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When acute stroke care is organised using a “drip-and-ship” model, patients receive immediate treatment
at the nearest primary stroke centre followed by transfer to a comprehensive stroke centre (CSC). When
stroke care is further centralised into the “direct-to-mothership” model, patients with stroke symptoms
are immediately brought to a CSC to further reduce treatment times and enhance stroke outcomes. We
investigated the effects of the ongoing centralization in a Dutch urban setting on treatment times of
patients with confirmed ischemic stroke in a 4-year period. Next, in a non-randomized controlled trial,
we assessed treatment times of patients with suspected ischemic stroke, and treatment times of patients
with neurologic disorders other than suspected ischemic stroke, before and after the intervention in the
CSC and the decentralized hospitals, the intervention being the change from “drip and ship” into “direct-
to-mothership”. Our findings provide support for the ongoing centralization of acute stroke care in urban
areas. Treatment times for patients with ischemic stroke decreased significantly, potentially improving
functional outcomes. Improvements in treatment times for patients with suspected ischemic stroke were
achieved without negative side effects for self-referrals with stroke symptoms and patients with other
neurological disorders.
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ple with first stroke has increased and this number is expected
to rise in the coming years [2]. In the Netherlands approximately

1. Introduction

Stroke is one of the leading causes of mortality and disability
worldwide [1]. Over the last decades, the absolute number of peo-
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43.000 people suffer a stroke per year, while this number is ap-
proximately 17 million worldwide [3]. Among survivors, there is
substantial disability.

Organized acute stroke care by a special multidisciplinary team
in the hospital is associated with improved quality of care, a lower
mortality and dependency [4-7] and higher patient and caregiver
satisfaction [8]. Besides this, the provision of stroke thromboly-
sis through collaboration results in higher treatment rates [9], and
substantial annual cost-savings per patient [10]. Access to stroke
care and organisational models within stroke units vary within and
between countries [11-13]. In the Netherlands, as in several other
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countries, acute stroke services are centralized into “drip and ship”
models: patients with a stroke are triaged to the nearest hospital
and only transferred to a comprehensive stroke centre (CSC) for
endovascular stroke treatment when a large vessel occlusion (LVO)
has been demonstrated.

Centralization of stroke care can evolve further into the so-
called “direct-to-mothership” model: all patients with suspected
stroke are brought immediately to a high capacity, high volume
CSC rather than to the nearest hospital. In urban areas with multi-
ple hospitals and short ambulance transport times, this could lead
to even faster treatment times, which enhances stroke outcomes
[14,15].

In a large part of the The Hague region in the Netherlands
further centralization of acute stroke care from a “drip and ship”
model into a “direct-to-mothership” model has been realized since
January 2016. The number of hospitals offering acute stroke care
decreased from three to one, aiming for a higher quality of stroke
care, more specifically, a shorter onset-to-groin time for patients
with ischemic stroke. While the “direct-to-mothership” model was
strongly encouraged by the CSC, it was still allowed to bring pa-
tients to the decentralized hospitals. Before implementation, emer-
gency department (ED) staff raised concerns about the impact of
the ongoing centralization on the care for patients with neurologic
disorders other than stroke, and on the care for self-referrals with
symptoms of acute stroke presenting at one of the decentralized
hospitals. We hypothesized that patients with neurologic disorders
other than stroke would also shift to the CSC due to difficulties in
differentiating between acute stroke and less acute neurologic dis-
orders. ED staff had concerns that door-to-physician times and ED
patients’ length of stay (LOS) would increase both for self-referrals
with stroke symptoms when attending at one of the decentralized
hospitals, and for patients with neurologic disorders other than
stroke symptoms presenting at the CSC.

The aim of this study was to investigate the effects of the on-
going centralization of acute stroke care from the “drip and ship”
model into the “direct-to-mothership” model in the city of The
Hague. We assessed the effects on treatment times of patients with
confirmed acute ischemic stroke, treatment times of patients with
suspected ischemic stroke, and treatment times of patients with
neurologic disorders other than suspected acute ischemic stroke.

2. Materials and methods
2.1. Design and setting

2.1.1. Study design

First, we extracted four years of data (2015 to 2018) from the
prospective stroke registry. We obtained the number of endovas-
cular stroke treatments (EVTs) and the door-to-groin time (DTGT).
DTGT is the door time to the groin puncture at the start of the
EVT. Furthermore, we obtained the number of application of in-
travenous thrombolysis (IVT), including the median door-to-needle
time (DTNT) defined as the door time to the start of the IVT. We
describe the treatment options of IVT and EVT in Supplement 1.
We collected median onset-to-treatment time for all patients with
a confirmed ischemic stroke.

Second, a non-randomized controlled trial was used to com-
pare a 7 month pre-intervention period (June 1, 2015 to January
1, 2016) and a 35-month post-intervention period (January 1, 2016
to December 1, 2018), the intervention being the change from “drip
and ship” into “direct-to-mothership”. We assessed the treatment
times of patients with suspected ischemic stroke, and patients with
neurologic disorders other than suspected acute ischemic stroke
in two groups: patients presenting for neurology at the CSC and
patients presenting for neurology at the decentralized hospitals.
We obtained patient level data from the digital hospital registra-
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tion system of all patients who were assessed by the neurolo-
gist. For patients who were transferred between the included hos-
pitals, only the first ED visit was counted. Data on number and
type of neurology patients, patient characteristics (age and gender)
and visit characteristics (referral status, urgency level, arrival times,
door-to-physician time, ED LOS, and disposition (hospital admis-
sion yes/no)) are described for the CSC and the decentral hospitals,
comparing the pre-intervention period with the post-intervention
period. Patients were included in the ‘suspected ischemic stroke’
group when in the patient’s file this diagnosis was listed first in
the differential diagnoses after a CT-scan had been performed. We
assessed the effect of acute stroke care centralization on treatment
times using multivariate analyses, to be able to control for patient
characteristics and visit characteristics.

2.1.2. Setting

This study took place in the Hague, the third-largest city in
the Netherlands, with a population of over 500,000 and a density
of 6.445 per km2. The neurologists of three collaborating hospi-
tals, including the largest CSC of the region, initiated acute stroke
care centralization into the “direct-to-mothership” model at Jan-
uary 1, 2016, appointing one of the three hospitals as CSC and
the other two as decentralized centers. The CSC offers hyper-acute
stroke care with access to interventional neuro-radiology and neu-
rosurgery 24/7. It is also a level one-trauma center with 55,000
ED visits annually. Both decentralized hospitals have approximately
25,000 ED visits annually. The emergency medical services (EMS)
were informed in November and December 2015 about the inter-
vention, and from January 2016 onwards, ambulance nurses were
instructed to bring all patients with suspected ischemic stroke di-
rectly to the CDC. During the study period, there were no changes
in ED management at the hospitals. There was no extra education
or change in expertise of the treating EMS staff and ED staff before
and after the intervention. At the CSC, attending-level supervision
was introduced during peak hours (from noon to 8 pm) during the
post-intervention period. Communication to patients and health
care professionals about the intervention included announcements
in the local newspapers and websites, dissemination of EVT re-
search findings at the professional associations’ websites and pre-
sentations by the neurology staff at medical conferences. The clini-
cal pathway of the neurology patients and the healthcare payment
system in the Netherlands were unchanged during the study peri-
ods.

2.1.3. Analyses

We assessed the numbers of IVT and EVT in absolute numbers
and percentages of the total number of confirmed ischemic strokes
in the study years 2015 to 2018. We described the median onset-
to-treatment time, DTGT, and DTNT with their interquartile ranges
(IQR) in the same four years.

We calculated the secondary outcomes in a 42-month study pe-
riod. Patients’ age, door-to-physician time, and LOS in the decen-
tralized hospitals and the CSC were represented as medians (IQR).
We tested differences between the pre-intervention period and the
post-intervention period and between self-referrals and non-self-
referrals with Mann-Whitney U-tests, due to the non-normal dis-
tribution of the metrics. We compared differences in patient and
visit characteristics during the pre-intervention period and post-
intervention period between the CSC and control hospitals and per
patient group using Chi? tests.

To investigate the potential moderating influence of type of
hospital, disease, and period on door-to-physician time and pa-
tients’ ED LOS, we employed a series of analyses of variance
(ANOVAS). First, the outcome variables door-to-physician time and
patients’ ED LOS were log-transformed. We conducted multivariate
regression analyses, including period, hospital, disease, age, gender,
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Table 1
Confirmed ischemic stroke, numbers and treatment times.
2015 2016 2017 2018

Confirmed ischemic stroke episodes N 797 772 881 863
Endovascular stroke treatment N (%) 53 (6.7) 78 (10.1) 107 (12.1) 152 (17.6)
Onset-to-groin time in min, median (IQR)? 211 (76) 154 (87) 125 (101) 128 (84)
Door-to-groin time in min, median (IQR) 70 (58) 87 (48) 62 (46) 49 (36)
Intravenous thrombolysis N (%) 163 (20.5) 182 (23.6) 198 (22.3) 207 (24.0)
Onset-to-needle time in min, median (IQR)? 79 (53) 71 (31) 76 (55) 75 (52)
Door-to-needle time in min, median (IQR) 31 (39) 27 (21) 24 (18) 22 (19)

2 Data based on 27 patients (2015), 41 patients (2016), 40 patients (2017), and 53 patients (2018), due to missing values.

referral status, urgency level, arrival times, two-way interactions
(all combinations of hospital, disease, period, self-referral and ur-
gency) and three-way interactions (of the same variables) in the
models as potential covariates. Using backward stepwise selection,
we subsequently removed the largest p-values until all p-values
were smaller than 0.05. Lower order terms with insignificant co-
efficients were only removed when their higher order terms were
removed first.

Interaction plots were created to aid interpretation of the find-
ings. We expressed effect sizes in adjusted odds ratio’s (ORs) and
their 95% confidence intervals (CI). We used the Statistical Pack-
age of the Social Sciences (Windows 26.0, New York, USA) for the
analyses. A p-value <0.05 was considered statistically significant.

We obtained approval from the research committee of the par-
ticipating hospitals and from the Ethical Review Board (Southwest
Holland).

3. Results
3.1. Patients with confirmed ischemic stroke

During the study years 2015 to 2018, the number of patients
with confirmed ischemic stroke remained similar with approxi-
mately 800 per year in the CSC and the decentralized hospitals
together. The number of patients undergoing EVT increased from
53 (6.7%) in 2015 to 152 (17.6%) in 2018 while their onset-to-groin
time decreased from a median of 211 minutes (IQR 76) in 2015 to
128 minutes (IQR 84) in 2018. DTGT decreased from 70 minutes,
IQR 58 (in 2015) to 49 minutes, IQR 36 (in 2018). The number of
patients undergoing IVT increased from 163 (20.5%) in 2015 to 207
(24.0%) in 2018, while the onset-to-needle time did not change sig-
nificantly. The median DTNT decreased from 31 minutes (IQR 39)
in 2015 to 22 minutes (IQR 19) in 2018 (Table 1, Supplements 2
and 3).

3.2. Neurology patient and visit characteristics

During the 42-month study period, 21,581 visits for neurology
were registered at the EDs, 3313 (473 per month) in the 7-month
pre-intervention period and 18268 (522 per month) in the 35-
month post-intervention period (see Flow chart, Supplement 4).
During the pre-intervention period, 76.1% of these visits were reg-
istered at the CSC (n=2521) and 23.9% (n=792) were registered
at the decentralized locations. This ratio was similar during the
post-intervention period, in which 76.7% (n=14012) were regis-
tered at the CSC and 23.3% (n=4256) at the decentralized locations
(p=0.45).

In the decentralized hospitals, the number of ED visits for sus-
pected ischemic stroke decreased from 10.6 to 5.6 per month, and
the number of ED visits for other neurologic disorders increased
from 102.6 to 116.0 visits per month. At the CSC, the number of
visits increased, both for suspected ischemic stroke (from 60.3 to
70.5 per month) and for other neurologic disorders (from 299.9 to
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329.9 visits per month), although no statistically significant differ-
ence was reached.

The monthly numbers of patients presenting with suspected is-
chemic stroke and patients with other neurologic disorders showed
no trend break in the graphs at the time the intervention took
place (month 8) (Supplement 5 and 6).

At the decentralized hospitals, there were no differences be-
tween the two periods in number of self-referrals, gender, ur-
gency level and time of arrival (Table 2). Patients in the post-
intervention period were younger (median 58 y vs. 62 y in the pre-
intervention period, p=0.01), and were less often admitted to the
hospital (30.6% vs. 44.2% in the pre-intervention period (p<0.001).
At the CSC, patients in the post-intervention period were less often
self-referred (p<0.001), and they were older (p<0.001). They pre-
sented more often with urgent disorders (p=0.001), but were less
likely to be admitted to the hospital (p<0.001).

Analyses of the decentralized hospitals separately showed that
the number of patient visits for suspected ischemic stroke de-
creased, and the number of patient visits for other neurologic dis-
orders increased in both decentral hospitals. There were no dif-
ferences between pre- and post-intervention period in number
of self-referrals, urgency levels, and time of arrival in the hospi-
tals, but patients in one of the decentral hospitals were younger
(p=0.001) and less often admitted to the hospital (p<0.001) dur-
ing the post-intervention period (Data not shown).

3.3. Neurology patients’ treatment times and total length of stay at
the emergency department

At the decentralized hospitals, median door-to-physician times
for patients with suspected stroke were slightly longer in the
post-intervention period, while these were shorter for patients
with neurologic disorders other than stroke. At the CSC, door-to-
physician times and ED LOS in the post-intervention period were
significantly shorter for all patient groups compared with the pre-
intervention period. For self-referrals presenting with stroke symp-
toms, median ED LOS decreased significantly regardless of hospital
type (Table 3).

3.4. The effect of centralization on door-to-physician time and total
length of stay

The multivariate regression analysis including period, hospital,
disease, age, gender, referral status, urgency level, arrival times,
two-way interactions (all combinations of hospital, disease, pe-
riod, self-referral and urgency) and three-way interactions (same
variables) shows the effect of these variables on door-to-physician
time and LOS (Table 4). Corrected for the other variables, arriving
in the post-intervention period, having a higher age, being male
and arriving during the evening or night shift significantly de-
creased door-to-physician times. Significant interactions exist be-
tween disease, self-referral, hospital type and urgency. For exam-
ple, patients with stroke have significant shorter door-to-physician
times than patients with other neurologic disorders, especially for
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Table 2
Patient and visit characteristics (N=21581).
Pre- Post- 0Odds Ratio P
Intervention Intervention (95% CI)
7 months 35 months
DECENTRALIZED HOSPITALS (N=5048)
Neurology visits n (per month) 792 (113.1) 4256 (121.6)
Suspected ischemic stroke n (per month) 74 (10.6) 196 (5.6) 0.47 (0.35, 0.62) <0.001
Other neurology disorders n (per month) 718 (102.6) 4060 (116.0)
Self-referred n (%) 281 (35.5) 1518 (35.7) 1.01 (0.86, 1.18) 0.92
Median age in years (IQR) 62 (41-79) 58 (42-79) 0.01
Sex, female 440 (55.6) 2314 (54.4) 0.95 (0.82, 1.11) 0.54
Urgency level, urgent n (%) 633 (80.0) 3380 (79.4) 0.96 (0.80, 1.17) 0.71
Time of arrival n (%) 0.33
Day shift 483 (61.0) 2476 (58.2)
Evening shift 250 (31.6) 1452 (34.1)
Night shift 59 (7.4) 328 (7.7)
Hospital admission n (%)° 341 (44.2) 1284 (30.6) 0.56 (0.48, 0.65) <0.001
CSC (n=16533)
Neurology visits n (per month) 2521 (360.1) 14012 (400.3)
Suspected acute stroke n (per month) 422 (60.3) 2467 (70.5) 1.06 (0.95, 1.19) 0.29
Other neurology disorders n (per month) 2099 (299.9) 11545 (329.9)
Self-referred n (%) 514 (20.4) 2400 (17.1) 0.81 (0.73, 0.90) <0.001
Median age in years (IQR) 57 (39-72) 59 (40-74) <0.001
Sex, female n (%) 1229 (48.8) 7075 (50.5) 1.07 (0.99, 1.17) 0.11
Urgency level, urgent n (%)° 2103 (83.5) 12062 (86.1) 1.23 (1.09, 1.38) 0.001
Time of arrival n (%) 0.56
Day shift 1250 (49.6) 6871 (49.0)
Evening shift 969 (38.4) 5532 (39.5)
Night shift 302 (12.0) 1609 (11.5)
Hospital admission n (%)¢ 1259 (50.0) 6428 (45.9) 0.85 (0.78, 0.92) <0.001

a Significances were calculated using Chi2-tests (number of visits, referral status, sex, urgency level, time of arrival, and hospital admission)

and the Mann-Whitney U test (age).

b Urgency level: 2 missing values in the decentral hospitals: 1 in the pre-intervention period and 1 in the post-intervention period, 6

missing values in the CSC, 2 in the pre-intervention period and 4 in the post-intervention period.

¢ Hospital admission: 80 missing values in the decentral hospitals: 21 in the pre-intervention period and 59 in the post-intervention period,

and 6 missing values in the CSC in the pre-intervention period.

Table 3
Treatment times and total ED LOS
Pre-intervention Post-intervention P
DECENTRALIZED HOSPITALS (n=5048)
Patients with suspected ischemic stroke n (per month) 74 (10.6) 196 (5.6)
Median door-to-physician time in min (IQR)" 3.00 (1.00-5.00) 4.00 (2.00-8.00) 0.02
Median LOS in min (IQR)" 189.00 (145.00-262.50) 210.00 (133.00-290.00) 0.77
Self-referrals with suspected acute stroke n (per month) 25 (3.6) 59 (1.7)
Median door-to-physician time (IQR)“ 3.00 (2.00-5.00) 3.00 (2.00-7.00) 0.42
Median LOS in min (IQR)" 186.50 (127.75-254.25) 138.50 (53.25-236.00) 0.03
Patients with neurologic disorders other than stroke n (per month) 718 (102.6) 4060 (116.0)
Median door-to-physician time in min (IQR)? 4.00 (2.00-10.00) 4.00 (2.00-8.00) 0.03
Median LOS in min (IQR)! 154.00 (105.00-214.00) 151.00 (105.00-209.00) 0.27
CSC (N=16533)
Patients with suspected ischemic stroke n (per month) 422 (60.3) 2467 (70.5)
Median door-to-physician time in min (IQR)" 2.00 (0.00-6.75) 2.00 (0.00-5.00) 0.004
Median LOS in min (IQR)" 203.50 (149.00-278.00) 185.00 (130.00-257.00) <0.001
Self-referrals with suspected acute stroke n (per month) 35 (5.0) 205 (5.9)

Median door-to-physician time in min (IQR)" 6.00 (3.00-14.00) 4.00 (1.75-9.25) 0.03
Median LOS in min (IQR)" 248.00 (178.00-307.00) 202.50 (133.75-285.25) 0.04
Patients with neurologic disorders other than stroke n (per month) 2099 (299.9) 11545 (329.9) <0.001

Median door-to-physician time in min (IQR)? 4.00 (2.00-10.00) 3.00 (1.00-8.00) <0.001

Median LOS in min (IQR)!

204.00 (144.00-281.00)

186.00 (131.00-257.00)

2 Significances were calculated using the Mann-Whitney test.

b Missing values in the decentral hospitals: 1 in the pre-intervention period and 1 in the post-intervention period and in the CSC 2 in the pre-intervention

period and 41 in the post-intervention period.

¢ Missing values in the decentral hospitals: 1 in the pre-intervention period and 1 in the post-intervention period, and in the CSC 3 in the intervention period.
4 Missing values in the decentral hospitals: 11 in the pre-intervention period and 13 in the post-intervention period, and in the CSC 3 in the pre-intervention

period and 32 in the post-intervention period.
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Table 4

The impact of centralization on door-to-physician time and total length of stay, adjusting for other potential con-

founders.

Exp (B) 95% CI P
Variables associated with log-transformed door-to-physician time
Period (pre-intervention and post-intervention period) -0.064 -0.103, -0.025 0.001
Disease (stroke and other neurological disorders) -0.061 -0.110, -0.011 0.016
Type of hospital (CSC and decentralized hospitals) 0.271 0.194, 0.347 <0.001
Age, log-transformed -0.072 -0.093, -0.052 <0.001
Arrival during evening shift -0.057 -0.088, -0.026 <0.001
Arrival during night shift -0.419 -0.469, -0.369 <0.001
Gender, male -0.036 -0.065, -0.007 0.016
Self-referral 0.445 0.366, 0.523 <0.001
Self-referral * Disease, two-way interaction -0.205 -0.333, -0.052 <0.001
Self-referral * Urgency, two-way interaction -0.174 -0.276, -0.073 0.001
Self-referral * Urgency * Hospital, three-way interaction 0.306 0.225, 0.386 <0.001
Urgency, urgent triage level 0.082 0.001, 0.164 0.048
Urgency * Hospital, two-way interaction -0.268 -0.357, -0.180 <0.001
Exp (B) 95% CI P

Variables associated with patients’ log-transformed length of stay
Period (pre-intervention and post-intervention period) 0.101 0.011, 0.191 0.029
Disease (stroke and other neurological disorders) 0.299 0.162, 0.437 <0.001
Type of hospital (CSC and decentralized hospitals) 1.358 1.228, 1.488 <0.001
Hospital * Disease, two-way interaction -0.194 -0.266, -0.123 <0.001
Period * Hospital, two-way interaction -0.099 -0.147, -0.050 <0.001
Age, log-transformed 0.154 0.143, 0.165 <0.001
Arrival during evening shift -0.051 -0.067, -0.035 <0.001
Arrival during night shift -0.195 -0.220, -0.170 <0.001
Urgent triage level 0.874 0.825, 0.922 <0.001
Urgency * Hospital, two-way interaction -0.847 -0.903, -0.791 <0.001
Self-referral 0.620 0.540, 0.699 <0.001
Self-referral * Hospital, two-way interaction -0.605 -0.692, -0.518 <0.001
Self-referral * Period, two-way interaction -0.062 -0.111, -0.013 0.013
Self-referral * Urgency, two-way interaction -0.720 -0.796, -0.643 <0.001
Self-referral * Urgency * Hospital, three-way interaction 0.780 0.683, 0.877 <0.001

Multivariate regression models adjusted for period, hospital, disease, age, gender, referral status, urgency level, arrival
times, two-way interactions (hospital * disease, period * hospital, period * disease, self-referral * hospital, self-referral
* period, self-referral * disease, self-referral * urgency, urgency * period, and urgency * hospital) and the three-way
interaction (type of hospital * disease * period, self-referral * urgency * hospital and self-referral * urgency * period).
Using backward stepwise selection, the largest p-values were sequentially removed until all p-values were smaller than

0.05.

non-self-referrals. Urgent patients at the CSC have shorter door-to-
physician times than urgent patients at the decentralized hospital.
In the decentralized hospitals, door-to-physician time is similar for
urgent and non-urgent patients.

Corrected for other variables, having a stroke and being of
higher age increases patients’ ED LOS. Arriving during the evening
or night shift decreases patients’ ED LOS. Significant interactions
exist between disease, period, being a self-referral, hospital type
and urgency. For example, the intervention had a larger impact
on patients’ ED LOS at the CSC, although in both hospital types
LOS was shorter in the post intervention period. Also, non-urgent
self-referrals had shorter ED LOS than urgent self-referrals, regard-
less in which hospital they presented (Table 4, Supplements 7
and 8).

4. Discussion

The effects of stroke care units and centralized care on the
health outcomes of stroke patients are extensively explored in
several countries and different health care systems [5,7,8,16-24].
Comprehensive stroke centres are associated with improved func-
tional outcomes and a more frequent use of reperfusion therapy
[25]. To our knowledge, this is the first study to evaluate the ongo-
ing centralization from “drip and ship” into “direct-to-mothership”
on stroke patients’ treatment times as well as on treatment times
of self-referrals with suspected stroke, and on patients with neu-
rologic disorders other than stroke in a CSC and in decentralized
centers.
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5. Principal findings

After centralizing acute stroke care from “drip and ship” into
“direct-to-mothership”, the number of patients with suspected
acute ischemic stroke decreased in the decentralized hospitals,
while increasing in the CSC. Probably, before the intervention,
some of the patients with suspected ischemic stroke would have
been brought to one of the decentralized hospitals before being
transported to the CSC. Consistent with the international trend,
we observed an increase in patients who underwent IVT and EVT,
while the total number of patients with confirmed ischemic stroke
remained similar. The onset-to-groin time decreased from a me-
dian of 211 minutes to 128 minutes, an important finding since
preventing delay in time between stroke and recanalization for
acute ischemic stroke is associated with better functional outcomes
[26].

Monthly measurements of the number of patients showed no
deviation from the trend at the time the intervention (change from
“drip and ship” model into “direct-to-mothership” model) took
place. A more gradual decrease in number of patients with sus-
pected ischemic stroke occurred in the decentral hospitals. Simul-
taneously, the number of patient visits for other neurologic dis-
orders increased, mostly due to an increase in patients with mild
traumatic brain injuries. The latter can be explained by the ageing
population and hence more falls [27].

Overall, patients less often needed hospital admission during
the post-intervention period. While this could suggest a less sick
population, the higher urgency levels and higher median age dur-
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ing the post-intervention period suggests differently. It is possible
that attending-level supervision, which was common practice in
the post-intervention period but not in the pre-intervention period,
led to a decrease in hospital admissions. In a previous study, we
showed a 10% decrease in total number of clinical admissions for
neurology after the introduction of a dedicated neurologist present
at the ED during peak hours [28].

After the intervention, LOS of patients with neurologic disor-
ders other than suspected ischemic stroke presenting at the CSC
decreased significantly as well. Again, the presence of a dedi-
cated neurologist at the ED may have contributed to this find-
ing. In previous research, median LOS decreased with 30 min-
utes per patient after the introduction of a dedicated neurologist
at the ED [28]. Patients with neurologic disorders other than is-
chemic stroke also may benefit from the enhanced focus on treat-
ment times of patients with ischemic stroke. This is an important
finding, since the treatment for various acute neurologic disorders
other than ischemic stroke also improves with rapid intervention,
for example in patients with intra parenchymal hemorrhage, sub-
arachnoid hemorrhage, increased intracranial pressure or meningi-
tis.

While it was hypothesized that ED patients’ LOS and door-to-
physician times would increase both for self-referrals with sus-
pected ischemic stroke when attending at one of the decentralized
hospitals, and for patients with neurologic disorders other than
suspected ischemic stroke presenting at the CSC, our findings show
otherwise. Self-referrals presenting with stroke symptoms experi-
enced no change in door-to-physician times at the decentral hos-
pital, but their ED LOS was significantly shorter than in the pre-
intervention period. At the CSC, both the door-to-physician times
as well as total ED LOS decreased for self-referrals with stroke
symptoms. For patients with other neurological disorders, door-
to-physician times were shorter in the post-intervention period at
both the decentralized hospital and the CSC, and ED LOS decreased
with a significant 18 min per patient at the CSC. This may indicate
better logistic processes during the post-intervention period. An
enhanced focus on an efficient stroke process may improve other
processes of care for related patient groups at the same time. Im-
proved awareness in professionals as well as among the public may
also play its part.

The clinical consequence of our results is that centralization of
stroke care in a highly urbanized setting, especially with regard
to stroke interventions, leads to improved care for patients with
stroke. Efforts should be made to improve cooperation of stroke
care centres and centralization should be considered.

Stroke systems of care continue to evolve rapidly and resources
need to be allocated to allow for this, given the unprecedented
but time-sensitive benefit of EVT on clinical outcomes. The delays
in the drip and ship model have led to a pragmatic recommen-
dation by the American Stroke Association/American Heart Asso-
ciation Mission Lifeline algorithm to consider direct transport to
CSCs, bypassing a decentralized hospital, if the additional travel
time is <15 minutes [29]. However, in many countries the drip
and ship model is still used and advocated with the argument that
the mothership model delays initial treatment times for IVT and
could potentially lead to overcrowding in CSCs. Our study shows
otherwise and supports the direct transport to CSC in a metropoli-
tan area with short driving times (i.e. less than 15minutes addi-
tional travel time) [30]. In the thrombectomy era of stroke care, we
should tailor our health systems and interfacility collaborations to
best meet the local and regional needs of our patients [31]. Ongo-
ing research will likely provide the much needed answers whether
our increasing ability to identify patients with stroke due to LVO
in the prehospital setting will lead to better treatment times and
patient outcomes [32].
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6. Strengths and weaknesses

We had a large sample and captured detailed data on patient
visits to three EDs in one city. Therefore, this study was able to
provide unique insights into a broad range of (potential) effects of
centralization of stroke care. Additionally, the use of a pre-post de-
sign supplemented with monthly measurements, enabled us to as-
sess changes in neurologic patient flow meticulously. A downside
of before-and-after analysis is that it is impossible to control for
secular trends and other covariates. However, by including patient
and visit characteristics as well as the interaction terms into re-
gression models, we provided valuable insights into the effects of
ongoing centralization on patients’ treatment times. Some of our
findings call for more research, such as the impact of gender on
door-to-physician time.

Additionally, there were several limitations. Our study took
place in an urban setting in the Netherlands, which limits our find-
ings to metropolitan areas in higher income countries with similar
healthcare provisions. The current research project does not focus
on patients with longer (i.e. > 15 min. additional) transportation
times. Second, we lacked data on patient outcomes such as depen-
dence or disability (for the patients with an acute ischemic stroke),
and patient satisfaction and missed diagnoses (for the patients
with neurological disorders other than stroke). We mainly focused
on treatment times, measured from onset to start of the treatment,
from ED arrival to start of treatment, and total ED LOS. Previous
studies convincingly showed that decreased onset-to-groin times
and decreased door-to-needle times for stroke patients are strongly
associated with improved functional outcome [33,34].

Third, in our study, patients were included in the ‘suspected is-
chemic stroke’ group when in the patient’s file this diagnosis was
listed first in the differential diagnoses after a CT-scan had been
performed. We did not identify patients with intracerebral haem-
orrhage as stroke patients, therefore, these patients are included in
the ‘Other neurology disorders’ group. Since organised stroke care
is beneficial to patients with intracerebral haemorrhage as well as
ischemic stroke [35], this classification might explain part of the
positive effects seen in the ‘Other neurology disorders’ group.

Fourth, we did not study cost-effectiveness in the current study.
Multiple studies show that the centralization of acute stroke care
is a cost-effective and even cost-saving measure to improve stroke
outcomes [36,37]. Our findings suggest that including possible side
effects of centralization will not change these positive conclu-
sions: for patients with neurologic disorders other than an is-
chemic stroke door-to-physician times decreased at the decentral
hospitals as well as the CSC. Significantly shorter ED LOSs were
observed at the CSC. The latter may be a positive side effect of
centralization.

7. Conclusions

Our findings provide support for the ongoing centralization of
acute stroke care in urban settings with short driving distances
(<15 minutes time) showing significantly shorter treatment times
for patients with ischemic stroke as well as for self-referring pa-
tients with stroke symptoms and patients with neurologic disor-
ders other than suspected acute ischemic stroke.
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