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Abstract
Background and purpose: We investigated whether the annual volume of patients with 
acute ischemic stroke referred from a primary stroke center (PSC) for endovascular treat-
ment (EVT) is associated with treatment times and functional outcome.
Methods: We used data from the Multicenter Randomized Clinical Trial of Endovascular 
Treatment for Acute Ischemic Stroke in the Netherlands (MR CLEAN) registry (2014– 
2017). We included patients with acute ischemic stroke of the anterior circulation who 
were transferred from a PSC to a comprehensive stroke center (CSC) for EVT. We ex-
amined the association between EVT referral volume of PSCs and treatment times and 
functional outcome using multivariable regression modeling. The main outcomes were 
time from arrival at the PSC to groin puncture (PSC- door- to- groin time), adjusted for esti-
mated ambulance travel times, time from arrival at the CSC to groin puncture (CSC- door- 
to- groin time), and modified Rankin Scale (mRS) score at 90 days after stroke.
Results: Of the 3637 patients in the registry, 1541 patients (42%) from 65 PSCs were 
included. Mean age was 71 years (SD ± 13.3), median National Institutes of Health Stroke 
Scale score was 16 (interquartile range [IQR]: 12– 19), and median time from stroke onset to 
arrival at the PSC was 53 min (IQR: 38– 90). Eighty- three percent had received intravenous 
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INTRODUC TION

Intravenous thrombolysis (IVT) with alteplase followed by endovas-
cular thrombectomy (EVT) is the standard treatment for patients 
with acute ischemic stroke caused by a large- vessel occlusion of 
the anterior circulation [1,2]. Although IVT with alteplase can be 
given in all hospitals that provide acute stroke care, EVT can only be 
performed in more specialized hospitals, so- called comprehensive 
stroke centers (CSCs). In most countries, the majority of patients 
with a suspected stroke are brought to the nearest primary stroke 
center (PSC) to undergo diagnostic tests and treatment with IVT. 
Patients with a large- vessel occlusion who are potentially eligible for 
EVT are subsequently transferred to a CSC. The proportion of pa-
tients who are treated according to this drip- and- ship paradigm var-
ies between 45% and 83%, depending on the region [3– 6]. For both 
IVT and EVT, timely start of treatment is important, because shorter 
treatment times improve the functional outcome of patients [7,8].

For a number of neurological diseases, including glioblastoma, 
subarachnoid hemorrhage, and amyotrophic lateral sclerosis, it has 
been shown that treatment in high- volume, specialized hospitals im-
proves patient outcomes [9– 11]. Regarding treatment of acute isch-
emic stroke, multiple studies have shown that hospitals with higher 
annual IVT volumes achieve lower door- to- needle times [12– 14]. For 
EVT, a similar association has been found for the annual number of 
cases in CSCs [15– 17]. However, little is known about the relationship 
between the volume of EVT- eligible patients who present to a PSC 
(EVT referral volume) and time to treatment. We hypothesized that 
higher EVT referral volume may positively affect treatment times, 
because it may be associated with more streamlined care pathways 
within the PSC, more experienced physicians when it comes to acute 
stroke treatment, and better facilities for acute stroke imaging. We 
aimed to investigate the association between the EVT referral volume 
of PSCs and treatment times and clinical outcomes in patients with 
an acute ischemic stroke who were transferred from a PSC for EVT.

METHODS AND MATERIAL S

Study design and population

We used data from the Multicenter Randomized Clinical Trial 
of Endovascular Treatment for Acute Ischemic Stroke in the 
Netherlands (MR CLEAN Registry) Registry, which is a nationwide, 

prospective cohort study in which data from all adult patients who 
underwent EVT for an acute ischemic stroke in the Netherlands 
since completion of the MR CLEAN trial (March 2014– December 
2018) have been registered. Detailed methods of the MR CLEAN 
Registry have previously been reported [18]. Permission to carry 
out the registry was granted by the medical ethics committee of 
Erasmus Medical Center, University Medical Center in Rotterdam, 
the Netherlands. The requirement for informed consent was waived.

For the current study, we used data collected from March 2014 
until November 2017 (registry parts I and II). We included adult pa-
tients with an acute ischemic stroke of the anterior circulation who 
had initially presented to a PSC and subsequently were transferred 
to a CSC that had participated in the MR CLEAN trial to undergo 
EVT. Patients who had primarily presented to a CSC or to a PSC out-
side the Netherlands were excluded from the analysis. Furthermore, 
because during the study period EVT was not standard care in the 
Netherlands for patients with a large- vessel occlusion stroke who 
were presented more than 6 h after onset, and median door- to- groin 
time in patients transferred for EVT in the Netherlands is approxi-
mately 30 min[19], we excluded patients with an onset- to- groin time 
>390 min. In- hospital strokes were also excluded.

Definitions and outcomes

A CSC was defined as a hospital that offers both IVT and EVT. A 
PSC was defined as a hospital that routinely offers IVT and performs 
computed tomography angiography (CTA) to identify patients with 
a large- vessel occlusion stroke but does not provide EVT. To verify 
whether hospitals provided IVT during the study period, data from 
the public Health Care Quality registration of the National Health 
Care Institute (in Dutch: Zorginstituut Nederland) were used [20]. 
All hospitals are obliged to report IVT- related benchmarks in this an-
nual registration. For hospitals that reported IVT benchmarks only 
for part of the study period, we assumed that IVT for acute ischemic 
stroke was only offered in the years in which these benchmarks 
were reported, and the EVT referral volume was calculated for this 
period only. For hospitals with multiple locations, each location was 
treated as a separate PSC. If the specific location of a hospital with 
multiple locations from which a patient was referred was unknown, 
we used the patient's postal code to determine which of the hospital 
locations was located closest to the patient's home, and it was as-
sumed that this was the referring PSC.

thrombolysis. EVT referral volume was not associated with PSC- door- to- groin time (ad-
justed coefficient: −0.49 min/annual referral, 95% confidence interval [CI]: −1.27 to 0.29), 
CSC- door- to- groin time (adjusted coefficient: −0.34 min/annual referral, 95% CI: −0.69 to 
0.01) or 90- day mRS score (adjusted common odds ratio: 0.99, 95% CI: 0.96– 1.01).
Conclusions: In patients transferred from a PSC for EVT, higher PSC volumes do not seem 
to translate into better workflow metrics or patient outcome.
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The annual EVT referral volume of a PSC was defined as the 
mean number of patients per year who had primarily presented to 
that PSC and who ultimately underwent EVT during the study pe-
riod. For comparison of baseline characteristics and illustrative pur-
poses, we categorized PSCs into low, medium, or high volume. Low 
annual EVT referral volume was defined as <6 referrals per year, 
medium as 6– 12 referrals per year, and high as >12 referrals per year. 
However, for our regression analyses, annual EVT referral volume 
was assessed as a continuous variable. EVT was defined as arterial 
puncture in the angiography suite, with the objective to perform me-
chanical thrombectomy. The actual EVT strategy was at the discre-
tion of the interventionist.

Our primary outcome measure was time from PSC arrival to arte-
rial puncture in the CSC (PSC door- to- groin time [PSC DTGT]). Other 
workflow- related outcome measures were time from arrival at the 
PSC to arrival at the CSC (door- to- door time) and time from arrival at 
the CSC to arterial puncture (CSC door- to- groin time [CSC DTGT]). 
Clinical outcomes were modified Rankin Scale (mRS) score and mor-
tality at 90 days after stroke.

Statistical analysis

We compared baseline characteristics, treatment times, and clini-
cal outcomes of patients referred from low- volume PSCs, medium- 
volume PSCs, and high- volume PSCs, using one- way analysis of 
variance for normally distributed continuous variables, Kruskal- 
Wallis test for nonnormally distributed continuous variables, and χ2 
test for categorical variables.

We examined the effect of EVT referral volume at the hospital 
level on treatment times and clinical outcome using multilevel re-
gression modeling. For these analyses, annual EVT referral volume 
was assessed as a continuous variable. For our analyses of PSC 
DTGT and door- to- door time, we used multilevel linear regression, 
adjusting for the following preselected variables on patient level 
(unless reported otherwise, baseline characteristics were mea-
sured upon arrival at the CSC): referring PSC as a random effect, 
and age, history of hypertension, prestroke mRS, baseline sys-
tolic blood pressure, baseline National Institutes of Health Stroke 
Scale (NIHSS) score, location of occlusion on CTA, treatment with 
IVT, onset- to- first- door time, estimated time of travel by ambu-
lance from PSC to CSC, and the receiving CSC as fixed effects. 
The estimated ambulance travel times were provided by the Dutch 
National Institute for Public Health and the Environment and cal-
culated using their proprietary model, assuming the ambulance 
driving with the highest level of emergency and daytime circum-
stances outside of rush hour [21]. When analyzing CSC DTGT, we 
also used multilevel linear regression, adjusting for the following 
patient- level variables: referring PSC as a random effect and age, 
history of hypertension, prestroke mRS, baseline systolic blood 
pressure, baseline NIHSS score, location of occlusion on CTA, time 
from onset to arrival at the CSC, and the receiving CSC as fixed ef-
fects. For our analysis of the 90- day mRS score we used multilevel 

ordinal logistic regression, and for our analysis of mortality we 
used multilevel binary logistic regression. Both analyses were ad-
justed for the following variables on patient level: referring PSC as 
a random effect and age, history of hypertension, prestroke mRS 
score, baseline systolic blood pressure, baseline NIHSS score, 
location of occlusion on CTA, treatment with IVT, onset- to- first- 
door time, and the receiving CSC as fixed effects. For all regres-
sion analyses, we imputed missing data using multiple imputation, 
using the following covariates: age, sex, history of stroke, history 
of hypertension, history of diabetes mellitus, history of atrial 
fibrillation, prestroke mRS score, baseline blood pressure (systolic 
and diastolic), baseline NIHSS score, location of occlusion on CTA, 
treatment with IVT, onset- to- first- door time, estimated time of 
travel by ambulance from PSC to CSC, PSC DTGT, door- to- door 
time, CSC DTGT, expanded Treatment in Cerebral Ischemia score 
after EVT, symptomatic intracranial hemorrhage, and 90- day mRS 
score. All analyses were performed using SPSS (version 25; IBM, 
Armonk, NY).

RESULTS

Between March 2014 and November 2017, 3637 patients were in-
cluded in the MR CLEAN Registry. We excluded 2096/3637 patients 
(58%) because they had not primarily presented to a PSC (n = 1474), 
underwent EVT in a CSC that had not participated in the MR CLEAN 
trial (n = 177), had an acute ischemic stroke of the posterior circula-
tion (n = 172), had an in- hospital stroke (n = 149), had an onset- to- 
groin time of >390 min (n = 99), or had presented to a PSC outside 
the Netherlands (n = 16; Figure 1). Therefore, 1541/3637 patients 
(42%) were included in the study.

Patients had primarily presented to one of 65 PSCs and were 
treated with EVT in one of 16 CSCs. Annual EVT referral volume 
was low (<6 per year) for 35/65 PSCs (54%), medium (6– 12 per year) 
for 20/65 PSCs (31%), and high (>12 per year) for 10/65 PSCs (15%). 
Of all patients, 435/1541 (28%) had presented to a low- volume PSC, 
583/1541 (38%) to a medium- volume PSC, and 523/1541 (34%) to 
a high- volume PSC. For one patient, it was unknown which of two 
hospital locations was the referring PSC, so the hospital location lo-
cated closest to the patient's postal code was assumed to be the 
referring PSC.

Baseline characteristics categorized by low- , medium- , and high- 
PSC volume are reported in Table 1. Patients who presented to high- 
volume PSCs more often had a history of hypertension (low: 48%, 
medium: 54%, high: 57%; p = 0.03) and had slightly lower NIHSS 
scores at baseline (low: median 16 [IQR: 12– 20], medium: 16 [IQR: 
12– 20], high: 15 [IQR: 11– 19]; p = 0.01). Estimated ambulance travel 
times between PSC and receiving CSC were shorter for patients who 
presented to high- volume PSCs (low: median 22 min [IQR: 15– 28], 
medium: 22 min [IQR: 15– 33], high: 17 min [IQR: 9– 30]; p < 0.01). 
Other baseline characteristics did not differ between groups.

When comparing treatment times between low- , medium- , and 
high- volume PSCs, we found that patients who had presented to 
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TA B L E  1  Baseline characteristics

Characteristica All patients

Annualized EVT referral volume

Low, <6 Medium, 6– 12 High, >12 p valueb

No. of hospitals (no. of patients) 65 (1541) 35 (435) 20 (583) 10 (523) NA

Age, years, mean ± SD 70.8 ± 13.3 70.0 ± 13.3 71.4 ± 13.5 70.9 ± 13.1 0.27

Male sex, n/total (%) 795/1541 (52%) 220/435 (51%) 301/583 (52%) 274/523 (52%) 0.86

History of hypertension, n/total (%) 798/1502 (53%) 205/426 (48%) 304/566 (54%) 289/510 (57%) 0.03

Diabetes mellitus, n/total (%) 241/1528 (16%) 70/430 (16%) 86/578 (15%) 85/520 (16%) 0.76

Atrial fibrillation, n/total (%) 366/1519 (24%) 105/430 (24%) 143/571 (25%) 118/518 (23%) 0.67

Previous stroke, n/total (%) 236/1524 (15%) 68/429 (16%) 96/576 (17%) 72/519 (14%) 0.43

Prestroke mRS score, median (IQR)c 0 (0– 1) 0 (0– 1) 0 (0– 1) 0 (0– 1) 0.07

Systolic blood pressure, median (IQR)d 150 (132– 166) 148 (131– 166) 150 (134– 168) 150 (132– 165) 0.34

Diastolic blood pressure, median (IQR)e 80 (71– 91) 80 (71– 90) 81 (72– 92) 80 (70– 90) 0.13

NIHSS score, median (IQR)f 16 (12– 19) 16 (12– 20) 16 (12– 20) 15 (11– 19) 0.01

Intracranial occlusion site on CTA, n/total (%)

Intracranial ICA 406/1468 (28%) 113/419 (27%) 165/545 (30%) 128/504 (25%) 0.21

M1 876/1468 (60%) 267/419 (64%) 311/545 (57%) 298/504 (59%)

M2 177/1468 (12%) 37/419 (9%) 68/545 (12%) 72/504 (14%)

A1 2/1468 (0%) 0/419 (0%) 1/545 (0%) 1/504 (0%)

Other 4/1468 (0%) 1/419 (0%) 0/545 (0%) 3/504 (1%)

None 3/1468 (0%) 1/419 (0%) 0/545 (0%) 2/504 (0%)

Presentation outside office hours, n/total (%) 1030/1541 (67%) 284/435 (65%) 387/583 (66%) 359/523 (69%) 0.52

Time from stroke onset to arrival at PSC, min, 
median (IQR)g

53 (38– 90) 53 (40– 94) 50 (36– 83) 56 (37– 90) 0.38

Estimated ambulance travel time between 
PSC and receiving CSC, median (IQR)

19 (12– 32) 22 (15– 28) 22 (15– 33) 17 (9– 30) <0.01

Treatment with IVT, n/total (%) 1280/1533 
(83%)

353/434 (81%) 489/577 (85%) 438/522 (84%) 0.52

Abbreviations: A1, first segment of anterior cerebral artery; CSC, comprehensive stroke center; CTA, computed tomography angiography; EVT, 
endovascular thrombectomy; ICA, internal carotid artery; IQR, interquartile range; IVT, intravenous thrombolysis; M1, first segment of the middle 
cerebral artery; M2, second segment of the middle cerebral artery; mRS, modified Rankin Scale; NA, not applicable; NIHSS, National Institutes of 
Health Stroke Scale; PSC, primary stroke center.
aAll baseline characteristics were measured on arrival at the CSC unless reported otherwise.
bThe p value is for comparison between patients who were referred from low, medium, and high annual referral volume PSCs.
cMissing values = 44.
dMissing values = 55.
eMissing values = 60.
fMissing values = 19.
gMissing values = 438.

F I G U R E  1  Flowchart of patient 
inclusion. CSC, comprehensive stroke 
center; MR CLEAN, Multicenter 
Randomized Clinical Trial of Endovascular 
Treatment for Acute Ischemic Stroke in 
the Netherlands; PSC, primary stroke 
center; Registry, MR CLEAN Registry
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high-  and medium- volume PSCs had shorter PSC DTGT (low: median 
150 [IQR: 123– 186], medium: 145 [IQR: 120– 173], high: 146 [IQR: 
124– 178]; p = 0.03) and lower door- to- door times (low: median 109 
[IQR: 84– 135], medium: 102 [IQR: 83– 124], high: 106 [IQR: 85– 128]; 
p < 0.01), compared to patients who presented to low- volume PSCs 
(Table 2). However, when we analyzed EVT referral volume as a con-
tinuous variable and adjusted for potential confounders, there was 
no association between annual EVT referral volume and PSC DTGT 
(Figure 2a) or door- to- door time (Figure 2b). CSC DTGT did not differ 
between groups (Table 2), and there was no statistically significant 
association between EVT referral volume as a continuous variable 
and CSC DTGT after adjustment (Figure 2c).

The mRS score and mortality at 90 days after stroke did not 
differ between patients who presented to low- , medium- , and high- 
volume PSCs (Table 2). After adjustment, there was also no associ-
ation between annual EVT referral volume and 90- day mRS score 
(unadjusted common odds ratio [cOR]: 0.98, 95% confidence inter-
val [CI]: 0.96– 1.01; adjusted common OR: 0.99, 95% CI: 0.96– 1.01), 
or mortality (unadjusted OR: 1.02, 95% CI: 0.99– 1.04; adjusted OR: 
1.02, 95% CI: 0.98– 1.06].

DISCUSSION

In this cohort study, we examined the relationship between the EVT 
referral volume of PSCs and treatment times and clinical outcomes. 
We observed that PSCs with high or medium EVT referral volume 
had shorter PSC DTGT compared to low- volume PSCs. However, 
after adjustment, there was no association between PSC volume and 
workflow times or functional outcome of patients.

The consonance of previous studies when it comes to the bene-
fits of treatment in high- volume, specialized hospitals has led many 
to plead for increasing centralization of care for several neurologi-
cal diseases [9– 11], including acute ischemic stroke [12– 17,22– 25]. 

In light of this, it is somewhat surprising that our findings indicate 
that high PSC volumes do not translate into better workflow met-
rics or patient outcome. We defined high PSC volume as >12 EVT 
referrals per year based on the distribution of our data; only 15% of 
PSCs had >12 annual EVT referrals. Although few previous studies 
have reported on EVT referral volumes, average PSC volumes in our 
study seem relatively high compared to those found in regions in 
Germany and Australia (six annual EVT referrals per PSC in our study 
vs. four in both Germany and Australia) [26,27]. Nonetheless, it is 
possible that for even higher EVT referral volumes, an association 
with shorter time to treatment would exist. Bray et al. [13] found 
a similar trend for the association between hospital volume and 
time to initiation of IVT; only hospitals with >50 IVT cases per year 
achieved lower door- to- needle times, whereas no difference was 
found between hospitals with <25 annual cases and hospitals with 
25– 50 annual cases. However, because the number of PSCs with 
very high EVT referral volumes was low in our cohort, we could not 
test this hypothesis. Another potential explanation for the absence 
of an association between PSC volume and treatment times in our 
study could be the fact that the Netherlands has a well- developed 
health care system. Stroke workflow in the Netherlands, including 
emergency medical services and PSC and CSC logistics, is generally 
well organized, resulting in relatively short treatment times [19]. 
Within such a system it may be more difficult to discern the potential 
effect modifying variables such as PSC volume.

Two baseline imbalances should be noted. First, estimated am-
bulance travel times between PSC and receiving CSC were shorter 
for patients presented to high- volume PSCs. PSCs that are located 
in an area with low population density, and therefore have lower an-
nual patient volumes, are likely to be located further away from the 
nearest CSC than PSCs in densely populated regions. This makes a 
comparison of treatment times inherently biased in favor of patients 
presented to a PSC in a more densely populated area, and thus in 
favor of high- volume PSCs. To account for this bias, we adjusted our 

TA B L E  2  Treatment times and clinical outcomes for patients presented to low- , medium- , and high- volume primary stroke centers

All patients, 
n = 1541

Annualized EVT referral volume

Low, <6, n = 435
Medium, 6– 12, 
n = 583 High, >12, n = 523 p value

PSC DTGT, min, median (IQR)a 146 (122– 178) 150 (123– 186) 145 (120– 173) 146 (123– 177) 0.03

Door- to- door time, min, median 
(IQR)b

105 (84– 129) 109 (84– 135) 102 (83– 124) 106 (85– 128) <0.01

CSC DTGT, min, median (IQR)c 39 (27– 57) 36 (25– 55) 40 (27– 56) 40 (28– 60) 0.18

mRS score at 90 days, median 
(IQR)d

3 (2– 6) 3 (2– 6) 3 (2– 6) 3 (2– 6) 0.19

Mortality at 90 days, n/total 
(%)d

445/1541 (29%) 121/435 (28%) 162/583 (28%) 162/532 (30%) 0.37

Note: Number of imputed values: a432, b481, c71, and d138. Numbers of imputed values did not differ between groups for the time intervals 
(ap = 0.12, bp = 0.18, cp = 0.97). The p value is for comparison between patients who were referred from low, medium, and high annual referral 
volume PSCs.
Abbreviations: CSC DTGT, time from arrival at the comprehensive stroke center to arterial puncture; door- to- door time, time from arrival at the PSC 
to arrival at the CSC; EVT, endovascular thrombectomy; IQR, interquartile range; mRS, modified Rankin Scale; PSC DTGT, time from arrival at the 
primary stroke center to arterial puncture.
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analyses of treatment times for the estimated ambulance travel time 
between the PSC and the receiving CSC. Second, patients presented 
to high- volume PSCs had slightly lower NIHSS scores upon arrival at 
the CSC. A potential explanation for this could be that low- volume 
PSCs, due to possible lack of around- the- clock availability of stroke 
imaging facilities, may not have routinely performed CTA in patients 
with a suspected stroke and mild neurological deficits, causing these 
patients to less often be referred for EVT. Alternatively, more distal 
occlusions, such as M2 occlusions, may have been overlooked more 
often in low- volume PSCs because of less experienced readers.

There are several limitations to our study. First, the analysis of 
hospital performance is inherently influenced by variation by chance 
across hospitals, which especially affects low- volume hospitals. We 

used multilevel regression analysis, because such models can take 
clustering effects and variation by chance into account, contrary to 
regular fixed- effects models. However, it is possible that the effects 
of PSC volume were slightly underestimated by our random- effects 
model, because the observed variation across the hospitals may 
have been diluted, especially for low- volume PSCs [28– 30]. Second, 
data collection for our study took place in the Netherlands, which 
is a densely populated country in which hospitals are located rela-
tively close to one another, and there is overall good infrastructure 
[31]. Furthermore, in our study, the median PSC DTGT was short 
(144 min) compared to existing literature, in which median PSC 
DTGTs ranging from 153 to 191 min have been reported [3,32– 34]. 
This was also the case for ambulance travel times; median ambulance 

F I G U R E  2  Plots of treatment times by annual EVT referral volumes. The treatment times (y- axis) and the annual endovascular 
thrombectomy (EVT) referral volume (x- axis) are shown for each patient (imputed data). Each dot represents a single patient. Vertically 
aligned dots represent the data of a single hospital with the corresponding number of annual EVT referrals. In case multiple hospitals 
had the same annual EVT referral volume, they were plotted on the same vertical axis. Both the adjusted and unadjusted coefficients are 
shown. For adjustment variables, see the Methods and Materials section. (a) PSC DTGT. (b) Door- to- door- time. (c) CSC DTGT. CI, confidence 
interval; CSC, comprehensive stroke center; CSC DTGT, time from arrival at the comprehensive stroke center to arterial puncture; door- to- 
door time, time from arrival at the primary stroke center to arrival at the comprehensive stroke center; EVT, endovascular thrombectomy; 
PSC, primary stroke center; PSC DTGT, time from arrival at the primary stroke center to arterial puncture [Colour figure can be viewed at 
wileyonlinelibrary.com]

(a) (b)

(c)

https://onlinelibrary.wiley.com/
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travel time in our study was 19 min compared to 23– 95 min in other 
studies [3,5,32,33,35]. Our median CSC DTGT (39 min) was within 
the range, although on the lower end, of previously reported median 
CSC DTGTs for transferred patients (35– 81 min) [3,7,33]. As data for 
this study were collected in a country with an advanced health care 
system, and time intervals were relatively short compared to those 
found in other countries, our findings should be extrapolated to 
other countries with caution. Third, we did not have data of patients 
who were referred to a CSC for EVT and were ultimately deemed 
ineligible for EVT, because these patients were not included in the 
MR CLEAN Registry. Therefore, the true annual number of patients 
referred from the PSCs for EVT may have been higher than reported 
in our study, and the frequency with which futile transfers occurred 
could not be assessed. Finally, we had relatively high numbers of 
missing values for three variables: door- to- door time (31%), PSC 
DTGT (28%), and time from stroke onset to arrival at the PSC (28%). 
To minimize the impact of these missing values on our analyses, 
we used multiple imputation. Time between arrival at the PSC and 
departure from the PSC (door- in- door- out time), which would have 
been an outcome measure of interest in our study, was not available 
in our dataset.

In conclusion, we did not observe an association between the 
EVT referral volume of PSCs and the PSC DTGT or the 90- day mRS 
score of patients who were transferred from a PSC for EVT. Based 
on the data in our study, PSC volumes do not seem to translate into 
better overall workflow metrics or patient outcome.
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