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Abstract

Background: Telestroke is an established telemedicine method of 
delivering emergency stroke care. However, not all neurological pa-
tients utilizing telestroke service require emergency interventions or 
transfer to a comprehensive stroke center. To develop an understand-
ing of the appropriateness of inter-hospital neurological transfers uti-
lizing the telemedicine, our study aimed to assess the differences in 
outcomes of inter-hospital transfers utilizing the service in relation to 
the need for neurological interventions.

Methods: The pragmatic, retrospective analysis included 181 con-
secutive patients, who were emergently transferred from telestroke-
affiliated regional medical centers between October 3, 2021, and 
May 3, 2022. In this exploratory study investigating the outcomes 
of telestroke-referred patients, patients receiving interventions were 
compared to those that did not following transfer to our tertiary 
center. Neurological interventions included mechanical thrombec-
tomy (MT) and/or tissue plasminogen activator (tPA), craniectomy, 
electroencephalography (EEG), or external ventricular drain (EVD). 
Transfer mortality rate, discharge functional status defined by modi-
fied Rankin scale (mRS), neurological status defined by National 
Institutes of Health Stroke Scale (NIHSS), 30-day unpreventable re-
admission rate, 90-day clinical major adverse cardiovascular events 
(MACE), and 90-day mRS, and NIHSS were studied. We used χ2 or 
Fisher exact tests to evaluate the association between the interven-
tion and categorical or dichotomous variables. Continuous or ordinal 
measures were compared using Wilcoxon rank-sum tests. All tests of 
statistical significance were considered to be significant at P < 0.05.

Results: Among the 181 transferred patients, 114 (63%) received neu-
ro-intervention and 67 (37%) did not. The death rate during the index 
admission was not statistically significant between the intervention 

and non-intervention groups (P = 0.196). The discharge NIHSS and 
mRS were worse in the intervention compared to the non-intervention 
(P < 0.05 each, respectively). The 90-day mortality and cardiovascu-
lar event rates were similar between intervention and non-interven-
tion groups (P > 0.05 each, respectively). The 30-day readmission 
rates were also similar between the two groups (14% intervention vs. 
13.4% non-intervention, P = 0.910). The 90-day mRS were not sig-
nificantly different between intervention and non-intervention groups 
(median 3 (IQR: 1 - 6) vs. 2 (IQR: 0 - 6), P = 0.109). However, 90-day 
NIHSS was worse in the intervention compared to non-intervention 
group (median 2 (IQR: 0 - 11) vs. 0 (IQR: 0 - 3), P = 0.004).

Conclusions: Telestroke is a valuable resource that expedites emer-
gent neurological care via referral to a stroke center. However, not 
all transferred patients benefit from the transfer process. Future mul-
ticenter studies are warranted to study the effects or appropriateness 
of telestroke networks, and to better understand the patient character-
istics, resources allocation, and transferring institutions to improve 
telestroke care.
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Introduction

Telestroke is an established method of delivering emergency 
stroke care within stroke systems of care [1]. Telestroke ser-
vices play a critical role in the delivery of timely reperfusion 
therapies, intravenous tissue plasminogen activator (tPA) and 
mechanical thrombectomy (MT) by early identification of 
stroke symptoms and facilitation of transfer to a tertiary-care 
center when deemed necessary [2-5]. In addition, it can be 
used to effectively trigger multidisciplinary care team activa-
tions at the receiving hospital [6]. Telestroke has several ad-
vantages, including increased rates of utilization of tPA, better 
accessibility in geographically underserved locations, and de-
creased inequities in acute stroke care [7]. Accuracy of stroke 
diagnosis and improved time-based stroke treatment metrics 
have been established with implementation of telestroke pro-
grams [8].

In parallel, there has been an increase in inter-hospital 
transfer rates of neurological patients [9]. It is important to 
note that telestroke services are increasingly used for non-tPA 
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and non-thrombectomy neurological cases [10]. This is impor-
tant as telestroke services are now viewed as emergent neuro-
logical triaging or emergent teleneurology support to facilitate 
transfers to tertiary centers for intensive care unit (ICU) care 
and additional diagnostic workup [5]. However, not all pa-
tients who are transferred to tertiary centers receive additional 
emergency interventions or other higher complexity care [11]. 
This raises the question of whether some proportions of trans-
fers are futile.

Futile transfers can increase health care costs and produce 
capacity issues in tertiary centers [12, 13]. Futile inter-hospital 
transfers have been described in ischemic strokes and MT, in 
which 45% of transferred patients did not require thrombec-
tomy due to clinical improvement, delay in transfer time, or 
increase in infarct volume [14]. However, the factors and 
outcomes associated with futile transfers among more gen-
eral emergent neurologic transfers have not been well-defined 
through telestroke program. The 90-day clinical outcomes are 
also unknown for those patients emergently transferred but 
who do not require acute interventions.

Our study is an exploratory study investigating the out-
comes between two groups of neurological patients that re-
ceived neurological interventions and those who did not among 
patients who were transferred through telestroke services. 
Neurological interventions included MT and/or tPA, craniec-
tomy, electroencephalography (EEG) or external ventricular 
drain (EVD). Our primary outcome of interest was mortality 
rate during the index admission following the transfer, dis-
charge functional status defined by modified Rankin scale 
(mRS) and neurological status defined by National Institutes 
of Health Stroke Scale (NIHSS). Our secondary outcomes of 
interests were 30-day unpreventable readmission rate, 90-day 
major adverse cardiovascular events (MACEs) of death and 
cardiovascular events, and 90-day functional status and neu-
rological status.

Materials and Methods

Study cohort

The study was approved by the Institutional Review Board at 
UMass Chan Medical School, and the Health Insurance Port-
ability and Accountability Act (HIPPA) waiver of informed 
consent was granted. We prepared our manuscript according 
to the Strengthening the Reporting of Observational Studies in 
Epidemiology guidelines [15]. We retrospectively studied con-
secutive adult patients (greater than age 18 years) transferred 
to the University of Massachusetts Memorial Medical Center 
(UMMMC) in Worcester, Massachusetts, from telestroke-
affiliated regional medical centers between October 3, 2021, 
and May 3, 2022, due to an acute neurological diagnosis. This 
study was conducted in compliance with the ethical standards 
of the responsible institutional human subjects as well as with 
the Helsinki Declaration.

Telestroke consultation was defined as a consultation 
utilizing audiovisual communication systems addressing the 
treatment of stroke as well as identifying common stroke mim-

ics and offering recommendations [5]. Transfer decisions were 
determined by physicians involved in the initial patient care. 
The standard process for the transfer was that treating physi-
cians reach out to the telestroke physician at the medical cent-
er. The accepting physician accepted the patient for transfer if 
patients were deemed to require services offered at the tertiary 
medical center, including neuro-intensive level of care, spe-
cialized consultations not available through telemedicine (e.g., 
neurosurgery), or potential need for surgeries or interventions 
not offered by the referring hospital. We excluded patients 
who were not transferred for an acute neurological issue. The 
study population was split into two groups for the purpose of 
our analyses: 1) patients that had neurological interventions 
including MT and/or tPA, craniectomy, EEG, or EVD; 2) those 
patients that did not receive any of these interventions.

Data collection

All diagnoses were first established by the treating board-cer-
tified neurologist and confirmed by an abstracting physician 
(SS). Medical records of the included patients (n = 181) were 
reviewed. Conflicting diagnoses were resolved by consensus 
after adjudication by a board-certified vascular neurologist 
(AJO).

Baseline patient characteristics included gender, age, un-
derlying neurological diagnosis, comorbidities, length of stay 
(LOS), and pertinent stroke prevention medication lists. Rea-
sons for transfer were also studied. Clinical severity of illness 
was determined through use of NIHSS at presentation, and 
the presenting functional status was defined by pre-admission 
mRS. If the NIHSS was not documented, an NIHSS was con-
structed using a standard, validated process based on the initial 
physical examination [16]. Code status, discharge NIHSS and 
discharge mRS were also obtained.

Outcomes

Our primary outcome of interest was mortality during the in-
dex admission, discharge functional status defined by mRS 
and neurological status defined by NIHSS. Our secondary 
outcomes were 30-day unpreventable readmission rate, 90-day 
MACEs of death and cardiovascular events, and 90-day func-
tional status and neurological status.

Statistical analysis

Descriptive statistics of demographic/clinical characteristics 
associated with transfer status were generated using contin-
gency tables. Frequencies and proportions were reported for 
categorical/dichotomous variables, and interquartile range 
(25th, 75th) are reportedly for ordinal measures. We used χ2 or 
Fisher exact tests to evaluate the association between the inter-
vention and categorical or dichotomous variables. Continuous 
or ordinal measures were compared using Wilcoxon rank-sum 
tests. All tests of statistical significance were two-tailed and 
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considered to be significant at P < 0.05. All statistical analyses 
were performed using SAS 9.4 software.

Results

Study participants, prevalence of telestroke transfer, and 
clinical characteristics

Figure 1 describes the study flow. Of 1,935 telestroke consul-
tations during the study period, there were 181 (9.4%) neuro-
logical transfers. One hundred thirteen (62%) of the transferred 
patients had stroke as their final diagnosis. Among transferred 
patients, 114 (63%) received neuro-intervention and 67 (37%) 
did not. Table 1 describes the demographic and patient charac-
teristics of the two groups.

Overall, patient characteristics were similar between the 
groups (P > 0.05) except for higher acuity of care (P < 0.001), 
more ischemic stroke (P = 0.003), less non-stroke neurological 
diagnosis (P = 0.002), more frequent tPA usage and thrombec-
tomy (P < 0.05, each), more frequent craniectomy, EVD, and 
EEG utilizations (P < 0.05, each), more hypertension (P = 
0.031) and atrial fibrillation (P = 0.040) in the intervention 
versus non-intervention group.

Compared to the non-intervention group, the intervention 
group also had higher presenting NIHSS (median 11 (IQR: 3 

- 22) vs. 1 (IQR: 0 - 3), P < 0.001). Furthermore, only a small 
number of patients (2.8%) utilizing telestroke service had doc-
umented clear goals of care prior to the transfer.

Immediate outcomes of mortality, LOS, discharge func-
tional status and neurological status

Table 2 describes mortality rate, LOS, discharge functional 
status, and discharge neurological status stratified by the inter-
vention status. Overall, mortality was not significantly differ-
ent between intervention and non-intervention groups (17.5% 
vs. 10.4%, P = 0.196). However, the intervention group had 
worse discharge NIHSS (median 4 (IQR: 1 - 14) vs. 0 (IQR: 0 - 
3), P < 0.001), worse discharge mRS (median 4 (IQR: 2 - 4) vs. 
2 (IQR: 1 - 4), P = 0.001), and a longer median LOS (median 
6 (IQR: 3 - 10) vs. 3 (IQR: 1 - 5), P < 0.001) compared to the 
non-intervention group.

30-day readmission rate and 90-day outcome events

The 30-day readmission rate and 90-day MACEs were shown 
on Table 3. The 30-day readmission rates were also similar 
between the two groups (14% intervention vs. 13.4% non-in-
tervention, P = 0.910). The overall 90-day mortality was 22% 
(40/181), and the 30-day readmissions rate was 14% (25/181) 

Figure 1. Patient flow. UMMMC: University of Massachusetts Memorial Medical Center.
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Table 1.  Demographic and Characteristic Information of Patients With and Without Intervention

No intervention (n = 67), % Intervention (n = 114), % P value
Age, median (IQR) 65 (55 - 76) 66 (58 - 75) 0.406
Gender 0.661
  Female 34 (50.7%) 54 (47.4%)
  Male 33(49.3%) 60 (52.6%)
Medical history
  Hypertension 41 (61.2%) 87 (76.3%) 0.031
  Hyperlipidemia 43 (64.2%) 82 (71.9%) 0.276
  Diabetes mellitus 20 (29.9%) 37 (32.5%) 0.716
  History of stroke 10 (14.9%) 17 (14.9%) 0.998
  Atrial fibrillation 8 (11.9%) 28 (24.6%) 0.040
  Coronary artery disease 16 (23.9%) 17 (14.9%) 0.131
  Congestive heart failure 9 (13.4%) 14 (12.3%) 0.822
  Peripheral arterial disease 2 (3%) 4 (3.5%) 1
  Smoking history 36 (53.7%) 75 (65.8%) 0.108
Medications
  Statin use 42 (62.7%) 87 (76.3%) 0.050
  Anti-hypertensives use 43 (64.2%) 87 (76.3%) 0.080
  Anti-diabetics use 17 (25.4%) 33 (28.9%) 0.604
  Anti-platelets use 31 (46.3%) 64 (56.1%) 0.199
  Oral anticoagulants use 9 (13.4%) 28 (24.6%) 0.073
Severity of illness on admission
  Presenting NIHSS, median (IQR) 1 (0 - 3) 11 (3 - 22) < 0.001
  Presenting mRS, Median (IQR) 0 (0 - 1) 0 (0 - 1) 0.511
Diagnosis
  Ischemic stroke 24 (35.8%) 67 (58.8%) 0.003
  Hemorrhagic stroke 8 (11.9%) 14 (12.3%) 0.946
  Non-stroke neurological 35 (52.2%) 33 (28.9%) 0.002

Goals of care discussed prior to transfer
  Yes 2 (3%) 3 (2.6 %) 1
Code status upon transfer
  Full code 55 (82.1%) 91 (79.8%) 0.710
  DNR/DNI 8 (11.9%) 9 (7.9%) 0.368
  CMO 4 (6%) 14 (12.3%) 0.171
Acuity of care upon transfer < 0.001
  ICU 27 (40.3%) 80 (70.2%)
  Floor 40 (59.7%) 34 (29.8%)
Interventions upon transfer
  Neurosurgery consult 28 (41.8%) 36 (31.6%) 0.165
  IV thrombolysis 0 (0%) 30 (26.3%) < 0.001
  Thrombectomy 0 (0%) 45 (39.5%) < 0.001
  Craniectomy 0 (0%) 8 (7%) 0.027
  EVD 0 (0%) 8 (7%) 0.027
  EEG 0 (0%) 45 (39.5%) < 0.001
  PEG/tracheostomy 0 (0%) 4 (3.5%) 0.298
  Palliative care consult 4 (6%) 8 (7%) 1

ICU: intensive care unit; IQR: interquartile range; tPA: tissue plasminogen activator; mRS: modified Rankin scale; NIHSS: National Institutes of 
Health Stroke Scale; DNR: do not resuscitate; DNI: do not intubate; CMO: comfort measures only; EVD: external ventricular drains; EEG: electroen-
cephalogram; PEG: percutaneous endoscopic gastrostomy.
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for transferred patients. The 90-day mortality and cardiovas-
cular event rates were similar between intervention and non-
intervention groups (23% vs. 21%, P = 0.765; 3.5% vs. 4.5%, 
P = 0.711, respectively).

The 90-day mRS were similar between intervention and 
non-intervention groups (median 3 (IQR: 1 - 6) vs. 2 (IQR: 
0 - 6), P = 0.109). However, 90-day NIHSS was worse in the 
intervention compared to non-intervention group (median 2 
(IQR: 0 - 11) vs. 0 (IQR: 0 - 3), P = 0.004).

Discussion

From our study, we observed that transfers requiring emergent 
neuro-interventions demonstrated higher patient complexity 
(as reflected by higher NIHSS), longer LOS, and higher ICU 
utilization compared to the transfers that did not receive inter-
vention. However, we also observed that the non-intervention 
group was more likely to have a non-stroke neurological diag-
nosis and less likely to require ICU level of care. It is also im-
portant to note that there was no significant difference between 
the two groups in terms of neurosurgery consultation utiliza-
tion. Among the entire study cohort, utilization of palliative 
care consult was low in the context of the observed mortality 
rate. In addition, the frequency of documented goals of care 
prior to the transfer was low. Taken together, these findings 
suggest multiple opportunities for quality improvement such 
as exploration of tele-neurosurgery consultation, clarification 
of goals of care prior to transfer, and greater use of palliative 
care after transfer. All of these interventions may reduce the 
need for transfer to a tertiary care center. Avoiding unnecessary 
transfers would likely enhance the patient and family experi-

ence at the end of life by avoiding a sense of false optimism as 
well as the disruptions associated with moving a patient out of 
a medical facility closer to their home.

The intervention group had worse discharge mRS and 
NIHSS, which likely reflect the complexities of the interven-
tion group. However, we observed that there were no signifi-
cant differences in 90-day mortality and 90-day functional 
status between the intervention and non-intervention groups.

Our findings are a step towards understanding patient 
characteristics associated with patient transfers, given the re-
cent trend in increasing transfer rates following tele-neurolo-
gy consultations [9]. Certainly, patient transfers that require 
necessary services (for example, an obstructive hemorrhagic 
stroke requiring EVD) that cannot be provided in resource-
limited primary medical centers are considered appropriate 
transfers. However, the value is less clear for those transfers 
that do not require neuro-intervention, particularly in a setting 
where tertiary care resources are increasingly limited. In the 
United States, futile transfers that lead to an inpatient mortality 
are known to impact publicly reported mortality figures, which 
can have a reputational and financial impact on tertiary care 
centers [17]. This creates a challenge for healthcare system, in 
which patients’ quality care and right to receive the best chance 
at survival need to be balanced with a timely recognition for 
potential non-futile care, especially in the post coronavirus 
disease 2019 (COVID-19) capacity challenges. Further stud-
ies are warranted to better understand outcomes among neuro-
logical patients that utilize telestroke programs. A recent study 
observed that telestroke programs not only improve treatment 
in acute stroke, but also potentially improve the efficiency of 
inter-hospital networks through disposition optimization and 
the avoidance of unnecessary transfers [18]. Future studies are 

Table 2.  Immediate Outcomes of Mortality, LOS, Discharge Functional Status, and Neurological Status Following the Inter-Hospital 
Transfer

Non-intervention (n = 67), % Intervention (n = 114), % P value
Death during admission 7 (10.4%) 20 (17.5%) 0.196
LOS, (days) median (IQR) 3 (1 - 5) 6 (3 - 10) < 0.001
Discharge mRS, median (IQR) 2 (1 - 4) 4 (2 - 4) 0.001
Discharge NIHSS, median (IQR) 0 (0 - 3) 4 (1 - 14) < 0.001

IQR: interquartile range; mRS: modified Rankin scale; NIHSS: National Institutes of Health Stroke Scale; LOS: length of stay.

Table 3.  Thirty-Day Readmission Rate and 90-Day Outcome Events Following the Inter-Hospital Transfer

Non-intervention (n = 67), % Intervention (n = 114), % P value
30-day unpreventable readmission 9 (13.4%) 16 (14.0%) 0.910
90-day outcome events
  No complication 39 (58.2) 71 (62.3) 0.588
  Death 14 (20.9%) 26 (22.8%) 0.765
  CV event 3 (4.5%) 4 (3.5%) 0.711
90-day mRS, median (IQR) 2 (0 - 6) 3 (1 - 6) 0.109
90-day NIHSS, median (IQR) 0 (0 - 3) 2 (0 - 11) 0.004

Proportions were calculated by excluding 22 unknowns from analyses. IQR: interquartile range; mRS: modified Rankin scale; NIHSS: National Insti-
tutes of Health Stroke Scale; CV: cardiovascular.
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warranted to develop understanding of patient characteristics 
that may not require potential futile transfers.

The prevalence of hemorrhagic stroke was similar between 
the intervention and non-intervention groups in our study. It is 
well known that there are not many medical options to man-
age non-vascular hemorrhagic strokes, aside from blood pres-
sure control, neurological assessments to assess for deteriora-
tion, and reversal of anticoagulation in pertinent cases [19]. 
Therefore, clearer guidelines regarding appropriate criteria for 
hemorrhagic stroke transfers in non-intervention cases, such 
as non-aneurysmal lobar intracerebral hemorrhages (ICH), 
may be of benefit. The ongoing FASTEST ICH trial focuses 
on ICH hematoma reduction by swift introduction of factor 
VIIa within 2 h of hemorrhagic stroke symptom onset [20]. 
Novel interventions such as this may be hampered by delays 
in access to the study drug given limited access to academic 
medical centers.

The frequency of neurosurgery consultation was similar 
between the intervention and non-intervention groups in our 
study. This highlights the issue of limited access to neurosurgi-
cal consultations in regional medical centers. The feasibility 
of telemedicine in neurosurgery has been well described [21] 
and should be considered in future implementation towards 
comprehensive telestroke services. We also noted the frequen-
cy of neurosurgical interventions of craniectomy and/or EVD 
were low in our study even after patients were transferred to 
a tertiary care center. Creation of telemedicine consultation 
services for neurosurgery could avoid unnecessary transfers, 
similar to how telemedicine access in neurology has already 
been shown to avoid unnecessary transfers [18]. Finally, most 
telestroke transfers meet ICU level of care due to the severity 
of their neurological presentation which likely contributed to 
the need for an inter-hospital transfer. Another way to poten-
tially solve this problem without transferring the patient is to 
augment ICU capabilities within regional medical centers with 
telemedicine services.

Our study also highlights the need to define clear goals of 
care prior to transferring patients. Our chart reviews indicated 
that only a small number of patients (2.8%) utilizing telestroke 
services had documented goals of care prior to the transfer. 
About 10% (18/181) of transferred patients changed their code 
status to comfort measure only status after the transfer. The 
low utilization of hospice services is an opportunity both for 
families of deceased patients who could utilize bereavement 
services that come with the hospice, as well as for hospitals 
that are held accountable for inpatient mortality performance 
[22, 23]. Establishment of clear goals of care is an important 
initiative that requires attention as disabling acute conditions, 
such as devastating stroke with severe deficits, are viewed 
as an unacceptable quality of life, worse than death [24, 25]. 
There is a movement towards establishing clear goals of care 
documentation within 48 h of admission in safety-net medical 
centers to align patients’ values and goals in their medical care 
[26]. This is particularly important for stroke patients given the 
high mortality and morbidity. Having this information prior to 
the transfer is critical to quantifying potential risks and ben-
efits of transferring patients between hospitals. This also leads 
to an important question regarding how to increase palliative 
care involvement in stroke patients as it is known to reduce 

symptom burden, LOS, and improve survival after stroke [27].
The strengths of our study included the independent reas-

sessment of the clinical diagnoses by a trained vascular neurol-
ogist and chart reviews of all cases, with further adjudication 
of uncertain cases by a second neurologist and resolution of 
the cases by group consensus. A major limitation of the study 
is its relatively small sample size. Furthermore, since this was 
a descriptive study, outcomes were not adjusted for confound-
ers. Thus, the results need to be interpreted with caution. Other 
limitations of the study are its single center and retrospective 
design which all may have led to bias. As the intervention de-
cisions are finalized upon the patient’s arrival at the tertiary 
medical center based upon the neurological assessments, there 
may be an introduction of bias. Furthermore, since the study 
was a pragmatic retrospective exploratory study comparing the 
outcomes of telestroke referred patients, there may be an in-
troduction of bias when drawing direct conclusions. Although 
it is a single tertiary care center study, it had a well-developed 
telestroke program, consisting of connections with regional af-
filiated hospitals, which raises the importance of pragmatism 
in regions that require urgent neurology consultation access.

Conclusions

Telestroke is a valuable resource that expedites emergent neu-
rological care via referral to a stroke center. However, not 
all patients who are transferred benefit from transfer. Future 
multicenter studies are warranted to study the effects or appro-
priateness of telestroke networks and to better understand the 
patient characteristics, resources allocation, and transferring 
institutions to improve telestroke care.
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