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ABSTRACT

Objectives: We describe our approach in using health information technology to provide a continuum of serv-

ices during the coronavirus disease 2019 (COVID-19) pandemic. COVID-19 challenges and needs required health

systems to rapidly redesign the delivery of care.

Materials and Methods: Our health system deployed 4 COVID-19 telehealth programs and 4 biomedical infor-

matics innovations to screen and care for COVID-19 patients. Using programmatic and electronic health record

data, we describe the implementation and initial utilization.

Results: Through collaboration across multidisciplinary teams and strategic planning, 4 telehealth program ini-

tiatives have been deployed in response to COVID-19: virtual urgent care screening, remote patient monitoring

for COVID-19–positive patients, continuous virtual monitoring to reduce workforce risk and utilization of per-

sonal protective equipment, and the transition of outpatient care to telehealth. Biomedical informatics was inte-

gral to our institutional response in supporting clinical care through new and reconfigured technologies.

Through linking the telehealth systems and the electronic health record, we have the ability to monitor and track

patients through a continuum of COVID-19 services.

Discussion: COVID-19 has facilitated the rapid expansion and utilization of telehealth and health informatics

services. We anticipate that patients and providers will view enhanced telehealth services as an essential aspect

of the healthcare system. Continuation of telehealth payment models at the federal and private levels will be a

key factor in whether this new uptake is sustained.

Conclusions: There are substantial benefits in utilizing telehealth during the COVID-19, including the ability to

rapidly scale the number of patients being screened and providing continuity of care.
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INTRODUCTION

The World Health Organization declared coronavirus disease 2019

(COVID-19) a global pandemic on March 11, 2020.1 To ensure

safety and meet patient needs, health systems adjusted care processes

and deployed new approaches to screen and care for COVID

patients, and continue to meet routine care needs.2 On March 17,

2020, telehealth benefits were expanded for Medicare patients, and

these regulatory and reimbursement mechanisms allowed healthcare

organizations to support the conversion of ambulatory clinic visits

to telehealth platforms.3 The Medical University of South Carolina

(MUSC), like many healthcare institutions, experienced a dramatic

reduction in ambulatory operations following government social

distancing guidelines and increased demand for COVID-19 screen-

ing and testing. As 1 of 2 federally recognized telehealth Centers of

Excellence,4 MUSC integrated and deployed telehealth into multiple

facets of our institutional response to COVID-19. We deployed 4

COVID-19 telehealth programs and 4 biomedical informatics inno-

vations during the initial weeks of the pandemic. The purpose of this

study is to describe our approach to using health information tech-

nology to provide a continuum of services for COVID-19. We de-

scribe our processes, utilization, and lessons learned in using

telehealth for screening and testing, reducing healthcare worker ex-

posure, and transforming outpatient to virtual or telehealth care.

MATERIALS AND METHODS

Study site
MUSC began its first telehealth programs in 2005 as a strategy to

mitigate health disparities experienced by many South Caroli-

nians.5–7 Over the last 15 years, we have been on the vanguard of

developing and deploying telehealth programs, and in 2019 had

390 000 telehealth interactions, offered 119 telehealth services in 42

(of 46) SC counties, at 346 sites (40 hospitals, 161 outpatient clinics,

112 schools, 33 other).

Telehealth response
When the first U.S. COVID-19 case was reported in January 2020,

we initiated telehealth COVID-19 response activities. Initial steps in-

cluded ensuring that all providers had telehealth clinical privileges,

inventorying technology, outlining a telehealth response plan, and

redeploying personnel to support new initiatives. We identified tele-

health modalities and biomedical informatics resources that we

could re-engineer or develop de novo to deploy for our telehealth

COVID-19 response. Four telehealth initiatives have been deployed

thus far: virtual urgent care, remote patient monitoring, continuous

virtual monitoring (aka “tele-sitter”), and ambulatory care transfor-

mation. While these are synergistic programs, operationally different

clinical teams support the different patient care needs.

Biomedical informatics
MUSC’s Biomedical Informatics Center (BMIC)8 was integral to our

institutional COVID-19 response, repurposing research teams to

support clinical care. The BMIC developed and deployed several

innovations. A population management tool was established via a

dedicated registry in the Epic electronic health record (EHR) for

patients with potential or confirmed COVID-19 diagnosis. This sup-

ported the telehealth screening, testing, remote home monitoring,

and convalescence phases of disease and included a dashboard to

follow patients based on risk and disease progression. Additionally,

expansion of EHR capabilities for longitudinal care occurred. A tele-

health and Epic MyChart (patient portal) (Epic Systems, Verona,

WI) home monitoring system embedded in our EHR allowed nurses

to enroll, triage, and follow COVID-19 patients at home using

patient-reported outcome measures reported daily for 14 days.

Next, we developed and integrated a smartphone app and patient

sensors. The app extended the capabilities of the MyChart system

with Bluetooth pulse oximeters and digital thermometers. Nurse

case managers could choose to prescribe either the MyChart system

or the app from Epic. Data from the app were passed back into

Epic, through Microsoft Azure (Microsoft Corporation, Redmond,

WA), after data cleaning and trend analyses.

The dedicated registry of COVID-19 patients is populated using

the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-

2)–positive diagnostic test as the trigger as well as all patients using

virtual urgent care for COVID-19 suspicions (Supplementary Ap-

pendix). All COVID-19 nasopharyngeal testing submitted through

MUSC was pulled into the registry for potential enrollment in home

monitoring. Furthermore, all positive laboratory results, regardless

of patient entry point (virtual urgent care, drive-up testing, emer-

gency department, inpatient admission, or preoperative testing) pop-

ulate the same registry. This comprehensive registry of patients was

further parsed into smaller operational subgroups: (1) patients al-

ready contacted with results, (2) patients hospitalized at MUSC, (3)

patients currently enrolled in remote patient monitoring (RPM), and

(4) patients who discontinued from RPM (eg convalescent).

Finally, we applied artificial intelligence expertise to data coming

from MUSC’s virtual urgent care platform (Zipnosis, Minneapolis,

MN), which while rich in clinical information, was locked in the

“free text” record. Our researchers developed natural language

processing tools to extract symptoms, risk factors, and medication

treatments from notes to add to the COVID-19 registry. A team ap-

plied deep learning neural networks to notes and developed models

to predict which patients would eventually have positive SARS-

CoV-2 results. Deep learning neural network algorithms offered

substantial improvements over the rule-based algorithms and subse-

quently were used to prioritize scheduling of testing.9

Data
Our telehealth and information solutions systems were assessed for

functionality and readiness to serve as data collection and monitor-

ing systems along 2 dimensions: (1) patient-centered clinical service

delivery and (2) management and research data collection capabil-

ity. Our telehealth tracking, reporting, and service management sys-

tems and their linkages with our EHR system were assessed and new

measures, and codes were added to ensure that SARS-CoV-2 tests

would be captured for rapid reporting, and that telehealth process

and delivery changes implemented were logged in “real time.”

We include COVID-19 related virtual visits, testing referrals, lab

orders, positive tests, in-patient and remote home monitoring inter-

actions, and ambulatory telehealth visits that occurred between

March 7 and April 22, 2020. To calculate the relationship between

the telehealth workforce risk-reduction service and personal protec-

tive equipment (PPE) cost savings, we utilize a micro-costing ap-
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proach using standard cost weights representative of U.S. national

costs and prices in April 2020.

RESULTS

Screening: COVID-19 and virtual urgent care
We redesigned our existing virtual urgent care (VUC) with the over-

all goal of keeping patients with symptoms away from typical

healthcare access points such as clinics, urgent care settings, and

emergency departments in order to reduce risk. VUC traditionally

provides rapid access to care for low-risk clinical conditions (eg, uri-

nary tract infections) among low-risk patient populations. Our VUC

program, established in 2015, is supported by a team of emergency

department–based advanced practice providers (APPs). Zipnosis is

our technical platform because it provides both asynchronous (ie

adaptive interview, chat) and synchronous (ie video, phone) capabil-

ities. VUC served as a portal of entry into our EHR as the system

creates a record for all new patients, allowing for test ordering,

resulting, communication to the patient, population of the COVID-

19 registry, and continuity with the remote patient monitoring pro-

gram.

Re-engineering VUC to support screening for COVID-19 re-

quired numerous changes. We created and trained an emergency

staffing pool of APPs from across the health system, as anticipated

volumes would overwhelm the established VUC APP pool. This in-

cluded privileging, credentialing, completing scope of practice agree-

ments, finalizing a payment model, and receiving approval on a

provider compensation mechanism through both our university and

practice plan entities who employ the APPs. After a call to action on

March 6, 2020, we trained over 100 APPs in <2 weeks. Next, we re-

moved historical VUC restrictions based on age, comorbid condi-

tions, and presence of dyspnea from the COVID-19 screener. Given

the high-risk nature of COVID-19, we implemented a quality assur-

ance program to review patient care decisions in real time, commu-

nicate information and clarifications with patients, and improve

overall processes, as well as develop screening pathways for

Spanish-speaking patients, vulnerable populations (eg homeless shel-

ters), and patients without Internet access (ie phone screenings).

Between March 7 and April 22, 2020, 67 577 patients completed

a VUC visit, of whom 14 924 met the criteria for COVID-19 testing.

The availability of a COVID-19 virtual evaluation was promoted

through institutional communications, local media, and state offi-

cials as a public health tool for South Carolina citizens to receive a

no-charge virtual screening. Figure 1 provides the continuum of our

Figure 1. Continuum of coronavirus disease 2019 (COVID-19) care processes between March 7 and April 22, 2020. HCW: healthcare worker; MUSC: Medical Uni-

versity of South Carolina; VUC: virtual urgent care.
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COVID-19 care processes and patient volumes associated with each

phase.

SARS-CoV-2 testing
Institutional drive-through respiratory specimen collection sites

were established at locations throughout the state. Further optimiza-

tion enabled patients who qualified for testing to immediately re-

ceive a “ticket” allowing them to select a testing facility and self-

schedule their test through our EHR patient portal. Via drive-

through testing and outpatient labs, 10 501 patients were tested, an

additional 2420 tests were performed among inpatients.

Treatment: Outpatients with COVID-19 and remote pa-

tient monitoring
We have substantial institutional experience with RPM for a variety

of patient conditions including diabetes, hypertension, mental

health, asthma, and pediatric burns to name a few.10–16 As part of

our COVID-19 response, we developed an RPM program for outpa-

tients with COVID-19.

The foundation of our COVID-19 RPM program is a parsimoni-

ous set of patient-reported outcomes (PROs) derived from a vali-

dated community acquired pneumonia patient questionnaire.17 This

5-item survey closely queries changes in patient reported dyspnea

and is thus highly relevant to COVID-19, in which the most com-

mon cause of morbidity and mortality is progressive respiratory fail-

ure.18 This simple and feasible PRO became the foundation for

monitoring the vast majority of COVID-19 patients who have mild-

to-moderate symptoms.18 We also identified Bluetooth-enabled

home pulse oximeters that met requisite technical, security, and us-

ability requirements. We created a risk stratification tool based on

underlying patient conditions and offer home pulse oximetry to se-

lect subgroups: high risk for COVID-19 complications, posthospi-

talization receiving oxygen therapy at home, and post–emergency

department evaluation without hospitalization. Finally, a number of

patients invited to participate in the RPM program already had ther-

mometers and home pulse oximeters, and so we added patient

reported biometric data into the PRO tool.

From an operational standpoint, patients may complete the PRO

tool via their MyChart account or via the smartphone app devel-

oped by the BMIC. Patients enrolling in the app-based RPM pro-

gram were provided with a 2-dimensional secure barcode that

linked information entered into the app with their Epic accounts.

Reminders to complete the PRO tool were pushed to the patient

daily, and there was no limit on number of PRO tool completions

per patient per day. Therefore, if symptoms worsen, patients could

enter an updated PRO survey and the RPM nursing staff will reach

out via phone.

As described previously, our biomedical informatics innovations

enabled the development of a COVID-19 patient registry in Epic.

Patients who completed a virtual urgent care evaluation for possible

COVID-19 and screened as potentially positive populated the initial

registry cohort. The registry was tiered such that patients testing

COVID-19–positive populated the BMIC designed clinical dash-

board which is utilized for purposes of the RPM program and sup-

porting COVID-19 research initiatives. After confirming that

patients testing COVID-19–positive had been informed of these

results, RPM nurses contacted them to offer them the opportunity to

enroll in our RPM program.

Our first weeks of experience in providing RPM for COVID-19

patients has provided the following observations. Out of the 677

COVID-19–positive patients in our registry, we offered the program

to 336 patients. Reasons for exclusion in RPM monitoring included

missing contact information, pediatric cases, and current admission

in an inpatient or long-term care facility. Of the patients offered ac-

cess, 154 patients were enrolled, of whom 10.4% were designated

as high risk for complications based on underlying age or health

conditions. Among this cohort of patients, we have had 709 nurse-

to-patient encounters, 22 were referred for physician review, 6 were

physician-to-patient phone calls, and 4 were referred to their local

emergency department and hospitalized. Among the 182 patients

that opted not to enroll in the program, the most common reason

was that they were feeling better but were appreciative of the re-

source offering.

Risk reduction: Using telehealth to reduce healthcare

worker COVID-19 exposure and PPE usage
In 2017, we developed a continuous virtual monitoring (CVM) pro-

gram for remote oversight of hospitalized patients at increased risks

of falls. The technology was developed and customized internally to

insure reliable and high quality continuous audiovisual streaming,

robust security/privacy protections, and ease of use for clinicians.

This program has experienced significant institutional uptake, and

in 2019, a total of 4721 inpatient days were monitored on 23 units,

inpatient psychiatry wards, and the emergency department.

For purposes of responding to COVID-19, we conscripted the

CVM technology and resource management systems and deployed

these to inpatient negative pressure rooms (n¼30) where hospital-

ized patients are admitted for COVID-19 testing, COVID-19 cohort

inpatient units, and emergency department COVID-19 screening

tents. Specific technical components include Cisco DX desktop mon-

itors (Cisco, San Jose, CA) that are placed in nursing stations and

mobile carts with the CVM program’s 2-way audiovisual technolo-

gies placed in patient care areas. With regard to resource manage-

ment, Cisco DX monitors and carts are deployed to patient areas

with active COVID-19 care needs. This is achieved by having our

lead CVM technicians communicate on a per-shift basis with the in-

patient supervisors to ensure optimal resource use.

The Cisco DX monitors have each cart preprogrammed so that

the clinician only needs to tap the appropriate cart icon and the cart

is automatically “called” for audiovisual communication between

clinicians and patients. In contrast to the CVM program, the

COVID-19 CVM video feed is not automatically turned on, and 2-

way communication is only activated by the desktop Cisco DX as

necessary. However, we have anecdotally observed that in our

COVID-19 cohort intensive care unit, staff often utilize the continu-

ous communication options when fully donned in PPE at patient’s

bedsides to request supplies and report patient care information.

Implementation of this program began the week of March 16,

2020, and there has been accelerated utilization (Figure 2). Cumula-

tively, there have been 5042 calls into the CVM carts by a healthcare

professional caring for COVID-19 patients. This represents a signifi-

cant reduction in healthcare worker exposure and time spent don-

ning and doffing PPE, and conservation of a substantial amount of

PPE, assuming that these workers would have otherwise gone into

the patient’s room. The estimated cost savings for this program as of

April 22, 2020, were $105 624, not including any potential savings

from avoided COVID-19 cases among healthcare workers. We esti-

mated 354 monitoring cart days, at a cost of $14.11 per patient per

day, including cleaning and setup. A total of 5042 PPE changes were

avoided, with savings of $49 311 using a cost of $9.78 based on
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post–COVID-19 pandemic prices for mask, gown, gloves, and face

shield,19 and $61 449 saved in nursing time from not donning (4

minutes) and doffing (6 minutes) PPE, estimated at a cost $12.19

per call based on median nurse salary rates and the Centers for Dis-

ease Control and Prevention–recommended PPE approach.20

Outpatient care transformation: Converting to provider-

patient video visits to support ambulatory care during

COVID-19
MUSC leveraged the expanded federal telehealth policies to support

the health system charge to increase ambulatory operational capac-

ity to 80% of prepandemic levels through the integration of tele-

health within all 48 ambulatory clinical divisions. The scale to

accomplish the telehealth conversion across MUSC’s ambulatory

setting, over a 30-day timeline, was transformative.

The process of implementing large-scale conversion of in-person

visits to telehealth visits began in mid-March. The scope of the ini-

tiative was the conversion of in-person visits to synchronous video

visits when appropriate. To initiate the telehealth conversion, a task

force was constructed with governance representation from ambula-

tory care administration, clinical informatics, and telehealth. Sub-

committees were formed to focus on provider and patient education,

billing and compliance, and platform implementation. Physician

leaders were identified in each clinical division and a through a se-

ries of webinars were able to coach their peers to enhance adoption.

Initially implementation was focused on the processes and capabili-

ties available through the existing video platform embedded within

our patient portal.

As implementation progressed through the ambulatory divisions,

limitations related to the existing video platform for large academic

healthcare settings were quickly encountered. For some providers,

the video platform embedded in the patient portal and was well

adopted, and other clinics identified constraints within the platform

to support common academic processes (ie visitation and review

from both resident and attending). Additional system limitations

were noted around ease of use, and technical and bandwidth accessi-

bility when used at scale. To improve the system capabilities and

technical barriers identified, a second, independent video platform

was deployed (Doxy.me). The second platform already had an insti-

tutional instance on campus; moreover, the platform had capabili-

ties to support security requirements, clinical academic processes,

and ease of use, and had reliable technical capabilities.21 Infrastruc-

ture was then implemented to establish common workflows, patient

and provider education, a standardized staffing support model, and

adaptation of the EHR visit types to facilitate routing for billing.

While providers were encouraged to use the newer platform, those

who preferred to stay within the initial video platform were sup-

ported, and the processes and EHR were developed to support both

systems.

A variety of approaches were used to educate patients. First, the

video platform was converted to a web-based platform, which in-

cluded built-in patient education features. Individual clinics

onboarded patient education scripting, and clinic support staff

prepped patients in advance of the visit. Technology checks were

used by a minority of clinics. One barrier was that the patients do

not have the ability to test their own connection in the video portal.

By the 30-day mark, clinic volumes for the enterprise were at

69% of the prepandemic levels, with 67% of the volume obtained

through virtual care. Many departments had achieved 80% of pre-

pandemic levels. Some departments such as psychiatry and primary

care were exceeding their prepandemic clinical volumes. The inter-

disciplinary teams continue the collaboration in the growth and inte-

gration of the telehealth video platforms within the ambulatory

Figure 2. Implementation of monitoring carts and number of weekly calls: March 6 to April 13, 2020.
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setting at MUSC. In addition, medical students were brought on to

assist with ambulatory video visits for departments who made spe-

cific requests that included an educational experience. This included

assisting with patient education and the ambulatory video visit

workflow. As the pandemic continues, a transition from rapid accel-

eration toward data-driven optimization is underway and includes

identifying low uptake divisions and overcoming barriers, re-

engineering patient communication and scheduling, and strategizing

approaches to blend in-person and video visit clinic panels.

We maintain a dashboard of video to telephone conversion rates

and at peak use 68% of all visits were done virtually, and of those

10%-15% are audio calls. Loss interactions are monitored as the

rate of scheduled visits that are completed. From this metric, visit

loss is <7%, which compares favorably to in-person baseline.

DISCUSSION

Health systems are attempting to find rapid responses to manage

COVID-19 needs using telehealth and informatics.22–25 While many

video or telephone only platforms struggled with the sudden spike in

volume of visits, we were well positioned to serve our state’s popula-

tion. Within a short time frame, we leveraged the health system’s

existing telehealth and informatics infrastructure to deploy a contin-

uum of services for the COVID-19 screening and treatment, which

provides a unique combination of services across care settings. The

asynchronous functionality was crucial during the initial wave of

virtual urgent care screenings for COVID-19 due to very high pa-

tient volumes, during which it would have been impossible to ac-

commodate through video or chat functions. The need for a quality

assurance team also emerged quickly as an essential resource to

oversee the program from a safety perspective. Additionally, this

team was able to quickly pivot with regard to referral for testing, as

our local testing capacity expanded and recommendations for which

patients should be tested changed accordingly. The health system,

like many around the world, established and is expanding walk-up

and drive-through testing sites, and by using virtual urgent care as a

common portal of entry, the system was able to streamline access.

Finally, one important benefit of establishing a COVID-19 EHR reg-

istry derived from the initial virtual urgent visit was that a contin-

uum of care was enabled, such that patient test results could be

quickly viewed and the patient contacted with their status.

Collaboration between telehealth and biomedical informatics led

to the adoption of RPM services to support COVID-19 patients that

were well enough to remain at home. From a public health perspec-

tive, keeping patients at home helps preserve valuable medical

resources for more severely ill patients, reduces well population

exposures, and enhances the effectiveness of social distancing inter-

ventions. From a patient perspective, the RPM keeps patients con-

nected to care, monitors for potential clinical decline, provides

education and emotional support, and enables both video evaluation

or safe referral for in-person evaluation when clinical status war-

rants. Our goal is to offer this supportive resource to patient’s within

and external to our health system. This has required identifying pa-

tient primary care providers for RPM nurse backup when patient

issues warrant escalation to a physician as well as deploying a team

of primary care physicians when patients do not have one. Addition-

ally, our biomedical informatics team has encountered substantial

barriers with regards to deploying our app-based tool, primarily re-

lated to the companies that host these resources. Overall, the pro-

gram has been extremely well received by patients, many of whom

are understandably anxious about their diagnosis. Another benefit

of both the registry and the RPM program has been a ready pool of

volunteers for our health system’s convalescent plasma program and

other emerging research opportunities.

Perhaps the greatest impact of our COVID-19 portfolio of pro-

grams has been the ability to conserve PPE during a time when the

resources are scarce and healthcare systems are experiencing signifi-

cant price gouging.19 Through adaptation of the existing CVM

equipment, patients and healthcare workers were able to have 2-

way conversations in nonemergency situations and thereby reduce

the number of times employees had to enter the patient rooms.

These benefits extended to bedside staff, consulting physician teams,

and the treating physician team. For the subset of critically ill

COVID-19 patients, staff were able to use the technology to have

continuously open lines of communication between the fully donned

bedside provider and staff outside. This enabled better overall re-

source management. An unintended consequence of deploying this

system was the inevitable mission creep in which clinicians sought to

deploy the technology for reasons other than the prespecified use

case of reducing healthcare worker COVID-19 exposure. By devel-

oping a clear strategy and related goals, we largely eliminated mis-

sion creep concerns.

During a time of social distancing, we transformed ambulatory

care delivery to achieve 69% of pre-COVID levels. This finding is

similar to other systems that have rapidly transitioned in-person am-

bulatory visits to video visits.22,23 Yet these results remain rare, na-

tional trends show the number of visits to ambulatory practices

declined by nearly 60% over this same time period, and telehealth

services have not been able to fully displace in-person care.2 We an-

ticipate that our efforts transitioning large swaths of our in-person

ambulatory visits to video visits will ultimately be the most enduring

aspect of the telehealth implementations to date. While we have ex-

perienced the typical challenges around technology and scheduling,

uptake has nonetheless been brisk. Finally, strategies to include pa-

tient populations without ready access to video conferencing tech-

nologies remains an important barrier without a clear solution.

Although the utilization of telehealth to improve access to care is

often touted in the literature, the adoption has remained slow, with

only 8% of Americans reporting to have participated in a video vis-

it.22,24COVID-19 has led to rapid growth in telehealth utilization

and adoption by new providers.26 The expansion of telehealth reim-

bursement options at federal and private levels will be key determi-

nant in whether this new uptake is sustained.

This study has several limitations. First the reporting of COVID-

19 measures is not standardized27; therefore, our definitions may

differ from others conducting similar work. Second, the real-time

nature of the data reporting has the potential to undercount or mis-

categorize information. However, we utilized trained informaticists

to export and clean the data to minimize risk. Last, this study

describes the experiences and early results from one health system. It

is possible the results are not generalizable to others. Yet, we suggest

that other health systems have the opportunity to learn from our

experiences to inform their own work.

CONCLUSION

COVID-19 has led to rapid expansion and utilization of telehealth

and health informatics services. We found substantial benefits in uti-

lizing telehealth during the COVID-19 pandemic, including the abil-

ity to rapidly scale the number of patients being screened, providing

continuity of care during times of social distancing, and the ability
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to monitor and track patients through linking telehealth systems to

the EHR.
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