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Dear Sir:

The implementation of telestroke networks significantly im-
proved access to intravenous tissue plasminogen activator (IV-
tPA) in rural areas.1 Through the telestroke system of care, pa-
tients who present to a community hospital (spoke) are evaluat-
ed using a videoconferencing platform by a stroke expert. 
Telestroke patients who receive IV-tPA either remain at the 
spoke (drip and stay) or are transferred to a tertiary medical 
center (drip and ship).2

We reviewed the prospectively collected data on all consecutive 
telestroke patients who received IV-tPA through the Medical Uni-
versity of South Carolina (MUSC) telestroke network between 
January 2016 and March 2018. Details on the MUSC telestroke 
network were described before.3 Some spoke sites are able to keep 
stroke patients after receiving tPA (drip and stay), while other 
sites transfer all patients who receive tPA to a comprehensive 
stroke center (drip and ship). Drip and ship patients who were 
transferred to the hub for mechanical thrombectomy evaluation 
because of clinical suspicion for large vessel occlusion were ex-
cluded from this analysis. Our primary outcome was the modified 
Rankin Scale (mRS) at 90 days. A good functional outcome was 
defined as a 90-day mRS of 0–2. 

We assessed the predictors of having good 90-day outcome 
using a generalized linear model (GLM) with logit link control-

ling for age, sex, race, door to needle time and baseline National 
Institutes of Health Stroke Scale (NIHSS). Sensitivity analysis 
was done using worst-case scenario method to account for pa-
tients who were excluded from the GLM because of missing 90-
day mRS (81 in the drip and stay group and 19 in the drip and 
ship group). This study was approved by the Institutional Review 
Board of the Medical University of South Carolina, with the 
need for written informed consent waived.

During the study period, 797 patients received tPA at spoke 
sites through MUSC telestroke network. Two hundred and eighty 
patients were excluded for missing data or because they were 
transferred to a thrombectomy-capable center for thrombectomy 
evaluation (Figure 1). A total of 517 patients were included in the 
analysis; 410 (79.3%) in the drip and stay group, and 107 (20.7%) 
in the drip and ship group. As shown in Table 1, there was no dif-
ference baseline NIHSS or door to needle time in both groups. A 
90-day good functional outcome was achieved in 323 patients 
(78.8%) in the drip and stay and in 80 patients (74.8%) in the drip 
and ship group (P=0.372) (Figure 2). On multivariate analysis, we 
found no difference in the adjusted relative risk (RR) of having 
90-day mRS ≤2 between drip and ship and drip and stay patients 
(RR, 0.95; 95% confidence interval [CI], 0.85 to 1.10; P=0.365) 
(Table 2). Similar results were found on sensitivity analysis using 
worst case scenario to account for patients with missing 90-day 
mRS (RR, 0.96; 95% CI, 0.83 to 1.11; P=0.572).
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Figure 1. Study flowchart. tPA, tissue plasminogen activator; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; DTN, door to needle.

303 Patients were transferred to a
tertiary medical center (drip and ship)

494 Patients stays at spoke sites
(drip and stay)

797 Patients received tPA at spoke sites during study period

196 Patients excluded:
-19 Patients because of missing 90-day mRS
-177 Patients because they were transferred
 for thrombectomy evaluation

84 Patients excluded:
-81 Patients because of missing 90-day mRS
-1 Patient because of missing baseline NIHSS
-2 Patients because of missing DTN time

Table 1. Characteristics of study cohort

Variable Drip and stay group (n=410) Drip and ship group (n=107) Total (n=517) P

Age (yr) 66.1±16.3 66.7±15.4 66.3±16.1 0.746

Sex       0.013

Female 246 (60.0) 50 (46.7) 296 (57.3)  

Male 164 (40.0) 57 (53.3) 221 (42.8)  

Race       0.830

Black 110 (26.8) 28 (26.2) 138 (26.7)  

White 265 (64.6) 72 (67.3) 337 (65.2)  

Other 35 (8.54) 7 (6.5) 42 (8.1)  

Admission NIHSS 5 (4–8) 6 (5–9) 5 (4–8) 0.166

Door to needle time* 56 (43–73) 58 (25–140) 57 (43–75) 0.465

sICH† 7 (1.7) 3 (2.8) 10 (1.9) 0.460

Values are presented as mean±standard deviation, number (%), or median (interquartile range).
NIHSS, National Institutes of Health Stroke Scale; sICH, symptomatic intracerebral hemorrhage. 
*Measured in minutes; †Symptomatic hemorrhagic transformation defined using the European Australian Cooperative Acute Stroke Study II (ECAS II) definition.

Figure 2. A 90-day modified Rankin Scale (mRS) distribution in both groups. 

Drip and ship group (n=107)

Drip and stay group (n=410)

90-day mRS 

0 1 2 3 4 5 6

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

29% (31)

30% (121) 35% (144) 14% (58) 7% (27) 11% (144)

2%
(11)

1%
(5)

30% (33) 14% (16) 9% (10)

3% (3)

12% (13)

1% (1)



Al Kasab et al.  Drip and Stay Outcomes

https://doi.org/10.5853/jos.2019.00465226 http://j-stroke.org

Our study shows that patients treated with intravenous al-
teplase through telestroke and who otherwise do not require a 
higher level of care can remain at spoke centers and can have 
excellent outcomes that are comparable to those transferred 
to a tertiary medical center. 

Early experience with tPA demonstrated that mortality was 
higher when tPA was administered in inexperienced hospitals, 
which led to more support for telestroke networks to be able to 
provide a safe and efficient solution for acute stroke manage-
ment.4,5 With more evidence emerging concerning the benefits 
of telestroke consultations, including higher rates of thrombol-
ysis,6 one of the main questions remaining is whether stroke 
patients post-tPA will experience better outcomes if they stay 
at the spoke sites (drip and stay) or if they are transferred to a 
tertiary medical center (drip and ship). This question is espe-
cially important for patients who are not candidates for endo-
vascular or neurosurgical intervention. A few studies in the 
past have tried to answer this question, including a study by 
Yaghi et al.7 which demonstrated that telestroke patients with 
mild stroke (NIHSS <8) have similar long-term outcomes 
whether they stay at a spoke or are transferred to a primary 
stroke center. However, patients with moderate to severe stroke 
(NIHSS ≥8) had higher odds of having a good long-term out-
come if they are transferred to the telestroke hub.7 Our study 
has shown similar results with an advantage that the compari-
son groups were more homogeneous in terms of stroke severity 
given that all patients with suspected or confirmed large vessel 
occlusion were excluded from the study. 

After the extension of the mechanical thrombectomy treat-
ment window, more patients are expected to be transferred to 
thrombectomy-capable centers for thrombectomy evaluation 
and treatment.8 Thus, new strategies should be put in place to 
ensure that only patients who will benefit from the transfer are 
being transferred. With the cumulative evidence that has 
shown that telestroke patients may have good outcomes when 
they remain at spoke sites following thrombolysis,5,9 more ef-
forts should be taken to ensure that patients who are treated 

under the drip and stay paradigm receive equivalent care as 
patients who are treated under the drip and ship paradigm. 

Our study has a few limitations. First, although the telestroke 
log at MUSC is prospectively maintained, the study parameters 
were reviewed retrospectively. Second, 90-day mRS was miss-
ing for 100 patients. However, sensitivity analysis using worst 
case scenario showed similar results to the primary multivari-
ate analysis. Finally, we were unable to control for factors that 
affected the decision for transfer to a tertiary medical center 
including spoke hospital staffing, presentation during off-hours 

and other medical complications.
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