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After 90 days of MT there was no significant difference in 
clinical outcome (modified Rankin Scale ≤ 2) between pri-
mary admitted and referred patients (p = 0.502).
Conclusion  Clinical outcome in patients who received MT 
after transfer from either local or regional remote hospitals 
was not significantly worse than in patients primarily admit-
ted to the CSC. In the event of an acute ischemic stroke pa-
tients living in urban or rural areas should, despite a possible 
delay, have access to MT.
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Abbreviations
AIS	� Acute ischemic stroke
CSC	� Comprehensive stroke center
CT	� Computed tomography
IVT	� Intravenous thrombolysis
mRS	� Modified Rankin Scale
MT	� Mechanical thrombectomy
NIHSS	� National Institutes of Health Stroke Scale
rtPA	� Recombinant tissue plasminogen activator

Introduction

The implementation of stroke networks has been advocated 
to provide high-quality care in stroke medicine in urban 
as well as in rural areas [1]. As timely revascularization 
remains a critical component of acute ischemic stroke (AIS) 
therapy [2] mainstay of these networks is to increase and 
accelerate intravenous or intraarterial recanalization thera-
pies. While intravenous thrombolysis (IVT) with recombi-
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nant tissue plasminogen activator (rtPA) is widely available 
in community or primary stroke center hospitals, it has a 
limited efficacy of only about 30 % in patients with large 
vessel occlusion (LVO) [3, 4].

Recently randomized, multicenter studies proved safety 
and efficacy of intraarterial treatment (mechanical throm-
bectomy, MT) in the setting of LVO [5–9]. Unfortunately, 
MT is frequently available at comprehensive stroke centers 
only. Thus eligible patients often require transferal to CSC 
for MT.

Delay in hospital-to-hospital transfer is a common rea-
son for patients with AIS becoming ineligible for MT. The 
likelihood of receiving MT decreases rapidly by increas-
ing transfer time [10]. Furthermore delays in hospital-to-
hospital transfer reduce the probability of good outcomes 
among treated patients and recommendations to reduce 
transfer delays have been issued [11]. A previous study 
demonstrated that the use of a telemedicine stroke system 
for remote evaluation of the patient and of acute radiologic 
imaging studies (e.g., non-enhanced computed tomogra-
phy (CT) of the brain) before transfer to a stroke center 
for further treatment was associated with favorable patient 
outcome [12, 13]. Stroke centers performing more than 50 
endovascular interventions for acute stroke per year had sig-
nificantly better patient outcome [12, 13].

Even within well-established stroke networks, it remains 
of interest if the efforts of secondary referral, transportation, 
and logistics translate into clinical outcomes comparable 
to patients admitted primarily. Here, we assessed the out-
come of AIS patients who received MT at our institution 
and tested the impact of distance and delay of transporta-
tion from the referring remote hospital. We hypothesized 
that patients being transferred from remote either local or 
regional hospitals have a reduced probability of a good out-
come in comparison to patients primarily admitted to the 
emergency service in-house.

Subjects and Methods

On the basis of a prospectively collected AIS patient cohort 
undergoing mechanical thrombectomy at our institution 
between 2006/2010 and 2012/2013 we categorized the fol-
lowing groups: patients who were primarily admitted to our 
institution (group A); and patients who were transferred 
from local (group B) or regional (group C) hospitals. Refer-
ring hospitals were very heterogeneous in terms of distance 
to the CSC, with the closest being only nine miles and the 
farthest being 87 miles away from the CSC. Since there 
is no international standardized definition of “local” and 
“regional” the distance of a marathon (42,195  kilometers 
or 26 miles and 385 yards) was chosen as a parameter to 
categorize hospitals according to their distance to our insti-

tution. Local, mostly urban hospitals were defined by a dis-
tance to the CSC of less than or equal to the distance of a 
marathon (group B). Regional, mostly rural hospitals were 
defined by a distance to the CSC of more than 42,195 km or 
26 miles and 385 yards (group C). Distance was measured 
by the fastest route from the referring hospital to the CSC by 
car according to google.maps.

To maximize comparability between our groups we 
established the following inclusion and exclusion criteria. 
For this analysis we included only patients with anterior 
circulation ischemic stroke who had CT imaging before ini-
tiation of MT (n = 112). We excluded patients who received 
MR-imaging prior to MT because of the increased time 
needed for MR-imaging and the circumstance that these 
patients were exclusively primary admissions to the CSC. 
All elderly patients (age ≥ 80 years), who received MT at our 
institution, were primary admissions. To prevent the analy-
sis from this possible bias, elderly patients were not eligible 
for this study. Patients with posterior circulation ischemic 
stroke, patients in whom initiation of therapy could not be 
accomplished within 8 h from symptom onset or unknown 
symptom onset (e.g., wake-up strokes) and those with clini-
cal fluctuation of symptoms were excluded as well (Fig. 1).

Stroke Imaging, and Eligibility for Stroke Therapy

Patients with suspected acute ischemic stroke received a 
standardized stroke imaging protocol including a non-con-
trast enhanced CT of the brain and a CT angiography in the 
CSC or at the remote hospitals. If primarily admitted to the 
CSC, a CT perfusion was performed as well.

Patients were considered eligible for MT by the treating 
neurointerventionalist at the CSC if initiation of therapy 
could be accomplished within 8  h of onset, NIHSS score 
was ≥ 10 on evaluation at the primarily admitting hospital 
and initial CT of the head excluded hemorrhage or hypoden-
sity more than one-third middle cerebral artery territory 
or ASPECTS < 6. Patients from referring hospitals were 
assessed for MT eligibility by same criteria via a telemedi-
cine stroke system prior to a possible transport to the CSC. 
Mode of transportation (ambulance or helicopter) was cho-
sen upon availability. Repeat brain imaging was performed 
before angiography to rule out a large infarct core or intra-
cranial hemorrhage.

Use of mechanical and/or pharmacological treatments 
remained at the discretion of the treating stroke neurologist 
and neurointerventionalist. IVT eligibility and dosing was 
based on international standards. Almost exclusively stent 
retriever devices (e.g., Revive PV, Codman, Raynham, MA, 
USA; Solitaire Revascularization Device, Covidien, Dub-
lin, Ireland) were used for MT.
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Statistical Analysis

We compared data between those patients who were primar-
ily admitted to our institution (group A) versus those who 
were transferred from a local (group B) or regional (group 
C) hospital using Pearson χ2-Test and Fisher exact test for 
categorical variables and ANOVA and Student t Test for 
continuous variables when applicable. We also performed 
a univariate analysis to determine relevant continuous vari-
ables that could be considered independent predictors of 
good clinical outcome. Good clinical outcome was defined 
as mRS90 0–2. Variables with a P-value < 0.20 were entered 
into a multivariate logistic regression analysis. Odds ratios 
and 95 % confidence intervals were estimated for predictors 
of good clinical outcome. P < 0.05 was considered significant 
in the final model. All statistical analyses were performed 
using IBM SPSS Statistics 21.0.0.0 (Armonk, NY, USA).

The study was approved by the Institutional Review 
Board at our hospital.

Results

Between June 1, 2010 and December 31, 2013, 326 patients 
with AIS received MT at our institution. Two hundred four-
teen (65.6 %) patients were excluded from this analysis 
because of aforementioned criteria (Fig.  1). One hundred 
twelve (34.4 %) patients were included in this analysis. 
Seventy-four patients were primarily admitted to the CSC 
and categorized into group A (22.7 %). Thirty-eight patients 
were transferred from over 6 local (group B: 20 (6.2 %)) and 
11 regional (group C: 18 (5.5 %)) hospitals for intraarterial 
revascularization therapy.

The mean age of the included patients was 65 ± 13 years 
and median NIHSS score was 19 (interquartile range [IQR], 
15–22). Patients in group A were older than patients from 
referring regional hospitals (age in years [standard devia-
tion]: A: 67 [11], B: 64 [15], C: 57 [15]; p = 0.025; A vs. B, 
p = 0.423; A vs. C, p = 0.005; B vs. C, p = 0.172). With the 
exception of hypertension and coronary artery disease there 
was no significant difference between the patient groups in 
terms of sex and medical history including diabetes mel-
litus, atrial fibrillation, congestive heart failure, hyper-
cholesterolemia, previous stroke, and history of smoking. 
Hypertension and coronary artery disease were more fre-
quent in patients primarily admitted to the CSC compared 
to patients referred from regional hospitals (A vs. C: hyper-
tension: p = 0.002; coronary artery disease: p = 0.019). With 
regards to history of hypercholesterolemia, congestive heart 
failure, and pre-ictus mRS there was a trend of a decreas-
ing frequency with increasing distance to the CSC. Baseline 
characteristics of included patients are shown according to 
their primarily admitting hospital in Table 1.

Data Collection

Data collection included demographics (age and sex), previ-
ous medical history (hypertension, coronary artery disease, 
congestive heart failure, atrial fibrillation, diabetes melli-
tus, hypercholesterolemia, history of smoking, and previ-
ous stroke), symptom onset time, stroke severity (National 
Institutes of Health Stroke Scale (NIHSS)), initiation of CT, 
transportation mode, referring hospital location, start of 
angiography time, angiographic outcome as by thromboly-
sis in cerebral infarction score (TICI), and complications. 
Symptom onset time and patient history was documented 
according to admission papers at our institution or at the 
referring hospital. Time of CT and angiography were cap-
tured automatically by the CT-scanners and angiography 
system. Clinical outcome as by modified Rankin Scale 
(mRS) after 90 days was assessed by an independent stroke 
neurologist.

Fig. 1  Flowchart depicts selection of patients with intraarterial ther-
apy (gray shaded area highlights criteria of exclusion). CSC com-
prehensive stroke center, CT computed tomography, MT mechanical 
thrombectomy
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Table 1  Baseline characteristics and key components of stroke care of included patients with anterior circulation ischemic stroke who received 
IAT at our institution*

Group A (n = 74) Group B (n = 20) Group C (n = 18) p
Age (years), mean (SD) 67 (11) 64 (15) 57 (15) 0.025

A vs. B
A vs. C
B vs. C

0.423
0.005
0.172

Male (%) 35 (47.3) 8 (40) 10 (55.6) 0.631
Hypertension (%) 62 (83.8) 16 (80) 9 (50) 0.003

A vs. B
A vs. C
B vs. C

0.495
0.002
0.087

Diabetes mellitus (%) 17 (23) 5 (25) 5 (27.8) 0.933
Atrial fibrillation (%) 32 (43.2) 7 (35) 8 (44.4) 0.742
Coronary artery disease (%) 24 (32.4) 4 (20) 1 (5.6) 0.044

A vs. B
A vs. C
B vs. C

0.288
0.019
0.334

Congestive heart failure (%) 14 (18.9) 2 (10) 1 (5.6) 0.262
Hypercholesterolemia (%) 28 (37.8) 6 (30) 4 (22.2) 0.396
Previous stroke (%) 2 (2.7) 0 (0) 0 (0) 0.593
History of smoking (%) 20 (27) 7 (35) 4 (22.2) 0.664
Prestroke mRS 0 (%) 48 (64.9) 16 (80) 15 (83.3) 0.434

1 (%) 15 (20.3) 3 (15) 2 (11.1)
2 (%) 11 (14.9) 1 (5) 1 (5.6)

NIHSS score on arrival at primarily admitting hospital, 
median (IQR)

19 (15–22) 17 (13–23) 19 (14–22) 0.419

ASPECTS, median (IQR)
Computed from initial CT,Remote CT in B and C

9 (8–10) 9 (9–10) 9 (9–10) 0.242

Occlusion site Intracranial carotid (%) 5 (6.8) 1 (5) 0 (0) 0.833
M1 (%) 38 (51.4) 11 (55) 8 (44.4)
Intracranial carotid + M1 (%) 25 (33.8) 7 (35) 9 (50)
M2 division (%) 6 (8.1) 1 (5) 1 (5.6)

Intravenous rtPA (%) 54 (73) 15 (75) 14 (77.8) 0.912
Land transport (%) 9 (45) 11 (61.1)

B vs. C 0.080
Distance (miles), median (range) 14.1 (8,9–26) 46.1 (29,5–86,7)

B vs. C < 0.001
Onset to initial CT (min), median (IQR)
(Remote CT in B and C)

82 (62–116) 84 (61–111) 77 (52–107) 0.939

CT to MT (min), median (IQR) 83 (68–120) 174 (159–208) 220 (181–235) < 0.001
A vs. B
A vs. C
B vs. C

< 0.001
< 0.001

0.109
Onset to MT (min), median (IQR) 178 (150–210) 274 (238–349) 293 (256–329) < 0.001

A vs. B
A vs. C
B vs. C

< 0.001
< 0.001

0.362
TICI 2b/3 (%) 48 (64.9) 16 (80) 13 (72.2) 0.407
sICH 24 h after MT (%) 9 (12.1) 4 (20) 1 (5.9) 0.407
ASPECTS 24 h after MT, median (IQR) 7 (4–8) 8 (6–8) 7 (6–8) 0.395
NIHSS score 24 h after MT, median (IQR) 11 (3–18) 8 (5–18) 10 (6–18) 0.895
Good clinical outcome (mRS ≤ 2) (%) 26 (35.1) 8 (40) 9 (50) 0.502
*Distance between referring hospitals and CSC and mode of transportation are given for group B and group C only. ASPECTS, Alberta Stroke 
Program Early CT score
CT computed tomography, IQR inter quartile range, MT mechanical thrombectomy, sICH symptomatic intracranial hemorrhage, SD standard 
deviation, TICI thrombolysis in cerebral infarction score, rtPA recombinant tissue plasminogen activator
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Discussion

The efforts of transportation and logistics associated with a 
secondary referral of patients to undergo MT in a CSC are 
not negligible. Previous studies could not clarify whether 
these efforts provide referred patients with the same possi-
bility for a good clinical outcome than primary admissions. 
We addressed this issue by analyzing patient outcome on 
the basis of a prospectively collected AIS patient cohort 
undergoing MT at our institution and determined the prob-
ability of a good clinical outcome depending on the primar-
ily admitting hospital. Despite a significant increase in time 
between onset of symptoms and MT and time between CT 
imaging and MT, clinical outcome of transferred patients 
was not significantly worse than clinical outcome of patients 
primarily admitted to the CSC.

The concept of stroke networks requires patients, who 
are eligible for MT, to be transferred to a CSC offering 
this specific treatment. Similar to our findings, a previous 
study demonstrated that for transferred patients significantly 
more time passes between onset of symptoms and initiation 
of MT and between initial imaging and MT compared to 
patient primarily admitted to the CSC [11]. In our study, 
transferred patients received MT after 4.5–5 h after stroke 
onset, compared to 3 h in patients primarily admitted to the 
CSC. However, no significant difference in recanalization 
rates as well as NIHSS, ASPECTS, and the occurrence of 
symptomatic intracranial hemorrhage 24  h after MT was 
observed between the patient groups. Furthermore, good 
clinical outcome 90 days after MT was not statistically 
significant different in primary admissions and transferred 
patients. These findings stand in contrast to preceding stud-
ies in which a delay of MT was associated with significantly 
worse clinical outcome [11, 14].

IV rtPA was administered in 54 patients (73 %) in group 
A. Fifteen patients (75 %) in group B and 14 patients 
(77.8 %) in group C received IV rtPA before transfer in a 
“drip and ship” protocol (p = 0.912). The median distance 
between group B and group C was significantly different 
(p < 0.001). Mode of transportation was almost equally dis-
tributed between ambulance and helicopter (ambulance [%]; 
B: 9 [45 %]; C: 11 [61.1 %]; p = 0.080). There was no differ-
ence between both transportation modalities with regards to 
baseline characteristics, time between symptom onset and 
initial CT, time from initial CT to MT, time between symp-
tom onset and MT and clinical outcome (data not shown). 
The majority of transferred patients received repeated brain 
imaging upon arrival at the CSC to confirm eligibility for 
MT (group B: 18 (90 %); group C: 15 (88.3 %)). We did not 
observe a case of intracranial hemorrhage or recanalization 
in referred patients prior to MT.

The median time from symptom onset to initial CT was 
similar in all groups (in minutes [IQR]; A: 82 [62–116]; 
B: 84 [61–111]; C: 77 [52–107]; p = 0.939). In compari-
son between patients who were transferred to the CSC and 
patients who were primarily admitted to the CSC median 
time between initial CT and MT was significantly increas-
ing (in minutes [IQR]; A: 83 [68–120]; B: 174 [159–208]; 
C: 220 [181–235]; A vs. B and A vs. C: p < 0.001; B vs. C: 
p = 0.109) as well as the median time between onset to MT 
(in minutes [IQR]; A: 178 [150–210]; B: 274 [238–349]; 
C: 293 [256–329]; A vs. B and A vs. C: p < 0.001; B vs. 
C: p = 0.362). However, there was no significant difference 
between local and regional hospitals for these variables. 
Angiographic outcome after mechanical thrombectomy was 
comparable in all groups (TICI 2b/3: p = 0.407).

Routinely performed follow-up exams revealed no sig-
nificant differences in infarct size (as per ASPECTS on a 
repeated non-contrast enhanced CT), NIHSS, and occur-
rence of symptomatic intracranial hemorrhage (sICH) 24 h 
after MT. Ninety days after the acute ischemic stroke there 
was no significant difference in clinical outcome between 
patients who were primarily admitted to the CSC and 
patients being transferred for MT from local or regional 
hospitals (mRS 0–2: A = 35.1 %, B = 40 %, C = 50 %; A vs. 
B: p = 0.794; A vs. C: p = 0.282; B vs. C: p = 0.745).

After a univariate analysis, a multivariate logistic regres-
sion model (Table  2) including TICI, diabetes mellitus, 
NIHSS score, age, prestroke mRS, previous stroke, atrial 
fibrillation and time to imaging, time to MT, and time 
between imaging and MT was performed. This analysis 
revealed TICI 2b/3 as positive and diabetes mellitus, NIHSS 
and age as negative predictive factors on good clinical out-
come in this patient cohort.

Table 2  Multivariable logistic regression model evaluating predictors 
for good clinical outcome

Adjusted OR 95 % CI P
TICI 2/b3 0.094 0.025–0.35 < 0.0001
Diabetes mellitus 7.728 1.784–33.743 0.006
NIHSS 1.127 1.032–1.231 0.008
Age 1.052 1.003–1.103 0.036
Prestroke mRS 2.281 0.895–5.817 0.084
Previous stroke 0.057 0.001–3.573 0.175
Atrial fibrillation 0.544 0.192–1.545 0.253
CTtMT 1.067 0.95–1.199 0.273
OtCT 1.058 0.942–1.188 0.343
OtMT 0.947 0.843–1.065 0.366
CTtMT time between initial CT and mechanical thrombectomy, OtCT 
time between symptom onset and CT, OtMT time between symptom 
onset and mechanical thrombectomy, mRS modified Rankin Scale, 
NIHSS National Institutes of Health Stroke Scale, TICI thrombolysis 
in cerebral infarction score
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Limitations

The relatively small cohort of the referred patients limits the 
value of our findings. Larger patient cohorts might delineate 
a stronger influence between transfer time and patient out-
come after MT.

A potential bias might be given by the aforementioned 
circumstance that patients who received MRI imaging prior 
to MT were excluded from this analysis. Advance stroke 
imaging (e.g. Stroke-MRI) may cause a delay in initiation of 
MT, however, seems not to have a negativ impact on patient 
outcome [23]. Under this condition the results of our study 
might be transferrable for patients who received MRI imag-
ing prior to MT.

Unfortunately, the positive aspects of this analysis must 
not be transferred to the subset of patients who did not meet 
the inclusion/exclusion criteria. Patients with posterior isch-
emic stroke, wake-up stroke, or clinical fluctuation of symp-
toms might not benefit from an integrated telemedicine 
stroke system within a high volume CSC because of dif-
ferent underlying pathophysiology and several, sometimes 
not yet detected variables influencing the outcome of these 
more complex patients. Because our data refers to patients 
who underwent MT, our findings could not be transferred to 
all patients who were admitted from remote hospitals and 
did not meet criteria for MT at the CSC.

Conclusion

Clinical outcomes of patients who received MT after trans-
fer from local or regional hospitals were not significantly 
worse than clinical outcomes of patients primarily admitted 
to a comprehensive stroke center. Although a careful patient 
selection including patient demographics and medical his-
tory is needed, the data from this patient cohort suggest that 
final recanalization status is the strongest positive predic-
tor of good clinical outcome and patients living in urban or 
rural areas should, despite a possible delay, have access to 
MT. However, larger patient cohorts are needed to examine 
the influence of time and patient characteristics on clinical 
outcome in detail for patients receiving MT after referral 
from a remote hospital.

Funding  This research received no specific grant from any 
funding agency in the public, commercial or not-for-profit 
sectors.
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Pfaff, Martin Bendszus, and Markus Möhlenbruch had 

The reasons for our findings are complex. IV rtPA as 
bridging for MT improves recanalization and clinical out-
come [15, 16]. Our patient cohort demonstrates comparable 
IV rtPA administration rates of about 75–80 % within group 
A, B, and C. In this circumstance, it remains unclear if and to 
what extent an increased IV rtPA exposure time might have 
had an additional beneficial effect for transferred patients.

Our findings could be influenced by some sort of selec-
tion bias. Patient demographics and medical history are fac-
tors which influence recanalization rate, infarct size, and 
clinical outcome [17–21] and always need to be viewed 
cautiously. As referred patients tend to be younger and had 
a lower frequency of hypertension and coronary artery dis-
ease, the probability of good clinical outcome might have 
been altered within this study. Accordingly, the probabil-
ity of good clinical outcome after MT might be lower in 
a subset of transferred patients with the similar age and 
comorbidities like patients primarily admitted to a CSC. 
The heterogeneity between the patients groups could be the 
consequence of patient selection. Referring hospitals were 
not obligated to consult with the CSC in every patient with 
ischemic stroke and might have contacted the CSC only in 
patients with favorable demographics and medical history 
during our study period between 2006/2010 and 2012/2013. 
However, following the publication of randomized stroke 
trials evaluating MT [5–9] we are likely to experience an 
increasing number of referred patients. To what extend 
these patients are going to have similar age and comorbidi-
ties as patients primarily admitted to the CSC needs to be 
evaluated separately.

The stability of ischemic core volume during the initial 
hours of acute ischemic stroke [22] could explain similar 
clinical outcome as well as similar infarction size after MT. 
A stable ischemic core volume implies a certain degree of 
additional time for patient transfer during the initial hours 
of stroke. Nevertheless, recanalization should be achieved 
as soon as possible and patients eligible for MT need to be 
transferred to a CSC for definite treatment without further 
delay.

Angiographic outcome after mechanical thrombectomy 
(TICI 2b/3) was the only positive predictor for good clini-
cal outcome in our multivariate regression model. This 
underlines the importance of final recanalization status as 
the strongest predictor of clinical outcome [17]. Follow-
ing the results of recently issued interventional stroke trials 
[5–9] mechanical thrombectomy is going to be increasingly 
applied and will become standard of care for patients with 
acute ischemic stroke. In this context, achieving a good final 
recanalization status will not only be crucial for treatment 
success, but also a marker for treatment quality.
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