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Abstract

Objective: To understand the acceptability of patient-facing mobile robotic systems on a
national scale, conduct a pilot feasibility study to deploy and measure satisfaction associated
with clinical evaluation using a mobile telehealth robot in the emergency department (ED) and to
build a decision analytic model to gauge the potential of a robotic system to prevent COVID-19
infections and conserve personal protective equipment in the ED.

Design: Mixed study comprising an online sampling-based survey, single-site observational
clinical trial and development of a decision analytic model.

Setting: A quaternary care, urban, academic, emergency department in Boston,
Massachusetts, USA.

Participants: For the acceptability survey, we recruited N=1000 individuals living in the United
States participating in an online sampling from the survey provider YouGov. In the ED study, we
enrolled 40 individuals over 18 years old presenting to the ED for evaluation.

Interventions: In the pilot ED study, consenting participants were exposed to a mobile robotic
system facilitated triage interview controlled by an emergency medicine clinician. Afterwards,
participants completed a survey to measure their satisfaction with the robotic system.

Main outcome measures: Acceptability of mobile robot facilitated tasks in healthcare (national
survey), satisfaction with interaction of a robotic system (ED study), number of potential SARS-
CoV-2 infections avoided and cost savings (US dollars) per year per ED (decision analytic
model).

Results: In the national survey, participants rated the use of robotics for a variety of patient-
facing healthcare functions useful or very useful. The perceived usefulness increased when
asked to consider these functions in the context of the COVID-19 pandemic. Inthe ED, 40
patients completed study procedures; 92.5% (N=37) reported satisfaction with the robotic
system. Most participants (82.5%, N=33) reported their experience being evaluated by a robotic
system was as good as an in-person encounter. Our decision analytic model estimated that
robotic evaluations could prevent 2.68 infections per ED yearly and save $1 million annually per
ED by decreasing PPE and additional staffing in a triage space.

Conclusions: Robotic systems were broadly acceptable across the US and their acceptance
increased in the setting of COVID-19. Mobile robotic-enabled teleheath facilitated contactless
evaluation of ED patients and was highly acceptable and equivalent to an in-person history.
Robotic platforms may prevent healthcare-associated COVID-19 transmission to healthcare
workers and have a significant cost savings if widely implemented among healthcare systems.

Trial Registration: Clinicaltrials.gov, NCT04452695
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Summary Box:

What is already known on the topic:
¢ Mobile robots can provide telemedicine services that enable remote evaluation of
patients in various settings.
e The use of mobile systems may facilitate contactless evaluation of patients while
minimizing use of personal protective equipment (PPE) during the COVID-19 pandemic.

What this study adds:

e Our study suggests that there is broad acceptability of mobile robotic systems to perform
patient-facing tasks in the hospital. This sentiment is reflected in satisfaction of patients
in the emergency department interacting with a mobile robaotic teletriage system during
our open label pilot study.

e Our decision analysis model suggests that adoption of robotic systems for teletriage in
the emergency department may prevent up to 2.68 SARS-CoV-2 infections among
healthcare workers over one year per emergency department in the United States as
well as a cost savings in deploying a robotic system compared to a clinician to evaluate
patients during the COVID-19 pandemic.
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Introduction:

The COVID-19 pandemic has changed the manner in which healthcare workers (HCW)
interact with patients. Personal protective equipment (PPE), social distancing and special triage
facilities to screen symptomatic individuals have been implemented to protect HCWs and
prevent transmission of SARS-CoV-2.1® Despite these measures, HCWs continue to be a
population with high risk for COVID-19 disease; in Italy, up to 20% of infections were HCW.’
The consequences of SARS-CoV-2 infection among HCW extend beyond the morbidity and
mortality from sequelae of COVID-19. HCW who acquire COVID-19 disease are unable to
provide direct patient care, thereby decreasing the availability of a vital workforce during the
pandemic.8®

While advances towards development of pharmacotherapy and vaccines to address
COVID-19 disease continue to advance at a rapid rate, many healthcare systems have settled
into new procedures to maximize social distancing to minimize the potential for SARS-CoV-2
transmission. In order to accomplish this, many hospital systems have expanded telehealth
capabilities to limit contact with patients who may have COVID-19 disease.® These telehealth
solutions enable providers to deliver care virtually, determine the need for additional testing and
potentially conduct follow up visits in a contactless manner.1%!! A key advantage of telehealth
systems is both the decreased utilization of PPE and a decreased risk of HCW and potentially
patient transmission of SARS-CoV-2. On March 20, 2020, the United States Food and Drug
Administration (FDA) issued an emergency use authorization (EUA) that allows for the adoption
of technologies to facilitate patient monitoring and telemedicine without the traditional lengthy
approval process.!?

While many of these telehealth platforms rely upon static, patient controlled tablet
computers or smartphones, a robotic telehealth system controlled by a clinician facilitates a
dynamic evaluation process that can be deployed in the hospital setting.'® Mobile telemedicine
systems can facilitate evaluation of patients in various settings.'* For example, robotic systems
may permit a mobile telepresence that can move between high-risk patients, rooms or wards in
a hospital setting.'® In field hospitals erected to manage the influx of patients with COVID-19,
the use of an agile robotic system may obviate the need to install temporary static infrastructure
that is needed to support traditional telemedicine systems.® With continued focus on
decreasing exposure to HCW and reducing PPE utilization, a robotic system could help facilitate
triage and evaluation of individuals with COVID-19 in the hospital setting.!’ Prior to widespread
implementation of robotic systems to provide patient care during the COVID-19 pandemic, it is
important to understand the acceptability of these systems by patients as well as the potential
economic impact to a healthcare system that adopts robotic systems for teletriage.® In this
investigation, we sought to understand attitudes towards robotic-facilitated healthcare tasks like
telemedicine, contactless vital signs and nasal and oral swabs through a national sampling of
individuals in the United States. Additionally, we deployed a robotic system to facilitate
contactless assessment of patients with potential COVID-19 in the emergency department.
Finally, we developed a decision analytic model to estimate the potential decrease in SARS-
CoV-2 transmission with a robotic system to facilitate triage in an emergency department in the
setting of the COVID-19 pandemic.

Methods:

Our investigation consisted of three parts: 1. A survey of N=1000 individuals across the U.S. to
understand attitudes towards robotic systems in medical care; 2. an open label trial of a mobile
robotic telehealth system to facilitate triage and telemedicine in the emergency department
during the COVID-19 pandemic in Boston, Massachusetts; 3. a decision analytic model to
understand the overall cost savings of deploying a robotic system within emergency
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departments across the United States. Mass General Brigham Institutional Review (IRB)
approval was received prior to initiating the study (MGB 2020P000957).

Patient and public involvement

Patients and the public were involved in the open label trial portion of the research
through screening as they arrived at the emergency department at Brigham and Women'’s
Hospital. Research questions around patient satisfaction were developed by the study
investigators using the Teleheatlh Usability Questionnaire as a template.!® Patients and the
public were not involved in the design of the study although they were informed that results of
their participation would be submitted in the form of a peer-reviewed manuscript.

National survey on attitudes towards robotics systems

We partnered with YouGov (London, UK), a global market research and data analytics
service to conduct a national survey of United States residents on attitudes towards robotic
systems in healthcare. We developed a survey guestionnaire modeled off the Negative Attitudes
Towards Robots Scale (NARS), a platform agnostic quantitative measure that evaluates
attitudes towards interactive robotic system.?%?! Survey responses were measured using a 5-
Point Likert scale from strongly disagree to strongly agree. We also developed questions
surrounding the use of robotic systems to facilitate healthcare-related tasks like telemedicine,
contactless vital sign assessment, performing a nasal/oral swab, IV catheter placement,
phlebotomy and turning a patient in bed (See supplementary information). We asked these
guestions in the context of interaction with robotic systems in the hospital. Next, we asked
participants to consider the use of robotic systems in the context of the COVID-19 pandemic,
and whether they would be accepting of robotics to mitigate the use of PPE. Survey responses
were measured using a 5-Point Likert scale from useless to extremely useful.

Participants were surveyed from August 18, 2020 to August 21, 2020. YouGov utilizes a
sample matching technique that selects potential participants from its internal repository of
potential survey respondents matching characteristics of the United States Census. Next,
matching is verified using a Mahalanobis distance metric to ensure the recruited sample from
the YouGov database corresponds with general population characteristics. Raw results were
tabulated, and weights were applied to ensure representation of a national sample. We
measured a composite NARS score among study participants using the Subordinate “S1”
(Negative Attitude toward Situations of Interactions with Robots) Scale. This scale describes
baseline negative attitudes towards robotic systems. We calculated basic descriptive statistics
(mean, standard deviation, and minimum and maximum values) to characterize NARS scores
amongst participants. For questions considering usefulness of robotic systems in performing
hospital tasks, we calculated basic descriptive statistics to compare the average scores of
usefulness (median and interquartile range) considering the contexts of a regular healthcare
setting and COVID-19. Next, we used the Wilcoxon Signed Rank test to compare the average
response rates between these two contexts to see if the differences were statistically significant.
Data analysis was completed using STATA/IC 16.1.

Patient acceptance of a robotic system in the emergency department

We conducted an open label pilot descriptive trial to understand the feasibility and
acceptability of a robotic platform to conduct telehealth triage within the emergency department
during the COVID-19 pandemic (NCT04452695). Our study was conducted in the emergency
department of a large, urban, academic tertiary care center. The Brigham and Women’s
Hospital Emergency Department evaluates approximately 60,000 patients annually. During the
COVID-19 pandemic, standard waiting room triage systems were altered to accommodate
individuals with upper respiratory symptoms consistent with potential COVID-19 infection. A
large 25 feet by 45 feet tent was erected outside the ED waiting room to evaluate patients who
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present with potential COVID-19 infection. Patients enter this space, receive initial triage by a
nurse, and then a rapid screening history by a clinician. This screening helps determine whether
individuals are tested for SARS-CoV-2 by institutional and state guidelines. Otherwise well-
appearing patients are then tested and discharged home.

We deployed Spot, an agile, quadruped robotic platform (Boston Dynamics, Waltham
MA) to perform contactless clinician history in individuals presenting to the ED during the
COVID-19 pandemic (Figure 1).22 This system consisted of a four-legged robot outfitted with a
secure radio communication relay to a tablet controller that allows a single operator to navigate
the robot. The robot carries stereo cameras that permit obstacle avoidance and payload
cameras that allow the robot to be remotely navigated. We also outfitted the robot with a tablet
computer running a real-time person-to-person video link that allowed us to conduct
telemedicine encounters in the emergency department. We initially used a bluetooth-linked
commercial speaker to augment the audio from the tablet computer however, we discovered
that due to an inconsistent connection, the use of the native tablet speakers was adequate for
patient communication. Providers were outfitted with a set of noise cancelling headphones to
facilitate patient interviews. We conducted a standardized training program to instruct
emergency medicine providers (physician assistants and physicians) to operate the robotic
system and tablet computer.

We enrolled patients presenting to the emergency department, triaged either in the novel
tent space, the standard ED waiting room, or directly roomed into the ED between April 15,
2020 and August 5, 2020. Participants verbally consented to participate in the study. Next,
participants were exposed to the robotic teletriage system controlled by a trained emergency
medicine provider. The provider both navigated the robot through the emergency department to
the participant’s triage space or ED room, and obtained a history via the integrated video link on
the tablet computer. Questions and counseling were completed at the discretion of the provider.
At the conclusion of the encounter, participants completed a quantitative assessment regarding
their experience with the robotic system. The robotic system chassis was sterilized with ethanol
wipes in between each encounter. The quantitative assessment was developed using the
Telehealth Usability Questionnaire as a guide.'® We utilized RedCAP, a secure, web-based
survey instrument, to collect survey data.?® Spot was decontaminated using standard alcohol-
based hospital wipes in between each participant encounter.

Participant data were downloaded from RedCAP. We calculated basic descriptive
statistics to describe participant attitudes and the user response to the robotic teletriage system.
All data analysis was completed in STATA v15.

Decision analytic model of robotic systems in the emergency department

To estimate the potential impact of the robotic teletriage system on infections and cost,
we developed a decision analytic model using TreeAge (Williamstown, MA). We generated a
decision tree to compare the strategies of robotic teletriage versus standard HCW triage
(Supplementary Figure 1). We estimated the probabilities of patients presenting to the ED being
infected with SARS-CoV-2 and transmitting SARS-CoV-2 to HCW (if infected) or becoming
infected with SARS-CoV-2 from HCW (if not infected) over an 8-hour ED shift and scaled the
results over 1,000 shifts (approximately one year) (Supplementary Table 2). Given significant
uncertainty regarding rate of COVID transmission in the healthcare setting, we performed
sensitivity analyses on SARS-CoV-2 transmission probabilities based on best estimates from
the literature. We calculated the number of potential healthcare-acquired SARS-CoV-2
transmissions via standard triage to estimate the upper bound of preventable cases by robotic
triage. Cost of standard triage included an extra emergency medicine physician’s salary over an
8 hour shift (given that the robotic strategy is estimated to expedite triage twice as fast) and
additional PPE required. The robotic strategy included a wide range of possible estimates for
robot cost based on currently available technology ($500 to $100,000).
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Role of the funding source: The funding sources were not involved in study design, data
collection, analysis or drafting of the manuscript. Boston Dynamics generously donated Dr.
Spot, the robot used in this investigation and technical support during the study period.

Results:

National survey on acceptance of robotic systems in healthcare

We enrolled N=1000 individuals participating in the YouGov survey repaository.
Individuals represented a national sampling. Mean age of participants was 48.7; 46.5 %
(N=465) were male and 53.5% (N=535) were female. Thirty-five percent reported finishing
college or graduate school (Table 1). The mean NARS S1 score for survey participants was
16.3 with a standard deviation of 4.8. Scores range from 6-30, with those scoring in the lower
range closer to 6 having a less negative attitude towards situations involving interactions with
robots than those scoring in the higher range closer to 30.22Twenty-five percent of participants
scored at or below a score of 13 and seventy-five percent at or below a score of 19. A mean
score of 16.3 falls within the lower range of NARS S1 indicating that the study population was
relatively accepting of interactions with robots.

We selected six questions that reflected care tasks that robotic systems may assist
during the COVID-19 pandemic: Telemedicine evaluation, acquiring contactless vital signs,
placing an intravenous catheter, performing phlebotomy, nasal and oral swabs, and turning a
patient in bed (proning an individual) (Table 2). Median scores for these tasks performed in a
hospital ranged from a 3 (placing an 1V, phlebotomy, nasal and oral swabs) to 4 (telemedicine,
contactless vitals, turning a patient in bed). When asked to consider the use of robotic systems
to perform these same tasks in the hospital during the current COVID-19 pandemic, median
score for performing nasal and oral swabs changed from 3 (neutral) to 4 (somewhat useful).
Other median scores were unchanged.

While median scores did not change for most tasks, the Wilcoxon Sign Rank Test
demonstrated that a statistically significant number of individuals increased their usefulness
ranking of robotic systems in the context of the COVID-19 pandemic. For the tasks of acquiring
contactless vital signs and turning a patient in bed the average differences were statistically
significant (p-values= 0.0003, 0.0425), with more patients considering them useful in the
general hospital setting. For the tasks of conducting a nasal/oral swab, placing an intravenous
catheter, and performing phlebotomy the average differences were statistically significant (p-
values= 0.0023, <0.001, <0.001), with more patients considering them useful for the context of
COVID-19. There was no significant change in the usefulness of robotic systems for
telemedicine. This suggests that for certain hospital tasks participants who felt that robotic
systems could be useful felt they could be even more useful in the context of COVID-19 (Table
2).

Emergency department satisfaction after robotic teletriage

Over the study period, N=51 potential participants were approached. Forty-one
consented and we enrolled N=40 participants (Figure 2). Forty participants who enrolled in the
study successfully completed the quantitative assessment. One participant was unable to be
enrolled due to technical difficulties associated with the operation of Spot. Mean age of
participants was 45.8; 27.5% (N=11) were male, 72.5% (N=29) were female. 45% reported
completing college or graduate school (Table 3).

Most participants reported being satisfied with the robotic system (N=37, 92.5%), and
were also satisfied with their interaction with clinicians facilitated by this system (N=34, 85%)
(Table 4). In parallel, participants considered the quality of video provided by the robotic system
to be adequate (N=38, 95%). Despite experiencing an ED environment that can be loud and
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chaotic, especially during the COVID-19 pandemic, the on-board audio quality was adequate for
participants to understand questions and interact with clinicians (N=35, 87.5%). Interacting with
a robotic system, although novel for participants, was intuitive, and felt simple.

Importantly, participants considered their robot-facilitated interaction with a clinician to be
as good as an in-person encounter (N=33, 82.5%). They reported that their clinician was able to
provide adequate information that was understandable despite not being present in the triage
space with a provider (N=35, 87.5%). When asked about future healthcare-related visits,
participants considered virtual care facilitated by a robotic platform acceptable (N=34, 85%),
and reported they would be willing to interact with a robotic system in the future (N=37, 92.5%).

Decision analytic model

Our decision analytic model found that the robotic system could prevent up to 2.68
infections (sensitivity analysis: 1.71 - 2.78 infections) over approximately one year per ED
(Supplementary Table 3). Expanded across the United States as a method to facilitate
contactless evaluations in the emergency department setting, we estimate the prevention of
16,000 infections per year if the system could prevent all cases of healthcare-acquired COVID.?*
Additionally, the robotic strategy could be less expensive at $500-100,000 per year compared to
staffing and equipping additional HCW at approximately $1 million per year (Supplementary
Table 2). Furthermore, considering that one symptomatic COVID infection costs on average
$3000, the robotic strategy could be significantly cost-saving.?

Discussion:

Risk of SARS-CoV-2 acquisition and enhanced social distancing measures have
changed the way in which in-person healthcare visits are conducted during the COVID-19
pandemic. While robotic systems have been adopted for hospital-based tasks and surgical
procedures, little work has been done to explore the deployment of patient-facing systems and
their potential cost savings in the hospital. This investigation demonstrates that there is interest
among the general public in accepting the use of robotic systems for patient interactions in the
hospital, and this interest is reflected within a real-world pilot deployment of a robot to facilitate
teletriage and patient interviewing in the ED during the COVID-19 pandemic. Among HCWSs,
adopting robotic systems to evaluate patients with COVID-19 symptoms is useful because it
may decrease acquisition of COVID-19 by HCWs thereby preserving a crucial workforce during
surges of infectious cases. Additionally, by minimizing exposure to patients, HCW can conserve
crucial PPE. Additionally, we modeled the deployment of a robotic system in the emergency
department for teletriage during the COVID-19 pandemic and demonstrated the potential public
health and economic impact of the system via prevention of healthcare-acquired SARS-CoV-2
infection and conservation of HCW and PPE. Taken together, this investigation suggests that a
robotic system to facilitate contactless teletriage in the emergency department is feasible,
acceptable and could have a large public health impact during the COVID-19 pandemic and
potentially inform strategies for other infectious disease settings.

Our national survey results demonstrate that individuals find robotic systems useful for in
hospital patient interaction. We sought to define potential situations in which robots may be
deployed to manage patients with COVID-19 disease. This includes an initial ED-based
evaluation using teletriage and telemedicine for patient to physician interactions, acquisition of
contactless vital signs, basic SARS-CoV-2 testing by obtaining nasal and oral swabs, initial
medical testing and resuscitation with placement of IV catheters and phlebotomy, and finally in
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the critically ill patient, potential assistance with tasks like proning. We anticipate with changes
in hospital practice, robotic systems can be developed to assist with these tasks, especially
during surges of patients with potential COVID-19 infection.

While robotic systems have been implemented in hospitals to restock and deliver
supplies, their use in facilitating human interactions has been limited.?%?” Some pilot studies
have demonstrated feasibility of deploying a robotic platform for telerounding on inpatient
units.?82° Here, we were able to train emergency HCW in the operation of a robotic system and
integrate it into our existing telehealth platform to facilitate contactless triage in the ED. Unlike
inpatient services, the ED poses a unique challenge in navigating robotic systems through
chaotic environments and interacting with patients in varying locations.* Despite these
challenges, participants were able to engage with our robotic teletriage platform; this was
considered by 82.5% of individuals to be equivalent to in-person evaluation. Individuals also
reported that they would be willing to engage with this robotic system in future visits. By
designing a robotic platform and triage system that is acceptable to patients, we suspect that we
can continue to engage ED patients at a time when pre-COVID-19 norms of in-person visits are
less likely to occur.

We also demonstrated that a robotic system in the ideal scenario could prevent up to
about 2.78 infections per ED per year and be less costly than standard triage. As regional
surges of COVID-19 disease emerge, decreasing supplies of PPE can be partially mitigated by
allowing robotic systems to interact with low risk individuals seeking hospital-based care. These
individuals can be seen efficiently with a scripted triage screening history. Additionally, instead
of requiring clinicians to don and doff PPE between patients, a robotic system can rotate
through care areas and rapidly assess patients with potential COVID-19 symptoms, thereby
improving emergency department throughput. Finally, a robotic teletriage system can be placed
on standby and activated in response to patients who may only need a brief COVID-19
screening, allowing a clinician who may be already evaluating other patients in the emergency
department to rapidly pivot to conduct teletriage, fulfilling hospital Emergency Medicine
Treatment and Labor Act requirements.3! These advantages together may result in significant
cost savings at the hospital and national level.

This study had several limitations. Regarding our national survey, we utilized a complex
approach of sample matching and weight adjustment that was previously validated.
Nevertheless, internet-based, non-probablistic, opt-in panels can have significant biases
including the need to have access to the internet, and membership in an opt-in panel which may
limit the generalizability of survey results. Our survey was administered through a national
sampling of individuals living in the United States. Depending on personal experiences with the
pandemic, respondents’ attitudes towards robotic systems may vary. Additionally, the
demographic enrolled in the survey was largely Caucasian and well-educated. Next, we
conducted our study at a single, large, urban, academic emergency department. We also
experienced robust information technology support from our collaborators and hospital
administration. The experiences deploying a complex robotic system like this in other centers
may vary depending on availability of these resources. Third, we utilized a highly agile, mobile
robotic system to facilitate telemedicine in this investigation. The user response to other robotic
systems may vary. Fourth, we decontaminated Spot using hospital alcohol wipes which may be
time- and resource-intensive. Future iterations of a cleaning system may include an on-board
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automated cleaning system that can be remotely triggered after a patient encounter and an
ultraviolet enclosure to permit sterilization during storage. Fifth, our decision analytic model had
several simplifications: We assumed maintenance and integration costs of the robot would be
minimal compared to acquisition and personnel costs. Our analysis may be variable depending
on the true costs of a robotic system. Additionally, we assumed no difference between triage
accuracy between the robotic and human strategies. Further studies are needed to understand
clinical outcomes of robotic-enabled triage. Finally, rates of hospital-acquired COVID-19 are still
poorly understood and highly variable. Our estimates are derived from a range of hospital-based
studies, but true rates of transmission will change during peaks and surges of COVID-19
infection, as may costs associated with infection. An updated analysis is warranted as we obtain
deeper understanding of these risks and costs.

Overall, we demonstrated that interaction with robotic systems to facilitate traditional in-
person history taking in the emergency department is feasible and acceptable to patients. In the
COVID-19 pandemic era with increased emphasis on minimizing in-person contact and
conserving PPE, adopting robotic systems to conduct in-person tasks may be acceptable to
patients. There are several considerations surrounding the operation of these systems in the
hospital. For example, our national survey suggests that individuals may find robots useful in
facilitating key hospital tasks that have been traditionally done in person. This may inform the
development of additional robotic systems that may help minimize exposure of HCW to
individuals with COVID-19 disease while performing tasks like nasal swabs, IV placement, and
assisting patients in bed. Because of the pilot nature of our investigation, we had on-site
physician operators to control the robot. Future iterations of robotic telemedicine platforms may
include remote operators like individuals who are considered at higher risk of complications from
COVID-19 or those recovering from COVID-19. These additional sources of HCW may be
instrumental in conducting assessments of lower risk individuals while able to work remotely as
they recover or minimize their own exposure to SARS-CoV-2. Additionally, human controlled
robotic systems still require training in maintenance and operation of the robot in addition to
tasks associated with patient care. Developing fully autonomous robotic systems which can
navigate around obstacles in a rapidly changing hospital environment may allow HCW who
utilize these systems to focus on clinical patient care.
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Data sharing:

Solidworks plans for healthcare payloads used on the quadruped robotic system (Boston
Dynamics) in this investigation are available at https://github.com/boston-dynamics/bosdyn-

hospital-bot. Individual data for the public survey, clinical study and decision analysis model is
included as supplemental data to this manuscript.

Y ) /'

Figure 1: Images of Dr. Spot (Boston Dynamics, Waltham MA) demonstrating mobile robotic

system (A), outfitted with tablet computer to facilitate face-to-face evaluation by emergency
department providers (B/C). Dr. Spot is controlled using a custom Android-based interface and

controller (D).

Table 1: Demographics from National US Survey

Demographic N= 1000
Age 48.7 +/- 17.0
Sex
Male 465 (46.5%)
Female 535 (53.4%)

Geography (Regions by Census)
Northeast

182 (18.2%)
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Midwest 205 (20.5%)

South 372 (37.2%)

West 241 (24.1%)
Ethnicity

White or Caucasian

719 (71.9%)

Black or African American 86 (8.6%)
Latino or Hispanic 103 (10.3%)
Asian 40 (4.0%)
Native American 9 (0.90%)
Middle Eastern 1 (0.10%)
Mixed 17 (1.7%)
Other 25 (2.5%)
Education
No high school 36 (3.6%)

High school graduate
Some college
2-year college degree
4-year college degree
Post-graduate

287 (28.7%)
235 (23.5%)
106 (10.6%)
221 (22.1%)
115 (11.5%)

Table 2: Participant response around usefulness of robotic systems for tasks in the hospital

Usefulness of Robotic | Usefulness of Robotic Systems p-value
Systems for hospital | for hospital tasks in context of
tasks COVID-19
Facilitating 0.1574
telemedicine interview
with physician or nurse
1-Extremely Useless | 68 (6.8%) 77 (7.7%)
2-Somewhat Useless | 94 (9.4%) 90 (9.0%)
3-Not Useful/Useless | 178 (17.8%) 168 (16.8%),
4- Somewhat Useful | 373 (37.3%) 351 (35.1%)
5-Extremely Useful 287 (28.7%) 314 (31.4%)
Median Score 4 4
Acquisition of 0.0003
contactless vital signs
1-Extremely Useless | 46 (4.6%) 76 (7.6%)
2-Somewhat Useless | 62 (6.2%) 62 (6.2%)

3-Not Useful/Useless
4- Somewhat Useful
5-Extremely Useful

Median Score

129 (12.9%)
350 (35.0%)
413 (41.3%)

4

123 (12.3%)
336 (33.6%)
403 (40.3%)

4
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Obtaining nasal or oral 0.0023
swabs
1-Extremely Useless | 120 (12.0%) 116 (11.6%)
2-Somewhat Useless | 168 (16.8%) 163 (16.3%)
3-Not Useful/Useless | 213 (21.3%) 195 (19.5%)
4- Somewhat Useful | 307 (30.7%) 287 (28.7%)
5-Extremely Useful 192 (19.2%) 239 (23.9%)
Median Score 3 4
Placing an intravenous <0.001
catheter
1-Extremely Useless | 190 (19.0%) 167 (16.7%)
2-Somewhat Useless | 210 (21.0%) 198 (19.8%)
3-Not Useful/Useless | 213 (21.3%) 199 (19.9%)
4- Somewhat Useful | 228 (22.8%) 228 (22.8%)
5-Extremely Useful 159 (15.9%) 208 (20.8%)
Median Score 3 3
Performing phlebotomy <0;001
1-Extremely Useless | 170 (17.0%) 152 (15.2%)
2-Somewhat Useless | 197 (19.7%) 194 (19.4%)
3-Not Useful/Useless | 217 (21.7%) 203 (20.3%)
4- Somewhat Useful | 249 (24.9%) 236 (23.6%)
5-Extremely Useful 167 (16.7%) 215 (21.5%)
Median Score 3 3
Helping position or turn 0.0425
a patient in bed
1-Extremely Useless | 59 (5.9%) 64 (6.4%)
2-Somewhat Useless | 63 (6.3%) 91 (9.1%)
3-Not Useful/Useless | 136 (13.6%) 136 (13.6%)
4- Somewhat Useful | 371 (37.1%) 331 (33.1%)
5-Extremely Useful 371 (37.1%) 378 (37.8%)
Median score 4 4
N=1000
*Survey scores using a 5-Point Likert Scale
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Y

51 Participants approached for study

10 Declined participation

v 1 unable to participate due to
41 Enrolled and consented technical issues with robotic

system

h 4

A

40 Underwent study procedures

l

40 Completed study

A

0 Dropped out

Figure 2: Study enroliment schema.

Table 3: Study demographics

Demographic N= 40
Age 45.8 +/- 2.7
Sex
Male 11 (27.5%)
Female 29 (72.5%)
Ethnicity
Caucasian 22 (55%)
African American 7 (17.5%)
Latino or Hispanic 9 (22.5%)
Asian 2 (5%)
Other 1 (2.5%)
Education
Less than high school 5 (12.5%)
High school 5 (12.5%)
Some college 12 (30%)
College degree 11 (27.5%)
Some graduate school 2 (5%)
Trade school 2 (5%)
Graduate degree 3 (7.5%)

Table 4: User response to the robotic telemedicine system

Variable N= 40
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Overall satisfaction with robotic system
Dissatisfied 0
Neutral 3 (7.5%)
Satisfied 37 (92.5%)
Interaction with clinician using robotic system
Dissatisfied
Neutral 0 (0%)
Satisfied 6 (15%)
34 (85%)
Video quality of robotic system
Dissatisfied 0 (0%)
Neutral 2 (5%)
Satisfied 38 (95%)
Audio quality of robotic system
Dissatisfied 2 (5%)
Neutral 3 (7.5%)
Satisfied 35 (87.5%)
Interaction as good as in-person encounter
Disagree 5 (12.5%)
Neutral 2 (5%)
Agree 33 (82.5%)
Information provided by clinician using robotic
platform
Dissatisfied 0 (0%)
Neutral 3 (7.5%)
Satisfied 37 (92.5%)
Comfort interacting with a clinician using a
robotic platform
Uncomfortable 0 (0%)
Neutral 5 (12.5%)
Comfortable 35 (87.5%)
Robotic system is acceptable to receive care
Disagree 1 (2.5%)
Neutral 5 (12.5%)
Agree 34 (85%)
Willing to interact with the system again
Disagree 1 (2.5%)
Neutral 2 (5%)
Agree 37 (92.5%)

Supplementary
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Supplementary Figure 1. Schematic of the decision analytic model comparing robotic triage
vs. standard (human) triage.

Supplementary Table 2. Parameters used in the decision tree.

Parameters Values Reference

Probabilities for 1 shift

Sood, JAMA Network:
Seroprevalence of SARS-
CoV-2-Specific Antibodies
Among Adults in Los
Angeles County, April 10-
Probability of patient being SARS-CoV-2+ (base case) |0.0465 11 2020

Nguyen, The Lancet: Risk
of COVID-19 among front-
line health-care workers
and the general
Probability of patient being SARS-CoV-2+ (low community: a prospective
estimate) 0.0024 cohort study

Rosenberg, Oxford
University Press: COVID-
19 Testing, Epidemic
Features, Hospital
Probability of patient being SARS-CoV-2+ (high Outcomes, and Household
estimate) 0.33 Prevalence, New York
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State—March 2020

Probability of SARS-CoV-2- patient becoming infected
(base case)

0.0028

Wang, JAMA Network:
Association Between
Universal Masking in a
Health Care System and
SARS-CoV-2 Positivity
Among Health Care
Workers

Probability of SARS-CoV-2- patient becoming infected
(low estimate)

0.00171

Sikkema, The Lancet:
COVID-19 in health-care
workers in three hospitals
in the south of the
Netherlands: a cross-
sectional study

Probability of SARS-CoV-2- patient becoming infected
(high estimate)

0.004

Remuzzi. The Lancet:
COVID-19 and Italy: what
next?

Probability of SARS-CoV-2+ patient infecting someone
else

0.000304

Wang, Journal of Hospital
Infection: Reasons for
healthcare workers
becoming infected with
novel coronavirus disease
2019 (COVID-19) in China

Costs for 1 shift

Robot cost

$500 - 100,000

Boston Dynamics Market
Price; estimated range
based on various features
of robot

Katz: 2019-2020
Emergency Physician

Emergency physician hourly salary $221 Compensation Report
Berklan: Analysis: PPE
costs increase over

PPE (N-95, gown, vinyl gloves, soap, hand sanitizer) 1,000% during COVID-19

per use $11.72 crisis

Other
American Hospital
Association: Fast Facts on

Number of hospitals in the U.S. (2020) 6146 U.S. Hospitals, 2020
Bartsch: The Potential
Health Care Costs And
Resource Use Associated
With COVID-19 In The

Median cost of single symptomatic COVID-19 case $3,045 United States
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Supplementary Table 3. Results from the decision analytic model.

Infections avoided per year
per ED
Base case 2.68
Low estimate 1.71
High estimate 2.78
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