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Abstract

Study Obijective: To evaluate if in situ (on site) simulation training is associated with increased
telemedicine use for patients presenting to rural emergency departments (EDs) with severe

sepsis and septic shock. Secondarily, to evaluate the association between simulation training and
telehealth with acute sepsis bundle (SEP-1) compliance and mortality.

Methods: This was a quasi-experimental study of patients presenting to two rural EDs with
severe sepsis and/or septic shock before and after rollout of in situ simulation training that
included education on sepsis management and the use of telehealth. Unadjusted and adjusted
analyses were conducted to describe the association of simulation training with sepsis process of
care markers and with mortality.

Results: The study included 1753 patients, from two rural EDs, 629 presented pre-training

and 1124 presented post-training. There were no differences in patient characteristics between
the two groups. Compliance with several SEP-1 bundle components improved post-training:
antibiotics within 3 hours, 1V fluid administration, repeat lactic acid assessment, and vasopressor
administration. The use of telemedicine increased from 2% to 5% post-training. Use of
telemedicine was associated with increases in repeat lactic acid assessment and reassessment for
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septic shock. We did not demonstrate an improvement in mortality across either of the two group
comparisons.

Conclusion: We demonstrate an association between simulation and improved care delivery.
Implementing an in situ simulation curriculum in rural EDs was associated with a small increase
in the use of telemedicine and improvements in sepsis process of care markers, but did not
demonstrate improvement in mortality. The small increase in telemedicine limited conclusions on
its impact.

INTRODUCTION:

Background

Rural hospitals experience unique difficulties with effective and accurate application

of evidence-based patient safety solutions.1* Patient safety concerns arising from the
identification and management of acute time-sensitive critical conditions, such as severe
sepsis and septic shock, in rural Emergency Departments (ED) are especially concerning
given the high probability of harm or death when errors occur. Sepsis is a major healthcare
problem worldwide, affecting over 750,000 Americans each year, and the incidence
continues to rise.> 6 Once sepsis evolves to severe sepsis and septic shock, mortality
increases to 50-60%.% 6 Sepsis is one of the most challenging, complex, and time-sensitive
disease states clinicians will encounter. Well-established, evidence-based guidelines for
identification and safe management of acute, time-sensitive critical conditions in the ED,
such as acute sepsis and the acute sepsis bundle (SEP-1),”: 8 have been developed in
academic centers. There remain significant disparities in effective implementation and
application of these guidelines and outcomes in rural EDs.2 3 9. 10

New technologies, such as telemedicine, provide a unique approach for delivering
consistent, safe care to patients across settings: from large academic to small rural
hospitals.1! 12 Telemedicine offers many benefits: improved access for both patients and
physicians, cost efficiencies, and improved quality and safety.13 Telemedicine programs vary
widely, but typically include audio, video, and electronic communications with a remote,
centralized support center where nurses and physicians provide monitoring and consult
support. Telemedicine use has recently grown in light of the COVID-19 pandemic, but at
present, telemedicine is most commonly used and studied in hospitals in the electronic
intensive care unit (eICU) environment; and elCU has been shown to improve compliance
with care protocols, improve quality and patient safety, decrease hospital and ICU length
of stay, and reduce patient mortality.14-18 Specifically, when implemented with a care
bundle, elCU has been shown to reduce adjusted mortality by 29.5%, relative to a control
population,® and substantially reduce medication errors in a pediatric population by 7%.1°
ED telemedicine implementation has been studied on a limited basis, 1 20 with evidence
supporting implementation for tele-psychiatry consultation,?! and tele-stroke care.22

In theory, ED telemedicine implementation for sepsis could improve care in a number
of ways. The incorporation of an elCU into the care team allows for additional checks
for compliance with quality measures in real time: a collegial reminder function. If video
teleconferencing is used then the elCU nurse becomes part of the monitoring process for
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patient deterioration, and a communication conduit to the elCU medical staff. This elCU
nurse could also help mentor junior nurses at the bedside who may have less critical

care experience. If patients are placed into an elCU monitoring system, then automated
monitoring algorithms might also monitor patient physiology to augment the alert system.

Addressing patient safety in rural hospitals is a critical issue that affects millions of
Americans across the country. Over 51 million Americans live in rural areas?3 and are
served by 1800 rural hospitals across the country.24 Similarly, sepsis is a highly prevalent
and high mortality disease state. Implementation of telemedicine may improve rural ED
sepsis care delivery, but is a complex process with multiple factors impacting adoption and
sustainability.2%: 25 Implementation of telemedicine in the ED is particularly complex, given
the constant changes in patient volume, types of conditions, and variability in clinician
expertise and staffing. In situ simulation, simulation that takes place in the live, operational,
clinical setting with clinicians performing their real roles, but prior to actual implementation
of the process in real clinical care, may provide the ability to train and evaluate the
integration of new technology, such as telemedicine, along with care guidelines, such as

the SEP-1 bundle, into clinical practice and workflow.

Goals of This Investigation

The primary objective was to evaluate if care team training using in situ simulation would
be associated with increased telemedicine use for patients presenting to two rural EDs with
severe sepsis and septic shock. The secondary objective was to evaluate if in situ simulation
training would be associated with improved compliance with components of the SEP-1
bundle and sepsis mortality. This study was conceived, executed, and analyzed prior to the
COVID-19 pandemic.

METHODS:

Study Design, Setting, and Intervention

This study is a quasi-experimental study, with an educational intervention of in situ
simulation, and collection of process and outcomes data for all adult patients with severe
sepsis or septic shock (by Centers for Medicare and Medicaid Services (CMS) SEP-1
definitions) presenting to two rural EDs between April 1, 2015 and March 31, 2019. The
educational intervention aimed to improve care of patients with severe sepsis and septic
shock. This study was part of a larger hospital-system effort to promote sepsis care and
telemedicine: both sites had telemedicine capabilities, including tele-stroke and tele-psych,
and received standard education on the new telemedicine service focusing on sepsis care, in
addition to the educational intervention studied here.

The study took place in ED-A and ED-B. ED-A is a 42-bed health care facility in rural
Ilinois, with approximately 14,000 ED visits per year, approximately 18 patients with sepsis
per month. ED-B is a 99-bed acute care hospital, also in rural lllinois, with approximately
20,000 ED visits per year and approximately 20 patients with sepsis every month. Both EDs
are staffed by one ED physician at a time and have limited on-site critical care capabilities,
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but each have ICUs. The two rural hospitals are part of a large 15-hospital healthcare system
with a central academic tertiary care referral system that operates a telemedicine (eICU)
program to support the healthcare system.

The elCU is staffed around-the-clock by elCU nurses with intensivist back-up. Calls and
telemedicine interactions are handled primarily by the elCU nurses. The elCU nurses are
able to monitor patients in the rural EDs through the electronic medical record system and a
“sepsis hospital” monitoring board, even prior to being consulted by the treating physician.
Prior to the intervention at both sites, communication between the ED and elCU nurse
could occur (initiated by either party), and ED physicians could call the intensivists for
admission. For critically ill patients needing transfer to a hospital with increased critical
care capabilities, during daytime hours the transferring ED physician would speak with the
transfer center at the receiving institution which created a phone connection to the receiving
ICU team, and after 7pm the ED physician would speak to an intensivist in the elICU. The
smaller sites transfer patients in need of mechanical ventilation primarily to one of two ICUs
within the system, also with elCU oversight, and this was the case prior to and during the
study period. Prior to the intervention, both sites had experience using telemedicine carts
for tele-psychiatry, which had sunsetted due to increased local access to psychiatric case
managers, and tele-stroke which had active ongoing use.

For the telemedicine-sepsis intervention, the ED team was to engage the elCU team via

a telemedicine cart that contained the camera, microphone, and necessary software. At

any team member’s discretion and with verbal consent if the patient or family were able

to consent, a team member would roll the cart into the patient’s room and initiate the
connection to the elCU. elCU team members were also in-serviced on the process and could
also initiate a request for connection. The team was encouraged to use the telemedicine
support for any cases they felt were very ill, or in cases where the additional monitoring of
the patient would be helpful to them, but the decision to use telemedicine support was at the
discretion of the treating physician or nurse. Alternatively, the bedside nurse and eICU nurse
might simply have conventional phone conversations to discuss care issues and consider
additional telemedicine engagement.

The educational intervention has been described in a previous publication.2 Briefly, an in
situ simulation curriculum was created and deployed in the two rural EDs with the goal

of improving (1) sepsis knowledge, including familiarity of the CMS SEP-1 measure, and
(2) initiation and use of telemedicine in the care of patients with severe sepsis and septic
shock. The education included pre-simulation online education modules focusing on sepsis
education and a 45 minute in situ simulation training event. The in situ simulation centered
on a patient presenting with sepsis and evolving to septic shock, who would benefit from
the use of telemedicine. The focus then turned to how to use the telemedicine technology.
As we anticipated that the bedside nurse would be the primary person to interact with

the telemedicine equipment, we focused on nursing participation. On-site training took
approximately one month to complete at each ED over approximately four days per ED.
The intervention of in situ simulation training was rolled out at different dates with an
intentional time lag between the sites, ED-A completed simulation training in April 2016,
ED-B completed simulation training in April 2017. Thus, the numbers of patients’ pre-post
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intervention differed between the sites. Training was considered complete once 80% of
nurses completed the in situ simulation curriculum.

Selection of Participants

Patients were selected for inclusion in this study if they were over the age of 18 and
presented to either ED-A or ED-B with severe sepsis or septic shock. Patients were first
identified by a pre-existing hospital system process improvement dataset with the following
inclusion criteria: (1) lactate level >2.5, (2) systemic inflammatory response syndrome
(SIRS) and a low blood pressure reading while in the ED, and/or (3) left the ED with

a Diagnosis Related Group (DRG) consistent with severe sepsis or septic shock (DRG

870, 871, 872). Each chart was then reviewed by the study team to ensure the patient had
evidence of severe sepsis or septic shock in the ED by the CMS SEP-1 definitions. The
study was IRB approved with a waiver of informed consent.

Methods of Measurement and Data Collection

Data was first obtained through an automated electronic medical record (EMR) query.
Automated data points were then reviewed by research assistants (RAs) and additional
EMR chart review and data collection was completed for data points not collected in the
EMR, such as telemedicine use. Key data points, such as classification as severe sepsis

or septic shock, and outcome variables, such as sepsis bundle component completion and
mortality were all verified by chart review. The research nurse completed an independent
quality assurance review of classification and outcome variables for 10% of cases, randomly
selected. Reviewers were not blinded in any fashion as risk for bias during chart review

for objective data process markers was felt to be low. All discrepancies from the quality
assurance review, as well as any unclear cases for the RAs on initial review, were brought to
the lead investigators for adjudication and consensus agreement.

Outcome Measures

Key process outcomes included telemedicine use (including both telemedicine cart use and
telephone calls), compliance with SEP-1 sepsis bundle components including lactic acid
completion, blood culture completion, antibiotics within 3 hours, intravenous (1V) fluid
repletion for hypotension or lactic acid >4, repeat lactic acid completion for lactic acid >2,
vasopressor administration for septic shock, and reassessment for septic shock. The key
sepsis outcome measure was inpatient mortality and 30-day mortality.

Data Analysis

Cases were classified as pre-training and post-training depending on if they presented before
or after the in situ simulation training program was completed in the particular ED. The
study was powered to detect a 10% increase in SEP-1 compliance post-training, with focus
on time to antibiotics, and a 10% increase in telemedicine use from use in 0% of cases

prior to initiation of the telemedicine sepsis program to 10% of sepsis cases post-training.
We anticipated that clinicians would not need to use telemedicine in all cases, but only the
most sick and complex, hence the 10% goal. While mortality is also a reported outcome, we
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were unable to power the study to detect a significant mortality difference given low patient
volumes in these rural EDs.

Chi-square test or Fischer’s exact test were used to describe univariate association of
simulation training (pre- vs. post-) with demographics, primary and secondary outcome
variables, and mortality. Adjusted analysis were performed using logistic regression, with
adjustment for hospital characteristics- facility and if the patient was transferred to an
outside facility or not- and patient characteristics- age, sex, and severity of illness (SOFA
score)- and pre- vs post-training. Analyses were performed for both clinical outcomes
(mortality) and process outcomes (telemedicine use and SEP-1 compliance). Adjusted
associations were reported as odds ratios (OR) with 95% confidence intervals (95% ClI).
Additional secondary analyses- both unadjusted and adjusted- were completed to evaluate
the impact of telemedicine and for this analysis, cases were classified as including a
telemedicine activation (including either telemedicine cart use or telephone calls) or not.

We considered using interrupted time series analysis to evaluate changes in telemedicine use
over time, but unfortunately with low rural ED census, the number of cases did not allow for
this methodology.

In total, 2421 patients were assessed for study inclusion and 748 were excluded because on
chart review there was no evidence of severe sepsis or septic shock in the ED by SEP-1
definitions (Figure 1). The overall sample included 1753 patients, 1255 with severe sepsis
and 498 with septic shock, 834 from ED-A and 919 from ED-B. Within the patient sample,
629 presented prior to the ED staff undergoing training in sepsis and telemedicine (pre-
training) and 1124 presented to the ED after training was completed (post-training). There
were no differences in patient characteristics between the two groups, pre- vs. post-training,
(Table 1). Severity of illness was similar as well with a SOFA score of 3.0 across the two
groups. Characteristics of patients for whom a telemedicine consultation was utilized in the
ED vs. not were also the same. (Table 2).

Telemedicine was utilized in 69 cases total (3.9%) and there was a significant increase in
telemedicine utilization post-training (5.0% vs 2.1%, p<0.01). Note that the telemedicine
program was launched in both ED-A and B, but ED-A underwent in situ simulation training
first, therefore “pre-training” telemedicine use did occur in ED-B. Compliance with several
SEP-1 bundle components improved post-training: antibiotics within 3 hours, IV fluid
administration for patients that necessitated IV fluids by the SEP-1 rules, repeat lactic acid
evaluation, and vasopressor administration (Table 1). However, utilization of telemedicine
did not demonstrate an association with improved bundle compliance with the exception

of repeat lactic acid assessment with an improvement from 63.8% to 78.0% (p=0.04) and
reassessment for septic shock with an improvement from 1.5% to 11.1% (p<0.01) (Table
2). We did not demonstrate an improvement in inpatient or 30-day mortality across either
of the two group comparisons (pre- vs post-training, no telemedicine vs telemedicine use)
(Table 1 and 2). The aforementioned associations between telemedicine, in situ simulation
sepsis training, and mortality (Table 3) and process outcomes- including telemedicine use-
(Table 4), and telemedicine use and mortality (Table 5) all held in adjusted analyses, with
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the exception of the association between simulation training and improved compliance with
performing a repeat lactic acid assessment (no longer statistically significant).

DISCUSSION

This is the first work to demonstrate a relationship between in situ simulation training in

the rural environment and improved uptake of new technology, specifically telemedicine.
We demonstrated a modest increase in utilization of telemedicine after in situ simulation
training. We were also able to demonstrate a modest improvement in sepsis process of care
metrics, and the SEP-1 bundle compliance after in situ simulation training, for all patients.
Particular to telemedicine use, we saw an improvement in sepsis process of care metrics
that focus on vigilance in reassessment (repeat lactic acid assessment and reassessment

for septic shock). While we were unable to demonstrate an improvement in in-hospital or
30-day mortality, the study was not powered to detect a difference in mortality, and marginal
mortality benefit is difficult to detect in the era of protocolized care2’-22 and with smaller
sample sizes in rural ED care. There are multiple elements to consider when discussing the
results of this study: in situ simulation training, the nature of the proposed telemedicine,

the adoption of the proposed telemedicine, the impacts of telemedicine, and evaluating these
interventions in the rural environment.

The in situ simulation training addressed the introduction of the technology, its incorporation
into care, and the care process for sepsis. The training was completed by 80% of the
nursing staff at the sites, with interprofessional and physician participation welcome.

The intervention was designed to have content validity by including an interprofessional
team with emergency medicine expertise, and training held to a checklist to ensure the
opportunity for the team to demonstrate all critical items of interest for both telemedicine
and sepsis care.28 Other simulation teams, with varying degrees of repetitive training, have
demonstrated a positive impact on readiness for pediatric trauma,3° pediatric emergency
teams,3! advanced cardiac life support,32 33 and demonstrated mixed results for emergent
delivery.3* While we did not repeat the simulations to study readiness, ours is among an
uncommon group of simulation interventions to track process and patient care outcomes
in real patients after simulation.3% 36 Other examples of simulation training translating to
patient care include procedures where a learner can be tracked to a specific patient, and
include central line insertion training,37-39 thoracentesis,*° and lumbar puncture.4!

The proposed telemedicine intervention included the ability of the team to connect to the
elCU team via a telemedicine cart. While this cart was essentially the same as the tele-stroke
mechanism, including the connectivity software (Vidyo®©), it represented an extra step in
the care of septic patients. Unlike telestroke, in which the use of the cart connected to a
service that was not available otherwise (a neurologist) and led to an immediate patient care
decision (thrombolytics or not), this cart application was proposed to improve care that in
theory should already be ongoing. Thus, it may have been perceived as an encumbrance
rather than a boon. The barriers and facilitators of the adoption of telemedicine in this
setting are the subject of a planned qualitative analysis. There are additional factors that
may account for the benefit of telemedicine. In this study, most of the ED-eICU connections
occurred via telephone, and were facilitated by the elCU nurse placing the patient in their
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list of “sepsis hospital” patients within the EMR. This list provides a level of monitoring and
helps the eICU team check compliance with sepsis process goals across the ED and elCU
sites. In addition, the elCU and the two ED sites all had available a sepsis automated alert
mechanism through the EPIC© EMR that could be used to trigger telemedicine initiation.
Sepsis alerts have been shown to improve process outcomes,*2: 43 but not mortality in sepsis.
In the context of this study, the presence and benefits of these factors may wash out the
marginal benefit of deeper telemedicine involvement, but this is difficult to assess.

Because of the limited use of telemedicine in this study, it is difficult to comment on

the true impact of telemedicine in rural EDs for the improvement of sepsis care. Based

on our experience of integrating the technology, deploying the simulations and tracking

the outcomes, we would recommend several items be considered prior to a deployment
event. First, while there are certainly issues with alarms and alarm time costs, we suggest
considering sepsis automated alerts as a low-cost reminder. These should improve as
machine learning techniques lead to more predictive value.** 45 Second, consider the

ease with which telemedicine can ideally be initiated and be most helpful, and how the
connection is made to the nurse or provider. It is possible that telemedicine is only helpful
in patients who are more critically ill and therefore a more targeted approach could be used.
For example, a dedicated room in a small ED might have pre-installed cameras, and a one
button touch activation for telemedicine engagement. This solution sacrifices flexibility for
ease of initiation of the connection, but the connection process must be simple and fast,
with easy escalation to provider support. Third, many elCUs use sophisticated physiology
monitoring algorithms to monitor patients for more subtle vital sign changes that may
indicate deterioration.1® 46. 47 However, the integration of ED patients into such monitoring
schemes, particularly in rural EDs, is not without cost or the need for technical support.
Thus, our patients did not benefit from some of the most advanced vigilance functions our
elCU had to offer and the benefit of telemedicine could be even greater if these steps were
taken.

While it is clearly of value to study care improvement and patient safety in the rural
environment as over 51 million Americans live in rural areas, published research is limited.
Research is less robust and more difficult in the rural environment, likely for several

reasons including lower volumes and distance from large academic centers with research
knowledge, resources, and processes already in place. In addition, while the study used
established performance improvement design, tracking methods and attempted to adhere

to appropriate study planning and reporting guidelines,*8 it was still subject to the risks
inherent in both retrospective and performance improvement designs. We attempted to
control for key covariates with statistical planning and analysis, but temporal trends in
sepsis care are likely factors: ongoing self-education of physicians and staff outside of our
efforts, awareness efforts through professional organizations and government agencies, local
mechanisms for feedback to staff on performance, among other unmeasured variables. As
with any operational study, we did not operate in a vacuum and there was variation in the
degree of feedback on sepsis care performance the teams received at each site with more or
less emphasis at meetings depending on the site. This study is rare in that it is a multi-center
study of rural EDs over a long period of time to allow for adequate patient enrollment.

In addition, this study evaluated a process, telemedicine, and a training modality, in situ
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simulation, that are well suited to the rural ED environment and implementation in other
rural EDs.

CONCLUSION

This study is unique in that we have demonstrated an association between simulation
training and how care is delivered in the real patient care environment and with process

care measures. Implementing an in situ simulation curriculum in rural EDs, with a goal of
increasing telemedicine adoption for sepsis, led to a small increase in the use of telemedicine
in these EDs. The intervention was associated with improvements in sepsis process of care
components, but did not demonstrate a significant improvement in mortality.
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Assessed for Eligibility

(discharge diagnosis c/w sepsis, severe sepsis, septic

shock + admission through the ED; OR sepsis BPA
fired in the ED)
N=2421

Exclusion:

Presentation c¢/w sepsis or other
diagnosis. No evidence of severe sepsis
or septic shock during ED presentation.

N =748

Total Study Population:
Severe Sepsis (N= 1255), Septic Shock (N=498)
N=1753
ED-A =834 ED-B=919

Figure 1.
Patient Inclusion/Exclusion
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Table 1.

Unadjusted Analysis.

Unadjusted univariate associations of patient characteristics, process outcomes, and primary mortality

outcomes by pre vs post- telehealth in-situ simulation sepsis training program

Page 13

Total Sample N = 1753 Overall Pre-training Post-training p-value
N =1753 N =629 N =1124
Mean (SD)/ Median (IQR) or % Mean/Median or % Mean/Median or %
Facility:
A (N = 834) 834 (47.6%) 174 660 <0.01
B (N=919) 919 (54.2%) 455 464
Transfer for admission (yes vs no) 317 (18.1%) 17.2% 18.7% 0.35
Patient Characteristics:
Age 69.7 (15.3) 68.7 70.2 0.05
Female 48.3% 51.4% 46.6% 0.06
Infectious Source
Urine 32.5% 31.3% 33.2% 0.42
Lung 38.5% 38.0% 38.8% 0.74
Intra-abdominal 10.2% 9.7% 10.3% 0.76
Unknown 14.4% 15.3% 13.9% 0.43
SOFA Score 3.0(1.0,5.0) 3.0 3.0 0.98
Primary Process of Care Outcomes:
Telehealth Use 3.9% 2.1% 5.0% <0.01
Sepsis Bundle
Lactic Acid 96.6% 96.2% 96.8% 0.50
Blood Cultures 90.1% 89.4% 90.6% 0.41
Antibiotics 79.5% 74.6% 82.2% <0.01
IV Fluid * (N= 516) 50.6% 40.7% 55.8% <0.01
Repeat Lactic Acid *(N=1192) 64.4% 36.3% 79.1% <0.01
Vasopressors * (N=295) 55.6% 46.9% 59.8% 0.04
Reassessment for Septic Shock ™ (N=488) 2.1% 0.6% 0.8% 0.17
Primary Patient Outcomes:
Inpatient Mortality 10.2% 11.0% 9.7% 0.40
30-Day Mortality 19.5% 20.0% 19.2% 0.68

*
Only includes patients for which this bundle component was required
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Table 2.

Unadjusted Analysis.

Unadjusted univariate associations of patient characteristics, process outcomes, and primary mortality
outcomes with telehealth utilization.

No Telehealth Use N = 1684 | Telehealth Use N = 69 p-value
Mean/Median or N (%) Mean/Median or N (%)
Facility:
A 790 (46.9%) 44 (63.8%) <0.01
B 894 (53.1%) 25 (36.2%)
Transfer for admission (yes vs no) 1360 (18.0%) 20 (71.0% 0.05
Patient Characteristics:
Age 71.0 73.0 0.69
Female 48.3% 47.8% 0.93
Infectious Source
Urine 32.7% 27.5% 0.37
Lung 38.1% 49.3% 0.06
Intra-abdominal 10.2% 8.7% 0.84
Unknown 14.1% 20.3% 0.15
SOFA Score 3.0 3.0 0.09
Process of Care Outcomes:
Sepsis Bundle
Lactic Acid 96.5% 98.6% 0.73
Blood Cultures 90.1% 89.9% 0.84
Antibiotics 79.5% 78.3% 0.80
IV Fluid * (N=516) 50.0% 58.8% 0.32
Repeat Lactic Acid *(N=1192) 63.8% 78.0% 0.04
Vasopressors * (N=295) 55.0% 63.6% 051
Reassessment for Septic Shock *(N=488) 1.5% 11.1% <0.01
Primary Outcomes:
Inpatient Mortality 10.2% 8.7% 0.84
30-Day Mortality 19.5% 18.8% 0.89

*
Only includes patients for which this bundle component was required
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Table 3.

Adjusted Analysis.

Adjusted analysis of association between completion of telehealth in-situ simulation sepsis training and

inpatient and 30-day mortality. Odds Ratio with 95% Confidence Intervals.

Predictors

Primary Outcomes

Inpatient Mortality

30-Day Mortality

Hospital Characteristics
Facility A (vs B)
Transfer (yes vs no)
Patient Characteristics
Age

18 — 60 years

61 — 70 years

71— 81 years

82 — 103 years
Female
SOFA Score

0-1

2

3-4

5-19

Telehealth in-situ simulation sepsis training program completed

0.76 (0.53, 1.09)
1.76 (1.18, 2.62)

reference
1.22(0.71, 2.09)
2.19 (1.33, 3.61)
2.13(1.27, 3.59)
1.06 (0.76, 1.48)

reference
2.01 (0.86, 4.66)
4.41 (2.10, 9.26)
13.05 (6.49, 26.24)
0.82 (0.57, 1.17)

0.79 (0.60, 1.05)
1.41 (1.01, 1.97)

reference
1.91 (1.25, 2.92)
2.83 (1.88, 4.26)
3.71(2.44, 5.62)
1.27 (0.98, 1.64)

reference
1.71 (1.02, 2.86)
3.09 (1.94, 4.91)
9.33 (6.03, 14.45)
0.95 (0.72, 1.28)
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Adjusted Analysis.

Table 4.

Page 16

Adjusted analysis of association between completion of telehealth in-situ simulation sepsis training and
process outcome completion (sepsis bundle components). Odds Ratio with 95% Confidence Intervals.

Process Outcomes

82 — 103 years
Female
SOFA Score
0-1
2
3-4
5-19

Telehealth in-situ simulation
sepsis training program

completed

0.96 (0.45,2.08)

0.98 (0.60,1.62)

ref
0.61 (0.26,1.44)
1.10 (0.56,2.17)
1.25 (0.65,2.42)
2.04 (1.08,3.86)

1.27 (0.90,1.80)

0.77 (0.61,0.98)

ref
0.90 (0.65,1.26)
1.19 (0.86,1.65)
1.34 (0.97,1.86)
1.43(1.11,1.83)

1.01 (0.59,1.73)

1.05 (0.69,1.44)

ref
0.57 (0.29,1.09)
0.72 (0.39,1.31)
0.75 (0.43,1.30)
1.77 (1.18,2.64)

1.00 (0.45,2.24)

0.94 (0.55,1.60)

ref
0.83 (0.36,1.93)
0.64 (0.30,1.36)
0.80 (0.37,1.74)
1.22 (0.69,2.16)

Telehealth Use Antibiotics 1V Fluid Repeat Lactic Vasopressors for
Predictors within 3 hours Resuscitation” Acid” hypotension”

N 1725 1725 502 1725 285
Hospital Characteristics
Facility A (vs B) 1.63(0.95,2.79)  1.32(1.02,1.69) 1.02 (0.69,1.51) 0.79 (0.45,1.39) 0.87 (0.48,1.61)
Transfer (yes vs no) 1.45 (0.80,2.60) 0.86 (0.63,1.17) 1.69 (1.09,2.61) 0.78 (0.40,1.51) 1.03 (0.54,1.97)
Patient Characteristics
Age

18 - 60 years ref ref ref ref ref

61 - 70 years 1.27 (0.63,2.59) 1.14 (0.82,1.60) 0.88 (0.53,1.46) 0.77 (0.36,1.64) 1.59 (0.76,3.30)

71 - 81 years 1.26 (0.63,2.54)  1.05 (0.76,1.44) 0.71(0.43,1.17) 0.94 (0.44,2.02) 1.13 (0.53,2.71)

0.94 (0.41,2.42)
1.23(0.72,2.14)

1.40 (1.27,1.55) ™~

2.13(1.16,3.91)

*
Only includes patients for which this bundle component was required

Aok

SOFA Score continuous as the model with quartiles was unstable (did not converge).
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Table 5.
Adjusted Analysis.

Adjusted analysis of association between telehealth use and inpatient and 30-day mortality. Odds Ratio with
95% Confidence Intervals.

Primary Outcomes

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Predictors

Inpatient Mortality

30-Day Mortality

Hospital Characteristics
Facility A (vs B)
Transfer (yes vs no)
Patient Characteristics
Age

18 — 60 years

61 — 70 years

71— 81 years

82 — 103 years
Female
SOFA Score

0-1

2

3-4

5-19
Telehealth Use

0.73(0.51, 1.03)
1.76 (1.18, 2.63)

reference
1.27 (0.74, 2.17)
2.24 (1.36, 3.69)
2.16 (1.28, 3.64)
1.06 (0.75, 1.48)

reference
2.00 (0.86, 4.64)
4.39 (2.09,9.21)
13.14 (6.53, 26.41)
0.46 (0.16, 1.33)

0.79 (0.60, 1.03)
1.42 (1.02, 1.98)

reference
1.94 (1.26, 2.97)
2.85(1.89, 4.30)
3.73 (2.45, 5.66)
1.26 (0.97, 1.64)

reference
1.70 (1.01, 2.85)
3.09 (1.94, 4.91)
9.38 (6.06, 14.53)
0.69 (0.34, 1.39)
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