendicitis during shutdown
demonstrated a similar higher incidence of perforated ap-
pendicitis and post-appendectomy complications compared
to those admitted during non-COVID periods, although these
findings were not statistically significant. Moreover, despite
the increased severity of appendicitis presentation at our in-

stitution during shutdown, the overall frequency of appendici-
tis decreased during this period, and there were no instances
of readmission for cases treated with nonsurgical techniques.
This trend may suggest a larger role for nonoperative man-
agement of appendicitis during crisis situations, which may
further apply to other common surgical illnesses in these
scenarios.

We observed a shift away from minimally invasive and
robotic approaches in favor of open surgeries during operating
room shutdown, particularly for emergency cases. This prac-
tice was in accordance with early literature regarding surgical
best-practices during the COVID-19 pandemic, which cited
several benefits of open procedures, including shorter oper-
ative durations, lower resourcerequirements, and decreased
need for specialized personnel” 8 Moreover, minimally
invasive surgeries such as laparoscopy were avoided by staff
for fear of elevated SARS-CoV-2 transmission risk via use
of compressed gas and subsequent viral aerosolization.!®
Further decreases in rates of laparoscopic surgery were at-
tributable to logistical issues, in which cases were delayed or
deferred while additional equipment was purchased to filter
pneumoperitoneum.
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Fig. 2 - Operating room weekly case totals categorized by emergency status (top panel, A) and surgical approach (bottom
panel, B). Top panel: non-emergency (blue) versus emergency (red). Bottom panel: intravascular (red) versus minimally
invasive (green) versus open (blue) versus robotic (purple). Color version of figure is available online.

In the time since these initial studies, there has been
increasing evidence that minimally invasive approaches
can be performed safely in a pandemic scenario and should
be used if they conform to standard of care (e.g., laparo-
scopic cholecystectomy)?%:?! Robotic surgeries are similarly
safe in the COVID-19 environment, although they are still
resource-intensive.”” In our subgroup analysis of appen-
dectomies during the pandemic, the majority of patients
underwent laparoscopic appendectomy during all three
time periods without significant difference (P = 0.957), and
differences in operative management were not associated
with any change in clinical outcomes. Moreover, we did
not observe any SARS-CoV-2 conversions from laparoscopic
procedures.

Most importantly, we observed that general and vascular
surgery were the most active surgical services during all
three phases of the study, while orthopedic surgery was the
second-most active surgical service. However, while general
and vascular surgery subsumed a greater proportion of overall
caseload during shutdown (+9.5%), orthopedic surgery com-
prised proportionally fewer cases during this period (-5.0%),
even though open reduction internal fixation procedures
remained the most common type of surgery during all three
time periods. In practice, the reason for this dynamic was the
loss of elective total knee replacements and arthroscopies
during shutdown, which eliminated a significant portion of
orthopedic caseloads; common general surgery procedures
such as appendectomies and cholecystectomies remained
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denoted by color: general/vascular surgery (blue), orthopedics/podiatry (orange), obstetrics/gynecology (purple),
otolaryngology/plastics/hand/dental surgery (red), urology (green), and neurosurgery (brown). Color version of figure is

available online.

relatively constant throughout all three time periods. In
keeping with this trend, specialties such as ENT, plastics, and
hand surgery experienced a significant decrease in activity
during the shutdown, likely owing to a higher proportion of
their patient volume requiring elective procedures. These
findings align with what has been described in COVID-19
shutdown guidelines, and specialists from less busy services
can be reassigned to roles befitting their expertise, depending
on hospital needs.*>

In addition to shifts in caseloads, financial factors also
played a role in our hospital’s resource management during
the COVID-19 surge. Unsurprisingly, cancellation of elective
surgeries and outpatient clinics led to significant revenue loss,
especially within the orthopedics, neurosurgical, ENT, plastics,
and hand surgery services. Concurrently, however, significant
increases in complex intensive care patients resulted in un-
foreseen increases in income, particularly at the peak of the
surge when the intubated patient count of our hospital more
than quadrupled. The net result was an elevation of case mix
index (CMI) at our institution during spring 2020, although
financial losses were still substantial during this time. Ac-
cordingly, several studies addressing the economic burden of
COVID-19 at the hospital level report similar decreases in hos-
pital revenue on the U.S. East Coast during spring 2020, with
rural and low-resource hospitals most severely affected.?®-?*

This study has several limitations. In an effort to showcase
the dynamic of surgical management over the course of the

COVID-19 operating room shutdown, time periods repre-
senting roughly equal caseloads before, during, and after the
shutdown were selected and findings were normalized to
average cases per week for fair comparison (see Methods).
Since these time frames are inherently unequal with arbitrary
cutoff dates, they are subject to some degree of selection bias.
Moreover, multiple surgical subspecialties were categorized
into six major groups for clarity of analysis, which may
have caused some loss of resolution among certain findings.
Finally, while subgroup analysis was performed for acute
appendicitis at our institution, other common procedures
were not analyzed; this was done for comparison with other
institutions and because acute appendicitis is the most
common general surgical emergency worldwide.?>?’

Conclusion

In conclusion, this study highlights the changes in surgical
caseloads after complete cessation of elective surgeries dur-
ing the early days of the SARS-CoV-2 pandemic in New York
City. During this shutdown, weekly case rates dropped among
all types of surgery, including emergency surgery. General
and vascular surgery became the predominant surgical ser-
vices during this time, with orthopedic surgeries diminished
but remaining second-most common. Furthermore, open
surgeries were favored over minimally invasive surgeries
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throughout the shutdown period. As a result, while decreased
overall caseloads may allow for some redistribution of sur-
gical resources and personnel to critical care units, it is
important to maintain active, rapid-response general surgery
and orthopedic services to treat emergencies, which comprise
the bulk of surgeries during operating room shutdown. This
reallocation of resources may be useful for future lockdown
or crisis planning among community hospitals.
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