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Abstract

Incorporating the advanced practice provider (APP) in the delivery of tele critical care medicine (teleCCM) addresses
the critical care provider shortage. However, the current literature lacks details of potential workflows, deployment
difficulties and implementation outcomes while suggesting that expanding teleCCM service may be difficult. Here,
we demonstrate the implementation of a telemedicine APP (eAPP) pilot service within an existing teleCCM program
with the objective of determining the feasibility and ease of deployment. The goal is to augment an existing tele-ICU
system with a balanced APP service to assess the feasibility and potential impact on the ICU performance in several
hospitals affiliated within a large academic center. A REDCap survey was used to assess eAPP workflows, expediency
of interventions, duration of tasks, and types of assignments within different service locations. Between 02/01/2021
and 08/31/2021, 204 interventions (across 133 12-h shift) were recorded by eAPP (N g ine = 109 (53.4%); nurgem=82
(40.2%); Nemergent = 13 (6.4%). The average task duration was 10.9+ 6.22 min, but there was a significant difference
based on the expediency of the task (F [2; 202] =3.89; p < 0.022) and type of tasks (F [7; 220] =6.69; p < 0.001). Further-
more, the eAPP task type and expediency varied depending upon the unit engaged and timeframe since imple-
mentation. The eAPP interventions were effectively communicated with bedside staff with only 0.5% of suggestions
rejected. Only in 2% cases did the eAPP report distress. In summary, the eAPP can be rapidly deployed in existing
teleCCM settings, providing adaptable and valuable care that addresses the specific needs of different ICUs while
simultaneously enhancing the delivery of ICU care. Further studies are needed to quantify the input more robustly.
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Introduction (PAs), otherwise known as advanced practice provid-

As the United States faces increased physician short-
ages, one successful solution has been to allocate patient
care to nurse practitioners (NPs) and physician assistants
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ers (APP) [1]. APPs have enjoyed an increasingly sizable
percentage of the healthcare workforce in the United
States. Similar trends are seen in other countries, where
increasing number of APPs are seen providing healthcare
services [1-3]. Depending upon the state and hospital
regulations, APPs perform a variety of healthcare ser-
vices, ranging from evaluating and diagnosing to devel-
oping treatment plans [4-7]. APPs have demonstrated
the ability to deliver effective and valuable care in various

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12913-022-08251-4&domain=pdf

Laudanski et al. BMC Health Services Research (2022) 22:855

clinical situations, allowing their role to evolve exten-
sively [8, 9]. However, their practice is often complicated
by credentialing, licensing, and reimbursement barriers
[5, 10]. However, even after their increasing integrations
and post-COVID-19 innovation acceleration in health-
care system, patients often have trouble in accessing ser-
vices [11-13]. These shortages can be addressed by APP
depending on the state and hospital regulations [6, 8, 14].
Kreeftenberg et al. [1], Landsperge et al. [9], Mileski et al.
[14] and Gershengorn et al. [15] Primary reasons for any
limitations include that the practice is often complicated
by credentialing, licensing, and reimbursement barri-
ers [16]. However, even if these barriers are reduced, the
demand for healthcare service outstrips available health-
care delivery by various providers [11, 13]. Therefore,
another solution is needed to multiply the capacity of
the existing workforce while continuing to deliver a high
quality of care.

The healthcare field has strategically expanded the role
of APPs into the critical care setting to meet the increas-
ing demands for ICU provider resources across the
United States [1, 15]. Given the success of APPs at the
bedside, it is interesting to find a relatively slow transition
of APPs into a remote or teleCCM setting [9, 17]. The
COVID-19 pandemic provided impetus to incorporate
APPs into the structure of telemedicine considering the
physician shortage, the need to transfer patient care to a
remote setting, the creation of non-ICU locations, and
implement strategies to prevent long-term staff fatigue
and shortages [3, 16, 18]. Furthermore, a survey con-
ducted by the American Association of Nurse Practition-
ers between July 28, 2020 and August 9, 2020, showed
that 63% of approximately 4,000 nurse practitioners
who responded indicated that they continued to tran-
sit patients to telemedicine rather than in-person visits.
Although most APP work is in primary care, their exper-
tise could be applied to the tele-Critical Care Medicine
(teleCCM) system [18-21]. However, the relative pau-
city of data presenting integration of APP services into
tele-ICU programs may be secondary to the insufficient
record of publications as several programs that currently
employ APPs in their teleCCM structure have failed to
publish a peer-reviewed record of such an endeavor [17].
Incorporating APPs into teleCCM delivery could address
several of the supply and demand problems associated
with ICU providers, but data is lacking on potential
workflows and outcomes, especially about the incorpo-
ration of their services in the existing model that would
augment the teleCCM system [18].

Telemedicine is a modality of healthcare delivery that
provides healthcare services to patients from a remote
location, using audio—video technologies, although this
definition may vary by organization [3]. Telemedicine
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has become an increasingly adopted strategy among hos-
pitals due to its cost-effectiveness, adaptability, and effi-
ciency [3, 18, 22-25]. These features require substantial
initial costs to deploy the infrastructure. However, once
deployed, the tele-ICU infrastructure can be utilized in
several ways at significantly less expense [26, 27]. It is
an evolutionary step in virtually all tele-ICU programs
to seek additional ways to utilize and expand the service
using non-physician providers [15, 20]. Doing so reduces
the total cost of care. Furthermore, the increase in effec-
tiveness of teleCCM services by employing a variety of
providers was critical to ensuring the success of tele-ICU
during the pandemic [18, 26].

One of the suggested approaches to developing tele-
ICU is exploring the incorporation of various healthcare
providers [18]. Interestingly, pharmacists, respiratory
therapists, and data coordinators are all part of the tele-
ICU team, which demonstrates the flexibility of tele-ICU
to incorporate various providers [18, 27]. Considering the
significant and growing role of APPs in U.S. healthcare,
their entry into tele-ICU is expected. However, there is
a knowledge gap about the performance and potential
workflows of telemedicine APP (eAPP) in ICU settings
[18, 20, 22, 24]. Knowledge and implementation experi-
ence are often siloed within the organizations and their
associated healthcare systems, with little dissemination
to others to learn the processes for implementing this
type of care. It is also unknown whether the rapid imple-
mentation of teleCCM providers can be done quickly
on a need-to-provide services basis. Finally, there is gap
in knowledge about whether the eAPP can adapt over
time to the specific needs and culture of the ICU to best
address patient’s needs in the teleCCM setting [28].

Here, we describe a pilot project of an ad hoc imple-
mentation of APP into the structure of an existing tel-
eCCM program (Penn e-Lert), using a predetermined set
of interventions or tasks tailored to the need of the exist-
ing healthcare system as well as ongoing patient needs.
Thus, we challenged the idea that the deployment of tel-
eCCM services is an arduous and complex task. Finally,
we hypothesized that their scope of engagement will
evolve over time to adapt to the specific needs of ICUs
[18, 28].

Materials and methods

Description of telemedicine setting

The Penn e-Lert tele critical care medicine team (tel-
eCCM) at the University of Pennsylvania Health System
(UPHS) utilizes a hybrid care model aimed to provide
reactive (33%), proactive (33%), and quality assurance
approaches (33%) [27-29]. The bedside care providers
retain full responsibility for the direct care of the patients
while the teleCCM staff provides consultative services.
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An already-in-place teleCCM Penn e-Lert consists of
medical doctors (eMD), registered nurses (eRN), and res-
piratory therapists (eRT) with a critical care background.

eAPP workflow
For this pilot study, Penn e-Lert employed bedside APPs
in a moonlighting model to help support ICU bedside
staff during a high census (02/1/2020 and 8/31/2021)
with the utilization of teleCCM technology. The eAPP
staffing model aimed at providing 7:00PM to 7:00AM
coverage seven days a week. A total of 133 of 12-h shifts
were included in this report.

eAPP remote interventions were triggered by input
from the bedside staff (considered a reactive response),
the autonomous algorithm for ARDS detection, utilizing
predetermined clinical queries (considered a proactive
response), or actively reviewing patients’ data. The lat-
ter task is focused on ensuring practice compliance, but
it can trigger a proactive response based on the eAPP’s
assessment (Supplemental Fig. 1). The eAPP utilized a
tele-medicine system, electronic medical records, and
remote audio-visual surveillance to assess clinical sta-
tus, medications, available imaging, laboratory meas-
urements, as well as current and prior medical notes as
needed. An audio—video system allows for the real-time
assessment of a patient and provides real-time communi-
cation with bedside staff, patients, and families (Supple-
mental Fig. 1).

eAPP action can be triggered by the bedside staff (via
an in-room push button, a phone call, the asynchronous
texting platform, or the teleCCM system, providing an
alert based on vital signs and lab values—an algorithmic
sniffer for the detection of ARDS. The expediency of the
intervention was deemed routine (completed within 2 h),
urgent (to be completed within 15 min), and emergent
(to be addressed without delay) (Supplemental Fig. 1).

Tasks would be classified accordingly into existing
workflows including pre-existing protocol (Targeted
Temperature Management, Acute Respiratory Distress
Syndrome/low stretch ventilation, cardiac arrest), help-
ing with patient management (shock support, unstable),
admission to the hospital, generally defined support/
oversight, otherwise not classified (Supplemental Fig. 1).

If the eAPP deems it necessary to communicate with
the bedside staff, several modalities exist, including
audio—video technology, mobile phones, asynchronous
messaging, or relay messages via electronic medical
records. The eAPP was able to communicate with both
bedside staff and Penn e-Lert professionals (Supple-
mental Fig. 1). Interventions or tasks could be classified
into two of six categories: a clinical intervention, refer-
ring to any action affecting patient care delivery; qual-
ity and assurance, denoting assurance of best practice
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compliance; safety assigned to tasks that require inter-
vention in addressing potential harm; education captur-
ing any eAPP-led teaching; debriefing when bedside staff
wish to review particularly difficult clinical cases; and
recording for documenting clinical situations. Other cat-
egories are used to capture all else (Supplemental Fig. 1).

eAPP implementation

The staff was briefed about the operation of the Penn
e-Lert during their initial shift. They were encouraged
to start virtual rounds and respond to clinical cues from
teleCCM system. The workflow was modelled by the
existing culture of the Penn e-Lert, which is a mix of pro-
active, reactive, and quality assurance tasks. The eAPP
encouraged actively looking for engagement opportuni-
ties to prevent patient clinical deterioration, assist with
care, and assure quality and harm prevention in accord-
ance with the UPHS philosophy of being a high reliability
organization.

Data collection

Once inventions or tasks were completed, eAPP entered
the characterization of the conducted intervention in the
REDCap database, using a structured format [30]. The
duration of the task, its complexity, and the perception
of how the recommendation was utilized during engage-
ments (accepted, acknowledged, or rejected) along with
the level of eAPP distress were recorded (Supplemental
Material 1). The eAPP survey was adopted from the Penn
e-Lert survey used to monitor the workflow of other
healthcare professionals. The entries should be com-
pleted after each intervention, yet compliance with this
task was not checked. The data was collected between
02/1/2020 and 8/31/2021.

Statistical analysis

Descriptive analysis was used throughout. The Shapiro—
Wilk W test and distribution plots tested the normal-
ity of distribution variables. Parametric variables were
expressed as mean=+SD. Median (Me) and interquar-
tile ranges (LR.). In some cases, ANOVA was utilized to
compare means. Frequencies were compared, using x* if
the incidence of an occurrence was at 5 at minimum.
Statistical analyses were performed with Statistica 11.0
(StatSoft Inc., Tulsa, OK).

Results

Analysis of the eAPP involvement into care delivery
Between 02/01/2021 and 08/31/2021, 204 interven-
tions were recorded by the eAPP with a variable
level of expediency (n,oyine =109 (53.4%); Nypgene= 82
(40.2%); Nemergent= 13 (6.4%). Most tasks were trig-

gered by proactive rounding (48.9%), followed by the
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teleCCM platform generating best practice alerts
(33.6%) (Fig. 1A). For interventions deemed urgent
or emergent, the eAPP was notified by a Penn e-Lert
staffing triage or by push buttons at 100% of the time
(Fig. 1A). Clinical interventions were the primary
focus in 41.7% of eAPP engagements, while 34.2% of
eAPP interventions involved a clinical focus not oth-
erwise listed (Fig. 1B). When clinical intervention was
the focus of the engagement, 61% of the time it was
considered urgent or emergent (Fig. 1B).

As for the eAPP, proactive rounding was the primary
focus at only 21.9%. In terms of task type, the vast
majority of tasks were categorized as others (Fig. 1C).
For the tasks described as support, unstable patients,
or shock support, they were deemed urgent or emer-
gent 63.6%, 78.4% and 83.3% of the time, respectively
(Fig. 1C). Cardiac arrest had an expectantly high num-
ber of emergent entries (Fig. 1C).

On average, the eAPP spent 10.9 + 6.22 min per task,
but there was a statically significant difference in the
time spent per task depending upon its expediency (F
[2; 202] =3.89; p<0.022) and type (F [7; 220] =6.69;
p<0.001) (Fig. 1D).
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Means and acceptance of communication between eAPP
and bedside staff

In 5.2% of eAPP engagements, no follow-up communi-
cation took place. When communication did take place,
it occurred with the RN or eRNs 27.3% of the time, fol-
lowed by bedside staff attending or eMDs at 21.0% of the
time, Next, with the APP, CRNA, or eAPP, it was 21.0% of
the time; and last, with the RT or eRT, it reached 14.8% of
the time, withy 63% over the telephone.

The perception of the eAPP is that the recommenda-
tions were straightforwardly accepted at 33.9% of the
time. In 27.2% of cases, they acknowledged that the eAPP
could not determine the impact at 38.4%. Rejecting an
intervention occurred at 0.5% of the time. In 2% of cases,
the eAPP noted a distress related to management.

Adaptation of the eAPP workflow to ICU characteristic
over time
The eAPP saw an increase in routine and urgent cases in
the month of April, while emergent cases remained rela-
tively the same throughout the remaining pilot period
(Fig. 2A). Also, the composition of the tasks changed over
the pilot study (Fig. 2B).

When analyzing eAPP service across different hospital
locations during the pilot, we saw that the expediency of
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tasks were mostly unspecified but with a significant number unstable by trends and intensivist support (C). The time on the task was significantly
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interventions and task type varied although not in a sign-
fiicantly statistical way. It was noted that 66.7% of the
eAPP engagements at Hospital 6 were urgent in nature
(Fig. 3A) with shock support being the major task focus
40% of the time (Fig. 3B). Besides Hospital 6, the eAPP
tasks otherwise not listed made up the majority of those
completed (Fig. 3B). Hospital 7 saw the greatest number
of tasks requiring intensivist and ARDS support. Hospital
2 saw similar intensivist support tasks as Hospital 7, but
Hospital 2 saw the greatest number of admissions com-
pared to the other locations (Fig. 3B). Although there is a
total of 7 hospitals, Hospital 3 did not report any engage-
ments requiring the eAPP involvement.

When reviewing eAPP’s responses across the three
largest hospitals, we found that eAPPs had similar fre-
quency of routine, urgent, and emergent across all three
systems (x2 [4;191] =1.114; p=0.89) (Fig. 4A).

The tasks focused on clinical intervetnion were similar
across all three hospital systems as no trends reached the
level of statistical significance. Hospital 2 saw more tasks
focused on proactive rounding, while Hospital 1 had
more tasks deemed “other;” but these differences were
not statistically significant (Fig. 4B). Hospital 1 also had
more interventions deemed “other’, similar to Hospital
3, while Hospital 2 had more interventions dealing with
unstable patients (Fig. 4C).

eAPP involvement in the care of the patient

during COVID-19 pandemic

The eAPP engagements involved COVID-19 patients
16.2% of the time; 42.4% of the time these engagements
were labeled urgent or emergent (Fig. 5A). The majority
of tasks associated with COVID-19 patients were listed
as other 45.9% of the time. In engagements deemed

urgent or emergent, 35.5% of the time, the focus of the
main task was on unstable patient trends, 29.4% on inten-
sivist support, and 17.6% on ARDS (Fig. 5B).

Discussion

To our knowledge, this is the first report that describes
the performance of the eAPP in teleCCM settings, utiliz-
ing ad hoc deployment and the hospital system demand-
driven process. Prior reports assessed the eAPP for a
large system with a pre-determined deployment [17].
However, such a model requires significant upfront
expenditures and system investments that represent
a barrier for incorporating an eAPP in patient care [16,
21, 26]. This is in stark contrast to the presumption of
telemedicine as being easily deployed, expandable, and
adaptable [18, 26]. Our study demonstrated that the APP
can be included in the teleCCM workflow and provide
a valuable service. In fact, it can be deployed rapidly to
address the needs of the several hospitals and ICUs.

We utilized the existing structure of the Penn e-Lert
in terms of hardware, software, operating principles,
and the means to assess care delivery. In our assessment,
the integration of the eAPP was seamless and able to
deliver value to patients. At the conclusion of the pilot,
the healthcare system decided to convert the eAPP from
ad hoc deployment to a permanent structure as part of
building a “high reliability organization” To our knowl-
edge, this is the first-time an intervention was assessed
despite multiple suggestions to establish the timeframe of
teleCCM providers [18]. While the assessment was sub-
jective, it does establish a reference, which may be useful
in planning future eAPP deployment and expectations in
respect to how many cases one provider can manage.
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Most eAPP engagements were related to routine
and urgent tasks, reflecting assigned work, consist-
ent with the initial service intent. The average engage-
ment was around 10 min, but significant differences
existed depending upon task expediency and type. This
is expected as emergent tasks need to be addressed
for a longer period given that they are more complex
in validating data. Most of the interventions related
to shock were described as emergent and urgent. This
is expected, considering the very dynamic nature of
these health states and like the bedside experiences
by APP [1, 2, 17]. The number of routine tasks domi-
nated slightly, but this was expected, considering that
the eAPP workflow was a hybrid of the routine round-
ing and Penn e-Lert workflow [28]. This is the first time
that data pertaining to eAPP workflow and engagement
parameters has been published.

The eAPP was able to interact effectively with all
stakeholders of the bedside team via several means.
This is a key component of successful deployment [31].
The level of distressful interaction was around 2%, while
only 0.5% of recommendations were rejected. However,
34% of intervention recommendations were accepted
while 27.2% were merely acknowledged and 30.6% of
interventions were not classified by the eAPP. The level
of acceptance was lower than expected but then we
used a subjective assessment. We believe that increas-
ing the brief and outreach is important to increasing
acceptance as bedside staff frequently reported a lack of
awareness about the eAPP during post-hoc interviews
[21, 31]. This underscores the need for a pre-deploy-
ment briefing for all providers with clearly established

goals, expectations, and roles before and after estab-
lishing the eAPP [3, 21, 28].

It is important that the distress level was infrequent
among the eAPP. This is particularly important as a high
number of engagements in a fully developed teleCCM
practice may result in burnout among the providers [12].
Our study gives first-time metrics of acceptance and dis-
tress rates for the eAPP in a teleCCM setting, but it also
demonstrates the need for the deployment of a more
robust tool to assess eAPP effectiveness and burnout in
the next study as we had to rely on eAPP perceptions.
In the next deployment implementation of performance
measures tied to best practice is planned as well to
address the clinical impact of the interactions [14, 23].

Over time, the eAPP exhibited increased flexibility as
the percentage of proactive rounding increased, which
provided the clinical opportunity for other tasks to be
completed concurrently. This is similar to bedside obser-
vation [1, 16]. Though eAPP was intended to balance the
workload during the COVID-19 wave, we saw them often
participating in the care of non-COVID-19 patients. This
reflects the increased adaptability of the service as the
eAPP proactively provided the healthcare service and
adapted to the needs in Penn e-Lert semi-structured set-
tings [1]. This is consistent with the culture and mission
of Penn e-Lert where remote providers are encouraged
to look for novel ways to provide the healthcare service
on top of the predetermined tasks assigned [28]. Also, the
eAPP may be an ultimately most adaptable medical pro-
fessionals considering their broad scope of practice [2, 9,
15, 17, 18]. Our study suggests that the eAPP can adapt to
the ICU culture and need of different ICU and hospital as
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demonstrated by their tasks profile changing over time.
Our study was not intended to examine the sources of
these inter-hospital and inter-ICU differences.

However, it is more than likely that operational flow,
culture, leadership, professional staff composition,
patient mix, and protocols are different between them
resulting in dissimilar needs [19, 32, 33]. Pro-active and
re-active care delivery seen in our study is an example of
adaptability as the eAPP could engage in pre-determined
care and respond to the specific needs of the ICU. This
is critical as the regionalization of services is apparent in
our system. However, it is unclear how our experiences
can be transferred to other system considering that Penn
e-Lert has culture of delegating to staff the best way to
utilize the teleCCM in order to find and address gaps in
care delivery [28].

Our study also has limitations. During this pilot, the
eAPP service was not consistent, and due to the demand
for APP resources within the health system, many eAPP
shifts went unfilled. Because of the uncertain nature of
staffing with moonlighting providers, the Penn e-Lert
team could not depend on having eAPP service each
night. We were also unable to gather qualitative data to
present the perceptions of other hospital employees as
to the benefits and impacts eAPPs has had on the health-
care team. This study also relied on the REDCap survey
being completed by eAPP, which may introduce bias
[34-36]. We attempted to minimize it in several ways. All
providers received the same introduction and onboard-
ing process to the Penn e-Lert system. Following this
onboarding, the interpretation of the REDCap survey
was provider dependent, creating an observer bias.

While recall bias should be minimal due to eAPP’s
completing the survey shortly following an interac-
tion, selection bias could be significant depending upon
whether the eAPP decided to complete the survey follow-
ing the intervention. Unfortunately, there was no way to
verify their activities because the eAPP was not required
to indicate completion the survey in their charts [36]. In
our discussion with the eAPP team, it became clear that
the survey was not done all the time, with a bias was
towards attending to capture “more severe or important”
issues. Considering that we estimate that 50% of entries
might be missing, it may result in significant bias. The
missing entry estimate is done by comparing eAPP fre-
quency to other team members like the eMD or eRN.

One of the potential reasons for poor completion of the
survey tool was the perception that the eAPP assignment
within Penn e-Lert operations was only temporary. Thus,
we were challenged to define and operationalize consist-
ent eAPP workflows [28]. Consequently, several entries
were characterized as “other”. We hoped that an analyza-
tion of tasks indicated as “other” would show ways that
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the eAPP works outside characterized tasks and shed
light on potential assignments to be further addressed by
the eAPP in the teleCCM setting. What we found were
recorded comments for “other” tasks that described the
situation rather than the task process. These comments
were very heterogenous in nature, situational dependent,
and not able to provide analyzable data.

Finally, we did not quantify the clinical impact of the
eAPP [1, 23]. However, the frequent engagement in
emergent and critical situations in response to the emer-
gency button pushed by bedside staff suggests that they
were essential in several critical situations. Further stud-
ies should aim to provide more quantifiable results in
terms of the clinical impact performance of the eAPP.
In addition, we did not quantify the effect of the model’s
financial basis. Deploying the eAPP should be more com-
petitive than the bedside APP service for this model to
be viable. Though teleCCM allows for enhancement and
a multiplier effect for healthcare providers, this must be
determined in the next study iteration.

Conclusions

The eAPP can be rapidly deployed in existing teleCCM
settings, providing an adaptable and valuable care model
that can address the specific needs of different ICU
populations.
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