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GRAPHICAL ABSTRACT
Background and Aims: As community-based ambulatory endoscopy centers (AECs) across the nation are trying

to reopen and safely resume outpatient endoscopic procedures after the unprecedented lockdown related to the
coronavirus disease 2019 (COVID-19) pandemic, guidelines recommend pretesting and screening for COVID-19
along with other mitigation measures for the safety of patients and staff. The impact of such changes in the work-
flow of AECs on throughput and other performance indicators is largely unknown, although a significant reduc-
tion in revenue stream is expected.

Methods: A discrete event simulation–based model was developed in the setting of a small to medium
community-based single-specialty AEC to quantify the impact of COVID-19–related workflow changes on perfor-
mance indicators and cost per case compared with the pre–COVID-19 baseline.

Results: In the simulation model, post–COVID-19 recommended workflow changes significantly impacted the
operational and productivity metrics and, in turn, adversely affected financial metrics. Overall, there was a signif-
icant decrease in staff utilization and consequent increase in total facility time, waiting time for patients, and cost
per case because of a bottleneck at the time of preprocedure COVID-19 screening and testing while practicing
social distancing. Strategies to minimize this adverse impact on productivity were assessed.

Conclusions: Pretesting and screening for COVID-19 as recommended by current guidelines will significantly
impact the productivity and revenue stream of AECs. Urgent measures by payors are needed to adjust the facility
reimbursement of endoscopy centers to ensure successful reopening and ramping up outpatient endoscopy ser-
vices in these facilities already hit hard by the pandemic. (Gastrointest Endosc 2020;92:914-24.)
(footnotes appear on last page of article)
The novel coronavirus disease 2019 (COVID-19)
pandemic has led to millions of people being affected by
illness and death and has disrupted life everywhere,
ROINTESTINAL ENDOSCOPY Volume 92, No. 4 : 2020
including in the United States. Since the start of the
pandemic, the rigorous mitigation and suppression efforts
that were undoubtedly necessary to contain the pandemic
www.giejournal.org
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Figure 1. Schematic floor diagram (not drawn to scale) of a 2-room ambulatory endoscopy center showing work areas and staffing patterns. The area
marked as “Lab” near the entrance is the area designated for COVID-19 testing and screening and would be physically isolated from the rest of the center.
The seating capacity of the waiting room area may be modified to conform to the practice of social distancing. RN, Registered nurse; MD, endoscopist;
CRNA, certified nurse anesthetist; CNA, certified nurse assistant; Tech, endoscopy technicians.
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also severely damaged our economy and, specifically, the
healthcare sector. The specialty of gastroenterology, with
its screening and diagnostic endoscopic procedures in
ambulatory endoscopy centers (AECs), has been no excep-
tion, with most outpatient clinics and centers being locked
down for extended periods.1 In addition to the short-term
effects, it is expected that the COVID-19 pandemic will
have a lasting and significant impact on the practice of
outpatient endoscopy.2

As AECs struggle to reopen cautiously with the gradual
resumption of diagnostic and elective endoscopic proced-
ures, multiple governmental and society guidelines have
been published. These guidelines have focused on the rec-
ommended changes in operational logistics and workflow,
such as appropriate use of personal protective equipment
(PPE), screening and pretesting of staff and patients, use of
heightened sanitation protocols, and practice of social
distancing to minimize the risk of spread of COVID-19
infection.2-5

An AEC is typically a busy, high-throughput facility in
which timely, safe, and cost-effective patient-centric care
with an emphasis on outcomes is a must for successful
operation. The extensive changes in the AEC workflow
that will be needed in the post–COVID-19 era is sure to
disrupt the regular workflow of most AECs and will have
an unknown but significant impact on patient volumes,
staff utilization, process times, and by extension the overall
net revenue generated by the AEC.

Although most outpatient endoscopic procedures are
performed in small- to medium-sized community-based
stand-alone AECs, minimal quantitative information exists
on the performance indicators of the workflow of these
www.giejournal.org
centers, and this makes an assessment of the overall
impact of COVID-19–related workflow changes in these
facilities even more challenging. In this study, the work-
flow of a community-based AEC was modeled to quantify
the potential financial impact of COVID-19 on these
facilities.
METHODS

The workflow of a small to medium community-based,
2-room, 5700 square foot, single-specialty accredited AEC
performing approximately 6000 endoscopic procedures
annually was modeled using a discrete event simulation
(DES) software (AnyLogic simulation software; AnyLogic
Company, Oak Brook, Ill, USA). DES is a computerized vir-
tual simulation technique where interactions between
patients and environments of fixed and human resources
can be modeled based on the different sequences of
events that happen in actual practice in chronological
order.6 Using the software, we created a virtual
healthcare environment using realistic 3-dimensional vi-
suals and guided patient process flow designed to simulate
the movement of a patient as he or she moves through
the AEC from entry to exit for undergoing specific proced-
ures, interacting with staff and resources customized by
patient attributes (Fig. 1). Milestones were embedded at
different points of the workflow to monitor and quantify
performance indicators. The various performance
indicators considered in this model with definitions are
shown in Table 1.7,8 The different input variables used in
this model are shown in Table 2.
Volume 92, No. 4 : 2020 GASTROINTESTINAL ENDOSCOPY 915
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TABLE 1. Selected performance indicators of an AEC

Performance indicators Definition

Operational indicators

Facility time, min The average total time spent by patients in AEC (time between
initial entry and exit from the AEC)

Registration time, min The average time between entry into AEC and completion of registration

Preoperative time, min The average time between the end of registration and transfer
out of the preoperative bay

Endoscopy room time, min The average time between entry into an endoscopy room
and transfer to a recovery room

Facility utilization, % Percentage of time a specific location is used for providing patient care
and maintenance/cleaning (instead of remaining unoccupied)Waiting room

Preoperative bays

Endoscopy rooms

Recovery bays

COVID-19 testing/screening area

Waiting time for patients, min The average wait time for patients to acquire a specific location,
which is currently not available (being used for another patient

or undergoing maintenance/cleaning)
Waiting for preoperative bays

Waiting for endoscopy rooms

Waiting for recovery room

Waiting for COVID-19 screening and testing

Number of late discharges Discharges that are completed after the scheduled closing time
of the AEC (17:30)

Overtime Daily average length of time a unit is operating past its operating
hours (1730)

Productivity indicators

Throughput Number of patients/endoscopy room/day

Staffing utilization, % The percentage of the time when staff is engaged in ongoing
patient care and completing related paperwork/maintenance/

cleaning (instead of remaining idle)
Physician utilization

Nursing utilization

Preoperative RN

Recovery RNs

CRNA

Ancillary staff utilization

Endoscopy technicians

Certified nursing assistant

Clerk

Triage technician

Total staff hours per case (excluding physicians and CRNAs*) Total staff hours divided by the number of patients per day

Financial indicators

Net revenue per patient Calculated by the total estimated reimbursement for facility
fees per patient

Calculated by the total staffing cost by hourly wage per patient
Percentage of value-added time (based on utilization) divided

by the total amount of staffing time

Staffing cost per patient
(excluding physicians and CRNAs*)

Percent value-addedy (activity-based costing)
staffing time (excluding physicians and CRNAs*)

AEC, Ambulatory endoscopy center; RN, registered nurse; CRNA, certified nurse anesthetist.
*Physicians and CRNAs are reimbursed for billable professional services that are not included in the facility fees.
yValue-added time was calculated using the average costing method by dividing total average staffing utilization time (when the staff was actively engaged in patient care or
related activities) divided by the total staffing time.11
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TABLE 2. Input variables used in the simulation model

Variables Pre–COVID-19 Post–COVID-19

Facility-related variables

No. of endoscopy rooms 2 2

No. of preoperative bays 3 3

No. of recovery bays 3 3

No. of chairs in the waiting area 9 6

COVID-19 screening and testing area before entry into AEC NA Yes

Staffing variables

Endoscopists 2 2

Certified nurse anesthetist 2 2

Preoperative RN 3 3

Recovery RN 3 3

Certified nursing assistant 1 1

Registration clerk 1 1

COVID-19 triage staff 0 1 (strategy I)
2 (strategy II)

Throughput

No. of cases scheduled per hour

7 to 12 PM (patient arriving every 30 minutes) 2 2

12:30 to 2:30 PM 1 1

Process times, min

COVID-19 screening and testing 0 10-30

Registration 10 10

Gown change, weighing, and preoperative check-in (including consent,
intravenous cannula placement)

23 23

Anesthesia consent and assessment 5 5

Endoscopy procedure 30 30

Recovery time 30 30

Postprocedure discussion with the endoscopist 5 5

Enhanced sanitation: cleaning time after each patient, min

COVID-19 testing and screening area NA 5

Preoperative area NA 5

Endoscopy room 3 10

Recovery room NA 5

Daily terminal cleaning Yes Yes

Cost variables

Average staffing cost per hour* (excluding endoscopist/certified nurse anesthetist
who would bill for professional services)

$295 $358 (strategy I)
$358 (strategy II)

Cost of PPE per casey 0 $5

AEC, Ambulatory endoscopy center; RN, registered nurse; PPE, personal protective equipment; NA, not applicable.
*Staffing cost was estimated by using national average hourly salaries of staff. The average salary per hour are as follows: RN, $37; endoscopy technicians, $24; registration clerk,
$20; and certified nursing assistant, $18. Overtime pay was considered at 150% of regular pay.13

yHigh-risk PPE was needed for all endoscopy room personnel and included an N95 mask, covered with a surgical mask, shield, gown, shoe covers, and a double set of gloves.
For other staff, low-risk PPE was needed and included surgical masks and gloves.17

Das Impact of COVID-19 on the workflow of an AEC
Initial observation and audit of the AEC
Before building the simulation model, the workflow of

a community-based 2-room AEC was carefully observed,
and an historical review of the staffing pattern and the
www.giejournal.org
number of cases performed each day over the last 2 quar-
ters of 2019 was assessed for estimation of the model
input parameters as part of an ongoing quality improve-
ment effort.
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Pre–COVID-19 baseline workflow of the AEC
The AEC was modeled with 2 endoscopy rooms, 3 pre-

operative bays, and 3 recovery bays, each bay with a bed
that would be used to transport the patient to the proced-
ure room and recovery area. The AEC was assumed to be a
paperless electronic health record–based facility (including
anesthesia record) with automated report generation and
printing/faxing to referring providers. The AEC would be
open every weekday from 0700 to 1730 or until the last pa-
tient left the facility. However, the model allowed overtime
wages for staff in case of extended hours required for pa-
tient care related to late procedures and discharges. Every
day there would be a 30-minute lunch break for the facility
staff from noon during which staff would be expected to be
unavailable except when taking care of patients already un-
der the process flow. Patients would undergo 3 different
types of endoscopic procedures, namely EGD, colonos-
copy (including screening), and EGD and colonoscopy at
the same time (a double). The distribution of the percent-
age of the 3 types of procedures was estimated based on
the initial review (Table 3).

After entry into the facility, patients would either go to
the registration desk directly or to the waiting room area
until the registration clerk was available to help the patient
register. Once registered, patients would wait in the wait-
ing area until 1 of 3 preoperative registered nurses (RNs)
would escort the patient to a restroom for changing into
a patient gown and getting weighed on a scale and to a pre-
operative bay, in that order. In the preoperative bay, the
patient would provide informed consent, baseline vitals
would be taken, physical examination would be per-
formed, and an intravenous cannula would be placed for
use during the procedure. After the preoperative assess-
ment, the designated certified nurse anesthetist would
obtain anesthesia consent and reassess the patient. All pro-
cedures were assumed to be done with the patient under
monitored anesthesia care without the need for endotra-
cheal intubation, independently administered by the certi-
fied nurse anesthetist. Next, the certified nurse anesthetist
would transport the patient to the endoscopy procedure
room, and the endoscopist assisted by an endoscopy tech-
nician would perform the endoscopic procedure. Once the
procedure is completed, the certified nurse anesthetist
would transport the patient to an available recovery bay,
where one of the recovery RNs would recover the patient
over a period of at least 30 minutes. Once ready for
discharge, the performing endoscopist would walk over
to the recovery bay and discuss the endoscopy report
with the patient and establish a plan for ongoing manage-
ment. Next, a certified nursing assistant would escort the
patient to one of the designated exits in a wheelchair for
release from the facility.

After completion of each endoscopy procedure, an
endoscopy technician would prepare the room for the
next procedure, which included cleaning and setting up
the equipment. Also, during the operating hours using a
918 GASTROINTESTINAL ENDOSCOPY Volume 92, No. 4 : 2020
designated general task process flow, 1 of 3 endoscopy
technicians would perform manual cleaning of the used
endoscope and place it in the endoscopy reprocessors.
Also, a separate general process workflow was established
to answer incoming phone calls during the operating hours
by the clerk, preoperative RN, and recovery RN in order of
availability.

COVID-19–related changes in the workflow of
the AEC

Long-term changes to the AEC workflow related to the
COVID-19 pandemic were modeled using the trisociety
guidelines and recent recommendations published by the
American College of Gastroenterology.4,5 All patients
scheduled for an endoscopic procedure would be
assessed by a telehealth-based questionnaire screening
by the performing physician’s office a few days before
the procedure, preferably before any procedural prepara-
tion. This screening was not considered as a part of the
AEC workflow.

On the day of the procedure, all patients scheduled for
endoscopic procedures would undergo an in-facility point
of care (POC) molecular testing, along with temperature,
symptom, and exposure screening. The COVID-19
screening and testing would be done in an isolated, prefer-
ably externalized area of the AEC near the entrance, and
only screened patients would be allowed to enter the wait-
ing room area of the AEC. No family or escorts would be
allowed in the center unless exceptional circumstances
arise. Patients after recovery would exit through the sepa-
rate exit(s) distinct from the entrance of the center.

A trained triage technician would perform POC testing
and COVID-19 screening. Two strategies were modeled
based on the initial optimization trials of the simulation
model. Under strategy I, only 1 COVID-19 testing station
was used, staffed by 1 triage technician. In strategy II, 2
separate COVID-19 testing stations were used and staffed
by 2 triage technicians. Strict social distancing protocols
would be followed, and the waiting room capacity would
be restricted to maintain physical distancing by at least 6
feet. Patients with positive POC COVID-19 testing or pos-
itive screening would not be cared for in the AEC, and the
affiliated practice would undertake alternate arrange-
ments such as delaying the procedure or performing
the procedure in a hospital setting according to estab-
lished protocols.

All patients and staff would use surgical/loop masks at all
times while in the AEC. All endoscopy room personnel
would use high-risk PPE; other staff would use basic PPE.
It was assumed that adequate PPE would be available and
reusing PPE, such as N95 masks, would not be required.

Enhanced cleaning of COVID-19 testing area(s), preop-
erative and recovery bays, and the endoscopy room would
be performed after each patient. Terminal cleaning of the
procedure room at the end of the day would be done after
the last procedure.
www.giejournal.org
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TABLE 3. Input variables for Monte-Carlo analysis

Variables

Median
(interquartile

range)

Distribution of types of procedure, %

EGD 30 (20-40)

Colonoscopy 60 (20-80)

Double 10 (5-15)

Proportion of screening colonoscopy, % 35 (25-60)

National average Medicare reimbursement
for facility fees,* U.S.$

EGD 398

Colonoscopy 507

Screening colonoscopy 386

Distribution of payor mix as a percent of cases, %

Medicare 31 (22-44)

Medicaid 6 (4-12)

Commercial Insurance 52 (41-62)

Other (self-pay, worker’s compensation, etc.) 10 (6-18)

Reimbursement as a percentage of the
Medicare fee schedule, %

Commercial 120 (90-200)

Medicaid 90 (70-100)

Other 100 (80-110)

*Reimbursement was calculated by facility fees payable for Healthcare Common
Procedure Coding System codes 2020 final ambulatory surgery center (ASC)
payment by Medicare. For EGD: Healthcare Common Procedure Coding System
codes 43235-6, 43239; for screening colonoscopy: 44378, G0105, G1012; for
colonoscopy: 144389, 44391-2, 44394, 44401, 44404-5 were used. For “double”
procedures, modifier 51 is used for 2 procedures performed on the same day, for
example, EGD and colonoscopy, listing the code with the greatest value first, as the
multiple procedure rule applies.18

Das Impact of COVID-19 on the workflow of an AEC
Monte-Carlo analysis
To ensure robustness and generalizability of this model

applicable to small- andmedium-sized AECs inmost commu-
nities in the United States, a Monte-Carlo simulation of 1000
simulations, using a wide distribution of probabilities of
payor mix, rates of payment by commercial insurance in
terms of percentage ofMedicare reimbursements, and proce-
dural typemix of diagnostic and screening colonoscopies was
performed (Table 3). During the simulation, instead of point
estimates of these parameters, triangular distributions were
used in the simulation model, with median values the most
likely values and interquartile range values as the bounds of
the distribution.6 Also, to simulate real-life scenarios, an
exponential distribution was used to introduce stochastic
randomness for each instance of the time variable requiring
a discrete input in the model (such as arrival time, waiting
times, procedure, and recovery time).9

Assumptions
Certain assumptions were necessary for modeling the

workflow of the AEC. The number of patients scheduled
www.giejournal.org
per day was based on actual observation of a 2-room
AEC, and results of the initial model optimization runs
when the throughput of the system was optimized, taking
into account the flexibility of human resources. Simulation
length was fixed to 1 day and did not require any warm-up
period because the system was reset each day. In this
model, it was assumed that a finite number of staff, proced-
ure rooms, and endoscopists would be available at any
time, and patient flow was restricted based on their avail-
ability. Endoscopes, preprocessors, waiting room capacity,
and ancillary equipment, such as weighing scale and wheel-
chairs for transport, were assumed to have unlimited avail-
ability for maximizing throughput.9

Occupancy costs; costs related to equipment, drugs,
and materials; and fixed and overhead operational costs
were not considered because they are unlikely to be
affected by the COVID-19 pandemic. No significant capital
outlay for COVID-19–related AEC workflow modifications
was considered. Specific strategies of disinfection (such
as the use of ultraviolet germicidal irradiation) or related
to decreasing environmental risk dissemination (increasing
number of air exchanges, external air exhaust) or interven-
tions such as flipping (alternating) rooms, prolonged turn-
over times, and EGD-only rooms have not been widely
studied or validated and are not routinely recommended.
Standard reprocessing algorithms for endoscope reproc-
essing are considered adequate.10

It is expected that in the reopening phase, the adminis-
trative staff (typically the nursing administrator) of the AEC
will bear additional responsibilities for patient and staff
safety, appropriate use of PPE, retraining staff, infection
control practices, scheduling and ensuring supply chain
stability, and coordination with local regulatory authorities.
However, no additional administrative cost was considered
in this model. Follow-up phone calls within 24 to 48 hours
after procedures is a standard practice in many endoscopy
centers, and it was assumed that no additional follow-up
phone calls would be required.

Considerable uncertainties exist regarding type of POC
testing, performance characteristics, reimbursement
amount, and, importantly, availability of POC testing.10

Although the guidelines currently do not explicitly
recommend testing on the day of procedure because of
issues of local prevalence, testing availability, sensitivity,
and turn-around time, it is widely perceived that pretesting
48 to 72 hours before the procedure is impractical, partic-
ularly because of the need for self-quarantine after testing.
Patients are unlikely to agree to self-quarantine on a
routine basis given its potential impact on employment
and lifestyle. Also, different options for POC testing for
COVID-19 are rapidly becoming available. For example,
the Sofia 2 SARS antigen fluorescent immunoassay (Quidel
Corporation, San Diego, Calif, USA) can detect a COVID-19
infection in a sample within 15 minutes and has been
recently approved by the U.S. Food and Drug Administra-
tion. Another recently approved molecular diagnostic
Volume 92, No. 4 : 2020 GASTROINTESTINAL ENDOSCOPY 919
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test, Xpert Xpress SARS-CoV-2 (Cepheid, Sunnyvale, Calif,
USA), can provide a result as soon as 30 minutes. Even if
day-of-procedure testing is not performed, the recommen-
ded COVID-19 screening, which includes a check for daily
temperature, symptom and exposure screening, and a tem-
perature check on arrival to the endoscopy center in an
isolated area performed by the triage technician, is esti-
mated to require as much as 30 minutes per patient. It
was assumed that although all patients would need POC
pretesting, this would be cost-neutral to the endoscopy
center. Although Medicare reimbursement for COVID-19
molecular diagnostics tests that use high-throughput tech-
nologies have gone up to $100 per test, the capital cost of
establishing an in-house COVID-19 testing laboratory is
currently unknown.

Validation of the model
The simulation model was built by using observed

(historical) data of procedures done in a community
AEC from the last 2 quarters of 2019 extracted as part
of a quality improvement process. The result of the base-
line simulation, which was verified as logical by the
author, was concordant with actual data. Also, the
different processing times (as listed in Table 1)
predicted by the baseline simulation model were
internally validated with another set of data obtained
from randomly selected electronic time-stamped records
of 50 patients who underwent procedures in the AEC in
the second week of February 2020 (a few weeks before
the COVID-19 pandemic led to the temporary closure
of the AEC). In addition, the results of the baseline simu-
lation in terms of waiting times and staff utilization corre-
lated well with published results from studies performed
in academic medical centers and a nationwide survey of
community-based AECs.6,11-13
RESULTS

In the simulation model, post–COVID-19 recommended
workflow changes significantly impacted the operational
and productivity metrics and, in turn, adversely affected
the financial metrics. The results of the changes in these
metrics are listed in Table 4. Overall, with the post–
COVID-19 modifications, there was a significant increase
in total processing times, waiting times with a
consequent decrease in productivity, and financial
metrics precisely because of a bottleneck at the time of
preprocedure COVID-19 screening and testing while prac-
ticing social distancing (Fig. 2). Incorporating a day-of-
procedure COVID-19 screening and testing protocol in
the AEC led to a significant decrease in staff utilization
and an increase in facility time, wait time for patients,
and cost per case (Fig. 3). Also, if the additional time
required for COVID-19 screening and testing exceeded
30 minutes, then the day-of-procedure screening was not
920 GASTROINTESTINAL ENDOSCOPY Volume 92, No. 4 : 2020
practical and would have to be performed day(s) before
the procedure. Such an arrangement would invariably
lead to an increase in patient inconvenience and decreased
compliance given the need for quarantine until the day of
the procedure.

The overall facility time and wait time for patients were
sensitive to the COVID-19 testing time needed for each
patient. Using only 1 triage technician to perform
COVID-19 testing and screening led to more than twice
the total facility time and a 42% increase in cost per
case related to payment of overtime salaries. Corrective
interventions such as changing the interarrival time to
every 15 minutes and adding more preoperative/recovery
bays or more RNs did not decrease the total facility time
or waiting time at the entry-level bottleneck related to
COVID-19 testing. However, doubling the number of
COVID-19 testing and screening to 2 triage technicians
led to a more acceptable but still significantly increased
total facility time and cost per case of $142. During
Monte-Carlo simulations, the strategy of having 2 triage
technicians for COVID-19 testing was always more effi-
cient and cost-minimizing (Fig. 4).

Incorporation of a day-of-procedure COVID-19 testing
and screening led to late discharges and consequently
increased hours of operation of the AEC and overtime
pay to maintain baseline throughput of 12.5 procedures
per day per room (Table 2). In terms of cost of care per
patient, lengthening hours of the AEC operation and
overtime pay for the staff were cost-minimizing compared
with decreasing daily throughput.
DISCUSSION

DES-based modeling is a novel method for formal quanti-
tative assessment of resource utilization, throughput, and ca-
pacity constraints of complex systems by simulating dynamic
interactions between individuals, populations, and their envi-
ronments using a sequence of well-defined events and
focusing on individual entities (eg, patients) moving through
the system with changes in their states at discrete time
points.9 Widely used in such diverse areas as in
manufacturing, operational research, decision analysis, and
production engineering, these simulation models are
increasingly used in healthcare technology assessment at
organizational levels. Multiple publications have used DES
to understand and optimize healthcare system operation in
settings such as operating rooms, intensive care units,
emergency departments, and urgent care settings.14 Only a
few published articles used DES techniques in the context
of outpatient endoscopy centers. Berg et al6 used DES to
assess the impact of procedure room-to-endoscopist ratio
in improving efficiency. Day et al11 used DES to show the
effects of minor changes such as reducing scheduling and
recovery room times in improving staff utilization and
other performance measures. All these studies were done
www.giejournal.org
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TABLE 4. Results of the simulation showing post–COVID-19 changes in performance indicators compared with baseline

Operational indicators

Baseline Post–COVID-19

Pre–COVID-19 Strategy I (1 technician) Strategy II (2 technicians)

Facility time, min 174 (171-179) 372 (369-376) 242 (237-245)

COVID -19 screening and testing NA 245 (239-248) 45 (41-47)

Registration time, min 13 (10-16) 12 (9-16) 23 (18-27)

Waiting room time 47 (40-49) 24 (21-26) 71(67-75)

Preoperative time, min 45 (38-49) 32 (28-36) 39 (35-43)

Endoscopy room time, min 34 (29-37) 26 (22-28) 31(29-34)

Recovery room time 35 (30-37) 33 (28-35) 33 (28-36)

Facility utilization, %

Waiting room 67 (63-67) 36 (31-38) 55 (51-59)

Preoperative bays 63 (61-64) 38 (33-41) 54 (51-57)

Endoscopy rooms 61 (59-66) 52 (49-55) 60 (58-64)

Recovery bays 58 (53-59) 41 (38-44) 53 (51-56)

COVID-19 testing area NA 84 (79-87) 54 (51-57)

Waiting time for patients, min

Waiting for preoperative bays 36 (31-43) 12 (8-13) 55 (43-59)

Waiting for endoscopy rooms 1 (1-4) 3 (1-5) 2 (1-4)

Waiting for recovery room 2 (1-4) 1(1-3) 1(1-3)

Waiting for COVID-19 screening and testing NA 27 (19-37) 9 (6-17)

Number of late discharges 0 9 3

Overtime, min 0 180 60

Productivity indicators

Throughput

Number of patients/endoscopy room/day 12.5 12.5 12.5

Staffing utilization, %

Physician utilization 54 (51-57) 42 (39-44) 49 (47-51)

Nursing utilization

Preoperative RNs 58 (53-60) 56 (52-57) 76 (72-78)

Recovery RNs 48 (46-50) 37 (34-40) 44 (42-46)

Certified nurse anesthetist 56 (53-58) 43 (41-45) 52 (49-55)

Ancillary staff utilization

Endoscopy technicians 57 (55-59) 41 (38-43) 49 (47-52)

Certified nursing assistant 16 (14-18) 19 (17-21) 22 (19-25)

Clerk 37 (33-39) 28%(26-30) 31 (28-34)

COVID-19 lab triage technician NA 84 (81-87) 51 (48-53)

Average (nonendoscopist/CRNA) staff hours per case 4.2 (3.9-4.4) 5.9 (5.7-6.2) 5.5 (5.3-5.8)

Financial indicators

Reimbursement per patient, U.S.$ 508 (447-574) 504 (449-570) 505 (445-578)

Nonphysician/CRNA staffing cost per patient, U.S.$ 124 (121-127) 177 (173-184) 146 (142-152)

Percent value added nonphysician staffing time
(activity-based costing)

52 (48-55) 45 (42-47) 49 (46-51)

RN, Registered nurse; CRNA, certified nurse anesthetist; NA, not Applicable.

Das Impact of COVID-19 on the workflow of an AEC
in academic medical centers in an hospital outpatient
department (HOPD) setting, which has different levels of
reimbursement and often with the participation of
trainees.11,12,15
www.giejournal.org
In this study, incorporation of recommended post–
COVID-19 related workflow modifications adversely
impacted the efficiency and utilization of an AEC across a
wide array of performance indicators and with significant
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Facility Time (Total)

Preop Area Utilization

Recovery Area Utilization

Physician Utilization

Preop RN Utilization

Recovery RN Utilization

CRNA Utilization

Endo Tech Utilization

Endoscopy Room Utilization
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COVID Testing & Screening with 2

technicians

COVID-19 Testing and Screening with 1

technician

Figure 2. Percentage of change (x-axis) from the pre–COVID-19 baseline in different performance indicators of the ambulatory endoscopy center
(y-axis). The blue and orange bars represent the number of technicians performing COVID-19 testing and screening. Using only 1 technician (blue
bars) leads to much more pronounced underutilization of space and staff resources and increased facility time compared with using 2 technicians (orange
bars) for COVID-19 testing and screening. RN, Registered nurse; CRNA, certified nurse anesthetist; Endo Tech, endoscopy technicians.
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Figure 3. Percentage of utilization (y-axis) of different staffing resources by the hours of the day as represented by colored boxes along the horizontal
axis. The top panel represents the pre–COVID-19 baseline workflow of the center when no technician is needed for COVID-19 testing and screening. The
middle panel represents COVID-19 testing and screening with 1 technician, and the bottom panel represents the use of 2 technicians for triage. To main-
tain throughput at baseline, the working hours of the endoscopy center are lengthened by COVID-19 testing and screening by 3 hours when 1 technician
is used and by an hour when 2 technicians are used. Overall, both themiddle and bottom panels show decreased staff utilization compared with baseline,
except for the triage technicians(s) performing COVID-19 testing and screening. RN, Registered nurse; CRNA, certified nurse anesthetist; CNA, certified
nurse assistant; Tech, technicians.
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300%
1 Technician - 10 minutes

1 Technician - 30 minutes
2 Technicians - 20 minutes

1 Technician - 20 minutes

2 Technicians - 10 minutes
2 Technicians - 30 minutes

250%

200%

150%

100%

50%

0%

Facility Time (Excluding COVID-19 Testing)    Waiting in Line for Covid Testing & Screening

Figure 4. Percentage of change (y-axis) from the pre–COVID-19 baseline in facility time and waiting time for patients (x-axis) for COVID-19 testing and
screening. The blue and red columns represent the use of 1 technician compared with 2 technicians for COVID-19 testing and screening. In each bar
group, the different fill patterns represent the time needed for COVOD-19 testing and screening (10 minutes, 20 minutes, and 30 minutes). If 30 minutes
or more are needed for testing and screening each patient with only 1 technician, an unacceptable bottleneck of patients ensues waiting in line for testing
and screening for more than 4 hours; this can be reduced by deploying 2 technicians for triage.

Das Impact of COVID-19 on the workflow of an AEC
financial implications. Although done in the setting of a
community-based stand-alone AEC, the baseline results of
this study are generally similar to the results published
by other authors in terms of waiting time and staff utiliza-
tion. Another strength of the study is that the simulation
model was validated using historical survey data from other
community-based AECs across the country.13 Also, to
account for significant variations in procedure type,
payor mix, and non-Medicare reimbursement and to intro-
duce stochastic randomness in the process flows of the
simulation model, an uncertainty analysis was used with
the Monte-Carlo analysis to make the results more general-
izable. The model was responsive to the calibration of pa-
rameters such as time and number of triage technicians for
COVID-19 testing and screening to minimize the impact of
COVID-19–related adjustments on baseline performance
indicators. From the simulation model, it was clear that if
more than 30 minutes is required for day-of-procedure
COVID-19 testing and screening at the time of entry into
the AEC, then it would lead to an unacceptable increase
in facility time and wait times, causing a significant
decrease in daily throughput.

Although this model was specifically developed to eval-
uate the impact of the COVID-19 pandemic on the opera-
tion of community-based AECs, to the author’s knowledge
performance indicators of community-based AECs have
not been published earlier using DES modeling tech-
niques. Because reimbursements for facility fees for AECs
are continuously decreasing, there is an urgent need to
maximize the operational efficiency of community-based
AECs and decrease the cost of care to offset the diminish-
ing net revenue per case.16 A DES model using local data is
www.giejournal.org
an easily implantable strategy to pinpoint areas of
inefficiency, establish a center-specific benchmark, and
assess the impact of strategic interventions to improve
throughput and efficiency.

There are certain important limitations to the results of
this study. Significant uncertainty and ambiguity exist for
the optimum process flow needed for screening and testing
for COVID-19. As the pandemic evolves, likely these process
flows will also change. The development of a safe and effec-
tive vaccine may drastically change this workflow. In addi-
tion to the expense related to the cost of PPE, the focus
of the analysis was on the impact on staffing cost, which
is the largest component of the total operating expense in
a typical community-based AEC.13 Other fixed operational
costs, which are unlikely to change in the post–COVID-19
period, were not assessed. Patient satisfaction metrics are
one of the critical components of performance indicators
of any endoscopy center. However, currently there are no
data on patient satisfaction parameters in the post–
COVID-19 period. Although real concern exists for loss of
revenue related to the possibility of increased cancellation
of procedures by patients because of COVID-19 infection
fear, this was not considered in the model. Also, this model
may not apply to large multispecialty ambulatory surgery
centers or to hospital-based outpatient facilities.

In summary, this study is the first to assess operational
and financial performance indicators in a community-based
stand-alone AEC performing GI endoscopic procedures us-
ing DES modeling. The results show that the workflow
modifications currently recommended by professional so-
cieties and governmental authorities to reopen ambulatory
endoscopic facilities in the post–COVID-19 period will
Volume 92, No. 4 : 2020 GASTROINTESTINAL ENDOSCOPY 923
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have a significant impact on performance indicators with
adverse financial consequences on these revenue-
strained AECs. These results call for urgent action by
governmental and commercial payors to adjust facility
reimbursement fees for endoscopic procedures done in
AECs to keep them open and financially viable in the
post–COVID-19 era.
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