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Objective We detail inpatient electronic health record (EHR) system tools created at
Mount Sinai Health System for the clinical management of patients with coronavirus disease
2019 (COVID-19) during the early pandemic months in the U.S. epicenter, New York City. We
discuss how we revised these tools to create a robust Care pathway, unlike other tools
reported, that helped providers care for these patients as guidelines evolved.

Methods Mount Sinai Health System launched a Command Center on March 8, 2020. The
Chief Medical Information Officer launched a workgroup of clinical informaticists and Epic
analysts tasked with rapidly creating COVID-19-related EHR tools for the inpatient setting.
Results Initial EHR tools focused on inpatient order sets for care standardization and
resource utilization. In preparation for a fall 2020-winter 2021 surge, we created a clinician-
facing, integrated Care pathway incorporating additional Epic System-specific tools: a Care
Path, a dedicated Navigator, Summary and Timeline Reports, and SmartTexts.
Discussion Initial tools offered standard functionality but included complex decision-
making support to account for the lack of COVID-19 clinical knowledge, operational
challenges during a dramatic patient surge, and resource limitations. We revised
content and built a more comprehensive Care pathway that provided real-time clinical
data along with treatment recommendations as knowledge evolved, e.g., convalescent
plasma.

Conclusion We have provided a framework that can inform future informaticists in
developing EHR tools during an evolving pandemic.
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For context, daily cases in New York City (in blue) and number of COVID-19 hospitalized patients at MSHS (in red) are presented here.!*?
Rapidly increasing COVID-19 related admissions in Spring 2020 during the first surge of the pandemic in the United States necessitated expedited
development of EHR tools in the face of many unknown factors. EHR, electronic health record; MSHS, Mount Sinai Health System.

Introduction

New York City was the earliest U.S. epicenter of the coro-
navirus disease 2019 (COVID-19) pandemic, with its first
case in March 2020 and a surge to more than 5,000
confirmed cases per day.' provides context on the
initial surge. Others have previously described organiza-
tional structures,’ documentation and order panels,?>
data visualization tools,3* reporting tools,>>® clinical
decision support (CDS),”® and operational informatics
tools.>10

Care pathways have been described in the informatics
literature as “structured multidisciplinary care plans that
detail essential steps in the care of patients with a specific
clinical problem [and] offer a structured means of developing
and implementing local protocols of care based on clinical
guidelines.”® Care pathways, particularly those integrated
into the electronic health record (EHR), have been shown to
improve in-hospital outcomes,'"'? increase the detection,
diagnosis, and treatment of specified conditions,’® and
improve utilization of resources.'*'® Care pathways repre-
sent the evolution of previously described tools that inte-
grated clinical guidelines or care recommendations within
the provider workflow.'” This report outlines the develop-
ment of order sets, novel data visualization tools, and a novel
COVID-19 Care pathway within the context of a rapidly
escalating pandemic.
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Objective

In this case report, we detail the inpatient EHR clinical tools
created at the Mount Sinai Health System (MSHS) for the
management of patients with COVID-19 during the early
months of the pandemic. We describe how these tools
evolved into a novel clinician-facing, integrated Care path-
way that aggregates clinical information and COVID-19-
specific tools into a navigator that interprets the patient’s
clinical status and provides treatment recommendations and
lessons we learned about pandemic realities versus best
practices in the literature.

Methods

The Mount Sinai Health System is an academic medical
center and health system comprising more than 300 hun-
dred ambulatory practices and eight hospitals in the New
York City metropolitan area, six of which currently use the
Epic EHR (Epic Systems Corporation, Verona, Wisconsin,
United States). MSHS launched a pandemic Command Cen-
ter (CC) on March 8, 2020, composed of senior leadership
across the health system, including the president and chief
executive officers of each hospital, the system’s chief medi-
cal information officer (CMIO), and system chairs for Infec-
tious Disease, Hospital Epidemiology, and Pulmonary/
Critical Care.
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COVID-19 EHR tools development timeline at MSHS. EHR, electronic health record; MSHS, Mount Sinai Health System.

The CMIO formed a small informatics workgroup (three
clinician informaticists and 6-8 Epic analysts) tasked with
creating as quickly as possible COVID-19-related EHR tools
for the inpatient setting. All requests came from the CC, and
all tools developed were reviewed by the appropriate health
system clinical department chairs prior to implementation.
The workgroup created clinical decision support, computer-
ized provider order entry, and data visualization tools
deemed essential for caring for COVID-19 patients. The
workgroup presented bi-weekly in meetings with a standing
EHR-governance council of about two dozen inpatient clini-
cal informaticists from across the system who provided
critical feedback during tool development. highlights
the daily case rate in New York City, hospitalization rates
within our institution, and provides context against which
this build work was occurring.'® For reporting purposes here,
the efforts of this workgroup are divided into two phases,
Phase 1 (mid-March to mid-June 2020) and Phase 2 (Sep-
tember to December 2020). The timeline of the efforts of this
workgroup is presented in and accompanies

, which outlines major milestones for each tool.

Results

Phase 1 Inpatient Tools
There were many unknowns regarding caring for patients
with COVID-19 in the inpatient setting during the early
phase of EHR tool building. Our informatics workgroup
aimed to quickly and efficiently create the inpatient tools
needed to disseminate information and standardize care for
patients with COVID-19.

The first comprehensive inpatient tool created was the
COVID-19 order set. With prior experience in bundling

diagnostic and treatment options within one order set (for
conditions such as community-acquired pneumonia), this
seemed like the natural first step in providing decision
support for clinicians. The order set included testing for
SARS-CoV-2, appropriate isolation precautions, and prese-
lected laboratory tests. Providers would select clinical sever-
ity, then were provided with corresponding medication
recommendations, including post-treatment monitoring. A
set of cascading questions regarding clinical severity, weight,
and creatinine clearance was later added to guide antico-
agulation dosing ( ). Needs were identified by clinical
leadership in response to: updated treatment recommenda-
tions; availability of resources (including testing capacity,
medication supply, etc.); and unforeseen challenges that
required course redirection.

As COVID-19 hospitalization rates skyrocketed, and non-
COVID related admissions plummeted, these standalone
order sets were integrated into the general medicine admis-
sion and intensive care admission order sets to streamline
the ordering process. A patient-specific summary report was
created to centralize important clinical information includ-
ing vital signs, oxygen requirement or ventilator settings,
inflammatory markers over the last 72 hours, microbiology
data, and details about the treatment team.

Phase 2 Inpatient Tools

As COVID-19 cases decreased over the summer, MSHS began
preparations to manage a potential fall/winter surge. We
created an EHR-integrated clinical Care pathway that pro-
vided decision support and treatment guidance and included
the following Epic-specific tools: a Care Path, a dedicated
Navigator, Order Sets, Summary and Timeline Reports, and
SmartTexts.

ACl Open  Vol. 6 No. 2/2022 © 2022. The Author(s).
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COVID-19 EHR tools development milestones at MSHS

EHR tool type Date Milestone description Key update aspects
COVID-19 order set | March 20, 2020 Launched in production
May 12, 2020 Update 1 Added logic to show/hide certain items based on
whether the patient is COVID+
October 07, 2020 Update 2 Content optimization®
November 17, 2020 | Update 3 Added order to place patient on COVID-19 pathway

(care path)

Admission order set | March 24, 2020

Launched in production

a

SmartGroup

May 12, 2020 Update 1 Added logic to show/hide certain items based on
whether the patient is COVID+

October 07, 2020 Update 2 @

November 17, 2020 | Update 3 Added order to place patient on COVID-19 pathway

(care path)

ICU admission order | March 24, 2020

Launched in production

El

set SmartGroup

May 12, 2020 Update 1

Added logic to show/hide certain items based on
whether the patient is COVID+

October 07, 2020 Update 2

a

Convalescent March 27, 2020

Launched in production

a

plasma order set

October 21, 2020 Update 1 Included restrictions based on required laboratory
results and documentation

January 11, 2021 Update 2 Updated restrictions to account for transfers be-
tween hospitals

February 04, 2021 Update 3 Displayed criteria met vs. not met to end users,

saving troubleshooting time for clinicians

Summary report March 27, 2020

Launched in production

a

October 21, 2020 Update 1 Added to new COVID-19 navigator

November 17, 2020 | Update 2 Added link to new COVID-19 care path, COVID-19
timeline report

December 09, 2020 | Update 3 @

Anticoagulation April 10, 2020 Launched in production | °

order panel April 28, 2020 Update 1 a

Navigator October 21, 2020 Launched in production | °
November 17, 2020 | Navigator update 1 Added treatment guidance section
December 09, 2020 | Navigator update 2 a

Care path November 17, 2020 | Launched in production | °

December 09, 2020

Care path update 1

Update anticoagulation treatment guidance

?Content optimization: e.g., addition or removal of laboratory tests or updates to medication dosages that reflected changes in the institution’s

treatment guidelines.

Care Path
A Care Path is an Epic-specific decision support tool that
visually outlines treatment options for a particular condition
and updates in real-time based on the documentation in the
chart. Our prior experience with Care Paths in the inpatient
setting involved management of patients with respiratory
failure in the intensive care unit. The benefits of this tool
include allowing providers to easily track clinical progress
and suggest appropriate interventions at various stages of
the patient’s clinical course.

In designing a COVID-19 care path ( ), oxygen
supplementation became the designated milestone to track

ACl Open  Vol. 6 No. 2/2022 © 2022. The Author(s).

across the patient’s clinical course because disease severity
was defined by the degree of respiratory failure. All avail-
able oxygen delivery devices were associated with one of
the milestones shown. Milestones were “achieved” based on
clinical data documented in nursing vitals flowsheets and
updated in real time. Each milestone had a corresponding
treatment recommendation, including steroid and anti-
coagulation dosing. The Care Path also differentiated be-
tween escalating and de-escalating oxygen requirements,
and provided discharge recommendations when oxygen
requirements decreased below 3L of oxygen by nasal
cannula. The Care Path was triggered by a specific Care
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COVID-19 care pathway utilization in the EHR at MSHS

- All admitted patients should be assessed for VTE risk factors, signs or symptoms of DVT and Admitted Patients P|aced %
PE, and bleeding risk. Increased risk for bleeding includes active bleeding, PLT <50K, or .
INR >1.8. patients, on pathway
« Prophylactic is not \ded after di COV| D +
@ BMi less than 40
9
©Crclgreater(han 30 mL/min NOV 2020 214 194 90656
enoxaparin (LOVENOX) 30 mg/0.3 mL injection 30 mg
30 mg (0.191 mg/kg), subcutaneous, EVERY 12 HOURS SCHEDULED, Next dose today at 1300 Dec 2020 966 808 83.64%
For CrCl <30, enoxaparin is not recommended in ESRD. For CrCl < 30 mL/min use 30mg daily.
to discontinue heparin when ordering i i and antij (except aspirin) are o)
CONTRAINDICATED i n patients receiving epidural PCAs. Do NOT give them unless approved by Pain Ja n 2021 1054 977 92.69%
Service. For Manhattan call Pain Service (646) 592-0145; for Queens call Anesthesia On-Call at Ext.74214. -
R Feb 2021 895 857 95.75%

O BMI 40 or greater

Screenshot of the COVID-19 order set. Upon clinician selection
of a particular severity of disease, the order set provides corre-
sponding medication options. Treatment recommendations were
incorporated within the order set. Because changes to recommen-
dations occurred rapidly and frequently as COVID-19 knowledge grew
and the complexity of those recommendations, cascading orders
were used to ensure appropriate dosing for anti-coagulation.

Path order in the COVID-19 order set; providers received an
alert recommending the Care Path if a patient tested posi-
tive for SARS-CoV-2 and did not have an active COVID-19
Care Path order. An overwhelming majority of patients
admitted with COVID-19 were placed on the pathway since
its launch ( ).

Navigator

Based on our earlier experience with a COVID-19 Summary
Report, we believed it was important to create a centralized
location for the management of patients with COVID-19. In
Epic, a dedicated Navigator allowed for the various tools we
developed to be accessed from the same screen. Importantly,
we were able to dynamically display the Navigator more

| Obtain ambulatory sat /
PT eval / SW Eval /
Outpatient Follow up

Discharge order —
signed ﬂr::)d\lrge

L

Decreasing
oxygen
requirement
Oxygen Room Air
thetapy
assessment
Increasing
oxygen

requirement

Steroids

| No de-escalation in
3 steroids or
NODCEJe anticoagulation

Treatments

prominently in the patient’s chart based on infection status
(i.e., person under investigation or positive SARS-CoV-2 PCR
result). This addressed a shortcoming of the COVID-19
summary report, which was the inability to automatically
display the report upon opening the chart of a COVID-19
patient.

We leveraged the existing COVID-19 summary report in
the COVID-19 navigator and made optimizations ( ),
including a direct link to the COVID-19 Care Path. SmartText
was added to the top of the summary report highlighting
treatment recommendations based on the patient’s docu-
mented oxygen therapy. This SmartText directly corre-
sponded with the COVID-19 Care Path.

We also provided a link to a custom-built COVID-19
timeline report which displays COVID-19-specific treat-
ments chronologically along with oxygen requirements or
ventilator settings, use of prone positioning, and graphical
representation of inflammatory markers and fever curves
( ). This timeline view provides another data visuali-
zation tool by which the provider can trace the patient’s
clinical course during the hospitalization.

| Trach Collar \
Mechanical Ventilation |

Treaiments

Decreasing
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requrement

HFNC/ NRB / NIV

.
today

Increasing
oxygen
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Steroids Aggm;;i:e VIE
S

‘ Prone therapy

Treawments
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Pictured is the Clinical Care Path, which clinicians access from the Summary report within the COVID-19 navigator. The Care Path is
organized by oxygen delivery device, with corresponding treatment recommendations. Patients proceed along the Care Path based on nursing
flowsheet documentation of oxygen supplementation. Each treatment option is associated with a corresponding medication or nursing order.
For example, an order for dexamethasone (ordered while the patient is documented to be on nasal cannula) will be displayed as a completed
step. Completed steps are time stamped. Dark blue boxes with an icon of a person represent the most recent oxygen requirement or therapeutic

intervention.
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B COVID-19 Summary Report

Q
»

CLICK HERE for Clinical Guidelines and Information for Staff
CLICK HERE for online access to the COVID-19 Active Clinical Trials List.
(This includes enrollment criteria and study contacts for each COVID-19 related clinical trial.)
Based on the patient's current oxygen requirement of HFNC/NRE/NIV, consider the following treatments:
+ Steroids (dexamethasone or solumedrol)
+ Aggressive VTE Prophylaxis
* Remdesivir
+ Convalescent plasma (patient must have negative rapid antibody test, two type and screens, and appropriate consent documented prior to ordering)

Click here to view COVID-19 Treatment Timeline &

|
“ Vitals (last day) | | % Care Paths &
02 Flow Name

Oxygen Rate Covid-19 Inpatient Care Path
Date/Time Temp Pulse Resp BP Sp02 Device (Umin)  Pain Level Time Frame: 1/7/21 - Now
01/12/21 363°C 87 18 103/66 93% - — 0 Comments: Episode created 01/07/21 0640 EST
1605 (97.3°F) |
01/12/21 363°C 81 18 108/67 94% - - 0 |
geal 13°F) | | B clinical Trials
01/12/21 366°C 60 18 95/50 96% Venturi 8Umin 0 |
0520 (97.9 °F) mask Clinical Trails Ordered This Encounter
01/11/21 364°C 75 20 93/55 9% - - 0

COVID-19 summary report within the navigator. The Summary Report includes hyperlinks to the MSHS Intranet site which includes
expanded treatment recommendations and an ongoing list of COVID-19-related trials. Similar to the Care Path, nursing documentation of the
patient’s oxygen requirement triggers a corresponding SmartText that displays treatment recommendations. This SmartText is updated in real
time (e.g., when a patient is de-escalated from non-rebreather to 2L nasal cannula, the SmartText will automatically refresh with the
corresponding treatment recommendations based on oxygen de-escalation). The Summary Report directly links to the Care Path and Timeline
Report. Presented with permission, © 2021 Epic Systems Corporation.
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The Timeline Report allows for a comprehensive overview of the patient’s treatment course during the entire hospitalization. Changes in
treatment (e.g., an increase in the dose of anti-coagulation or administration of convalescent plasma) can be tracked alongside changes in
oxygen delivery, temperature, and inflammatory markers. Presented with permission, © 2021 Epic Systems Corporation.

Convalescent plasma was available under the guidance of = ments. To ensure adherence, an order set and consent
the Federal Drug Administration’s Emergency Use Authori- documentation was created for convalescent plasma and
zation, which necessitated strict documentation require- made accessible within the COVID-19 navigator. Order Set

ACl Open  Vol. 6 No. 2/2022 © 2022. The Author(s).



restrictors with multiple rules were created to check if result
and documentation criteria were met; if one of the criteria
was not met, the convalescent plasma order would not be
available to the provider and would instead display criteria
needed for ordering convalescent plasma.

Discussion

Although other institutions described inpatient clinical order
sets and CDS tools meant to standardize and simplify care for
patients with COVID-19, we were in the unique position of
creating EHR-based tools during the first and then-unprece-
dented surge, and continued to improve our tools for use
during the ongoing pandemic. We applied known best
practices and learned pragmatic lessons for building EHR-
based tools that may help health systems in future pandem-
ics. Our approach may help others move more rapidly to
develop more sophisticated tools to aid clinicians during
similar crises.

First, during that spring surge, speed and simplicity were
keys to creating successful tools. Our early efforts were
focused on straightforward tools that could be built quickly
and updated relatively easily. CDS ease-of-use, always im-
portant,'® was particularly critical because many providers
with little inpatient experience were being deployed to
inpatient care. Though technically simple, designing these
tools required complicated clinical decision-making. Poten-
tial diagnostic and treatment options were being announced
at a rapid rate, often outside the standard channel of peer-
reviewed academic journals. This clinical uncertainty added
a degree of caution to what options we made available to
providers. Moreover, order set composition had to balance
clinical necessity (e.g., trending inflammatory markers), and
resource limitations (e.g., the turnaround time for obtaining
a laboratory result).

Second, employing best practices to create well-integrat-
ed CDS tools made treatment recommendations more readi-
ly available to providers within the time constraints of an
evolving pandemic.'® Integrating treatment recommenda-
tions within the order set was an essential component to this.
Additionally, noting that our initial data visualization tools
were not centralized within the EHR, potentially discourag-
ing use, utilization of the navigator aggregated these tools,
thereby embedding them within the chart review workflow
next to these clinical decision support tools. We chose not to
incorporate intrusive Best Practice Advisory pop-up alerts to
avoid alert fatigue.?® The tools also decreased the need to
leave the EHR, which would have been the case if we relied on
email communication or an intranet site.

Limitations to our clinical tools and our processes offer a
learning opportunity. There are limits to standardizing care
within the EHR, regardless of EHR system used and the
specific functionalities it offers. Our tools relied on clinician
judgment, rather than forced functions, to adhere to treat-
ment recommendations (excluding the convalescent plasma
workflow). In practice that meant that although our order set
included recommended dosing for steroids, providers were
still able to order these medications outside of the order set

COVID-19 and the Electronic Health Record Tsega et al.

at a dosage of their choosing. Given previously discussed
challenges early on, particularly the limited availability of
evidence to guide therapy, we sacrificed some forced stan-
dardization to allow providers the flexibility to consider
recommendations within the context of the patients for
which they were caring.

Additionally, the complexity of managing patients with
COVID-19 makes it difficult to create a linear or easy to digest
treatment algorithm. Though respiratory status is the most
important indicator, our tool does not provide guidance on
how to manage COVID-19 related complications such as
delirium, thromboembolism, or renal failure. These trade-
offs were necessary in the hopes of creating a tool that could
be used by all providers, particularly if we again had to rely
on those re-deployed from other specialties. Similar trade-
offs should be recognized and accepted in a similar future
pandemic.

An additional limitation was our inability to track utiliza-
tion of all the tools we created. Our primary goal was to
provide clinicians with recommendations and tools needed
to care for patients with COVID-19, and to ensure that
resources were utilized judiciously. Quality or outcome
measures were not identified because there was no frame-
work to establish reasonable benchmarks. We therefore
focused reporting resources on other measures (e.g., venti-
lator utilization). Additionally, though we were able to
ensure that a large majority of patients were placed on the
Care Path, we did not have access to information such as time
spent within the summary report or various other activities
within the navigator. This meant that we did not have
sufficient data to further optimize our tools, such as improv-
ing tools providers used the most or removing those they did
not use.

Lastly, our experience highlights the limitations of being
able to apply previously described frameworks during a
pandemic. There is previous literature on user-centered or
human-centered design and their effectiveness in creating
useful EHR tools.?"22 Our EHR governance council included
multiple board-certified clinical informaticists and a PhD-
prepared informaticist, all expert members familiar with the
CDS, usability, and user-centered design literature, who have
previously employed these literature-driven best-practices
for EHR build, usability testing, implementation, and user-
centered optimization.”>~2> Unfortunately, the first surge
involved innumerable unknowns, making it difficult to pro-
ceed in a deliberative, more structured manner. Shiffman
et al have previously described validated frameworks to
implement guidelines, yet our tools were created in an
environment where guidelines did not exist, and recommen-
dations were ever—changing.26 Moreover, validated design
processes, such as Schiffman’s, are time and labor intensive
and not practical when all personnel were in crisis-response
mode with extended enterprise-designated pandemic
duties. Jakob Nielsen’s simplified model of usability engi-
neering estimated that parts of the process would take at
least 105 hours to complete.27 This would have been unten-
able in our situation where decisions such as changes to anti-
coagulation recommendations were made and released

ACl Open  Vol. 6 No. 2/2022 © 2022. The Author(s).
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within 48 hours. Lastly, rapidly changing events precluded
structured processes for evaluating and updating tools. This
is not surprising given that established frameworks to eval-
uate deployed EHR tools are known to be complex schemes
with “multiple dimensions, categories, and measures that
can be difficult to understand and apply in practice."28 Evena
simplified, practically focused framework such as SEIPS 101
may be too consuming to apply in another emergent pan-
demic situation.?® Future research should focus on ultrarapid
processes to develop and evaluate EHR tools. However, a key
takeaway is that health systems that have access to a corps of
literature- and best practice-informed clinical informatics
experts’ or integrate them into standing EHR-governance
processes,>? as we did, will be best positioned to act deci-
sively in crises when more rigorous, intensive
feedback/evaluation processes are impossible.

Conclusion

We detailed inpatient EHR clinical tools we developed for the
management of COVID-19 patients, how we have refined
these tools since the initial New York City surge, and how the
tools became a robust clinician-facing, integrated Care path-
way to provide comprehensive care to patients with COVID-
19. Our best-practices approach in EHR-tool development to
meet immediate clinical needs, then leveraging additional
functionalities and evolving knowledge, and lessons learned,
may inform and aid future informatics and EHR-build pan-
demic responses.

None.

None declared.
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