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Abstract: The study’s objective was to assess facilitators and barriers of Tele-Critical Care (TCC)
perceived by SCCM members. By utilizing a survey distributed to SCCM members, a cross-sectional
study was developed to analyze survey results from December 2019 and July 2020. SCCM members
responded to the survey (1 = 15,502) with a 1.9% response rate for the first distribution and a 2.54%
response rate for the second survey (1 = 9985). Participants (n = 286 and n = 254) were almost
equally distributed between non-users, providers, users, and potential users of TCC services. The
care delivery models for TCC were similar across most participants. Some consumers of TCC services
preferred algorithmic coverage and scheduled rounds, while reactive and on-demand models were
less utilized. The surveys revealed that outcome-driven measures were the principal form of TCC
performance evaluation. A 1:100 (provider: patients) ratio was reported to be optimal. Factors related
to costs, perceived lack of need for services, and workflow challenges were described by those who
terminated TCC services. Barriers to implementation revolved around lack of reimbursement and
adequate training. Interpersonal communication was identified as an essential TCC provider skill.
The second survey introduced after the onset pandemic demonstrated more frequent use of advanced
practice providers and focus on performance measures. Priorities for effective TCC deployment
include communication, knowledge, optimal operationalization, and outcomes measurement at the
organizational level. The potential effect of COVID-19 during the early stages of the pandemic on
survey responses was limited and focused on the need to demonstrate TCC value.

Keywords: Tele-Critical Care; standard of care; competencies; healthcare; innovation; barriers; COVID-19

1. Introduction

Tele-Critical Care (TCC) can be described as services that link remote services to a
recipient at a local site where physical care is provided using audiovisual communica-
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tion systems [1]. TCC has been gradually recognized as a valuable means of delivering
healthcare services [1-5]. TCC’s growth has been mostly organic, heterogeneous, and often
determined by a few key leaders in the field [5-8]. Lack of reimbursement, medicolegal
barriers, cumbersome credentialing processes, and lack of buy-in into technology were
identified as significant barriers to the progression of TCC in prior surveys [1,5,9]. Pan-
demics, technological advances (including software enhancements to TCC platforms), and
healthcare policy have also impacted TCC in several ways [10-14]. It remains unclear how
much these barriers have changed since the last survey was conducted in 2015, and no
studies were re-deployed repetitively to assess the evolution of TCC needs [9,15]. Finally,
most surveys are not inclusive of future or past users of TCC, therefore failing to reflect
the heterogeneity of critical care healthcare providers in various stages of interaction with
TCC technology. An investigation of these two populations may yield valuable insight
into the facilitators and barriers to TCC services. Conducting more wide-ranging studies
among these cohorts offers a unique insight into barriers to wider implementation and/or
the failure of TCC expansion.

In order to address the future needs of TCC, a professional organization formed a TCC
Committee to support the growth of TCC [4,8,9,16-18]. This survey is designed to attain
data regarding TCC’s current landscape, identify practitioners’ needs specific to their roles
in healthcare delivery, and guide strategies to support the optimal development of TCC
over time. The authors aimed to address the gap of knowledge in the needs of current and
future users by developing systematic studies to assess operations, healthcare models, and
value-added systems across several TCC domains and providers [1,5,19-22]. Continuation
of these efforts will result in a study assessing needs and barriers in TCC. In this study, the
authors investigated unsuccessful programs [5,9,23]. Additionally, the timing of this study
allowed for the assessment of the early effects of COVID-19 on TCC, even though it was
not the primary goal of the survey [1-3]. The survey data will inform TCC stakeholders
about the development and design of TCC programs.

2. Materials and Methods
The study had an exempt status by the IRB at the University of Pennsylvania.

2.1. Survey Development

Several members of a TCC professional committee developed a survey based on
their leadership, diversity, and contribution to the field. Members represented academia,
consumers, and non-users of TCC. Professional backgrounds included physicians, ad-
vanced practice providers, nurses, and pharmacists, thus providing diverse backgrounds
for survey input. The survey was developed through four peer-reviewed stages. Mem-
bers of a subcommittee prepared the first draft based on prior published research and
statements [6,9,17,18,20,24-27]. A second review panel representing the entire committee
refined the pre-submission survey format, then two subsequent rounds of modifications
occurred prior to survey finalization. During the creation of the survey, several critical
determinations were made. First, no definitions were provided for any of the models of
TCC delivery in the survey considering the lack of community-wide consensus regarding
the nomenclature [4,9]. Providers are defined as the entities delivering TCC to remote
locations. Users are those utilizing TCC at the bedside. Non-users are individuals not
currently engaged in any form of TCC activity. Second, the number of questions was
limited to 25. The authors made the survey an adaptable tool that adjusted questions based
on participant responses. Consequently, only essential data were collected as the survey
modified itself depending on the answer to a given question (Supplementary Material S1).
This allowed the creation of specific sub-surveys for providers considering, implementing,
or terminating services.

The final survey was designed to assess the dynamic changes in knowledge, imple-
mentation, and needs about TCC. The survey is intended to be deployed every 3—4 years
via REDCap [28]. Here, we presented the data from the first edition of the survey.
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2.2. Distribution of the Survey

The survey was distributed to a professional organization membership in two releases,
November/December 2019 and June/July 2020. The second release was approved to
investigate the early effects of COVID-19 on TCC, and it is not part of the original design
but represents an ad hoc research opportunity. For each release, the survey was sent
three times, each time a week apart. The survey was delivered via email to all members
requiring membership login to answer. Opening of the email removed that individual
from subsequent solicitation, ensuring that the individual could only participate once. The
survey was closed a week after the last submission.

The survey received 286 responses during the first release and 254 during the sec-
ond release seven months later. The response rate was 1.9% for the first release sent
to 15,502 members and 2.54% for the second release after sending the survey to non-
responders of the first survey (9985 members). The characteristic of the responders demon-
strated a broad representation of healthcare professionals (Appendix A, Table A1). There
were minor changes in the territorial distribution of TCC between the two releases, and
some of the answers were outside the USA (Appendix A, Figure Al).

2.3. Statistical Methods

Descriptive analyses of variables were conducted using frequencies, mean or median
depending on the nature of the variables with adequate measures of data distribution. x2
determined the differences in frequencies. When appropriate, the variables were compared
using Student’s unpaired t-test or Mann—-Whitney-U statistics. A double-sided p-value of
less than 0.05 was considered statistically significant for all tests. Statistical analyses were
performed using MS Excel (Microsoft, Seattle, WA, USA) and Statistical 11.0 (Stat Soft Inc.,
Tulsa, OK, USA).

3. Results
3.1. Overview of the Current State of TCC Services as Reported by Respondents

Respondents represented all types of institutions (Veterans Affairs, academic, com-
munity, not-for-profit, and for-profit) across urban and rural settings. Table 1 describes the
respondents’ healthcare roles and specialties, broken down by respondent category and the
total sample. In summary, the “not using and not considering TCC” (24.6%), “considering
TCC” (23.3%), “providing TCC” (24.4%), and “utilizing TCC” (17.2%) were approximately
evenly distributed categories, with “currently launching” (5.0%) and “had TCC in the past”
(4.6%) comprising the minority of respondents. Across all categories, most respondents
were physicians (70.9%), followed by registered nurses (11.8%) and nurse practitioners
(5.6%). The most popular specialty was Internal Medicine/Pulmonology. There were
no significant differences between groups of participants that were users, providers, or
non-users of TCC services, with a minority of responders launching or terminating ser-
vices in December 2019 or in June 2020 (Appendix A, Figure A2A). Increases in non-users
and those considering launching services, and decreases in those considering terminating
services, were observed trends between the two survey releases, but the differences were
non-significant. The top three drivers for establishing TCC services were: the implemen-
tation of best practices, mortality/lives saved, and establishing access to ICU services
(Appendix A, Figure A2B). Cost savings and efficient bed utilization were less stressed in
the second survey, although this was not statistically significant.

TCC care delivery models use was similar across all three stages of service delivery
(considering services, launching services, and active users), with the marked exception
of certain users of TCC services putting more importance on algorithmic coverage (early
warning system alerts) and scheduled rounds (Appendix A, Figure A2C). In contrast,
reactive (at time of emergency or patient deterioration) and on-demand models were less
utilized (Appendix A, Figure A2C). In addition, TCC care delivery model preferences
stayed consistent across both survey releases (data not shown).
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Table 1. Assessment of the significant barriers to the development of Tele-Critical Care services
demonstrated concerns for privacy and degradation of autonomy. Bolded numbers signify statis-
tical differences between groups. * denotes statistically significant differences before and during
COVID-19. # denotes statistically significant differences between individuals with or without Tele-
Critical Care experience.

. o % %
Concerns Regarding Tele-Critical Care Use December 2019 June 2020
° No TCC Experience: n = 353 before COVID-19,
n = 340 December 2019
° TCC Experience: n = 449 before COVID-19, n = 289
June 2020
No TCC experience 14.4% 16.8%
Costs
TCC experience 13.4% 15.2%
) No TCC experience 5.9% 1.6% #
Privacy
TCC experience 4.2% 3.5%
No TCC experience 18.7% 15.0%
Lack of reimbursement -
TCC experience 19.8% 22.5%
o No TCC experience 21.5% 23.5%
Legal responsibility
TCC experience 18.9% 15.2% *
No TCC experience 13.3% 10.6%
Lack of TCC knowledge
TCC experience 12.5% 12.8%
. No TCC experience 9.6% 8.5%
Degradation of autonomy
TCC experience 16.9% * 15.9% *
No TCC experience 16.4% 17.9%
Lack of TCC training
TCC experience 14.2% 14.9%

3.2. Operational Aspects of Providers and Users of TCC Services

Both users and providers reported above-average satisfaction for TCC services
(Users = 60.2 + 19.54 vs. Providers = 65 + 20.89; p = ns) with no effect of time between
surveys. TCC services were utilized on average for 5.4 + 3.04 (x + SD) years for current users.
Providers offering TCC services reported being on the market for 5.4 + 5.61 (x + SD) years.

Most centers contracting TCC services utilized them less than 20 times per night
(Figure 1A,B). Providers reported significantly more interactions with some increase in
interaction length in the second edition of the survey (Figure 1A-C). Most users (63%)
and providers (58%) stated 1:50 as the optimal ratio between providers and patients, with
users (40.7%) shifting towards a 1:100 provider:patient ratio after deploying the survey the
second time (data not shown).

The usual composition of a TCC team consists of MDs and RNs, while advanced
practice providers, pharmacists, respiratory therapists, and data coordinators were in the
minority. However, participation of non-physician providers significantly increased after
the second survey (Appendix A, Figure A3A-C).
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Figure 1. Description of engagement frequency across providers and users across different stages
of Tele-CCM services. There was a difference in length of the interactions between individuals
launching services (A) and providing services (C) as compared to users. However, users reported
longer encounters in the edition released in June 2020 (B).

3.3. Evaluation of TCC Performance by Survey Respondents

The survey of TCC services’ effectiveness showed that outcome-driven measures were
most important, including implementing best practices, length of stay, lives saved, and
mortality (Figure 2A). An interesting observation was that 20% of respondents using the
TCC services were unaware of the processes used to evaluate their effectiveness while
providing the services before COVID-19 (Figure 2C). For example, cost savings were
evaluated during TCC initiation and were not frequently reassessed. During the COVID-19
pandemic, significantly fewer participants reported the need to assess TCC effectiveness
and value compared to pre-COVID-19 (p = 0.03; Figure 2B,C).

C How do you evaluate the effectiveness
0 Launching ®Providing ©Using of tele-critical care services?

&Launching ®Providing 8 Using
Cost savings
HE
E|
BE Shared decision-making
] ! :
% Patient experiences

Staff retention

it
E Efficient bed utilization
T

E ICU Readmission
E
s Mortality/lives saved
HHEHE
E
b Best-practice outcomes

% Length of stay/days saved
*
3 We do not assess effectiveness

-15 -10 -5 0 5 10 15
Difference as compared to pre CVOID-19

Figure 2. Evaluation of the value delivered by the Tele-CCM. Reported quality of metric of Tele-
Critical Care delivery in December 2019 (A) and in June 2020 (B) with a relative difference (C) were
significant for an increase in reported assessment in users after the emergence of COVID (* p < 0.05).

3.4. Perception of Barriers and Facilitators in TCC Development

Barriers to the widespread utilization of TCC included a lack of reimbursement and
adequate training (Table 1). Patient privacy was of limited concern during both survey
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periods, whereas degradation of autonomy was more frequently highlighted by TCC
providers when compared to individuals with no prior TCC knowledge (Table 1).

In addition, non-users of TCC services requested more educational opportunities,
while users stressed novel research. (Table 2). These facilitators were coupled with the
perception of communication skills as essential for TCC providers, followed by broad ICU
and healthcare operations (Table 2).

Table 2. Assessment of critical skills for effective delivery of Tele-Critical Care services revealed
interpersonal skills as the critical skills to be an effective Tele-CCM provider. Bolded numbers
signify statistical differences between groups. * denotes statistically significant differences between
individuals with or without Tele-Critical Care experience. # denotes statistically significant difference
before and during COVID-19.

Requirements Necessary to be % December

Effective Tele-Intensivists 2019 %o June 2020
° No TCC Experience: n = 241 before COVID-19,
n =264 December 2019
° TCC experience: n = 325 before COVID-19, n = 232
June 2020
No TCC experience 15.8% 15.2%
Broad ICU knowledge
TCC experience 20.0% 16.4%
) No TCC experience 15.4% 13.3%
TCC experience
TCC experience 12.3% 11.6%
No TCC experience 30.7% 32.6%
Communication skills
TCC experience 32.0% 31.0%
. No TCC experience 11.2% 10.6%
Interpersonal skills
TCC experience 11.4% 17.7% #*
Knowledge of healthcare No TCC experience 12.4% 13.6%
systems operations TCC experience 14.5% 9.5%
. . No TCC experience 8.3% 11.0%
Technological skills
TCC experience 7.1% 12.1%
No TCC experience 6.2% 3.8%
I do not know
TCC experience 2.8% 1.7%

3.5. Responses by Individuals Contemplating or Introducing TCC Services

In December 2019, approximately 30% of survey respondents were considering (1 = 61)
TCC services, with the majority being in Asia (6.6%), CA (9.8%), MO (6.6%), PA (6.6%),
and South/Central America (6.6%). In June 2020, a similar percentage of respondents
reported considering (n = 65) services, with most of the respondents reported being from
the following regions: other (21.5%), CA (13.8%), NY (9.2%), and TX (9.2%). For both
time points, most respondents reported being engaged in the “discussion regarding the
implementation of the services” stage (PreCOVID-19 = 41.4% + 18.7 vs. During COVID-19 =
36.4% + 16.3; p = ns).

In December 2019, respondents reporting TCC implementation (n = 15) were in TX
(26.7%), CA (26.7%), and VT (13.3%). In June 2020, respondents reporting TCC implemen-
tation (n = 12) were in PA (16%), CA (8%), TX (8%), and MN (8%). The expected difficulty
TCC implementation was perceived as almost identical before and during COVID-19
(PrePerception = 31.1 + 18.7 vs. During Perception = 31.8 + 13.46 [%]). In December 2019,
the top four reasons for initiation of TCC services were “implementation of best practices”,
“efficient bed management”, “access to TCC services”, and “improved survival”. In June
2020, the drivers for initiation of TCC services fluctuated non-significantly with the follow-
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ing responses: “lives saved” and “establishing the access to the ICU services” (data not
shown). For the first survey, most of the respondents used locally developed platforms
(26.7%), followed by Philips eCare Manager™ (20%), EPIC™ (13.3%), and others (40%).
The second survey demonstrated a statistically non-significant increase in percentages of
locally developed platforms (44.4%), followed by Philips eCare Manager (33.3%). The most
important drivers for choosing the platform in the first survey were technological stability
and interoperability (33.3%) (Appendix A, Figure A4A). In June 2020, the most important
driver for choosing the platform in the second survey was the level of technical support
(28%) (Appendix A, Figure A4B).

3.6. Insight into Termination of TCC Services

Before the pandemic, 6% of the respondents (1 = 26) terminated TCC services. Most of
the terminations occurred in ME (29.4%) and CA (11.8%), with 30.8% being terminated due
to costs, followed by 23.1% being terminated due to “system hospital change”. The average
length of a TCC program was 5.4 years before termination. In June 2020, approximately
3% (n = 8) of responses noted the termination of TCC services. Twenty-five percent of
terminations occurred in Europe, with the remainder being equally distributed across IL,
TN, FL, South and Central America, TX, and WA, with 36.4% of respondents indicating that
cost was the primary factor for termination, with no appreciable need for services (27.3%)
or change in the workflow (18.2%).

4. Discussion

Previous papers described facilitators and barriers of TCC models [2,5,8]. The TCC
service models were relatively homogenous between providers and consumers, which is
consistent with prior surveys [2,5,8]. This may reflect operational flexibility, the search for
an optimal model, or a lack of an exact strategy for TCC implementation within a particular
system [7,17,22,29,30]. The implementation drivers seem to align well with the existing
literature demonstrating best practices, length of stay, bed utilization, and improvements
in mortality [27,30-34]. Interestingly, a significant percentage of providers were not aware
of the performance measures of their own TCC service in service in 2019; this improved
somewhat in 2020. This lack of clear performance measures is worrisome as it may indicate
communication barriers leading to TCC optimization or termination [6,35-37].

The was a consensus for a 1:50 to 1:150 ratio between providers and patients with sig-
nificant changes in the second survey, suggesting improvement in utilization of TCC
services [2,7,22,31]. These ratios are significantly higher than those suggested in the
Pronovost et al. study from 2003 and by TCC platform manufacturers [9,22,29,32]. The
survey demonstrated a diverse TCC staff composition, including physicians, advanced
practice providers, nurses, pharmacists, support staff, and information services [2,5,9,19].
Future studies are necessary to assess staffing models of TCC in the context of work-
flow implementation [31,38,39]. In alignment with the pre-existing literature, effective
communication was highlighted as an important skill in the survey, with insufficient com-
munication mentioned as the primary reason for the lack of success or termination of TCC
care services [17,20,31,39-41].

Opportunities exist to develop standardized performance measures and implementa-
tion strategies for TCC. Respondents in this survey rated deployment of TCC as extremely
challenging, requiring months to implement, lack of goals and measurable outcomes for
success, and an overall knowledge gap [5,17,31,42,43]. The dominant challenge noted
in our study complicating the implementation of TCC is the deficiency of fundamental
knowledge of the function and role of TCC among non-TCC users. Organizational barriers
noted in earlier surveys, such as cost, were also noted in this survey, which is somewhat
disappointing, signaling that little progress has been made in understanding and resolving
these barriers over the past decade [8,9,16,24-26,39]. A narrative review discussed the
implementation and subsequent operating costs of TCC, with few studies reporting actual
financial savings or a thorough description of accounting methods [39].
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Termination of the TCC services occurred primarily due to operational reasons. Cost,
poorly designed workflows, and lack of discernable impact on care were cited as the reasons
and may result from an imperfect implementation process [24,44].

The surveys were disseminated at the beginning of the COVID-19 pandemic, which
was not the original research design but did provide an opportunity to assess the effect
of the COVID-19 pandemic on TCC [9,16]. TCC was suggested as an optimal solution for
maximizing the demand-supply imbalance during a pandemic [5,8,23,33]. A limited effect
was observed, which focused mostly on defining the value of TCC during COVID-19 and
increased participation of advanced practice providers. The second survey was deployed
very early after the initial COVID-19 surge, with potential response bias from mature TCC
centers cautioning against definite conclusions [45,46].

Limitations of this research include the survey method of data collection and a low
response rate (~2%). In-depth analyses of different subgroups were not conducted; how-
ever, study findings align with prior results [9,16]. The investigators did not define several
items in the survey as definitions relating to TCC vary but allowed for organic participant
interpretation of survey questions [9,16,39,47]. The survey was distributed exclusively
among the members of a large medical professional organization in the USA, and it rep-
resents a particular group of professionals, which could bias results. In the next iteration
of the survey, additional organizations should be included. The survey results should
not be used to estimate the effect of COVID-19 on TCC, as it was deployed early in the
pandemic [23,45,46].

5. Conclusions

In summary, findings from this study suggest a need to develop a standardized
approach to TCC implementation, including training, communication, and outcome-driven
performance measures. This approach would allow for the development of common
quality measures for benchmarking across all TCCs. Robust training programs are needed
to resolve issues related to perceived lack of need for services and workflow challenges.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/healthcare10081445/s1, Supplementary Material S1: Data Dictio-
nary Codebook’.
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Figure A2. Survey respondents were primarily non-users of users of, providing, or considering TCC services (A). The main drivers for considering TCC services (B).
Preferred TCC care models (C). * denotes a statistically significant difference at p less than 0.05.
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Figure A3. Change in survey respondent composition between the first (A) and second (B) survey deployment with relative changes between them (C).
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Figure A4. While COVID-19 had little impact on critical factors for Tele-Critical Care (A), there was a significant change in priorities on the practices launching the
TCC before and after COVID-19 (B). * denotes the statistically significant difference between and after the emergence of COVID-19; # denotes the difference between
considering and launching the services in respective domains in the 2019 or 2020 survey.
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Table Al. Characteristics of the study sample.

n =454 n=411
Primary Clinical Affiliation December 2019 June 2020
% (n) % (1)
Veteran’s Administration 1.1% (5) 1.7% (7)
Academic 38.3% (174) 36.5% (150)
Community 16.1% (73) 17.8% (73)
Nonprofit 17.0% (77) 16.3% (67)
For-profit 3.5% (16) 3.6% (15)
Urban 11.0% (50) 9.9% (41)
Rural 3.1% (14) 2.2% (9)
Within-state 5.5% (25) 6.8% (28)
Cross-state 3.3% (15) 3.4% (14)
Cross-country 1.1% (5) 1.7% (7)
Healthcare role n =286 n =254
Physician 194 (67.8%) 186 (73.2%)
Nurse practitioner 16 (5.6%) 14 (5.5%)
Physician Assistant 8 (2.8%) 9 (3.5%)
Registered nurse 38 (13.3%) 25 (9.8%)
Respiratory Therapist 4 (1.4%) 0 (0%)
Pharmacist 16 (5.6%) 10 (3.9%)
Emergency medical services 1 (0.35%) 1 (0.39%)
Research 5(1.7%) 1 (0.39%)
Other 4 (1.4%) 8 (3.1%)
Physician Specialty n=194 n =254
Internal medicine/pulmonology 66 (34.0%) 46 (18.1%)
Anesthesiology 29 (14.9%) 11 (4.3%)
Cardiology 10 (5.2%) 3 (1.2%)
Neurology 6 (3.1%) 5 (1.9%)
Emergency physician 32 (16.5%) 3 (1.2%)
Surgery 28 (14.4%) 24 (9.4%)
Pediatrics 1 (0.52%) 41 (16.1%)
Hospitalist 22 (11.3%) 2 (0.79%)
Other 92 (47.4%) 119 (46.9%)
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