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Abstract
Purpose Endovascular mechanical thrombectomy (mTE)
in acute ischemic stroke due to large cerebral artery occlu-
sion is effective and safe. The procedure is currently offered
by specialized hospitals. Physicians from smaller hospitals
need to refer patients to stroke centers. Secondary referrals
involve delays for transportation. Little is known about ef-
fects of distant referrals on outcome and complications as
compared to direct admittance.
Methods To evaluate the effects of referral patterns on out-
come and safety, we analyzed 941 patients with anterior cir-
culation stroke receiving mTE between January 2010 and
December 2015. Patients were divided into three groups:
directly admitted patients (DAP), inner-city transfers (ICT)

Electronic supplementary material The online version of this
article (doi:10.1007/s00062-017-0558-z) contains an extended
version of table 1 including missing data, the results of the
head-to-head comparison of groups for all outcome parameters
and further information on the geographical distribution of
referring hospitals, their average distance to our neurovascular
center and their respective patient count, which is available to
authorized users.

� Philipp Bücke
philipp.buecke@googlemail.com

1 Neurological Clinic, Neurocenter, Klinikum Stuttgart,
Kriegsbergstr. 60–62, 70174 Stuttgart, Germany

2 Neuroradiological Clinic, Neurocenter, Klinikum Stuttgart,
Kriegsbergstr. 60–62, 70174 Stuttgart, Germany

3 Center for Stroke Research Berlin (CSB), Charité –
Universitätsmedizin, Charitéplatz 1, 10117 Berlin, Germany

4 Klinik und Hochschulambulanz für Neurologie, Charité –
Universitätsmedizin Berlin, Charitéplatz 1, 10117 Berlin,
Germany

5 Medical Faculty, University Duisburg-Essen,
Hufelandstr. 55, 45147 Essen, Germany

and long-distance referrals (LDR). We assessed (1) proce-
dural parameters (2) frequency of good functional outcome
(mRS �2 at 3 months) and (3) mortality rates.
Results Referrals had a significantly longer imaging-to-
groin time compared to DAP (median 150 min vs. 85 min,
p <0.001), the same was true for LDR vs. ICT (median
157 min vs. 133.5 min, p <0.001). Time to recanalization
was significantly longer for referrals compared to DAP (me-
dian 348 min vs. 260 min, p <0.001). There was no signifi-
cant difference in the frequency of good functional outcome
(DAP 39.5%, ICT 35.1%, LDR 37.0%; p =0.709), all-cause
mortality at day 90 (DAP 31.5%, ICT 23.0%, LDR 27.0%;
p =0.212) and the rate of symptomatic intracranial hemor-
rhage (p =0.834).
Conclusion Timing remains a critical factor in acute is-
chemic stroke treatment by endovascular means. Long dis-
tance referral to specialized neurovascular centers with high
recanalization rates, however, does allow for a good func-
tional outcome in a significant number of patients.

Keywords Acute ischemic stroke · Mechanical
thrombectomy · Acute ischemic stroke · Mechanical
thrombectomy · Neurovascular network · Transportation
time · Clinical outcome

Introduction

In 2015 randomized controlled multicenter trials proved su-
periority for mechanical thrombectomy (mTE) in addition
to intravenous thrombolysis (IVT) compared to IVT alone
in acute ischemic stroke caused by embolic large vessel oc-
clusion [1–5]. Consequently, international guidelines were
modified and a consensus statement with specific recom-
mendations for implementation of mTE was published [6];
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however, mTE was and still is mainly available in special-
ized neurovascular centers in urban areas [7, 8]. Primary
stroke centers and community hospitals are mostly unable
to provide endovascular stroke service on a 24/7 basis. In
order to offer a beneficial revascularization therapy to as
many people as possible, neurovascular networks were cre-
ated [9].

Whether endovascular thrombectomy after referral is as
safe and effective as in directly admitted patients is a mat-
ter of debate and highly relevant for the future organization
of acute stroke care facing new strategies of centralization
versus decentralization regarding endovascular service in-
frastructure [10, 11].

Methods

Data Collection

We performed a non-interventional, register-based single
center study. All data were collected prospectively accord-
ing to the approval by the local ethics committee (Board
of Physicians of Baden-Wuerttemberg). Consecutive pa-
tients treated with mTE and/or aspiration thrombectomy
(aTE) between January 2010 and December 2015 were in-
cluded. They were either directly admitted or secondarily
transferred. A population of approximately 2.4 million peo-
ple is covered [12]. Information on age, sex, medical his-
tory, onset of stroke, baseline National Institutes of Health
Stroke Scale score (NIHSS) and imaging findings were doc-
umented according to referral letters or our own admis-
sion notes. Imaging times were recorded by the computed
tomography (CT) or magnetic resonance imaging (MRI)
scanners and stored in our picture archiving and communi-
cation system (PACS). Periprocedural information as well
as the Thrombolysis in Cerebral Infarction Score (TICI)
were documented by the neuroradiologist in charge. Modi-
fied Rankin Scale score (mRS) at discharge and information
on stroke etiology were drawn from the discharge papers.
The follow-up data were collected by a stroke and study
nurse via telephone calls and through direct examination.

Study Population

We included patients with an anterior circulation stroke
and a proven occlusion of either the internal carotid artery
(ICA), the ICA bifurcation, an M1 or M2 branch of the mid-
dle cerebral artery (MCA). Enrolment was based on the ini-
tial intention to treat patients by endovascular means. Once
this decision was made either by us or in the referring hos-
pital, there was no secondary triage or selection procedure.
Patients in the ICT and LDR group underwent endovascu-
lar treatment without another CT or MR imaging in our

hospital and irrespective of clinical improvement or deteri-
oration during transportation. Only those patients with an
initial large vessel occlusion, which was found recanalized
(either spontaneously or after intravenous thrombolysis) an-
giographically were excluded from further analysis. In or-
der to show the whole spectrum of endovascular therapy, we
also included patients that did not meet current recommen-
dations for mTE (e. g., due to a delayed treatment onset) [6].
We did exclude patients undergoing primary stenting with-
out mTE because of high-grade intracranial or extracranial
stenosis or dissection due to anticipated differences in clini-
cal outcome. To increase comparability with published data
only new generation stent retrievers and aspiration systems
used in recent randomized controlled trials were included
(Solitaire FR, Medtronic, Dublin, Ireland; pREset, phenox,
Bochum, Germany; ACE aspiration catheters, Penumbra,
Alameda, CA; Sofia, MicroVention, Tustin, CA). Data sets
without a 3-month follow-up as well as inconsistent data
that could not be verified or traced back were excluded. We
did include incomplete data sets and removed the respective
information from subgroup analysis.

All remaining patients were classified into three groups:
(1) patients directly admitted to our endovascular center (di-
rectly admitted patients, DAP), (2) patients transferred from
any hospital within the city of Stuttgart (inner-city transfer
patients, ICT) and (3) patients transferred from hospitals
outside Stuttgart (long distance referral patients, LDR). Up
to 8 June 2015, when a joint neurovascular center providing
centralized stroke care including endovascular therapy was
established in our institution, the neurology department in-
cluding stroke unit care used to be spatially separated from
the neuroradiology department. Transfer within the com-
plex for those patients primarily seen in the previous neu-
rology department was inevitable. For our analysis these
patients were treated the same as ICT patients.

Outcome and Safety Measures

Primary outcome measure was the modified Rankin Scale
score (mRS) at day 90 with mRS 0–2 indicating good
functional outcome. Secondary outcome measures were:
(1) development of a symptomatic intracranial hemorrhage
(sICH) defined according to the Safe Implementation of
Thrombolysis in Stroke Monitoring Study (SITS-MOST)
criteria as a parenchymal hemorrhage type 2 (PH2) 22–36 h
after treatment with a deterioration in the NIHSS ≥ 4 points
or leading to death [13, 14], (2) in-hospital mortality and
(3) all-cause mortality after 3 months.

Statistical Analysis

Numerical baseline characteristics, such as age or time pe-
riods were described as medians (quartiles) or means (stan-
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dard deviation). Frequencies were used to describe categor-
ical baseline parameters. Baseline characteristics and out-
come parameters were analyzed using Fisher’s exact test or
the Mann-Whitney U-test as appropriate. For direct com-
parison of groups, Fisher’s exact test, the Kruskal-Wallis
test or the χ2-test were used. Dichotomized outcome (mRS
at day 90) was analyzed in a univariate logistic regression
model adjusting for possible confounders (based on litera-
ture research; baseline NIHSS score, age, duration of treat-
ment, ICA occlusion, atrial fibrillation and rt-PA therapy).
In a multivariate logistic regression model we tried to iden-
tify predictors for good clinical outcome. A p-value <0.05
was considered statistically significant. We used Stata/IC
13.1 for Windows (StataCorp LP, College Station, TX) for
statistical analysis.

Results

Between January 2010 and December 2015 a total of 1572
consecutive patients were initially considered and trans-
ferred for endovascular thrombectomy (Fig. 1). Of the pa-
tients 32 patients did not receive endovascular treatment
(DAP 2 patients, ICT 4 patients and LDR 28 patients),
14 of those due to recanalization (spontaneous or after IVT),
7 did not have a large vessel occlusion on initial imaging,
in 4 cases there was a major demarcation of infarcted tis-
sue in plain CT and 7 patients did not get treatment due to
other reasons (e. g., refusal by the patient). A total of 599
patients (38.9%) out of the remaining 1540 patients did not
meet the predefined inclusion criteria so that 941 patients
(61.1%) could be included in this analysis. Out of those
124 (13.2%) were categorized as DAP, 239 (25.4%) as ICT
(average distance 2.7 km or 1.7 miles) and 578 (61.4%)
came from distant locations (average distance 33.9 km or
21.1 miles).

The distance and number of enrolled patients from
the five main hospitals in the LDR group were as fol-
lows: Klinikum Sindelfingen-Böblingen (20 km, n = 156),
Klinikum Esslingen (17.7 km, n = 120), Winnenden (Rems-
Murr-Kliniken/Klinikum Schloss Winnenden, 24.7 km, n =
80), Stauferklinikum Schwäbisch Gmünd (58.2 km, n = 70)
and Rems-Murr-Kliniken Schorndorf (31.6 km, n = 39). All
names of the referring hospitals, the patient count, distance
to our institution and geographical distribution are shown
in supplementary Table 4 and supplementary Fig. 1.

The baseline characteristics are shown in Table 1. There
were no differences in sex, age, baseline NIHSS score and
most cardiovascular risk factors between directly admitted
as compared to transferred patients; however, atrial fibril-
lation was significantly more present in LDR compared to
ICT (66.1% vs. 57.8%; p = 0.039), the rate of coronary
artery disease was higher in DAP compared to referrals

(39.5% vs. 28.1%; p = 0.046) and MRI was available more
often in external patients (29.8% vs. 16.1%; p < 0.001).
Subgroup analysis showed that this effect was mainly due
to ICT patients having significantly more MRI scans com-
pared to LDR (44.4% vs. 23.7%; p < 0.001) and 21.5% of
external referrals received bridging therapy with IVT. A sig-
nificantly lower number of DAP received IVT (6.5%; p <
0.001). The same difference with a p-value of <0.001 was
seen comparing ICT and LDR (8.4% vs. 27.0%). There was
no significant difference in the rate of successful recanal-
ization between the three groups (TICI 2b/3; DAP: 87.8%,
ICT: 89.5%, LDR: 88.6%; p = 0.848, see Table 2).

There was no significant difference in the frequency of
good functional outcome (mRS �2) between all groups
(DAP 39.5%, ICT 35.1%, LDR 37.0%; p = 0.709, Ta-
ble 2). Looking at a head-to-head comparison in univari-
ate analysis adjusted for the abovementioned confounders,
results did not change (DAP vs. referrals: OR 0.87, 95%
CI 0.46–1.64; ICT vs. LDR: OR 1.45, 95% CI 0.92–2.27
see supplementary Table 2). Equally, the rates of in-hospi-
tal mortality (DAP 23.4%, ICT 18.4%, LDR 17.6%; p =
0.322) and all-cause mortality at day 90 (DAP 31.5%, ICT
23.0%, LDR 27.0%; p = 0.212) did not significantly dif-
fer. In univariate analysis for all-cause mortality DAP vs.
referrals (OR 0.76, 95% CI 0.50–1.14) and ICT vs. LDR
(OR 1.24, 95% CI 0.87–1.76, supplementary Table 6) did
not significantly differ.

Looking at safety aspects, the rate of sICH was alike in
all groups (6.8% for DAP, 5.5% for ICT and 6.7% for LDR,
p = 0.834, Table 2). Similarly, the rates of subarachnoid
hemorrhage (SAH) and PH did not differ. As shown in Ta-
ble 2, onset-to-groin time was in median 169min for DAP
compared to 222min for ICT and 239.5min for LDR (p <
0.001). The same time delay between groups was shown
for imaging-to-groin time: with a median of 85min, DAP
could be treated significantly faster (p < 0.001). Patients
from remote areas lost in median 23.5min compared to
patients transferred within the city (157min vs. 133.5min,
p < 0.001). Due to shorter symptom-to-imaging intervals
(median 77min vs. 85min, p = 0.066) and a trend towards
a shorter duration of treatment (89.5min vs. 94min, p =
0.137) for LDR, both external groups had a comparable
time to recanalization (ICT 349min, LDR 347.5min; p =
0.751). With 260min in median, DAP had a significantly
shorter time to recanalization (p < 0.001). Within the ICT
group, patients referred to our “old” neurology department
(ICTa, up to June 2015) vs. patients initially referred to an-
other hospital within Stuttgart (ICTb) were compared. The
symptom-to-groin time was 222min (ICTa) vs. 230.5min
(ICTb) (median, p = 0.738) and time to recanalization was
352min (ICTa) vs. 348min (ICTb) (median, p = 0.970).

We performed receiver operating characteristics (ROC)
analysis for imaging-to-groin time, symptom-to-groin time
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Fig. 1 Flowchart depicting
patient selection according to
predefined inclusion and ex-
clusion criteria; ICA internal
carotid artery, T carotid-T, M1
M1 branch of the middle cere-
bral artery, M2 M2 branch of the
middle cerebral artery

as well as time to recanalization. With an area under the
ROC curve below 0.7 for all of them, good functional out-
come could not be predicted (imaging-to-groin: 0.52, 95%
CI 0.48–0.56, symptom-to-groin: 0.58, 95% CI 0.54–0.62,
time to recanalization: 0.64, 95% CI 0.60–0.68; see supple-
mentary Fig. 2).

After categorizing time-to-recanalization, there was an
effect of time (Table 3). We chose a time to recanaliza-
tion of below 4 h as a reference group (54.8% of those
patients had mRS �2 in follow-up). Above 5 h, 36.7% of
patients presented with mRS �2 at day 90 (OR 0.49, 95%
CI 0.29–0.81). Above 9 h, 28.6% had a good functional
outcome (OR 0.33, 95% CI 0.18–0.62). As can be seen
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Table 1 Baseline characteristics of the study population

Directly admit-
ted patients (n =
124)

External pa-
tients (n =
817)

p* Inner-city
transfer (n =
239)

Long-distance
referral (n =
578)

pa

Demographics

Age, mean (SD), years 69.2 (14.2) 71.2 (12.8) 0.085 70.2 (13.1) 71.6 (12.7) 0.187

Male sex, n (%) 68 (54.8) 414 (50.7) 0.441 118 (49.4) 296 (51.2) 0.645

Cardiovascular risk profile, n (%)

Atrial fibrillation 57 (67.1) 448 (63.6) 0.632 119 (57.8) 329 (66.1) 0.039

Hypertension 68 (76.4) 610 (84.5) 0.067 165 (81.3) 445 (85.7) 0.139

Diabetes mellitus type 2 22 (31.0) 187 (29.3) 0.784 60 (30.9) 127 (28.5) 0.571

Hyperlipidemia 21 (30.9) 235 (37.2) 0.354 70 (37.8) 165 (37.0) 0.857

Smoking habits 13 (19.1) 124 (20.0) 1.000 41 (22.2) 83 (19.0) 0.381

Coronary heart disease 30 (39.5) 184 (28.1) 0.046 45 (23.3) 139 (30.1) 0.086

Stroke etiology, n (%)

Atherothrombotic 17 (13.7) 161 (19.7) 0.073 51 (21.3) 110 (19.0) 0.339

Cardioembolic 54 (43.5) 406 (49.7) 112 (46.9) 294 (50.9)

ESUS b 42 (33.9) 200 (24.5) 59 (24.7) 141 (24.4)

Dissection 4 (3.2) 23 (2.8) 5 (2.1) 18 (3.1)

Other 7 (5.6) 27 (3.3) 12 (5.0) 15 (2.6)

NIHSS score

Median (IQR) 16 (12–22) 15 (10–20) 0.202 15 (10–19) 16 (10–20) 0.123

Mean (SD) 17.0 (8.9) 15.4 (7.6) 14.6 (6.9) 15.7 (7.8)

Imaging modality, n (%) c

CT 98 (83.1) 571 (70.2) <0.001 133 (55.6) 438 (76.3) <0.001

MRI 19 (16.1) 242 (29.8) 106 (44.4) 136 (23.7)

Most proximal vessel occlusion, n (%)

Internal carotid artery 3 (2.4) 22 (2.7) 1.000 4 (1.7) 18 (3.1) 0.440

Carotid-T 35 (28.2) 234 (28.7) 76 (31.8) 158 (27.4)

M1 middle cerebral artery 70 (56.5) 457 (56.0) 128 (53.6) 329 (57.0)

M2 middle cerebral artery 16 (12.9) 103 (12.6) 31 (13.0) 72 (12.5)

rt-PA therapy, n (%) 8 (6.5) 176 (21.5) <0.001 20 (8.4) 156 (27.0) <0.001

Time management, median (IQR), min

Symptom-to-imaging time 86 (60–112) 79 (59–118) 0.887 85 (62–121) 77 (57–117) 0.066

Imaging-to-groin time 85 (68–100) 150 (125–187) <0.001 133.5
(109–163)

157 (133–192) <0.001

Symptom-to-groin time 169 (127–210) 234 (197–306) <0.001 222 (181–296) 239.5
(202–309)

0.004

Duration of treatment 92.5 (50–124) 91 (58–144) 0.132 94 (64–150) 89.5 (54–144) 0.137

Time to recanalization 260 (202–320) 348 (276–440) <0.001 349 (283–441) 347.5
(276–439)

0.751

Thrombectomy devices, n (%)

Penumbra ACE aspiration 4 (3.2) 21 (2.6) 0.165 4 (1.7) 17 (2.9) 0.012

Solitaire stent retriever 11 (8.9) 58 (7.1) 27 (11.3) 31 (5.5)

Phenox stent retriever 102 (82.3) 718 (87.9) 205 (85.8) 513 (88.8)

Other 7 (5.6) 20 (2.4) 3 (1.3) 17 (2.9)

Successful recanalization (TICI
2b/3), n (%)

108 (87.8) 725 (88.8) 0.420 214 (89.5) 511 (88.6) 0.936
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Table 1 Baseline characteristics of the study population (Continued)

Directly admit-
ted patients (n =
124)

External pa-
tients (n =
817)

p* Inner-city
transfer (n =
239)

Long-distance
referral (n =
578)

pa

Intracerebral hemorrhage

PH 1, n (%) 3 (2.6) 45 (5.7) 0.153 17 (7.3) 28 (5.0) 0.171

PH 2, n (%) 5 (4.3) 52 (6.5) 12 (5.1) 40 (7.1)

SAH, n (%) 9 (7.7) 42 (5.3) 14 (6.0) 28 (5.0)

SD standard deviation, NIHSS National Institutes of Health Stroke Scale, IQR interquartile range, rt-PA recombinant tissue plasminogen activator,
TICI Thrombolysis in Cerebral Infarction Score, PH 1 parenchymal hemorrhage type 1, PH 2 parenchymal hemorrhage type 2, SAH subarachnoid
hemorrhage
*Directly admitted patients versus external patients
aInner-city transfer versus long-distance referral
bESUS, embolic stroke of undetermined source (according to [32] includes strokes previously classified as “cryptogenic” and “unknown”)
c1 patient (0.8%) of the directly admitted group received intraoperative angiography

Table 2 Outcome and periprocedural times

Directly admitted
patients (n = 124)

Inner-city transfer
(n = 239)

Long-distance
transfer (n = 578)

p * p a

mRS 0–2 at 3 months, n (%) 49 (39.5) 84 (35.1) 214 (37.0) 0.709 –

In-hospital mortality, n (%) 29 (23.4) 44 (18.4) 102 (17.6) 0.322 –

All-cause mortality at 3 months, n (%) 39 (31.5) 55 (23.0) 156 (27.0) 0.212 –

sICH, n (%) 8 (6.8) 13 (5.5) 38 (6.7) 0.834 –

TICI 2b/3, n (%) 108 (87.8) 214 (89.5) 511 (88.6) 0.848 –

Imaging-to-groin time, median (IQR),
min

85 (68–100) 133.5 (109–163) 157 (133–192) <0.001 (1) <0.001
(2) <0.001 (3)
<0.001

Symptom-to-groin time, median (IQR),
min

169 (127–210) 222 (181–296) 239.5 (202–309) <0.001 (1) <0.001
(2) <0.001 (3)
0.004

Time to recanalization, median (IQR),
min

260 (202–320) 349 (283–441) 347.5 (276–439) <0.001 (1) <0.001
(2) <0.001 (3)
0.751

mRS modified Rankin Scale, sICH symptomatic intracranial hemorrhage, TICI Thrombolysis in Cerebral Infarction Score, IQR interquartile range
*Group comparison (Fisher’s exact test for categorical variables, χ2-test for continuous variables)
aHead-to-head (when p < 0.05 in group comparison); (1) directly admitted vs. inner-city transfer, (2) directly admitted vs. long-distance transfer,
(3) inner-city transfer vs. long-distance referral

in Table 3, the distribution of patients within these time
periods differed significantly (p < 0.001).

In a multivariate logistic regression model we tried
to identify prognostic factors for good clinical outcome
(supplementary Table 7). TICI 2b/3 (OR 3.14, 95%
CI 1.38–7.14) and M2 occlusions (OR 2.33, 95% CI
1.20–4.50) showed a positive correlation. Baseline NIHSS
(OR 0.88, 95% CI 0.84–0.91) and age (OR 0.95, 95%
CI 0.94–0.97) were negatively correlated to good clinical
outcome. The same was true for time to recanalization (OR
0.63, 95% CI 0.50–0.79); however, we could only include
724 out of the 941 data sets in this analysis due to missing
data (see supplementary Table 5 for a list of missing data
per group).

Endovascular techniques and operator experience have
developed during the last decade. In our hospital, Solitaire
as a stent-retriever was first used in March 2008. For a lon-

gitudinal analysis we tabulated all patients treated with en-
dovascular therapy that could be included in this analysis,
the rate of efficient recanalization and the percentage of
good functional outcome (Table 4).

Discussion

With mTE/aTE being high on the agenda, the question of
how many endovascular centers are needed is a matter of
debate. On the one hand, offering a mTE/aTE service 24/7
is expensive, training is long and time-consuming and we
expect that high-volume centers performing mTE/aTE on
a regular basis provide a better clinical outcome [15–18].
On the other hand, there is a substantial time delay due to
secondary transport to thrombectomy centers. This influ-
ences early revascularization rates, which seem to be cru-
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Table 3 Time dependency of good functional outcome and distribution of patients

n mRS 0–2, n
(%)

OR (95%
CI)

p Directly
admitted
patients, n
(%)

Inner-city
transfer, n
(%)

Long-distance
referral,
n (%)

p * p a

Imaging-to-groin
(N)

– – – – 117 238 566 – –

<60min 35 20 (57.1) Ref Ref 19 (16.2) 8 (3.4) 8 (1.4) <0.001 –

61–90 min 97 40 (41.2) 0.53
(0.24–1.15)

0.108 55 (47.0) 24 (10.1) 18 (3.2) (1)
<0.001
(2)
<0.001
(3)
<0.001

91–120 min 143 46 (32.2) 0.36
(0.17–0.76)

0.007 23 (19.7) 56 (23.5) 64 (11.3)

121–180 min 413 153 (37.0) 0.44
(0.22–0.89)

0.022 13 (11.1) 100 (42.0) 300 (53.0)

181–240 min 129 47 (36.4) 0.43
(0.20–0.92)

0.029 5 (4.3) 29 (12.2) 95 (16.8)

>240min 104 35 (33.7) 0.38
(0.17–0.83)

0.016 2 (1.7) 21 (8.8) 81 (14.3)

Symptom-to-groin
(N)

– – – – 89 173 462 – –

<120min 24 15 (62.5) Ref Ref 18 (20.2) 4 (2.3) 2 (0.4) <0.001 –

121–150 min 40 20 (50.0) 0.69
(0.21–1.69)

0.333 13 (14.6) 12 (6.9) 15 (3.2) (1)
<0.001
(2)
<0.001
(3)
0.002

151–180 min 88 40 (45.5) 0.50
(0.20–1.26)

0.143 18 (20.2) 27 (15.6) 43 (9.3)

181–240 min 263 106 (40.3) 0.41
(0.17–0.96)

0.040 22 (24.7) 65 (37.6) 176 (38.1)

241–300 min 134 48 (35.8) 0.33
(0.14–0.83)

0.017 10 (11.2) 23 (12.7) 102 (22.1)

>300min 175 56 (32.0) 0.28
(0.11–0.68)

0.005 8 (9.0) 43 (24.9) 124 (26.8)

Time to recanaliza-
tion (N)

– – – – 89 173 462 – –

< 4 h 108 57 (54.8) Ref Ref 37 (41.6) 22 (12.7) 49 (10.6) <0.001 (1)
<0.001
(2)
<0.001
(3)
0.942

> 4 h 174 88 (52.1) 0.86
(0.53–1.39)

0.531 21 (23.6) 41 (23.7) 112 (24.2)

> 5 h 140 51 (36.7) 0.49
(0.29–0.81)

0.006 17 (19.1) 31 (17.9) 92 (19.9)

> 6 h 113 35 (31.8) 0.36
(0.21–0.62)

<0.001 5 (5.6) 32 (18.5) 76 (16.5)

> 7 h 111 24 (21.6) 0.22
(0.12–0.40)

<0.001 6 (6.7) 27 (15.6) 78 (16.9)

> 9 h 78 22 (28.6) 0.33
(0.18–0.62)

0.001 3 (3.4) 20 (11.6) 55 (11.9)

mRS Modified Rankin Scale, OR Odds ratio, CI Confidence Interval, Ref. reference group
*Group-comparison (χ2-test)
aHead-to-head comparison (when p < 0.05 in group comparison); (1) directly admitted vs. inner-city transfer, (2) directly-admitted vs.
long-distance transfer, (3) inner-city transfer vs. long-distance referral

cial in facilitating good functional outcome [19, 20]. In
part, the interval between symptom onset and endovascular
treatment could be shortened by ultrasound examinations
or CT imaging in the ambulance, with direct transportation
of all patients eligible for mTE/aTE (e. g., acute proximal
large vessel occlusion and no intracranial hemorrhage) to
specialized neurointerventional centers [21]. Protocols like
this could replace the current practice of primary admission

to local hospitals, followed by a “drip and ship” transfer.
Imaging protocols in this series significantly differ between
hospitals. The great majority of enrolled patients had either
CT/CTA imaging or MRI/MRA examinations, performed
in the referring institutions. We performed on a regular ba-
sis CT/CTA and CT perfusion studies in the DAP group.
Patients in the ICT and LDR group did not undergo reimag-
ing after arrival. We did, however, not use any imaging
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Table 4 Longitudinal analysis of the annual number of included patients who underwent mTE or aTE for acute ischemic stroke in the anterior
circulation between 2010 and 2015; corresponding rates of sufficient recanalization (TICI 2b/3) and percentage of good functional outcome (mRS
0–2) in relation to the referral status

Year N TICI 2b/3 (%) mRS 0–2 (%)

– n (DAP/ICT/LDR) Overall (DAP/ICT/LDR) Overall (DAP/ICT/LDR)

2010 18 (3/9/6) 88.8 (100/100/60) 55.5 (100/33.3/60)

2011 102 (8/41/53) 90.1 (87.5/92.7/88.7) 37.3 (37.5/34.1/39.6)

2012 186 (17/49/120) 88.7 (64.7/91.8/90.8) 34.4 (23.5/30.6/37.5)

2013 193 (17/51/125) 87.0 (100/86/86.4) 34.2(29.4/33.3/35.5)

2014 185 (23/55/107) 90.8 (82.6/90.9/92.5) 35.1 (39.1/41.8/30.8)

2015 257 (56/34/167) 87.1 (89.1/85.3/88.4) 39.7 (42.9/32.4/40.1)

Σ 941 (124/239/578) – –

n number of included patients treated by mechanical thrombectomy (mTE) or aspiration thrombectomy (aTE), TICI Thrombolysis in Cerebral
Infarction Score, mRS modified Rankin Scale, DAP directly admitted patients, ICT inner-city transfer, LDR long-distance referral

based parameter or anatomical features, such as the pres-
ence of leptomeningeal collaterals for patient selection prior
to mTE/aTE.

Imaging-to-groin time including decision-making and
secondary transportation can be seen as a marker for
functionality of an infrastructure and is said to influence
outcome [22]. Not surprisingly, DAP had a significantly
shorter imaging-to-groin time compared to referrals. The
85min on average reported here for DAP as well as the
median 150min for external patients are comparable to
recently published data [2–4, 11, 19, 22]. Symptom-to-
groin time was 169min on average for DAP and 234min
for referrals (ICT: 222min, LDR: 239.5min), again in line
with real world data [11, 19, 22, 23]. As there were re-
markable distances to cover, this moderate loss of time for
LDR compared to ICT indicates that a functional drip-and-
ship concept can cope with long distance transfer. With
a median of 260min, DAP were recanalized 88min earlier
compared to secondary referrals (348min); however, de-
spite this time delay, we could not detect any differences
in the frequency of good functional outcome between DAP
and referrals. Outcome in patients with secondary transfer
for mTE/aTE from remote areas did not differ from out-
come in patients with short distance transfer. In addition,
there were no differences in mortality rates, occurrence
of sICH or in successful recanalization rates (TICI 2b/3).
Recently, Pfaff et al. analyzed a small cohort of external
patients sent for mTE dividing them in two groups by
using the marathon distance as a cut-off [19]. Like in our
data, no difference in outcome was detected. A possible
explanation for the lack of relevance for clinical outcome
might be selection bias [10]. Indeed, there is a possibility
that highly disabled patients from remote areas will not
reach a hospital providing proper stroke care. Also, we do
not know in which case the referring hospitals did not opt
for mTE/aTE. In our cohort, the city population seems to
be predominantly selected; most patients received an MRI
scan and transportation times were only moderately faster

compared to LDR but the outcome was similar to DAP
(treated faster) and LDR.

A multivariate logistic regression model showed an asso-
ciation between time-to-recanalization and good functional
outcome. After categorizing time-to-recanalization, individ-
ual patients waiting 5 h or more had significantly lower
rates of good functional outcome compared to a reference
group where recanalization took place within 4 h. Indeed,
as brain tissue not supplied with oxygen dies over time, a
time dependency of good functional outcome is reasonable.
Recently, it was shown that occlusion time is the critical
determinant for good functional outcome in transferred pa-
tients [24] but looking at the significant difference in the
distribution of our patients in the categorized analysis of
time-to-recanalization one would expect a noticeable differ-
ence in outcome. For example, 3.4% of DAP were finally
recanalized beyond 9 h compared to 11.8% of external pa-
tients. In addition, an area under the ROC curve of 0.64 for
time-to-recanalization suggested only moderate predictabil-
ity. There must be other factors with a major influence on
clinical outcome.

Different degrees of leptomeningeal collateralization
might play an important role for the clinical outcome [25,
26]. It has been shown recently that CT perfusion mismatch
in acute ischemic stroke is not dependent on time but on
the collateral status [27]. Brain tissue in patients without
sufficient early collaterals might be highly dependent on
time whereas efficacious leptomeningeal collateralization
can secure brain tissue over hours [28]; therefore, collateral
supply status might introduce selection bias in general in
patients with good functional outcome. Selection bias of
patients sent for mTE might have occurred on the basis of
MRI (more frequently used in transferred patients).

One of the main differences within our cohort was the
rate of IVT. Stuttgart in general was quite reluctant (6.5%
of DAP, 8.4% of ICT) whereas significantly more LDR pa-
tients received bridging therapy (27.0%). This was not be-
cause of possible contraindications but prior to the recent
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successful randomized controlled trial (RCT) uncertainties
concerning thrombus fragmentation and additional loading
with platelet aggregation inhibitors in case of primary stent-
ing. An IVT prior to mTE might be associated with higher
rates of recanalization, as shown recently [29]. Final re-
canalization status itself seems to be the strongest positive
predictor for good clinical outcome [19, 30, 31] although
IVT might add an additional beneficial effect. No increase
in sICH or aICH was observed.

This study has several limitations. First there is an imbal-
ance of group sizes leading to a relatively small number of
DAP and a large number of patients in the LDR arm. This
was due to our infrastructure that only changed in 2015 as
well as population figures with the majority of people cov-
ered living in remote areas. Another limitation is the fairly
high amount of baseline characteristics missing in the DAP
which might introduce information bias. Selection criteria
for mTE were identical in the DAP and ICTa group. Within
the LDR group the decision to transfer a patient for mTE
was based on the discretion of the responsible physician and
a certain level of inconsistency of this decision-making can
the assumed. The strength of this series is the sample size.
Instead of sticking to current inclusion or exclusion criteria
we wanted to show real world clinical outcome data.

Conclusion

We describe a set-up of centralized endovascular thrombec-
tomy in a specialized, high-volume hospital accepting se-
lected stroke patients with large vessel occlusion of the
anterior cerebral circulation from several peripheral pri-
mary stroke centers. In this setting referral leads to longer
symptom-to-groin times but did not lead to lower rates
of recanalization, higher rates of intracranial bleeding or
mortality. Time remains a critical factor in the scenario
of acute ischemic stroke treatment by means of thrombec-
tomy. Long distance referral to specialized neurovascular
centers with high recanalization rates may, however, en-
able a good functional outcome in a significant number of
patients. Professionalized networks and efficacious referral
logistics may further improve the outcome after thrombec-
tomy. The future will show if the implementation of low
volume neuroendovascular units and aTE/mTE procedures
performed by neurovascular lay persons will allow accept-
able recanalization and outcome rates. There is evidence
that good functional outcome is not exclusively dependent
on time to recanalization. An IVT prior to aTE/mTE is safe
and might add some additional outcome benefit.
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