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Abstract

Background: Studies show that telestroke (TS) improves rural
access to care and outcome for stroke patients receiving TS services,
but population health impacts of TS are not known. We examine
impacts associated with South Carolina’s (SC) statewide TS net-
work on an entire state population of patients suffering acute
ischemic stroke (AIS) as TS became available across SC counties.

Methods: A population health study using Donabedian’s con-
ceptual model and an ecological design to describe the change
observed over time in use of thrombolysis and endovascular
therapy (EVT) as the SC TeleStroke Network (SCTN) diffused
across SC counties. Changes in county rates of stroke mortality
and discharge destination are reported. The unit of interest is
the population rate for AIS patients living in a SC county.
Patients’ county of residence at the time of hospitalization
defined county cohorts. Relative risks were estimated using
logistic regression adjusted for age >75 years.

Results: Overall tissue plasminogen activator (tPA) rate was
6.28%, and EVT rate was 1.10%. Patients living where SCTN
was available had a 25% higher likelihood of receiving tPA
(adjusted relative risk [ARR]=1.25, 95% confidence interval
[CI]=1.15-1.36) and lower risks of mortality (ARR=0.91;
95% CI=0.84-0.99) or discharge to skilled nursing (ARR=
0.93; 95% CI=0.89-0.97).

Conclusions: TS diffusion affects the structure of the health
system serving a county, as well as the processes of care de-
livered in the emergency department; these changes are as-
sociated with measurable population health improvements.
Results support a population benefit of TS implementation.
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Introduction
or patients with acute ischemic stroke (AIS), tissue
plasminogen activator (tPA) and endovascular ther-
apy (EVT) are the standard and highly time-sensitive
treatments.'® However, many AIS patients lack access
to these timely treatments affecting patient outcomes and
quality of life. Due to multiple factors, only 3-5% of patients
receive tPA within the required 4.5-h treatment window.”’®
Furthermore, complication rates have been shown to increase
when untrained or inexperienced physicians administer in-
travenous tPA.”%'°
These problems are exacerbated in remote or rural areas
where patients may not have access to stroke specialists.' "'
Fortunately, telestroke (TS) programs have demonstrated that
by changing the structure of the stroke care delivery system
in rural areas (Fig. 1) we are able to improve key process of
care measures such as tPA administration, which then im-
proves outcome measures such as post-AlS functional status
and safety.”’*"'” The American Heart Association recently
released a statement summarizing the key quality and out-
come measures that TS programs should monitor and report.”
High quality stroke care is especially important in South
Carolina (SC), which ranks sixth in the nation for stroke death
rates.'® SC has large regions designated as fully or partially
medically underserved'®; thus, many patients lack access
to timely stroke care. In 2011, only 77% of SC residents had
ground transportation access within 60 min to a hospital capable
of tPA administration, and <30% had access to a facility capable
of EVT.?° To mitigate these disparities, the Medical University of
South Carolina (MUSC) led the development of a statewide SC
Telestroke Network (SCTN). The SCTN operates in a “hub-and-
spoke” model in which larger centers with comprehensive stroke
resources provide expert stroke consultation to smaller, often
rural hospitals that lack such resources.'*?'"%
Between 2008 to present, the SCTN has expanded to include
3 hubs connected to 40 spokes, with the number of consul-
tations increasing over time. Video-based telemedicine carts
located in the spoke emergency department (ED) connect a
stroke neurologist at the hub to the spoke ED.
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This assignment of exposure uses the

counties as their own controls and
measures the population-level influence
of the SCTN. The rationale for this as-
signment is that the SCTN is a structural
change in the stroke care delivery sys-
tem within a county which may be ex-
pected to improve measures of the care
process (tPA administration, EVT rates),
which in turn will affect outcome mea-

sures (in-hospital mortality, discharge
destination) (Appendir Fig. A1) based
on where you live.

This is akin to measuring the effect
of bringing medical care to an under-
served area and examining effects on
population health as county-level ser-
vices for patients with AIS improve
with increases in SCTN access from
2013 to 2016 (Fig. 1). This is a fairly

BN seTN
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C— Non-SCTN

weak measure of exposure to SCTN
because even under optimal conditions
only about 20% of AIS patients are

Fig. 1. SCTN coverage map by year. County-level SCTN coverage did not change from 2013

to 2014. SCTN, South Carolina Telestroke Network.

In addition to improvements in processes and outcomes of
stroke care associated with the SCTN, we anecdotally observed
the diffusion of knowledge and information sharing across
SC providers and acute care hospitals. We hypothesized that
expansion of SCTN has changed the structural environment for
stroke care and, thus, benefits patients with stroke who are not
receiving a tele-consult, amplifying the benefits of the Network
beyond direct patient consultation (Appendir Fig. A1). Given
the depth, breadth, and robust case volumes of the SCTN, we
hypothesized that this structural change of the rural stroke care
system may result in a demonstrable population health benefit.
Thus, we sought to examine differences in care processes and
outcomes for populations defined as all hospitalized AIS cases
for a calendar year in each of 46 SC counties.

Using an ecological design, we classified AIS patients by year
and county of residence. An AIS event was counted as unex-
posed to SCTN for all county-years without SCTN in place for at
least 6 months and exposed if the event occurred to a resident of
a county which had SCTN at any county hospital for at least 6
months of the calendar year. Thus, counties changed exposure
status as the SCTN diffused across the state, and (in a few cases)
lost exposure status if the SCTN program was discontinued.
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eligible for tPA and fewer are eligible
to receive EVT; thus, observing an
improvement in two process measures
(tPA and EVT) over and above the
general rate of improvement observed for all SC counties over
time is an important measure of a program effect.

Methods
STUDY DESIGN AND COHORT DESCRIPTION

We conducted a retrospective population analysis using
billing data, coded according to the International Classifica-
tion of Diseases, Ninth Revision (ICD-9) in addition to Diag-
nostic Related Groups (DRGs), from 2013 to 2016 calendar
years from the South Carolina Office of Research and Statistics
(SC ORS) hospital claims data. SC maintains this database to
track population health outcomes, and all inpatient hospi-
talizations are included. We identified all individuals over age
18 admitted for AIS (Primary diagnosis ICD-9 codes 434.01,
434.11, 434.91, 436.xx within DRG codes 61, 62, 63, 64, 65,
66, 67, 68 in years 2013-2016). ICD coding changed to tenth
revision in October of 2015. However, SC ORS data include
both ICD-9 and ICD-10 codes before and after this transition
between versions and, thus, to be consistent we used revision
nine codes with DRGs for cohort identification.

DRG codes were included in the stroke specification to
ensure capture of all EVT cases as these stroke cases are
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sometimes coded as Craniotomies and not as primary AIS.
Individuals with primary diagnoses of hemorrhagic stroke
were excluded. This approach allows the identification of
hemorrhagic stroke coded as an intracranial hemorrhage
complication of tPA use for an ischemic stroke. SCTN tracking
and patient registry data were used to designate county-level
exposure to examine the development and growth of the SCTN
over time. We chose the years 2013-2016 as our study years
because these are the most recent claims data available for all
SC hospitalizations.

SCTN EXPOSURE DEFINITION

We defined patients as having exposure to the SCTN if
the patient’s residential county was a SC county with a hos-
pital that was either a SCTN hub or spoke for at least 6 months
of the year at the time of the AIS hospitalization (Fig. I).
Aggregation of data by county (as opposed by zip code) was
chosen because several rural zip codes in SC cut across
counties with different SCTN implementation times.”* The
choice of aggregation by county was also better able to
capture any effects of SCTN spokes’ training and collabora-
tion with ambulance services due to the county-level orga-
nization of emergency medical service in rural underserved
areas.””

OUTCOMES OF INTEREST

Process of care measures. To operationalize the definition
of the outcome receipt of tPA, a combination of ICD-9, ICD-
10, and DRGs was used. tPA was designated as received if
any of these codes in any primary or secondary procedure
category were indicated (ICD-9; 99.10, ICD-10; 3E03317,
3E04317, 3E05317, 3E06317, 7Z92.82) or if there was a DRG
code of 61, 62, or 63. Receipt of EVT was defined as having
an ICD-9 or ICD-10 procedure code in any position of 39.74
(ICD-9 procedure) or 03CG3ZZ (ICD-10 procedure) in any
position.?®~28

Clinical outcome measures. Clinical outcomes included in-
hospital mortality or hospice (died) as indicated in discharge
destination. Additional outcomes included discharge to an
inpatient rehabilitation facility (IRF), discharge to a skilled
nursing facility (SNF), or discharge to home within the hos-
pital coding of discharge destination.

STATISTICAL ANALYSES

Descriptive statistics include count and percentage for
categorical variables. Unadjusted differences between SCTN
and non-SCTN exposure patients were calculated using chi-
square tests. All outcomes were dichotomous and, thus, were
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examined for year and SCTN exposure effect using multi-
variable logistic regression models and Poisson regression
models with robust error variance in Proc Genmod to estimate
effect sizes as adjusted relative risk (ARR) ratios.?® Qutcomes
are reported as ARR as is recommended for cohort studies
where the outcome is not a rare event.’®

Our main outcomes of interest were measures of access to
time-sensitive stroke interventions. Since the use of tPA and
EVT is recommended for all patients without contraindica-
tions, we only controlled for year and patients over 75 years of
age because these older patients may be more likely to have
medical conditions that made them ineligible for tPA or EVT.

It is important to note that since our primary measures were
indicators of access to care, it was not appropriate to control
for population characteristics, such as race, insurance, or in-
come variables, because eligibility for use of tPA and EVT is
not determined by these variables, and controlling for their
effect may cancel out any effect that SCTN may be expected to
have on disparities in access to care. Our secondary measures
(in-hospital death and discharge destination) are used as
measures of population outcomes associated with improved
access to care and are not risk adjusted beyond year and age
>75.

We chose this approach because we are not comparing
hospital performance or direct clinical effectiveness, where
risk adjustment is essential for internal validity, but using
them to estimate population outcome effects observed across
geographic areas.>’ We did not adjust for comorbid conditions
because the presence of comorbid conditions is not a con-
traindication for use of tPA or EVT (our process measures).
Indeed, good stroke care assures that the right patient gets the
right treatment at the right time, with due considerations of
their comorbid conditions.

Thus, controlling for comorbidities may nullify an impor-
tant factor associated with good stroke care. Control for var-
iations in comorbid conditions is important mainly to guard
against bias from healthier patients being in the exposure
group. Since our counties serve as their own controls, they are
unlikely to gain a much healthier patient base over the four
exposure years, because even the most effective stroke pre-
vention program is unlikely to improve a county’s stroke risk
factors for its residents substantially over a 4-year time period.
Interaction effects between SCTN exposure and year were
investigated in each outcome model for potential exposure
differences by year of the study and were considered signifi-
cant at o < 0.1. No significant SCTN exposure by year inter-
actions was found.

Because all data were deidentified by the SC ORS, the
study was deemed to be nonhuman research by the MUSC
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Institutional Review Board. Statistical analyses were con-
ducted using SAS, version 9.4 (SAS Institute, Inc.; Cary, NC).
Two-sided statistical significance was set at o < 0.05.

Results

The AIS population included 39,364 patients hospital-
ized in SC between 2013 and 2016, 27,042 (68.70%) resided
in counties with SCTN exposure and 12,322 (31.30%) did
not. Exposure groups were evenly distributed on age =75
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(37.68% SCTN vs. 35.72% non-SCTN, p-value=0.10), male
sex (49.23% SCTN vs. 49.63 non-SCTN, p-value =0.46), and
race (p=0.16) (Table 1). Patient distribution over time
changed from there being a higher proportion of non-SCTN
exposed AIS patients in 2013 and 2014 to higher propor-
tions of AIS SCTN exposure patients in 2015 and 2016. This
coincides with expansion in the SCTN’s geographical cov-
erage over time (Fig. 2).

All unadjusted crude study outcomes were statistically

Table 1. Demographics and Unadjusted Outcomes Among South Carolina
Patients with Acute Ischemic Stroke: 2013-2016

OVERALL
(n=39,364)

SCTN EXPOSURE | NON-SCTN EXPOSURE

(n=27,042)

(n=12,322)

different between the SCTN and non-
SCTN exposure groups with SCTN having
higher proportions of patients receiving
tPA (p<0.0001) and EVT (marginal
p=0.08) and non-SCTN exposure patients
having higher mortality (p=0.03) (Ta-
ble 1). SCTN exposure patients were also

Age (>75) 14,430 (36.66) 10,028 (37.08) 4,402 (35.72) 0.10 more likely to be discharged to home and
Male 19,430 (49.36) 13314 (49.23) 6116 (49.63) s independent rehabilitation facilities than
non-SCTN patients and less likely to be

Race 016 discharged to a SNF or transferred to
White 24,440 [6209) 16,717 [61.82) 7,723 (6268) long_term acute care (p :0003) (Table 1).
Black 13,878 (35.26) 9,616 (35.56) 4,262 (34.59) The unadjusted tPA rates in 2013 were
Other 1,046 (2.66) 709 (2.62) 337 (2.73) similar between SCTN and non-SCTN ex-

posure patients (5.07% vs. 4.74%, re-

Year <0.0001 . . .

spectively) (Fig. 2). However, while rates
2013 9,326 (23.69) 6,074 (22.46) 3,252 (26.39) tended to increase in both exposure
2014 9,705 (24.65) 6,320 (23.37) 3,385 (27.47) groups from 2013 to 2016 (time p-value
2015 9.995 (25.39) 7370 (27.25) 2625 (21.30) <0.0001), rates increased by a greater

amount in patients living in SCTN ex-
2016 10,338 (26.26) 7,278 (26.91) 3,060 (24.83) . .

posure counties (Fig. 2).

Lnadjustedioutcomcs In adjusted analysis, patients living
tPA 2,472 (6.28) 1,813 (6.70) 659 (5.35) <0.0001 in SCTN exposure counties have a 24.9%
EVT 434 [110] 315 [116) 119 (097] 0.08 hlgher hkehhood Of receiving tPA than

- patients in non-SCTN exposure counties
Mortality 2,530 (6.43) 1,689 (6.25) 841 (6.83) 0.03 .
‘ - (ARR=1.25, 959 confidence interval

Discharge destination 0.003 [CI] = 1.15-1.36, p<0.0001) (Fig. 3).

Home 12,670 (34.46) 8,783 (34.71) 3,887 (33.91) Risk of death decreased over the study
Home with home health | 6,617 (18.00) 4,526 (17.89) 2,091 (18.24) period, with a 9% lower risk of death in
IRF 6,712 (18.26) 4,714 (18.63) 1,998 (17.43) SCIN exposu.re compared with non-SCTN

exposure patients (ARR=0.91, 95% CI=
SNF 6,730 (18.30) 4,536 (17.93) 2,194 (19.14) 0.84-0.99, p=0.03) (Fig. 3). Likelihood of
Transfer 1,151 (3.13) 763 (3.02) 388 (3.38) discharge to a SNF was 7% lower in SCTN
Other 2,887 (7.85) 3,641 (13.81) 1,843 (14.17) exposure patients (ARR=0.93, 95% CI=

Statistics are reported as count (percentage).

*p-values were calculated to compare characteristic differences between groups using chi-square tests.

*Mortality indicates patients who died in a freestanding medical facility, including hospital or hospice.

EVT, endovascular treatment; IRF, inpatient rehabilitation facility; SCTN, South Carolina Telestroke Network;

SNF, skilled nursing facility; tPA, tissue Plasminogen Activator.

0.89-097, p=0.001), but was 7% higher
to IRF (ARR=1.07, 95% CI=1.02-1.12,
p=0.005) and 4% higher to home (ARR=
1.04, 95% CI=1.01-1.08, p=0.006), com-
pared with non-SCTN exposure patients
(Fig. 3).
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dence and SCTN programmatic data indicating
which counties had hospitals that were either a
hub or spoke participant in the SCTN during that
year. Therefore, as the SCTN was implemented
counties switched from unexposed to exposed
status.

Therefore, counties serve as their own con-
trols because they delivered AIS cases to the
control population until they became part of the
SCTN when their AIS cases began to be counted
in the exposed group. No attempts were made to
identify AIS patients who actually received TS
services because we were interested in measur-
ing the population impact of an intervention
that has a well-documented benefit at the in-
dividual recipient level.

We observed that exposure to the SCTN at the
patient residential county level was signifi-

Fig. 2. Unadjusted percentage of tPA administration by year. tPA, tissue plasmin-

ogen activator.

Discussion and Conclusions

The SCTN, initiated by MUSC in 2008, is a well-established
hub-and-spoke TS network.'*?'"** During the years of this
study, the SCTN experienced rapidly increasing utilization at
established spokes. Important indicators of efficacy (e.g., door

to needle time and so on) are
monitored and reported as mea-
sures of program quality.'* In the
current research, we sought to
characterize associations between
the SCTN and population health
impact among South Carolinians’
with AIS between 2013 and 2016.

The objective was to ascertain
whether there might be discern-
ible population health benefits
associated with program diffu-
sion and improvements in overall
quality of stroke care. To ac-
complish this, we utilized a large
archival data source available
through the SC ORS and devel-
oped AIS population cohorts for
our study years.

The cohorts were stratified into
groups with SCTN exposure and
groups without SCTN exposure
based on patient county of resi-

cantly associated with important stroke quality
of care indicators, including receipt of tPA
(ARR=1.25). In addition, major clinical out-

comes, including reduced mortality (ARR=0.91), increased
discharge to inpatient rehabilitation and home, with lower
discharge to a SNF (ARR=1.07, 1.04, and 0.93, respectively),
were significantly associated with SCTN exposure. When
considered in the context of Donabedian’s Model for quality

Received tPA

Received EVT

Discharged to IRF

Discharged to Home

Discharged to SNF

Died

1.25 (1.15 - 1.36)
]

1.16 (0.94 - 1.43)

£ 1.07 (1.02-1.12)
]
:1.04 (1.01 - 1.08)
gl—*—i
0.93 (0.89-0.97) :
e

0.91 (0.84 - 0.99) :
—e—o:

0.5

1.0 15
RR (95% CI)

Fig. 3. ARR of process and clinical outcomes on SCTN exposure versus non-SCTN exposure. Each
relative risk estimate and 95% confidence interval, between the exposure groups, are generated by
a separate multivariable regression model adjusted for year and age >75. ARR, adjusted relative
risk; EVT, endovascular treatment; IRF, inpatient rehabilitation facility; SNF, skilled nursing facility.
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in health care, in which structure of health care drives the
processes and outcomes of care,>? the combination of im-
proved stroke care processes and improved stroke outcomes
offers important evidence for the positive impact of the
SCTN on population health.

It could be posited that improvements in processes and
outcomes of stroke care among the SCTN exposure group
were due primarily to direct TS consultations. However, given
the large cohort of AIS patients during our study period
(n=39,364) relative to the total number of patients who both
received a TS consult and had an AIS (n= ~ 3,970), this seems
unlikely. Furthermore, there were annual improvements in
stroke care processes, including tPA administration and EVT
for both the SCTN exposure and nonexposure cohorts, al-
though these were significantly greater in the SCTN cohort.
Since ~90% of the overall AIS cohort was treated without TS
consultation, we presume that these treatment plans were
according to local standards and processes of care.

Thus, we believe factors associated with the SCTN, in ad-
dition to the consultative function, may be driving stroke
care improvements. Potential mechanisms are likely multi-
faceted. For example, during implementation and subse-
quent operations, emergency transportation teams and ED
staff receive education and training in acute stroke care both
on-site and through remote webinars. This training is re-
inforced with local educational materials and routine data
reporting and benchmarking.

Within the SCTN, the key process of care measures is
tracked and participating sites provided with benchmarked
performance reports. These activities translate into increasing
awareness of stroke symptoms, protocol development be-
tween the SCTN and spoke sites, training on stroke assessment
and treatments, and pursuit of various stroke center desig-
nations all of which could contribute to improved baseline
quality of stroke care independent from a stroke specialist
consultation. Indeed, since the SCTN inception in 2008, the
number of SC hospitals designated as Primary Stroke Centers
has increased from O to 15 as of 2018.

Other effects of the SCTN might be related to health care
provider migration between SCTN sites and non-SCTN sites, a
phenomenon we have anecdotally observed as both common
and an unanticipated pathway for the diffusion of knowledge.
ED providers may work in multiple acute care hospitals in
adjacent counties in rural communities and thus may bring
the knowledge and skills acquired in a SCTN spoke site to a
non-SCTN county.

Ultimately, after over a decades’ experience in TS network
development and sustainment, our view is that the com-
bination of telehealth coupled with robust education and

POPULATION HEALTH AND TELESTROKE IN SC

quality improvement efforts is synergistic. Providing practical
support in a time of acute patient need coupled with regular
quality monitoring and reporting is instrumental to driving
patient care improvements over time. Either of these, in iso-
lation, is less likely to achieve demonstrable population health
impacts associated with the SCTN.

TS is one of the most common uses of telemedicine in neu-
rology.>? This is driven by specialty shortages and related lack
of access, need for time sensitive treatments, and technological
capabilities.33 However, there are extensive challenges to ro-
bust examination of TS programs, including the often small and
siloed nature of many TS programs and general reluctance to
share patient outcome data across organizations. It is also rare
for TS programs to collect rich treatment data on patients who
did not receive telehealth, making comparisons with valid
control groups challenging. In fact, a recent meta-analysis
found that of 26 included studies, only 2 were randomized trials
and the remainder were observational studies.**

Use of archival claims data could theoretically overcome
challenges of small, singe-center TS programs but unfortunately
identifying patient-level TS care in claims data is problematic
due to coding errors and rurality reimbursement restrictions,
which can impact the validity of the data.>® Our approach offers
a novel strategy to evaluating the impact of a mature TS net-
work by applying an epidemiologic, population health strategy
to investigate potential benefits of a TS network over time.

While we believe our findings offer compelling evidence for
the value of TS networks, we acknowledge some important
limitations. First, our approach identified important associa-
tions with SCTN exposure but given the retrospective nature of
our study design we cannot prove causation. Second, due to the
deidentified nature of our archival data we are unable to de-
termine which patients did or did not receive a TS consultation
and thus cannot match our cohorts to further explore any at-
tenuations on the population measures associated with the
“dose” of telehealth measured in the programmatic data col-
lected by the SCTN. This is an important limitation of our study
design, because ecological studies are susceptible to the “eco-
logical fallacy,” a well-documented weakness of ecological
studies where group measure is not reflective of individual
effects. Future studies should measure SCTN “dose” variations
and use patient data linked to site of care to explore this further.

Finally, we attributed SCTN exposure based on patient
county of residence and, due to hospital confidentiality rules
within the SC ORS, were unable to ascertain which specific
hospital provided a patient’s treatment. It is quite likely that a
differential effect is associated with differences in hospital
performance. This is an important issue to explore in future
studies.
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In summary, we utilized a large archival claims data source
to conduct a population level analysis of all hospitalized pa-
tients in SC suffering from AIS from 2013 to 2016. We found
that SCTN exposure was associated with significant im-
provements in both processes and outcomes of stroke care
providing further evidence regarding the value of such net-
works. Ongoing clinical trials will add further insights into
this important modality of delivering expert stroke care.
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Appendix Figure A1. Conceptual model of Tele-Stroke effects. Modification of Donabedian’s model (1988).
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