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Abstract

With the emergence of the COVID-19 pandemic and shortage of adequate personal protective equipment (PPE), hospitals
implemented inpatient telemedicine measures to ensure operational readiness and a safe working environment for clinicians. The
utility and sustainability of inpatient telemedicine initiatives need to be evaluated as the number of COVID-19 inpatients is
expected to continue declining. In this viewpoint, we describe the use of a rapidly deployed inpatient telemedicine workflow at
a large academic medical center and discuss the potential impact on PPE savings. In early 2020, videoconferencing software was
installed on patient bedside iPads at two academic medical center teaching hospitals. An internal website allowed providers to
initiate video calls with patients in any patient room with an activated iPad, including both COVID-19 and non–COVID-19
patients. Patients were encouraged to use telemedicine technology to connect with loved ones via native apps or videoconferencing
software. We evaluated the use of telemedicine technology on patients’bedside iPads by monitoring traffic to the internal website.
Between May 2020 and March 2021, there were a total of 1240 active users of the Video Visits website (mean 112.7, SD 49.0
connection events per month). Of these, 133 (10.7%) connections were made. Patients initiated 63 (47.4%) video calls with family
or friends and sent 37 (27.8%) emails with videoconference connection instructions. Providers initiated a total of 33 (24.8%)
video calls with the majority of calls initiated in August (n=22, 67%). There was a low level of adoption of inpatient telemedicine
capability by providers and patients. With sufficient availability of PPE, inpatient providers did not find a frequent need to use
the bedside telemedicine technology, despite a high census of patients with COVID-19. Compared to providers, patients used
videoconferencing capabilities more frequently in September and October 2020. We did not find savings of PPE associated with
the use of inpatient telemedicine.
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Expansion of Telemedicine and Patient
iPad Program

In response to the COVID-19 pandemic, health care
organizations rapidly implemented telemedicine protocols to
protect health care workers and patients [1-3]. The anticipated
surge in patients and shortage in personal protective equipment
(PPE) were key drivers for the implementation of virtual visits
and medical screening exams in the inpatient settings and
emergency departments [4]. Some authors referred to the
inpatient telemedicine as “electronic PPE” [4], and a few studies
saw a decrease in patient contact, resulting in PPE savings [5,6].
One study among emergency department patients found
telemedicine to be associated with a significant reduction in
PPE use, without anticipated increase in anxiety and
dissatisfaction among patients [6]. Overcoming operational
barriers such as privacy, device availability, and functionality
may enable organizations to conserve PPE while providing
excellent patient care [7]. Although a few studies described the
deployment of hospital tablets for inpatient telemedicine, the
extent of long-term continuous use of this technology has not
been extensively evaluated [8,9].

University of California (UC) San Diego Health is an academic
medical center with multiple outpatient ambulatory sites and
two hospital campuses with 808 licensed inpatient beds. Bedside
iPads were implemented at one affiliated teaching hospital in
2016 followed by expansion in 2019 to include the entire

inpatient population [10]. The original intent of the bedside
iPads was to allow patients access to their inpatient electronic
health record portal (Epic MyChart Bedside), hospitality
(ordering food), comfort (controlling ambient lights and room
temperature), and entertainment (streaming services) [10]. As
the COVID-19 pandemic evolved and more patients required
isolation precautions, hospitals limited visitations by family
members. Bedside iPads, therefore, appeared to be a natural
solution to connect patients with their loved ones and to
conserve PPE by allowing clinicians to interact with patients
remotely. The objective of this viewpoint is to describe the use
of a rapidly deployed inpatient telemedicine workflow at a large
academic medical center and discuss technology’s potential
impact on PPE use.

Inpatient Telemedicine Process
Implementation

A videoconferencing tool (Zoom, Zoom Video
Communications) was implemented with health care security
protocols in 2019 prior to the COVID-19 pandemic. The native
Zoom app was installed on all the bedside iPads to allow patients
to connect with their families using video calls. Inpatient
providers could also initiate Zoom calls with patients. At the
beginning of the pandemic, providers could call the patient’s
bedside telephone to provide them with a meeting ID to join a
Zoom videoconference. The patient would then join the meeting
initiated by the provider (Figure 1).

Figure 1. Process flow for inpatient video call at an academic medical center in San Diego, CA. PPE: personal protective equipment.

Although this process was adopted by many inpatient services,
providers reported difficulties with retrieving telephone numbers
for inpatient rooms. As a result, an internal website was created
to display all available active patient iPads. From this website,
providers could initiate a video call with a patient using a “Meet
Now” button. The bedside iPad would then produce an audible
ping alerting the patient of an incoming Zoom call. Upon
discharge, the bedside iPad and Zoom ID were reset to ensure
patient data privacy.

To evaluate the use of video calls in inpatient services and
estimate the potential impact on PPE savings, we obtained data
from the internal web server logs and Google analytics. Data
from video calls to patients hospitalized for COVID-19 and
other conditions were included. All available traffic data from
the internal website were collected using internal servers
between May and June 2020, before switching to using Google
Analytics in July 2020.
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We used Google Analytics to track user engagement events on
patients’ iPads. Engagement events included clicking on the
Start Meeting, Send Email, and Meet Now links. The Start
Meeting button allowed a patient to initiate a video call with
their family members or a provider and was used as an indicator
for a patient-initiated video call. The Send Email button allowed
a patient to email video call instructions to their family members
and was used as another indicator of a patient-initiated call. The
Meet Now button allowed a physician to initiate a video call
with a patient and was used as an indicator for provider-initiated
video calls.

It was not technically feasible to track the volume of telephone
calls from providers to patient rooms to determine the frequency
of phone or video visits during the initial stage of Zoom
implementation. It was also not feasible to track Zoom meetings
conducted through the native Zoom app due to UC San Diego
Health cybersecurity protocols.

We did not collect any patient identifying information and
followed all data safety protocols. We relied on server and
Google analytics data to determine whether patients used the
bedside iPads to participate in a video call or to send an email,
not the duration or content of such engagements.

Providers and Patients Underused
Inpatient Telemedicine

The number of active users on the Video Visits website was
determined from the internal server data for May and June 2020,
and from Google Analytics for July 2020 to March 2021. There
were a total of 1240 events collected from both data sources.
On average, between May 2020 and March 2021, there were
112.73 (SD 49) connection events per month (Figure 2). As
expected, use increased between July (n=29) and March
(n=154). The lowest use was recorded in June (n=27) and the
highest in October (n=163), followed by January 2021 with 158
users (Figure 2, line).

Figure 2. Users of the Video Visits webpage and engagement events (patient- and provider-initiated calls, emails), May 2020-March 2021, San Diego,
CA. *The number of users of the Video Visits website was determined from the internal server data for May-June 2020 and from Google Analytics for
July 2020-March 2021.

Although the number of visitors to the Video Visits site was
low, the actual engagement with the system was even lower
with 133 (10.7%) connections out of the total 1240 events. Of
these 133 connections, patients initiated 63 (47.4%) video calls
with family or friends and sent 37 (27.8%) emails with
connection instructions. The highest number of calls occurred
in September 2020 (n=24, 38%), and the largest number of
emails were sent in October (n=12, 32%). Provider use was
even lower, with providers initiating a total of 33 (52%) video
calls with patients. The majority of calls were initiated in August
(n=22, 67%) perhaps due to an internal awareness campaign of
the available capability. Because the servers filter out automatic
page refreshes, these numbers may underestimate the total
number of video calls.

Inpatient Telemedicine Could Be Used to
Conserve PPE

Although we implemented convenient workflows for clinicians
to contact patients virtually to reduce the risk for infection, save
PPE, and potentially save time to don and doff PPE, we saw
minimal adoption of inpatient telemedicine. There appeared to
be some seasonal variation in use, and during our study, patients
initiated higher number of calls than providers (63 vs 33). The
majority of our provider calls occurred in 1 month (August
2020) possibly due to an internal awareness campaign in
response to a COVID-19 wave occurring at the time. Use
declined to 0 to 5 calls in subsequent months, however. Our
results are different from those of previous studies that found
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high inpatient telemedicine use and subsequent savings of PPE
[4-6,8].

No technical issues with iPads or Zoom were reported, yet the
vast majority of providers saw patients in person. Inpatient
physicians may prefer to see patients in person, regardless of
availability and convenience of technology or potential saving
of PPE. Fortunately, our academic medical center has not
experienced the PPE shortages faced by our colleagues in other
parts of the country [11]. As such, there was never a significant
impetus to conserve PPE using all available means including
inpatient telemedicine capability.

Our study had several limitations including small sample size
and limited scope. Although most clinicians were comfortable
with Zoom, it is possible that some were not, which would
reduce technology use for inpatient visits. Patients have various
comfort levels with technology, which could reduce the potential
usability of inpatient telemedicine. In addition, we did not
evaluate the utility of inpatient telemedicine for other health
care providers such as nurses and technicians.

With the COVID-19 pandemic, telemedicine capacity was
rapidly implemented in ambulatory settings [1-3]. Emergency
departments also found multiple use cases for telemedicine
including patient triage and expedited care for stable patients,
reduced potential provider exposure to COVID-19, decreased
use of PPE, reducing patient isolation, and allowing quarantined
physicians to continue practicing, among others [4-6,12,13].

The utility of telemedicine in inpatient settings and its potential
impact on PPE savings, however, remains to be addressed. A
few studies that found inpatient telemedicine to be useful for
patient care and PPE savings also reported operational barriers
such as privacy and security, and limited functionality and
device availability [7-9]. The availability of the technology by
itself was inadequate to encourage use while PPE supplies were
sufficient, and additional studies are needed to evaluate the
utility of inpatient telemedicine for health care providers.

Conclusions

Similar to outpatient clinics and emergency departments,
telemedicine capability could have a positive impact in inpatient
settings including PPE savings. Our study found low adoption
levels of inpatient telemedicine among patients and providers.
Despite a high census of patients with COVID-19, our providers
saw patients in person rather than relying on telemedicine.
Patients’ use of bedside iPads appeared to be limited for
telemedicine and should continue to be evaluated to improve
patient experience.

Increasing awareness of telemedicine in inpatient settings for
providers and patients could help increase use for patient care.
Going forward, implementation of telemedicine across all levels
of care may help reduce potential provider exposure to
COVID-19 and increase provider capacity.

Acknowledgments
The authors thank the UC San Diego Health Information Services Department teams for rapid implementation of inpatient
telemedicine capability. Thank you to our patients and physicians who used inpatient telemedicine capability.

Authors' Contributions
LL and CAL designed the study. RH, GS, and MS obtained primary data. All authors contributed to data interpretation. RH and
LL wrote the manuscript. All authors critically reviewed the manuscript for important intellectual content and approved the final
manuscript.

Conflicts of Interest
None declared.

References

1. Hron JD, Parsons CR, Williams LA, Harper MB, Bourgeois FC. Rapid implementation of an inpatient telehealth program
during the COVID-19 pandemic. Appl Clin Inform 2020 May;11(3):452-459. [doi: 10.1055/s-0040-1713635] [Medline:
32610350]

2. Meyer BC, Friedman LS, Payne K, Moore L, Cressler J, Holberg S, et al. Medical undistancing through telemedicine: a
model enabling rapid telemedicine deployment in an academic health center during the COVID-19 pandemic. Telemed J
E Health 2020 Oct 07:1. [doi: 10.1089/tmj.2020.0327] [Medline: 33030985]

3. Mann DM, Chen J, Chunara R, Testa PA, Nov O. COVID-19 transforms health care through telemedicine: evidence from
the field. J Am Med Inform Assoc 2020 Jul 01;27(7):1132-1135 [FREE Full text] [doi: 10.1093/jamia/ocaa072] [Medline:
32324855]

4. Turer RW, Jones I, Rosenbloom ST, Slovis C, Ward MJ. Electronic personal protective equipment: a strategy to protect
emergency department providers in the age of COVID-19. J Am Med Inform Assoc 2020 Jun 01;27(6):967-971 [FREE
Full text] [doi: 10.1093/jamia/ocaa048] [Medline: 32240303]

5. Lowe J, Shen S. Off the shelf: rapid deployment of an emergency department telemedicine platform using readily available
consumer products. J Emerg Med 2020 Nov;59(5):726-729 [FREE Full text] [doi: 10.1016/j.jemermed.2020.09.026]
[Medline: 33097352]

J Med Internet Res 2021 | vol. 23 | iss. 5 | e28845 | p. 4https://www.jmir.org/2021/5/e28845
(page number not for citation purposes)

Halabi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1055/s-0040-1713635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32610350&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2020.0327
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33030985&dopt=Abstract
http://europepmc.org/abstract/MED/32324855
http://dx.doi.org/10.1093/jamia/ocaa072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32324855&dopt=Abstract
http://europepmc.org/abstract/MED/32240303
http://europepmc.org/abstract/MED/32240303
http://dx.doi.org/10.1093/jamia/ocaa048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32240303&dopt=Abstract
http://europepmc.org/abstract/MED/33097352
http://dx.doi.org/10.1016/j.jemermed.2020.09.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33097352&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Candel BGJ, Vaes SMM, van Bree EM, Groenen SMA, Derkx F, Mignot LAA, et al. Telemedicine in the emergency
department to decrease personal protective equipment use: a before-and-after study. Emerg Med J 2021 Mar;38(3):224-228.
[doi: 10.1136/emermed-2020-210292] [Medline: 33355305]

7. Ong SY, Stump L, Zawalich M, Edwards L, Stanton G, Matthews M, et al. Inpatient telehealth tools to enhance
communication and decrease personal protective equipment consumption during disaster situations: a case study during
the COVID-19 pandemic. Appl Clin Inform 2020 Oct;11(5):733-741. [doi: 10.1055/s-0040-1719180] [Medline: 33147644]

8. Jones MS, Goley AL, Alexander BE, Keller SB, Caldwell MM, Buse JB. Inpatient transition to virtual care during COVID-19
pandemic. Diabetes Technol Ther 2020 Jun;22(6):444-448. [doi: 10.1089/dia.2020.0206] [Medline: 32396395]

9. Vilendrer S, Patel B, Chadwick W, Hwa M, Asch S, Pageler N, et al. Rapid deployment of inpatient telemedicine in response
to COVID-19 across three health systems. J Am Med Inform Assoc 2020 Jul 01;27(7):1102-1109 [FREE Full text] [doi:
10.1093/jamia/ocaa077] [Medline: 32495830]

10. Tai-Seale M, Downing NL, Jones VG, Milani RV, Zhao B, Clay B, et al. Technology-enabled consumer engagement:
promising practices at four health care delivery organizations. Health Aff (Millwood) 2019 Mar;38(3):383-390. [doi:
10.1377/hlthaff.2018.05027] [Medline: 30830826]

11. He S, Ojo A, Beckman AL, Gondi S, Gondi S, Betz M, et al. The story of #GetMePPE and GetUsPPE.org to mobilize
health care response to COVID-19: rapidly deploying digital tools for better health care. J Med Internet Res 2020 Jul
20;22(7):e20469 [FREE Full text] [doi: 10.2196/20469] [Medline: 32530813]

12. Tresenriter M, Holdaway J, Killeen J, Chan T, Dameff C. The implementation of an emergency medicine telehealth system
during a pandemic. J Emerg Med 2021 Apr;60(4):548-553 [FREE Full text] [doi: 10.1016/j.jemermed.2020.11.026]
[Medline: 33423835]

13. Bains J, Greenwald PW, Mulcare MR, Leyden D, Kim J, Shemesh AJ, et al. Utilizing telemedicine in a novel approach to
COVID-19 management and patient experience in the emergency department. Telemed J E Health 2021 Mar;27(3):254-260.
[doi: 10.1089/tmj.2020.0162] [Medline: 32821027]

Abbreviations
PPE: personal protective equipment
UC: University of California

Edited by C Basch; submitted 16.03.21; peer-reviewed by E van der Velde, M Elhadi; comments to author 04.04.21; revised version
received 20.04.21; accepted 01.05.21; published 19.05.21

Please cite as:
Halabi R, Smith G, Sylwestrzak M, Clay B, Longhurst CA, Lander L
The Impact of Inpatient Telemedicine on Personal Protective Equipment Savings During the COVID-19 Pandemic: Cross-sectional
Study
J Med Internet Res 2021;23(5):e28845
URL: https://www.jmir.org/2021/5/e28845
doi: 10.2196/28845
PMID: 33945494

©Reem Halabi, Geoffrey Smith, Marc Sylwestrzak, Brian Clay, Christopher A Longhurst, Lina Lander. Originally published in
the Journal of Medical Internet Research (https://www.jmir.org), 19.05.2021. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on https://www.jmir.org/,
as well as this copyright and license information must be included.

J Med Internet Res 2021 | vol. 23 | iss. 5 | e28845 | p. 5https://www.jmir.org/2021/5/e28845
(page number not for citation purposes)

Halabi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1136/emermed-2020-210292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33355305&dopt=Abstract
http://dx.doi.org/10.1055/s-0040-1719180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33147644&dopt=Abstract
http://dx.doi.org/10.1089/dia.2020.0206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32396395&dopt=Abstract
http://europepmc.org/abstract/MED/32495830
http://dx.doi.org/10.1093/jamia/ocaa077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32495830&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2018.05027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30830826&dopt=Abstract
https://www.jmir.org/2020/7/e20469/
http://dx.doi.org/10.2196/20469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32530813&dopt=Abstract
http://europepmc.org/abstract/MED/33423835
http://dx.doi.org/10.1016/j.jemermed.2020.11.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33423835&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2020.0162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32821027&dopt=Abstract
https://www.jmir.org/2021/5/e28845
http://dx.doi.org/10.2196/28845
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33945494&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

