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Background: Benefits of endovascular thrombectomy (ET) after intravenous

thrombolysis (IVT) for patients with acute ischaemic stroke (AIS) have been

demonstrated, but analyses of the relationship between IVT-ET time delay and

functional outcomes among patients receiving both treatments are lacking.

Methods: We used data from the “Berlin—Specific Acute Treatment in

Ischaemic and haemorrhAgic stroke with Long-term outcome” (B–SPATIAL)

registry. Between January 1st, 2016 and December 31st, 2019, we included

patients who received both IVT and ET. The primary outcome was the

3-month ordinal modified Rankin scale (mRS) score. The IVT-ET time delay

was analyzed in categories and continuously. We used adjusted ordinal

logistic regression to estimate common odds ratios (cOR) and 95% confidence

intervals (CI). Secondary analyses involved flexible modeling of IVT-ET delay

and dichotomous outcomes.

Results: Of 11,049 patients, 714 who received IVT followed by ET were

included. Compared with having an IVT-ET window >120min (reference), for

an IVT-ET window < 30min, we obtained adjusted cORs for mRS of 0.41 (95%

CI: 0.22 to 0.78); and 0.52 (95% CI: 0.33 to 0.82) for 30 to 120min. Secondary

analyses also found protective e�ects of shorter time delays against “poor”

functional outcomes at 3 months.

Conclusions: In patientswith AIS, shorter IVT-ET intervals were associatedwith

better 3-month functional outcomes. While the time-to-IVT and time-to-ET
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include the time until medical attention is received, the IVT-ET time delays fall

entirely within the domain of medical management and thus might be easier

to optimize.

KEYWORDS

ischaemic stroke, time-to-treatment, thrombolysis, thrombectomy, functional

outcome, modified Rankin Scale, registry

Introduction

Acute ischaemic stroke (AIS) is one of the most common

causes of morbidity and disability worldwide (1). There are

two main acute treatment options for AIS, i.e., intravenous

thrombolysis (IVT) and endovascular thrombectomy (ET) (2).

In 2015, results from five randomized trials provided evidence

for the superiority of ET, mostly in combination with IVT

(“bridging thrombolysis”), compared to IVT alone (3–7). The

benefits of IVT and ET combination therapy may be attributable

to the ability of IVT to degrade remaining clot fragments, reduce

ET procedure duration, and expedite recanalisation (8). Benefits

of both recanalizing treatments, however, are known to diminish

with increasing delay from symptom onset (or time last seen

well) (9), hence, an earlier start of ET after IVT might result in

more favorable outcomes for AIS patients.

Although “time–to–treatment” is a generally well-

researched topic in stroke (10, 11), typically measured as the

time of symptom onset to treatment initiation, the potential

impact of the specific time delay between IVT and ET has not

been well studied.

We aimed to estimate the effect of the time delay between

IVT and ET on functional outcome as measured by the modified

Rankin Scale (mRS) score 90 days after stroke among AIS

patients who received both IVT and ET using prospectively-

collected data from a large stroke registry in Berlin, Germany.

Materials and methods

Study design and setting

The Berlin—SPecific Acute Treatment in Ischemic or

haemorrhAgic stroke with Long term follow–up (B–SPATIAL)

registry (Clinicaltrials.gov identifier: NCT03027453) is a

prospective, multicentre, observational registry of adult acute

stroke and TIA patients presenting at one of 15 hospitals with

stroke units in Berlin since January 1st, 2016. Patients aged 18

years or older of any sex with ICD-10 diagnoses of ischaemic

stroke (I63), haemorrhagic stroke (I61), or Transient Ischaemic

Attack (TIA) (G45.0–G45.3 and G45.5–G45.9) were eligible for

inclusion in the registry. The registry includes data from patients

transported to hospital by one of three Berlin mobile stroke

units (MSUs) (12). Patients or their legal representatives were

informed about the purpose and the procedures of the registry

and had the opportunity to “opt–out” at multiple time points.

Scientific evaluation of the B-SPATIAL registry was approved by

the local ethics committee of the Charité–University Medicine

Berlin (EA1/208/21).

The present study uses data collected through December

31st, 2019 by dedicated study nurses according to a standardized

protocol, including hospital records and data from patient

interviews or questionnaires. In cases of no response,

information about patients’ vital status was obtained via

the city registry office 4 months after the index event (12).

In the present study, we restricted our sample to include

only ischaemic stroke patients with symptom onset or time last

seen well within 6 h of arrival at a participating hospital. We

excluded patients with primary haemorrhagic stroke or TIA,

as well as those with symptom remission before ambulance

or hospital arrival, as they were not considered candidates

for acute treatment (12). We included only patients who

initiated both IVT and ET treatments in our analyses. Patients

who received IVT while simultaneously undergoing ET (intra-

arterial thrombolysis) were excluded.

Patient characteristics

We obtained information about age, sex, blood pressure,

blood glucose, and comorbidities, including atrial fibrillation,

diabetes mellitus, and hypertension. In addition, we extracted

clinical information including National Institutes of Health

Stroke Scale (NIHSS) scores and vessel occlusion site (internal

carotid artery, anterior cerebral artery, middle cerebral artery,

and posterior cerebral artery).

Exposure measures

The main exposure variable of interest, the elapsed time

between IVT and ET (IVT-ET time delay), was computed

as the difference between time of IVT initiation and time

of ET initiation. In the analyses, we used both a primary

clinical categorization (“short,” “medium,” “long”) of each time-

to-treatment (time-to-IVT: <60min, 60–120min, >120 min;

time to ET: <120min, 120–280min, >280min; IVT-ET time

delay: <30min, 30–120min, >120min), as well as a secondary

exposure scale, in which we considered the IVT-ET time delay

continuously, in 30-min incremental units.
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FIGURE 1

Flow diagram of study eligibility. B-SPATIAL, Berlin-Specific Acute Treatment in ischemic and haemorrhagic Stroke with Long-Term outcome.

Outcome measures

Our primary outcome of interest was the functional outcome

as defined by the modified Rankin Scale (mRS) score at 90

days after stroke. The mRS is a 7-point ordinal scale ranging

from 0 (“no neurological symptoms”) to 6 (“death”) (13). In

line with prior literature (3–7), we also present results using a

dichotomous secondary outcome,modeling a “poor” (mRS: 3–6)

vs. “favorable” (mRS: 0–2) functional outcome.

Statistical analysis

We present medians and interquartile range limits (IQRL)

for all continuous and ordinal variables, means and standard

deviations for all normally distributed variables, and frequencies

and percentages for categorical variables.

We used ordinal logistic regression (shift analysis)

to obtain crude and adjusted common odds ratios

(cOR) with corresponding 95% confidence intervals

(95% CI) for the primary analysis. We further present

results from crude and adjusted ordinal logistic

regression models for the exposure variables time-to-IVT

and time-to-ET.

The confounding adjustment strategy was determined a

priori by selecting variables that are thought to be common

causes of both the exposure and outcome or risk factors

for the outcome. We included the following continuous

variables in the adjusted models: age, NIHSS, blood pressure,

blood glucose, and time-to-IVT, as well as the following

categorical variables: sex, diagnosis of atrial fibrillation, diabetes

mellitus, hypertension (or antihypertensive medication use),

hospital size, time-to-IVT and vessel occlusion site. We

created the variable “hospital size” to capture the relative

sizes of the clinics as a proxy for structural factors such

as geographic location, experience levels of the hospitals’

physicians, treatment processes, and workflow. Of the 15

participating hospitals, five were included in each category: (1)

treating <4%, (2) Treating 4–10% or (3) treating >10% of all

registry patients.
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Missing values were assumed to be missing at random

(MAR) and imputed using multiple imputation by chained

equations (MICE) with 10 imputed datasets. The primary

analyses were performed on the imputed datasets.

In the secondary analysis, we used logistic regression to

estimate the effect of the IVT-ET time delay on the dichotomous

3-month functional outcome. To accommodate potential non-

linear effects, IVT-ET time delay was modeled using splines

(using mksplines in Stata) with knots set at every 30min and

using the 60–min knot as a reference. The 60-min reference

was chosen based on the so-called “golden hour” of stroke, the

time within which the initiation of reperfusion treatments are

most effective for eligible acute ischemic stroke patients (14).

This secondary analysis was performed in complete cases only

(no imputation). We present a graphical representation of the

binary odds ratio (OR) estimates for having a “poor” outcome

(mRS>2) computed using multivariable logistic regression

models adjusted for the aforementioned set of confounders.

Binary OR are commonly misinterpreted as being

synonymous with relative risk, which can be especially

problematic when the outcome is common (15). Since the

prevalence of a “poor” outcome was approximately 50% in

our study population, we opted to perform an additional

modification to the aforementioned secondary analysis. We

again used splines to model the IVT-ET time delay, this

time obtaining adjusted relative risk (RR) estimates for the

binary outcome using a modified Poisson regression modelling

approach with robust standard errors (16). These results for

having a “poor” functional outcome were also visualized with

the 60-min knot as a reference.

All analyses were performed using STATA/IC 14 software

(STATA Corp Ltd.).

Results

Study population

Out of 11,049 patients meeting eligibility criteria for the

B-SPATIAL registry between January 1st, 2016 and December

31st, 2019, a total of 714 patients treated with both IVT and ET

were ultimately included in this study (Figure 1). Of these, 133

patients were transported by MSUs.

Baseline characteristics

AIS patients receiving IVT and ET consisted primarily

of elderly people suffering from moderate to severe strokes

(Average age 72 years ±14 and median NIHSS score of

15 (IQRL 10–19). Fifty-one percent of those comprising

the study population were female. A full summary of

the baseline characteristics including times–to–treatment is

displayed in Table 1.

TABLE 1 Baseline clinical and treatment characteristics of patients at

hospital admission.

Variable Acute ischaemic stroke

patients receiving intravenous

thrombolysis then

endovascular thrombectomy

(n = 714)

Patients transported with MSU, n (%) 133 (19)

Age, y, mean (SD) 72 (14)

median (IQRL) 75 (63–81)

Sex†, female, n (%) 364 (51)

Hospital size (based on percentage of

registry patients treated)

<4%, n (%) 60 (8)

4–10%, n (%) 199 (28)

>10%, n (%) 455 (64)

Comorbidities

Atrial fibrillation†, n (%) 271 (38)

Diabetes mellitus†, n (%) 161 (23)

Hypertension†, n (%) 560 (78)

NIHSS†, median (IQRL) 15 (10–19)

Systolic blood pressure ‡, mmHg,

mean (SD)

156 (30)

Diastolic blood pressure ‡, mmHg,

mean (SD)

85 (17)

Blood glucose ‡, mg/dl, mean (SD) 135 (42)

Vessel occlusion site

Internal carotid artery, n (%) 76 (11)

Anterior cerebral artery, n (%) 18 (3)

Middle cerebral artery, n (%) 454 (63)

Posterior cerebral artery, n (%) 23 (3)

Other or no information available,

n (%)

143 (20)

Time from symptom onset to IVT,

mins, mean (SD),

112 (64)

median (IQRL) 90 (68–135)

Time from symptom onset to ET,

mins, mean (SD),

194 (131)

median (IQRL) 169 (130–224)

Time between IVT and ET, mins,

mean (SD),

82 (116)

median (IQRL) 66 (44–92)

SD, standard deviation; IQRL, interquartile range limits; NIHSS, National Institutes

of Health Stroke Scale; IVT, intravenous tissue–type plasminogen activator; ET,

Endovascular Thrombectomy; MSU, Mobile Stroke Unit; †variable had <10% missing

values; ‡variable had >10% missing values.

43 (6%) patients had already experienced prior ischemic

stroke or TIA according to their medical documentation. 67

(9%) patients developed a symptomatic secondary intracerebral

hemorrhage, and 54 (8%) patients died in–hospital. The mRS 90

days after the index event was available for 573 (80%) patients,

with a median value of 3 (IQRL 1–5).
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TABLE 2 Ordinal logistic regression results, e�ect estimates for

IVT-ET time delay on mRS score 90 days after index acute ischaemic

stroke event.

mRS at 90 days

Time delay

between

intravenous

thrombolysis and

endovascular

thrombectomy

Unadjusted

cOR (95%

CI)

Adjusted

cOR† (95%

CI)

Primary exposure

categorization

<30 mins (n= 71) 0.64 (0.35 to

1.17)

0.41 (0.22 to

0.78)

30–120 mins (n= 551) 0.71 (0.46 to

1.10)

0.52 (0.33 to

0.82)

>120 mins (n= 92) 1 (reference) 1 (reference)

Exposure as a

continuous variable

per 30-min reduction in

IVT-ET time delay

0.97 (0.92 to

1.02)

0.94 (0.88 to

1.00)

cOR, common Odds ratio obtained from the ordinal logistic regression models for

each exposure category; CI, Confidence interval; IVT, Intravenous Thrombolysis; ET,

Endovascular Thrombectomy; mRS, modified Rankin Scale.

†Adjusted for, age, sex, NIHSS, blood pressure, blood glucose, atrial fibrillation, diabetes

mellitus, hypertension, hospital size, vessel occlusion site, and time-to-IVT.

We also provide baseline characteristics stratified by IVT-ET

time delay groups in Supplementary Table S1.

Impact of IVT-ET time delay on
functional outcome

In the primary analysis, after confounding adjustment, we

found that having a “short” or “medium” time delay between

IVT and ET was associated with a favorable shift in the

distribution of mRS scores (shift to lower scores) 90 days

after AIS compared with having a “long” time delay (Table 2).

Compared to having an IVT-ET time delay of >120min

(reference), for an IVT-ET time delay of fewer than 30min, we

obtained a beneficial adjusted cOR of 0.41 (95% CI 0.22 to 0.78),

and for IVT-ET time delays between 30 to 120min, an adjusted

cOR of 0.52 (95% CI 0.33 to 0.82).

Treating the exposure as a continuous variable in the

primary analysis, each 30-min reduction in time delay was

found to be associated with a favorable shift in the distribution

of mRS based on the point estimate, though this result was

not statistically significant (adjusted cOR of 0.94, 95% CI 0.88

to 1.00).

The corresponding results for the time-to-IVT and

time-to-ET exposures are described and presented in the

Supplementary Results and Supplementary Table S2.

Figure 2 shows the unadjusted mRS distribution across the

three primary IVT-ET time delay groups. As depicted, the

shorter the IVT-ET time delay, the more favorable the shift

toward lower 90-day mRS scores. Similarly, Figure 3 shows

a higher adjusted binary OR for “poor” 90-day functional

outcome with increasing time delay between IVT and ET.

Supplementary Figure S1 shows a modified version of Figure 3

using risk ratios instead of ORs.

Discussion

Our findings provide a detailed analysis of the relationship

between the elapsed delay in time between IVT and ET and

functional outcomes in ischaemic stroke patients who received

both treatments. Our results indicate that shorter IVT-ET time

delays are associated with better functional outcomes 3 months

after ischaemic stroke, corresponding to a favorable shift in the

distribution of mRS scores. These effect estimates are similar

to the protective effects for reducing time-to-IVT or time-

to-ET treatment in both direction and magnitude. Consistent

with our findings, prior research has consistently demonstrated

detrimental effects of longer time-to-IVT and time-to-ET in

different settings (10, 11, 17).

Rapid initiation of ET following IVT appears to have a

considerable protective benefit, whereas longer delays between

treatments appear to be detrimental in terms of longer-term

functional outcomes. Our findings corroborate those of the

French Endovascular Treatment in Ischemic Stroke (ETIS)

registry (18). Zhu et al. analyzed 1,986 AIS patients in six

comprehensive stroke centers, and found that having a longer

IVT-ET time delay was associated with a worse functional

outcome at 90 days (adjusted OR for the favorable outcome

(mRS 0–2) per 30-min increase= 0.91, 95%CI 0.86 to 0.96) (18).

Findings from Evans et al. (19) indicated a significant benefit

of ET within 90minutes after IVT (20) in a post-hoc subgroup

analysis of the IMS III trial.

Recent studies mainly conducted in Europe, North America

and Australia suggest that IVT before ET has a beneficial effect,

even in patients treated with ET (21). IVT followed by ET was

associated with higher reperfusion rates without a significantly

higher rate of symptomatic intracranial hemorrhage compared

to ET alone. We unfortunately do not have data on the

experience level of individual ET operators at the hospitals

participating in the B-SPATIAL registry. However, the number

of ET treatments performed in the participating hospitals (also

counting ETs without prior IVT) ranged from 1 to 238 during

the included time period. In two hospitals, the thrombectomy

service was first introduced at the end of the inclusion period,

explaining the low numbers of ET treatments seen in those

two hospitals. Therefore, we assume that most interventionalists

were rather experienced.

When interpreting our findings, readers should consider our

study’s strengths and limitations. At the time of analysis, the B–

SPATIAL registry comprised more than 10,000 stroke patients,
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FIGURE 2

Modified Rankin Scale Score Distribution at 90 days by IVT-ET time delay group. The IVT-ET time delay corresponds to the elapsed time

between intravenous thrombolysis (IVT) and endovascular thrombectomy (ET). 90-day mRS scores were not available for 141 patients.

yet <10% ultimately received both IVT and ET, meeting our

inclusion criteria (714 AIS patients). Despite this being a

sufficient sample size for our chosen analyses, we did not have

enough power to assess potential effect modification.

International and national efforts such as Safe

Implementation of Thrombolysis (SITS), International

Stroke Thrombolysis Register, the German Stroke Registry, or

The China National Stroke Registry (CNSR) (22–24) may have

reached higher numbers than our Berlin-based registry, but

differences in data collection between hospitals can affect the

quality and quantity of their collected data and follow–up of

functional outcome is often incomplete. Our analyses benefitted

from the comprehensive and systematic data collection, which

was actively promoted in the B-SPATIAL registry through the

use of standardized protocols and trained, dedicated study

nurses in all hospitals with a stroke unit in Berlin, Germany.

Of note, our study population did not include patients who

had recanalisation of their large vessel occlusion through IVT

alone. This selection may have led to an overrepresentation of

patients with worse outcomes, since rapidly resolving cases did

not meet our inclusion criteria.

Finally, we further acknowledge that the routinely collected

variables included as covariates may not have fully captured

potential causes of IVT-ET time delays that are also causes

of functional outcomes. A potential source of residual

confounding we considered important is hospital organisation.

This includes the hospital’s geographic location, angiography

facility, diagnostic and therapeutic workflows, and other

structural elements. However, since these factors are difficult

to quantify, they could not be individually captured in the

FIGURE 3

IVT-ET time delay and binary OR for “poor” functional outcome

(mRS > 2) at 90 days after acute ischaemic stroke. The time

delay between IVT and ET was modeled as a continuous

exposure variable using splines and the odds ratio estimates are

for a “poor” functional outcome (mRS 3–6). An IVT-ET time

delay of 60 elapsed minutes was used as the reference.

registry. For this reason, we opted to adjust for hospital size

as a proxy variable. Indeed, the exact causes of IVT-ET time

delays likely differ per setting. Once identified and implemented,

targeted improvement measures are likely to reduce delays and

subsequently impact patient outcomes.

Our findings indicate a meaningful relationship between the

time delay between IVT and ET and the functional outcomes

of ischaemic stroke patients three months after stroke. After

accounting for confounding including time-to-IVT, our effect

Frontiers inNeurology 06 frontiersin.org

https://doi.org/10.3389/fneur.2022.1018630
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Wagner et al. 10.3389/fneur.2022.1018630

estimates are similar in magnitude to published effect estimates

from the literature for time-to-IVT or time-to-ET. While the

time-to-IVT and time-to-ET include the time until medical

attention is received (e.g., response following emergency call),

and are therefore difficult to modify, the elapsed time between

IVT and ET falls entirely within the domain of medical

management and thus might be easier to optimize.
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