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Abstract

INTRODUCTION—Sepsis is a life-threatening emergency. Together, early recognition and
intervention decreases mortality. Protocol-based resuscitation in the emergency department (ED)
has improved survival in sepsis patients, but guideline-adherent care is less common in low-
volume EDs. This study examined the association between provider-to-provider telemedicine and
adherence with sepsis bundle components in rural community hospitals.

METHODS—This is a prospective cohort study of adults presenting with sepsis or septic shock in
community EDs participating in rural telemedicine networks. The primary outcome was adherence
to four sepsis bundle requirements: lactate measurement within three hours, blood culture before
antibiotics, broad-spectrum antibiotics, and adequate fluid resuscitation. Multivariable generalized
estimating equations estimated the association between telemedicine and adherence.

RESULTS—In this cohort (n=655), 5.6% of subjects received ED telemedicine consults. The
telemedicine group was more likely to be male and have a higher severity of illness. After
adjusting for severity and chief complaint, total sepsis bundle adherence was higher in the
telemedicine group compared to the non-telemedicine group (aOR 17.27 [95%CI 6.64 — 44.90],
p<0.001). Telemedicine consultation was associated with higher adherence with three of the
individual bundle components: lactate, antibiotics, and fluid resuscitation.
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DISCUSSION—Telemedicine patients were more likely to receive initial blood lactate
measurement, timely broad-spectrum antibiotics, and adequate fluid resuscitation. In rural,
community EDs, telemedicine may improve sepsis care and potentially reduce disparities in
sepsis outcomes at low-volume facilities. Future work should identify specific components of
telemedicine-augmented care that improve performance with sepsis quality indicators.
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INTRODUCTION

Sepsis is a time-sensitive emergency condition that affects 750,000 people each year in

the U.S. and has a mortality of 29%.1 Recognition and early management has been

shown to improve patient outcomes, with 4% higher mortality for each hour of delay in
sepsis care.2 Hospitals that have implemented protocol-based care for sepsis patients have
improved treatment guideline adherence and improved survival.3 4 Accurate recognition and
resuscitation in the emergency department (ED) are critical for improving sepsis outcomes.

Telemedicine in the ED (teleED) has improved triage and management of time-sensitive
emergency conditions, such as ischemic stroke, acute myocardial infarction, and trauma.>’
Each of these emergency conditions has common characteristics: they benefit from timely
care, have better outcomes in high volume EDs, and care has been extensively standardized.®
TeleED supports protocol-based care, supplements local care with expert clinicians who
regularly treat uncommon emergencies, and facilitates triage and inter-hospital transfer.>: 8 9

While the use of teleED has gained popularity, its use for sepsis care remains novel. In

small hospitals, teleED may improve sepsis care and prevent costly and potentially avoidable
transfer.10: 11 Previous reports of teleED for sepsis have been limited to a small pilot study
and single-center before-after study.12: 13 While the vague and nonspecific symptoms that
may indicate sepsis represent a diagnostic challenge for teleED sepsis programs, 14 the
time-sensitive nature of early sepsis treatment, the ability to provide care in any ED even
without advanced procedural capability, and the clear benefit of expert consultation on sepsis
outcomes suggest that sepsis could be the perfect application for teleED care.2 14

The objectives of this study are to evaluate the impact of telemedicine on adherence to sepsis
bundle requirements in the ED. This study will assess the impact of telemedicine on process
measures to better elucidate what role it might have in impacting rural health care systems.

METHODS
Study Design & Setting

This is a prospective cohort study of sepsis and septic shock patients presenting to

EDs in six teleED networks between November 2015 and December 2017. All teleED
networks participated in the Evidence-Based Tele-Emergency Network Grant Program
(EB TNGP) for the purposes of comparative effectiveness studies of provider-to-provider
telemedicine interventions in rural EDs. The six teleED networks service 65 spoke
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hospitals, which are 91% rural and a median ED annual volume of 8,427 visits.1® The

EB TNGP was funded by the Health Resources & Services Administration (HRSA), Federal
Office of Rural Health Policy (FORHP) to generate data on the impact of telemedicine
programs on rural communities. These provider-to-provider networks use hub-and-spoke
architecture to connect rural ED clinicians with a hub physician by high-definition

video telemedicine. Each network prospectively collected data in all participating EDs
using the Tele-Emergency Performance Assessment Reporting Tool (T-PART), which has
been reported previously.1® The study was approved by the local Institutional Review

Board at each participating telemedicine hub and the data coordinating and analysis

center (the Rural Telehealth Research Center funded by FORHP and HRSA), and it

is reported according to the STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) Statement guidelines.1® Additionally, this analysis reports results
of a comparative effectiveness analysis of clinical effectiveness, consistent with the National
Quality Forum recommendations for measure development in telehealth.®

Study Population

Subjects were eligible for inclusion in the study cohort if they were adults (= 18 years) and
presented to the ED with sepsis or septic shock in one of the participating telemedicine
networks. Sepsis or septic shock was defined as an ED patient with (1) a presenting
complaint of sepsis or septic shock, or (2) a diagnosis code (i.e. ICD-10-CM) related

to sepsis or septic shock (i.e. A021, A227, A267, A327, A400, A401, A403, A408,

A409, A4101, A4102, A411-414, A4150-53, A4159, A4181, A4189, A419, A427, A5486,
B377, R6520, R6521). TeleED cases and non-teleED controls were selected from each
participating network.

Key Outcome Measures & Measurements

Patients whose ED care involved teleED consultation, defined as one of the spoke site
providers having meaningful, audio/video interaction with the hub site (including a clinician
interaction), were considered teleED subjects. The primary outcome was adherence to all
four sepsis bundle components while in the ED based on the National Hospital Inpatient
Quality Measures Sepsis-1 (SEP-1) measure, defined as: (1) lactate collection within

three hours after presentation of sepsis; (2) blood culture collection within three hours
after presentation AND before administration of antibiotics; (3) antibiotics administration
intravenously within three hours after presentation (antibiotics must have been from the
SEP-1 approved list);17 and (4) fluid resuscitation of at least 30 mL/kg within three hours
after presentation. Fluid resuscitation was recorded for all patients based on the current
SEP-1 measure at the time the data collection tool was distributed.1” A second analysis

was conducted of the composite measure, excluding fluid resuscitation. The primary
outcome was complete bundle adherence, defined as adherence to the four components (i.e.
lactate, blood culture, antibiotics, and fluid resuscitation). Bundle adherence was secondarily
defined without the fluid resuscitation component, as some sepsis patients may not have had
hypotension or elevated lactate to prompt fluid resuscitation, according to the revised SEP-1
definition.1” Individual component adherence was also evaluated as a secondary outcome.
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Covariates were selected for risk adjustment and description of the study cohort and
included: age, sex, race, ethnicity, chief complaint, ED arrival time and day, primary payer,
and Current Procedural Terminology (CPT) code. ED arrival time was categorized into
business hours (0730 — 1730) and non-business hours. The CPT code was defined as the
highest level of emergency department Evaluation and Management (E&M) CPT code (e.g.
99281 to 99285, 99291, and 99292) associated with the ED visit and used as a proxy
measure for severity of illness. Chief complaint, the reason for ED visit, was the subject’s
documented symptoms or reason for visit on arrival at the ED. Chief complaint was recorded
in the T-PART using 15 general categories (e.g.. abdominal pain, cough, fever or suspected
infection, etc.) plus an “other” write-in option. Finally, ED principal diagnosis was the
diagnosis established after the visit to be chiefly responsible for the ED visit. This diagnosis
was categorized by Clinical Classification Software (CCS) into diagnosis categories.

Data Sources/Measurement

All variables, including exposure and outcome, were abstracted according to a detailed data
dictionary from electronic medical records by research staff at each of the telemedicine
networks. Data were recorded in the T-PART, a standardized data abstraction form designed
for this study.1®

Data Analysis

Subject characteristics and bundle adherence are presented as descriptive statistics for

the total cohort and by teleED exposure with chi-square tests used to compare by

exposure status. A multivariable generalized estimating equation (GEE) with a binomial
distribution and logit link identified the factors most associated with teleED use. To estimate
association of teleED use with sepsis bundle adherence, univariable and multivariable GEE
models (binomial distribution and logit link) were constructed for six outcomes: each

of the four individual bundle components (blood lactate measurement, blood cultures,
antibiotic administration, and fluid resuscitation), total bundle adherence (i.e. all four
components), and total bundle adherence excluding fluid resuscitation (i.e. lactate, blood
culture, and antibiotic administration). For each model, purposeful selection was used to
build multivariable models beginning with covariates hypothesized to be associated with
teleED use and bundle adherence based on previous literature and theory. Covariates found
not to be associated (p>0.10) with teleED in univariable tests were not considered for
model inclusion; only teleED (primary exposure) was forced into the model. To identify
the most parsimonious model, backwards selection guided by change in the coefficient

of the primary variable of interest (i.e. teleED exposure) and minimization of the Akaike
Information Criterion (AIC) were used. For the model predicting total bundle adherence
with fluid resuscitation, there was evidence for overfitting of the model due to the relatively
low number of cases, so only the two most significant covariates were included in the final
model. Robust standard errors, clustered on ED facility with an exchangeable covariance
matrix, were used. Analysis was conducted with STATA SE (version 15.0, StataCorp LP,
College Station, TX).
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Participants & Descriptive Characteristics

There were 655 cases of sepsis or septic shock identified(Figure 1). Eleven subjects were
missing CPT code and were excluded from the multivariable analyses. Of the 644 subjects
with sepsis included in the study cohort, 5.6% (n=36) utilized teleED (Table 1). There were
no significant differences in patient age distribution, race, ethnicity, primary payer, arrival
time, or day of the week between the two groups. However, in the non-teleED group, the
cohort was 55% male vs 78% male in the teleED group (p=0.008). E&M CPT codes (i.e.
amount of provider evaluation and management utilized) were different between the teleED
and non-tele ED groups (p=0.005).

Main Results

Overall, bundle adherence was 6.7% for all four components and 51.9% when excluding
fluid resuscitation. TeleED consultation was associated with adherence to bundle elements
of lactate measurement, early antibiotic administration, and adequate fluid resuscitation plus
the number of bundle elements received (Table 2). Considering complete bundle adherence,
43.2% of patients in the teleED group received care in accordance with guidelines compared
to 4.5% of non-teleED patients (p<0.001). When adequate fluid resuscitation was removed
from the bundle, complete adherence rose to 75.7% in the teleED vs. 50.5% in the non-
teleED group (p=0.003).

When individual element and complete bundle adherence rates were adjusted for chief
complaint and CPT code, total bundle adherence was more likely in the teleED group (aOR
17.27, Cl 6.64-44.90, p<0.001). Similar results were observed when bundle adherence was
re-defined without fluid resuscitation (Table 3). TeleED subjects were more likely to receive
adherent care with respect to lactate measurement (aOR 7.85, Cl 2.64-23.34, p<0.001),
timely antibiotic administration (aOR 4.01, Cl 1.16-13.87, p=0.028) and fluid resuscitation
(aOR 20.29, CI 6.75-60.95, p<0.001) (Table 3). There was no difference in adherence

with blood culture collection between the teleED and non-teleED groups (aOR 1.72, ClI
0.61-4.85, p=0.311) (Table 3).

DISCUSSION

This project was a prospective evaluation of the effect of real-world implementation of high-
definition video telemedicine for sepsis patients in telemedicine networks of rural hospitals.
In this cohort, ED telemedicine consultation was associated with improved sepsis bundle
adherence. This evaluation is unique because it provides the first evidence that telemedicine
can be a scalable intervention for sepsis care in rural EDs. The use of telemedicine

to improve protocol-based sepsis care has demonstrated feasibility and improved sepsis
guideline adherence in intensive care units (ICUs)18 19 and tertiary EDs.12: 13 However,

the impact of health interventions are often different when they expand to scale, and
telemedicine programs may function very differently from one another.20 21

Guideline adherence is a commonly used surrogate for quality and timeliness of sepsis
care,? 22-25 and our findings are surprisingly similar to other telehealth sepsis interventions.
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Telemedicine-based interventions in ICUs have shown that adding a telemedicine provider
to monitor sepsis-related interventions improved adherence with international sepsis
guidelines. In a study by Deisz, et al., adding scheduled clinical rounds by critical care
physicians in academic and community ICUs was associated with doubling adherence with
the 3-hour (p=0.010) and the 6-hour sepsis bundles (p=0.001).18 In that report, improving
the proportion of patients with appropriate fluid administration, timely measurement of
venous oxygen saturation, and repeat measurement of lactate accounted for most of

the effect. In the ED setting, our study found a similar magnitude association between
telemedicine use and increased bundle adherence, but the principal effect in our ED-based
study was on the timeliness of appropriate antibiotic administration.18

Another study by Machado, et a/. reported an ED-based sepsis intervention where a
dedicated sepsis specialist provided consultation and guidance to the emergency care team.
In that study, antibiotics were administered faster in cases where telemedicine was used
(122 vs. 163 min, 0=0.043).12 However, other elements of guideline adherence were not
affected. Two important differences between the Machado study and our current study may
explain some of these differences: (1) the Machado study used critical care specialists,
whereas emergency physicians provided sepsis recommendations in our study and (2) the
implementation setting (1000-bed teaching hospital) was different from the rural hospital
networks we studied.12

Previous telemedicine pilot studies!? 13 have added a provider, nurse, or a quality specialist
to the care of patients with sepsis, an approach that has been shown to be very effective

in a variety of acute conditions, including sepsis.26-28 The Surviving Sepsis Campaign has
published multiple reports that dedicated quality improvement initiatives for sepsis patients
are associated with improvements in guideline adherence and corresponding improvements
in clinical outcomes.23: 29 30 While the benefit of these quality improvement initiatives is
well-supported, these practice changes have been challenging in low-volume rural hospitals.
Further, nationally reported quality metrics exclude patients in low-volume centers and
transferred patients, limiting the impact of existing system-based initiatives on the rural
facilities that are included in our report.11: 31, 32

Sepsis could be a uniquely powerful use case for ED-based provider-to-provider
telemedicine.10 Different from trauma care, myocardial infarction care, and stroke care,

no specific procedural, equipment, or specialty capabilities are necessary to provide
high-quality sepsis resuscitation. Further, quality care that is provided very early has

a disproportionately stronger effect on patient outcomes.33: 34 Sepsis patients who are
transferred to tertiary centers can face significant care delays,3 and little sepsis care

is currently provided during inter-hospital transfer — a particularly vulnerable time in
sepsis patients’ disease course.36 As such, sepsis could be one of the few diseases where
early resuscitation may be more important than early transfer to regional centers. Even
though a robust volume-outcome relationship exists,* 11 37 providing a sepsis specialist by
telemedicine to guide evaluation and management may be one feasible way to provide high
quality care in networks of low-volume rural hospitals.
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Our study has several limitations. First, the prospective data collected from telemedicine-
connected emergency departments does not include inpatient outcomes such as mortality,
which would be a valuable patient-centered outcome. Second, we do not have a robust
method of calculating severity of illness (e.g., APACHE-II score), which opens our analysis
to selection bias in telemedicine-connected hospitals. We used administrative billing data
to adjust for severity, but residual confounding may exist.3® Third, we are not able to
differentiate between severe sepsis and septic shock patients to capture full guideline
adherence after the SEP-1 guideline revision. However, teleED remained beneficial when
fluid resuscitation was excluded from the definition of adherence. Finally, there may be
some patients who are transferred early, where guideline-adherence was not achieved
because of early transfer. The benefit of collecting data from a large number of rural
hospitals, however, makes our findings important in that we selected care-associated
measures which are reliably measured according to a national standard.

In conclusion, in this cohort of patients with sepsis in rural emergency departments,
telemedicine use was associated with increased bundle adherence. Improved adherence
was greatest through improved timeliness of appropriate antibiotics and fluid resuscitation.
Future work should focus on tailoring a telemedicine intervention to rural hospitals,

better elucidating the role of telemedicine in local provider ongoing clinical training

and developing models to evaluate the cost-effectiveness of telehealth-enabled ED-based
provider-to-provider rural sepsis screening.
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Characteristics of Study Population by TeleED Exposure Status.

Table 1.

Page 12

Total N=644 TeleED N=36 Non-TeleED N=608 p-value

Age 0.290
18-24 9 (1.4%) 0 (0.0%) 9 (1.5%)

25-44 50 ( 7.8%) 1(2.8%) 49 (8.1%)

45-64 145 (22.5%) 11 (30.6%) 134 (22.0%)

65-74 158 (24.5%) 12 (33.3%) 146 (24.0%)

75 or older 282 (43.8%) 12 (33.3%) 270 (44.4%)

Sex 0.008
Female 280 (435%) 8 (22.2%) 272 (44.7%)

Male 364 (56.5%) 28 (77.8%) 336 (55.3%)

Race 0.890
White 537 (83.4%) 29 (80.6%) 508 (83.6%)

American Indian/Alaska Native 88 (13.7%) 6 (16.7%) 82 (13.5%)

Black/African American 5 (0.8%) 0 (0.0%) 5(0.8%)

Unknown 14 ( 2.2%) 1(2.8%) 13 (2.1%)

Ethnicity 0.830
Hispanic/Latino 4 (10.6%) 0(0.0%) 4 (0.7%)

Not Hispanic/Latino 615 (95.5%) 35 (97.2%) 580 (95.4%)

Unknown 25 (3.9%) 1(2.8%) 24 (3.9%)

Chief Complaint® <0.001
Abdominal pain 40 (6.2%) 0(0.0%) 40 (16.6%)

Cough 58 (9.0%) 0 ( 0.0%) 58 (9.5%)

Fever or suspected infection 106 (16.5%) 8 (22.2%) 98 (16.1%)

Nausea or vomiting 39 (6.1%) 1(2.8%) 38 (6.3%)

Shortness of breath (dyspnea) 87 (13.5%) 4 (11.1%) 83 (13.7%)

Weakness 50 ( 7.8%) 6 (16.7%) 44 (7.2%)

ED Arrival Time 0.690
Business hrs. (0730-1730) 355 (55.1%) 21 (58.3%) 334 (54.9%)

Not business hrs. 289 (44.9%) 15 (41.7%) 274 (45.1%)

ED Arrival Day of Week 0.510
Monday 91 (14.1%) 4 (11.1%) 87 (14.3%)

Tuesday 94 (14.6%) 8 (22.2%) 86 (14.1%)

Wednesday 103 (16.0%) 6 (16.7%) 97 (16.0%)

Thursday 83 (12.9%) 7 (19.4%) 76 (12.5%)

Friday 81 (12.6%) 2 (5.6%) 79 (13.0%)

Saturday 85 (13.2%) 5 (13.9%) 80 (13.2%)

Sunday 107 (16.6%) 4 (11.1%) 103 (16.9%)

Primary Payer 0.870

Medicare only

Private Insurance
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Total N=644 TeleED N=36 Non-TeleED N=608 p-value
Medicaid only 32 (5.0%) 1(2.8%) 31 (5.1%)
Self-pay/uninsured 19 ( 3.0%) 2 (5.6%) 17 (2.8%)
Indian Health Service 13 (2.0%) 1(2.8%) 12 (2.0%)
Other 9 (1.4%) 0 (0.0%) 9 (1.5%)
CPT Codefor Evaluation and Management 0.005
99281/92282 5 (0.8%) 0 (0.0%) 5 (0.9%)
99283 20 ( 3.1%) 2 (5.6%) 18 (3.0%)
99284 200 (31.1%) 9 (25.0%) 191 (31.4%)
99285 406 (63.0%) 21 (58.3%) 385 (63.3%)
99291 5 (0.8%) 2 (5.6%) 3 (0.5%)
99292 8 (1.2%) 2 (5.6%) 6 (1.0%)
ED Discharge Disposition <0.001
Admitted to local inpatient facility 477 (74.2%) 11 (30.6%) 466 (76.8%)
Transferred to another inpatient facility 157 (24.4%) 24 (66.7%) 133 (21.9%)
Other 9 (1.4 %) 1(2.8%) 8 (1.3%)
ED Principal Diagnosis (By CCS) <0.001
Certain Infectious and Parasitic Diseases 631 (98.0%) 34 (94.4%) 597 (98.2%)
Other 13 (2.1 %) 2 (5.6%) 11 (1.8%)

Page 13

a . . N A . _ Lo .
Top six most common chief complaints listed to ensure confidentiality. Other chief complaints included chest pain, injury/trauma, sepsis, stroke

symptoms, and weakness/lethargy.
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Table 2.

Bundle Adherence by TeleED Status.
Adherence Component Total N=655 TeleED N=37 Non-TeleED N=618 p-value
Individual Components
Blood lactate within 3 hours 536 (81.8%) 35 (94.6%) 501 (81.1%) 0.038
Blood culture before antibiotics 563 (86.0%) 33 (89.2%) 530 (85.8%) 0.56
Antibiotics within 3 hours 409 (62.4%) 31 (83.8%) 378 (61.2%) 0.006
Adequate Fluid Resuscitation 58 (8.9%) 20 (54.1%) 38 (6.1%) <0.001
# of Bundle Items Received
0 40 ( 6.1%) 1(2.7%) 39 (6.3%) <0.001
1 61 (9.3%) 1(2.7%) 60 ( 9.7%)
2 201 (30.7%) 3(8.1%) 198 (32.0%)
3 309 (47.2%) 16 (43.2%) 293 (47.4%)
4 44 ( 6.7%) 16 (43.2%) 28 (4.5%)
Complete Bundle Adherence 44 (6.7%) 16 (43.2%) 28 (4.5%) <0.001
Complete Bundle Adherence (Excluding Fluid Resuscitation) 340 (51.9%) 28 (75.7%) 312 (50.5%) 0.003

Data are presented as n (%).
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Unadjusted and Adjusted Measures of Association between TeleED and Bundle Adherence.

Table 3.

Adherence Measure uUOR  95%CI p-value aOR  95%ClI p-value
Individual Bundle Components:
Adjusted for Reason for ED Visit and CPT Code
Blood lactate within 3 hours 6.89 297 16.12 <0.001 7.85 2.64 23.34 <0.001
Blood culture before antibiotics  1.95 0.65 5.87 0.232 1.72 0.61 4.85 0.311
Antibiotics within 3 hours 521 138 19.69 0.015 401 116 13.87 0.028
AN

Adequate Fluid Resuscitation 2429 6.69 88.23 <0.001 2029 6.75 60.95 <0.001
Complete Bundle Adherence:
Adjusted for CPT Code
A

2049 8.33 5041 <0.001 17.27 6.64 4490 <0.001
Complete Bundle Adherence (excluding fluid resuscitation):
Adjusted for Reason for ED Visit and CPT Code

6.17 286 1333 <0.001 547 205 1473  0.001

A
Adjusted only for CPT due to concern for overfitting.
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