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Sepsis is a life-threatening infection that affects over 1.7 million Americans annually. Low-volume rural
hospitals have worse sepsis outcomes, and emergency department (ED)-based telemedicine (tele-ED) has
been one promising strategy for improving rural sepsis care. The objective of this study is to evaluate the
impact of tele-ED consultation on sepsis care and outcomes in rural ED patients. The TELEVISED study is a
multicenter (n = 25) retrospective propensity-matched comparative effectiveness study of tele-ED care for
rural sepsis patients in a mature tele-ED network. Telemedicine-exposed patients will be matched with
non telemedicine patients using a propensity score to predict tele-ED use. The primary outcome is 28-
day hospital free days, and secondary outcomes include adherence with guidelines, mortality and organ
failure.
ClinicalTrials.gov: NCT04441944.

Lay abstract: Sepsis is a life-threatening infection that affects over 1.7 million Americans annually. Sepsis
patients in low-volume rural hospitals die more often, and emergency department-based real-time video
telemedicine has been one promising strategy for improving rural sepsis care. This study evaluates the
impact of telemedicine consultation on sepsis care and outcomes in rural sepsis patients. The TELEVISED
study is conducted in 25 rural hospitals that participate in a mature rural telemedicine network. Patients
for whom telemedicine is used will be compared with those for whom it is not used to measure the effect
on mortality, hospital length-of-stay and secondary outcomes including quality of care and severity of
illness.
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Background & rationale

Sepsis is a life-threatening condition that has doubled in incidence over the past decade, and now affects over
1.7 million Americans annually [1]. As an advanced form of infection-related organ failure, sepsis now constitutes
17% of all in-hospital deaths in the USA at a cost of almost US$24 billion, making it the most expensive acute
condition treated in US hospitals [2]. Most sepsis patients are admitted from the emergency department (ED), and
aggressive early ED care has been shown to improve sepsis survival 3-6]. The Surviving Sepsis Campaign (SSC)
publishes recommendations for sepsis care, consisting of early recognition, early appropriate antibiotics and early
resuscitation [5,7-11]. The Centers for Medicare and Medicaid Services, a federal agency that administers the nation’s
public healthcare programs, also report a quality metric for patients with sepsis or septic shock (SEP-1) [12]. These
facts suggest that the quality of sepsis care is recognized by clinicians, researchers and policy-makers as an important
area for improving patient outcomes, and ED is as impactful area to target.

Currently, 19% of Americans live in rural areas, and rural sepsis patients are at particularly high risk of poor
outcomes [13-15]. Rural patients prefer to receive care close to home, but they are less likely to receive guideline-
adherent sepsis care, and low-volume EDs have 38% higher sepsis mortality [16-24]. Rural EDs are also less likely
to be staffed by board-certified emergency physicians, and sepsis is a condition infrequently managed in many
low-volume centers [25]. Consequently, rural EDs often rely on inter-hospital transfer to relocate sepsis patients to
tertiary hospitals, but even transferred rural sepsis patients have higher mortality than their urban counterparts [26-
28]. Patients who bypass rural hospitals to seek care directly in larger centers also have worse outcomes, with an
estimated 5.6% increase in mortality compared with those who seck care in their local communities [29]. Early, high-
quality care is critical to improve rural sepsis survival, and delays in early care are common and are associated with
significantly worse outcomes [30]. This observation suggests that novel strategies are needed to improve outcome in
this vulnerable cohort.

Telemedicine has been one promising strategy adopted in many rural EDs to improve both the quality of
early emergency care and access to high-quality tertiary networks (31-34]. Telemedicine networks provide a real-time,
high-definition, on-demand video connection between a rural hospital and a tertiary hub. A survey of New England
hospitals showed that telemedicine services were available in 49% of hospital EDs, with low-volume rural hospitals
comprising the majority of tele-ED users [33]. Other rural areas have even higher penetration, with telemedicine
being used in over 80% of North Dakota critical access hospital EDs [32]. Telemedicine can maintain access to
care despite rural staffing challenges and can increase access to services not typically available in rural centers [35).
Our research group has previously shown that rural telemedicine availability shortens ED door-to-provider times
and length-of-stay for trauma patients and shortens the time-to-arrival to a tertiary care center among transferred
patients [36,37].

Telemedicine has been used to supplement sepsis care since its inception [38], including improved monitoring
and adherence with protocolized sepsis care [39-42]. ED-based telemedicine has also been associated with increased
adherence to sepsis guidelines and reduced sepsis-associated transfers between hospitals [43-46]. Each of these reports
suggested that telemedicine improved care, but all were preliminary reports of pilot programs that had not yet
expanded to scale.

Avera ¢CARE, a telemedicine network based in Sioux Falls, South Dakota, serves as a telemedicine hub for a
network of over 190 EDs in 13 states, and it is the largest rural ED-based telemedicine network in North America.
Rural clinicians or nursing staff activate the telemedicine network by depressing a button installed in the ED, and
on-demand high-definition video consultation (tele-ED) are provided by a board-certified emergency physician and
experienced ED nurse via a video monitor in the patient’s room. This network has been functioning since 2009 and
now conducts over 7500 tele-ED video consultations annually. The hub staff have access to the electronic medical
record for each participating hospital and can review radiography and EKGs, enter nursing documentation, and
enter physician orders. As a telemedicine hub, the network disseminates quality improvement activities across their
multiple centers, and sepsis has been one of the focus areas [47]. Therefore, this network provides a unique platform
in which to study the impact of telemedicine on sepsis outcomes, which has not rigorously done before.

The objective of this study is to evaluate the impact of tele-ED care on rural sepsis patients. Our goal is to
understand what role tele-ED plays in improving guideline adherence and clinical outcomes. Our hypothesis is that
telemedicine increases 28-day hospital-free days, through its effect on improving adherence with SSC guidelines.
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ED Inpatient Hospital discharge

Infection
(by ICD-9/10
codes)

SIRS criteria
in ED

Identified or
suspected
infection

Organ failure
(by ICD-9/10
codes)

Organ failure

Figure 1. Case selection definition. (A) First, discharge diagnosis will be screened for sepsis discharge codes. (B) Then
the ED electronic medical record will be examined for appropriate clinical criteria to determine the analytic dataset.
ED: Emergency department.

Methods & analysis

Study design

This study is a multicenter (n = 25) retrospective propensity-matched comparative effectiveness study of tele-ED
care for sepsis patients with sepsis. Initially, 30 hospitals were identified for participation, but data use restrictions
only permitted 25 to participate. This manuscript is reported in accordance with the Template for Intervention
Description and Replication checklist for Population Health and Policy (TIDieR-PHP) and the study was designed
using the Strengthening the Reporting of Observational Studies in the Epidemiology (STROBE) statement:
Guidelines for Reporting Observational Studies [48,49].

Study population

This study will include all adult (age >18 years) sepsis patients who presented to a participating rural ED between 1
August 2016 and 30 June 2019 (Table 1). Data collection/abstraction started on 10 October 2019 and is anticipated
to be complete by 30 December 2020. Because of poor sensitivity in diagnosis code-based definitions of sepsis [50],
we will use a multistep sepsis definition requiring identification of infection in the ED, organ failure in the ED, at
systemic inflammatory response syndrome criteria in the ED and hospital diagnosis of both infection and organ
failure (Figure 1). To identify hospital diagnosis of infection and organ failure, we will use the Fleischmann-Struzek
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Table 1. Participating sites.

Site

20

21

22

23

24

25

Population of
city, 2010
(persons)

1000-1999

1000-1999

2000-4999

2000-4999

1000-1999

1000-1999

1000-1999

10,000-19,999

10,000-19,999

10,000-19,999

2000-4999

1000-1999

20,000-49,999

10,000-19,999

1000-1999

Less than 1000

2000-4999

Less than 1000

2000-4999

Less than 1000

1000-1999

2000-4999

1000-1999

5000-9999

1000-1999

Annual ED
volume, 2019
(visits per year)

1500-3499

500-1499

500-1499

500-1499

500-1499

3500-7499

500-1499

7500-14,999

7500-14,999

7500-14,999

1500-3499

500-1499

7500-14,999

3500-7499

500-1499

Less than 500

500-1499

500-1499

7500-14,999

Less than 500

500-1499

500-1499

3500-7499

1500-3499

1500-3499

ICU

No

No

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

No

No

Total
inpatient
beds (count)

23

21

25

25

25

50

75

25

25

49

50

25

25

24

44

25

20

25

20

Distance to
transfer
receiving
hospital (miles)
30-59

90-119

Less than 30

30-59

Over 239

150-179

150-179

90-119

60-89

60-89

180-239

60-89

180-239

180-239

90-89

120-149

30-59

60-89

90-119

60-89

120-149

30-59

90-119

30-59

90-119

Rurality (Federal

Office of Rural
Health Policy)

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rural

Rurality
(rural-urban
commuting area)

Rural area (10.0)

Rural area (10.0)

Metropolitan area
high commuting
with primary
commuting flow
30% or more to
urbanized area (2.0)

Rural area (10.0)

Rural area (10.0)

Rural area (10.0)

Rural area (10.0)

Micropolitan area
core (4.0)

Micropolitan area
core (4.0)

Micropolitan area
core (4.0)

Small town core
(7.0)

Rural area with
secondary
commuting flow
(30-49%) to a large
urban cluster (10.2)

Micropolitan area
core (4.0)

Micropolitan area
core (4.0)

Rural area (10.0)

Rural area (10.0)

Small town core
(7.0)

Rural area (10.0)

Micropolitan area
core (4.0)

Rural area (10.0)

Rural area (10.0)

Small town core
(7.0)

Rural area (10.0)

Small town core
(7.0)

Rural area (10.0)

Rurality (rural-urban continuum
code)

Less the 2500 urban population,
not adjacent to a metro area (9)

Less the 2500 urban population,
not adjacent to a metro area (9)

Counties in metropolitan areas of
fewer than 250,000 population
(3)

Less the 2500 urban population,
adjacent to a metro area (8)

Less the 2500 urban population,
not adjacent to a metro area (9)

Less the 2500 urban population,
not adjacent to a metro area (9)

Less the 2500 urban population,
not adjacent to a metro area (9)

Population of 2500-19,999, not
adjacent to a metro area (7)

Population of 2500-19,999, not
adjacent to a metro area (7)

Population of 2500-19,999, not
adjacent to a metro area (7)

Population of 2500-19,999, not
adjacent to a metro area (7)

Less the 2500 urban population,
adjacent to a metro area (8)

Population of 20,000 or more,
not adjacent to a metro area (5)

Population of 2500-19,999, not
adjacent to a metro area (7)

Less the 2500 urban population,
not adjacent to a metro area (9)

Less the 2500 urban population,
not adjacent to a metro area (9)

Population of 2500-19,999, not
adjacent to a metro area (7)

Less the 2500 urban population,
not adjacent to a metro area (9)

Population of 2500-19,999, not
adjacent to a metro area (7)

Less the 2500 urban population,
not adjacent to a metro area (9)

Less the 2500 urban population,
not adjacent to a metro area (9)

Population of 2500-19,999, not
adjacent to a metro area (7)

Less the 2500 urban population,
not adjacent to a metro area (9)

Population of 2500-19,999, not
adjacent to a metro area (7)

Less the 2500 urban population,
not adjacent to a metro area (9)
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approximation of sepsis using International Classification of Diseases, 10th edition, Clinical Modification (1CD-10-
CM) discharge diagnoses or an explicit discharge sepsis code (R65.20 or R65.21) [4]. Infection in the ED is defined
as the explicit documentation of a source of infection in the ED medical record. Organ failure in the ED is defined
based on the Sequential Organ Failure Assessment (SOFA) score of >2 points (or a change of two points in those
with pre-existing chronic disease) [51]. Systemic inflammatory response syndrome is defined according to the original
Bone criteria as at least 2 of the following: body temperature greater than 38°C or less than 36°C; heart rate greater
than 90 beats per minute; respiratory rate greater than 22 breaths per minute or pCO; less than 32 mmHg; or a
white blood cell count greater than 12,000 cells/pl, less than 4000 cells/pl or the presence of greater than 10%
immature neutrophils [52]. These criteria were selected to parallel the Sepsis-3 definition, but additionally required
convincing evidence of recognized infection and objective organ failure in the ED (53] All records include data on
the ED visit and inpatient visits, even when patients are transferred between rural hospitals and tertiary centers.
Any patients transferred to a hospital outside the network will be excluded for missing inpatient data.

Intervention

As part of standard treatment, Avera eCARE uses established protocols for sepsis management. Standardized nurse-
directed sepsis screening is used in all participating rural EDs (Figure 2), and tele-ED consultation is left to the
discretion of the local treating clinician. Tele-ED providers are board-certified emergency physicians providing care
via remote connection from SD, USA. The telemedicine hub uses computerized decision-support software during
tele-ED consultations to guide recommendations for patient care, including fields prompting for sepsis guideline
adherence elements (e.g., lactate measurement) and fields for recording completion times for each element of
the SSC bundle elements. This real-time checklist aids hub staff in guiding local clinicians through elements of
guideline-adherent sepsis care [47]. In addition to real-time clinical support, the telemedicine network sponsors
regular continuing education events provided for nurses, advanced practice providers and physicians by remote
education. Many clinicians also cite ongoing professional education provided in the context of clinical care as an
additional benefit of tele-ED use [541. The telemedicine service is currently provided in a self-sustaining financial
model, and none of the research funding supporting this analysis supports telemedicine clinical operations.

Patient & public involvement
Patients and members of the public were not involved in the development of the research question or study design,
and they will not be involved in the conduct of the study.

Data collection

Data collection will be performed using manual chart abstraction in accordance with the methods described by Kaji
et al. [55]. Research team members will access the health system electronic medical record in which charts from all
participating hospitals are maintained. We will use the original hospital medical record instead of the telemedicine
record, because we want to limit ascertainment bias for non telemedicine patients and we have observed previously
that telemedicine is rarely referenced in the primary medical record in participating hospitals [56). Data will be
abstracted by three research assistants blinded to the use of telemedicine and details of the study hypothesis, using
a standard data collection form with 4 priori-defined data elements and a coding guide using a Research Electronic
Data CAPture (REDCap) secure database (Supplementary Material 1). The case report form was developed by
a research team member with significant training in both sepsis data abstraction and sepsis clinical practice, and
the case report form was pilot-tested to ensure that data collection aligned with the order in which data could be
abstracted efficiently. Real-time error checking and data validation algorithms were built into the database to reduce
data entry errors.

All research assistants will have an introductory training to the medical record by a project trainer who has prior
experience with sepsis data abstraction and use of the medical record. The trainer will conduct education sessions
regarding the data collection tools with each of the three research assistants through one-on-one mentorship over a
4-week dedicated training period. Ten training records will be abstracted by all research assistants, and the trainer
will review the data collected for each data element and provide feedback prior to certifying research assistants to
abstract additional records. The trainer will continue reviewing portions of data collection until data collection
is reliable for every research assistant. After training activities are complete, a 10% sample of all records will be
abstracted by both a research assistant and the trainer, and discordance will be reviewed with research assistants on
an ongoing basis for training and quality control.

future science group www.futuremedicine.com 81
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View ED sepsis screening tool

Sepsis screening
() No infection suspected O Known/suspected infection
Known or suspected infection as evidenced by
any of the following:

* Fever/chills
Weakness

Infection screening “ Cough/shortness of breath
" On antibiotic therapy

* Abdominal pain
* Altered mental status

= Cellulitis/new purulent wound drainage =
Recent procedure

[[]Screening criteria WNL[_] RR >20
[JTemp <96.8,>100.9 []MAP <65
LJPulse >90 LI Lactic acid >2

Sepsis screening 8(8)2% ;9290 [JWBC <4000, >12,000

If there is a suspected or documented
infection and 2 or more of the above are

» present the screening is positive
Screening results

If sepsis screening result is positive —
notify the physicians immediately.

=Anticipate the following diagnostics: lactic
acid, CBC, CMP, BC x2, U/A, urine culture,
chest X-ray.

= Anticipate the following medications:
initial IV fluid resuscitation, antibiotic

. therapy within 1 hour.
Sepsis risk level

Nursing care guidelines for a positive sepsis
screen:

Figure 2. Standardized nurse screening for sepsis for all patients during emergency department triage (prior to
telemedicine activation).
ED: Emergency department.

Abstractor inter-rater reliability measurements (Cohen’s kappa) will be conducted on the decision for inclusion in
the study cohort and on key data elements (hospital length-of-stay, mortality, timing of each SSC intervention and
Acute Physiology and Chronic Health Evaluation Score, 2nd edition [APACHE-II] score). The study team determined
a priori that agreement of greater than 90% on cohort inclusion, determination of adherence with the SSC 3-h
bundle and outcome variables was acceptable.

Exposure of interest

The primary exposure of interest is tele-ED consultation. Tele-ED use is defined as using video tele-ED during
the rural ED visit for sepsis, and it will be defined by identifying the presence of a matching visit in the tele-ED
call log maintained by the telemedicine hub. No telemedicine consultations occurring exclusively outside the ED
will be included in the tele-ED cohort. Any sepsis case identified in our inclusion criteria for which no tele-ED
consultation is identified will comprise a case without tele-ED use.
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Outcomes
Primary outcome

The primary clinical outcome is 28-day hospital-free days. This composite outcome is calculated as the hospital
length-of-stay subtracted from a total of 28 days, with any in-hospital deaths coded as zero hospital-free days. This
outcome has the advantage of incorporating both length-of-stay and the competing outcome of death in the same
metric, with larger values always indicating less severe outcomes [57].

Secondary outcomes

Secondary outcomes will include both process-related outcomes and clinical outcomes.

The process outcome of interest is completion of the SSC 3-h bundles from the 2016 guidelines, which requires
the following items be completed within 3 h after ED arrival: measure blood lactate level, obtain blood cultures
prior to antibiotics, administer appropriate broad-spectrum antibiotics and administer 30 ml/kg crystalloid fluid
bolus in the setting of hypotension or elevated lactate. We will also measure completion of the 6-h bundle,
requiring documentation of the following elements within 6 h after hospital arrival: vasopressors for hypotension
(mean arterial pressure less than 65 mmHg) after fluid resuscitation, and repeat lactate measurement if initial
lactate was greater than 2 mmol/1 [7,58]. The requirement to reassess resuscitation and volume status was excluded
from this metric because of the difficulty in determining completion of this element from the medical record.
This primary outcome was determined as a dichotomous outcome of adherent or not adherent with all data
elements, but additional outcomes included completion of each of the bundle elements individually. Since the SSC
recommendations changed to a 1-h bundle during the data collection period, we will also conduct a sensitivity
analysis to measure completion during the more expedited time target [59]. We will analyze the time-to-event data
from arrival at the first ED.

Antibiotic appropriateness will be determined based on administration of antibiotics within 3 h of hospital
arrival with activity against likely pathogens based on the suspected infection in the initial ED (according to
relevant guidelines published by the Infectious Diseases Society of America), or broad-spectrum coverage active
against gram-positive and gram-negative bacteria according to the SSC guidelines current at the time of clinical
care [7,60-62]. Two emergency medicine clinical pharmacists will review each antibiotic combination from the ED and
independently adjudicate antibiotic appropriateness, blinded to the telemedicine status of the case. Discrepancies
will be resolved by a third emergency medicine clinical pharmacist. Antibiotic combinations that are broader than
recommended by guidelines will be coded as ‘appropriate.’

Additional clinical outcomes of interest will include mortality, mechanical ventilation, 28-day ventilator-free
days, vasopressor use, 28-day vasopressor-free days, new renal replacement therapy, inter-hospital transfer, 28-day
ICU-free days, ED length-of-stay and time-to-inpatient unit arrival.

Covariates

Additional variables are defined for use in the propensity score and risk-adjustment models. Illness severity will
be measured using the APACHE-II score using the worst values of each parameter from the first 24 h of health
system contact [63]. Comorbidities will be identified as present from the ED and hospital admission medical record
among the following: hypertension, chronic obstructive pulmonary disease, asthma, cirrhosis, history of organ
transplant, congestive heart failure, malignancy, HIV infection, diabetes mellitus, end-stage renal disease requiring
hemodialysis. Insurance status will be recorded from patient financial records. Shock index will be calculated as
(heart rate)/(systolic blood pressure), measured at ED triage [64]. Year will also be recorded to capture temporal
trends in sepsis management and outcomes.

Missing data

If data are missing on clinical outcomes, the record will be excluded. Participants not recorded in the call log will
be assumed not to have had tele-ED used, and sepsis-related interventions not recorded will be assumed that these
interventions did not occur.

Causal model

This study is testing the hypothesis that telemedicine decreases mortality and hospital length of stay by increasing
the probability that high-quality sepsis care is delivered, and that the improved quality of care improves clinical
outcomes by decreasing organ dysfunction that leads to prolonged hospital stay. The impact of telemedicine is
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Patient factors

Provider factors

Hospital factors

Sepsis bundle adherence
Indirect

pathway

Direct pathway

Figure 3. Causal model. The relationship between telemedicine use and clinical outcomes in rural sepsis patients is
complicated and acts through multiple pathways. In addition, patient factors, provider factors and hospital factors
confound the causal model.

proposed to occur through direct patient care recommendations, training local providers who can provide better
care to subsequent patients and improved protocols and standard care elements that improve future care (Figure 3).
Because high-quality sepsis care may be delivered without telemedicine and certain patient-level characteristics
(e.g., severity of illness, need for transfer) may be associated with telemedicine use, our analytic strategy is designed
to reduce the impact of selection bias and confounding,.

Proposed statistical methods
Propensity score matching

This study will utilize propensity score matching to pair patients on their likelihood of having telemedicine
used. To predict the probability of telemedicine use, a propensity score will be generated using the following
patient-oriented candidate variables: illness severity (APACHE-II score), age, comorbidities, shock index, lowest
systolic blood pressure in the ED, insurance status, suspected source of infection, procedures performed in the ED
(e.g., intubation, central venous line placement), inter-hospital transfer, year and ED provider type (physician vs
advanced practice provider).

Inidially, we will attempt to match telemedicine-exposed cases to unexposed controls within each hospital. If
insufficient unexposed cases within each hospital are available or if the measured covariates are poorly matched
between the cohorts, a more broadly defined propensity score will be used, we will add hospital-level covariates
to the propensity score to be included in the match: presence of an ICU, rurality (measured using Rural-Urban
Commuting Area [RUCA] categories [65]), ED volume and a hospital-specific categorical variable to capture facility-
level differences. If this broader score is used, exposed cases will be matched to unexposed cases across the entire
cohort.

The predicted probability of telemedicine consultation will be computed for each case (e.g., propensity score)
using the described logistic regression model. The distribution of propensity scores for telemedicine-exposed and
telemedicine-unexposed cohorts will be analyzed to ensure sufficient overlap in the probability of telemedicine use.
Patients for whom telemedicine was used (exposed) will be matched to non telemedicine controls (unexposed) in a
1:1 ratio using an optimal matching algorithm [66]. The distribution of the covariates between the two cohorts will be
analyzed with the standardized differences method, with a standardized difference of 0.1 considered significant [67].

Multilevel modeling

Explanatory hierarchical regression models will be built with generalized linear mixed models using a negative
binomial distribution in the propensity-matched cohorts. All candidate variables defined for the propensity score
will be tested for differences between the propensity-matched cohort. Additionally, organ-specific components of
the SOFA score in the ED will be tested for balance across cohorts. If no imbalances exist, then the primary
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Estimated sample size for a two-sample paired-means test

800

600 —

400

Sample size, pairs (N)

200

T
19.5 20.0 20.5
Posttreatment mean (u,,)

Correlation (p)
————— 02 —025 203 —-- —04
Parameters: .= 0.05, 1-3=0.8,d, =0,y ,=19,6=8.2

Figure 4. Sample size estimate. An estimated 234 pairs of propensity-matched cases are required to detect a 10%
difference in 28-day hospital-free days with 80% power.

generalized linear mixed model will include the predictor variable of telemedicine use alone and the primary
outcome variable of 28-day hospital-free days with a random intercept of the propensity-matched pair (which
will be matched within index hospital). If imbalances exist on any adjustment variables, they will be included
as additional predictor variables, and variables will be retained in the model based on the Akaike Information
Criterion. The model will be examined for interactions and multicollinearity. Similar models will be built for all
hypothesis-driven primary and secondary clinical and process-oriented outcomes.

Mediation analysis

If telemedicine is associated with better clinical outcomes and greater adherence with the SSC bundle, mediation
analysis will be used to determine what proportion of the clinical effect is attributable to adherence with the bundle.
In this model, telemedicine may improve bundle adherence through the indirect pathway, which could improve
clinical outcomes, but there may be other non bundle effects of telemedicine (direct pathway, Figure 3). We will use
the product of coefficients approach to mediation analysis using standardized coefficients to maintain the same scale
in dichotomous predictors and outcomes [68-72]. Because parametric assumptions are violated with this approach,
confidence intervals will be estimated using bootstrap resampling for testing significance [73,74]. This analysis is
planned using the mediator of the 3-h SSC bundle and its subcomponents, with all defined clinical outcomes.

Sample size

Since the analysis will be conducted using propensity-matched pairs, we propose a power calculation using the
paired samples t-test. While hospital-free days is unlikely to be normally distributed, the difference in the outcomes
for propensity-matched pairs is expected to be parametric. We defined a clinically meaningful difference in our
primary outcome of length-of-stay as 10% based on prior reports [75,76). We conducted a pilot study of sepsis
patients in a smaller cohort of rural hospitals from the same network in February 2016 that reported mean 28-day
hospital-free days to be 18.5 days [56]. We calculate that 234 pairs will provide 80% power and 312 pairs will provide
90% power to detect a difference of >10% in 28-day hospital-free days between the paired cohorts, assuming
a =0.05; p = 0.25 and mean 28-day hospital-free days of 18.5 days (SD 8.2; Figure 4).

In our 2016 pilot study, 40% of cases identified by ICD-9-CM codes met all inclusion criteria (Figure 1), and
34% used telemedicine [s6). Preliminary query of the medical record of participating hospitals suggests a total
available sample of 4,240 records based on discharge diagnoses alone. This sample would predict approximately
576 qualifying sepsis cases for which telemedicine was used.
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Anticipated results
Based on prior related analyses, we expect to observe that tele-ED use is associated with improved adherence
to SSC guidelines, and that this improvement in adherence will be associated with increased 28-day hospital
free days [44,56]. We believe that is reasonable because of the strong published data that SSC bundle adherence
is associated with improved outcomes [77-79], but directly demonstrating the causal model involving tele-ED is
important, and mediation analysis will help clarify the pathway.

In our mediation analysis, we expect that our effect will be both through the causal pathway of SSC guideline
adherence and also through the direct pathway (e.g., through a pathway other than through guideline adherence).

Data storage & management

All data will be entered into a secure password-protected REDCap database accessible only to the study team. For
each data element, values will be summarized to identify missingness, outliers and discrepancies. Prior to analysis,
data will be deidentified, and protected health information will only be accessed on password-protected computers
using a secure encrypted server. The study PI will have access to the final dataset and will take ultimate responsibility
for its integrity.

Ethics & dissemination

Ethics approval

The study protocol was reviewed and approved by the institutional review board (IRB) at both the University of
Iowa and at Avera ¢CARE under waiver of informed consent.

Dissemination & data sharing

The results of this study will be disseminated via publication in peer-reviewed journals, presentations at scientific
meetings and dissemination of research briefs to participating rural hospitals. Aggregate data will be shared with
investigators who make a written request to the study team, and cross-institution collaborations are encouraged.
Because of the sparsely populated region where this study is being conducted, hospital-identifiable data could permit
identification of individuals, so patient-level data will not be released. The study team will, however, collaborate
with investigators to conduct additional analyses while maintaining the security of the dataset.

Strengths & limitations

Strengths

The main strength of this study design is that we are measuring real-world pragmatic impact of tele-ED consultation
in a mature telemedicine network. Many telemedicine studies report the results of small single-center pilot programs,
or they report the findings from demonstration projects that are not scalable [40,43,45]. The intervention we are
testing is operating in a sustainable network at scale.

The second strength is our use of a multicenter network. Rural hospitals vary considerably, so including 25 rural
hospitals of different sizes, ownership structures and in different states increases our external validity.

The third strength is our use of propensity score matching and mediation analysis to both account for selection
in who received telemedicine and also to test a causal pathway for how patients might be impacted by tele-ED
consultation. Testing the hypothesis that tele-ED is associated with clinical outcomes while also measuring the
pathway of that proposed effect is robust, because it both adds credibility to any effect on the primary outcome
and it allows for subsequent theories on how the relationship between a hub and a rural center might function.

Finally, our use of a clinical outcome is a strength. Our goal in this analysis is to prioritize patient-oriented
clinical outcomes over process outcomes, because those clinical outcomes are most relevant to patients, providers
and policymakers.

Limitations

The main limitation of our study is its observational design. Because our primary data source is an electronic
medical record, we are limited by the quantity and quality of the data recorded in the medical record. Despite our
use of propensity score methods, there may be residual confounding by indication not adjusted by the statistical
methods we propose. We are limited by our method of data collection, in that a group of data abstractors will
be abstracting charts manually. We have designed robust quality control checks into this process, but some data
collection errors may be unrecognized. Another limitation is the fact that participating hospitals subscribe to a
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single tele-ED network. The impact of that network may be different in structure, process and outcomes from
other tele-ED networks (8. All participating hospitals are in the Midwest, which may mean they are different from
hospitals in other US regions.

Conclusion

The TELEVISED study is the first large-scale evaluation of the use of tele-ED care to improve the outcomes of sepsis
patients in rural hospitals. Identifying alternative strategies for implementation and dissemination of high-quality
care in the treatment of critically ill patients in rural EDs is important. Future work will focus on optimizing
implementation strategies and better elucidating the mechanisms of impact for those providing rural healthcare.

Summary points

Strengths and limitations of this study:

e This study will evaluate the impact of telemedicine in rural emergency departments (EDs) to measure its
association with improved quality of ED sepsis care and improved clinical outcomes.

e The study will use mediation analysis to understand the mechanism by which any improvements in clinical
outcomes are observed.

e The use of a propensity-matched cohort design in a multicenter (n = 25) study of rural EDs is a strength to
enhance external validity and limit selection bias.

e Conducting a study in a mature network where providers choose whether to consult telemedicine may retain
some residual confounding.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/sup
pl/10.2217/cer-2020-0141
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