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Abstract As there are scarce data regarding the outcomes
of acute ischemic stroke (AIS) patients treated with intra-
venous thrombolysis (IVT) within 60 min from symptom
onset (“golden hour”), we sought to compare outcomes
between AIS patients treated within [GH(+)] and outside
[GH(—)] the “golden hour” by analyzing propensity score
matched data from the SITS-EAST registry. Clinical
recovery (CR) at 2 and 24 h was defined as a reduction of
>10 points on NIHSS-score or a total NIHSS-score of <3
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at 2 and 24 h, respectively. A relative reduction in NIHSS-
score of >40% at 2 h was considered predictive of com-
plete recanalization (CREC). Symptomatic intracranial
hemorrhage (sSICH) was defined using SITS-MOST crite-
ria. Favorable functional outcome (FFO) was defined as a
mRS-score of 0—1 at 3 months. Out of 19,077 IVT-treated
AIS patients, 71 GH(4) patients were matched to 6882
GH(—) patients, with no differences in baseline charac-
teristics (p > 0.1). GH(+) had higher rates of CR at 2 (31.0
vs. 12.4%; p < 0.001) and 24 h (41 vs. 27%; p = 0.010),
CREC at 2 h (39 vs. 21%; p < 0.001) and FFO (46.5 vs.
34.0%; p = 0.028) at 3 months. The rates of sICH and
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3-month mortality did not differ (p > 0.2) between the two
groups. GH(+) was associated with 2-h CR (OR: 5.34;
95% CI 2.53-11.03) and CREC (OR: 2.38; 95% CI
1.38-4.09), 24-h CR (OR: 1.88; 95% CI 1.08-3.26) and
3-month FFO (OR: 2.02; 95% CI 1.15-3.54) in multi-
variable logistic regression models adjusting for potential
confounders. In conclusion, AIS treated with IVT within
the GH seems to have substantially higher odds of early
neurological recovery, CREC, 3-month FFO and functional
improvement.

Keywords Intravenous thrombolysis - Acute ischemic
stroke - Golden hour - Onset-to-treatment time - Mobile
stroke unit

Introduction

Although time from stroke symptom onset to the initiation
of intravenous thrombolysis (IVT) is known to be associ-
ated with both the likelihood of successful recanalization
and 3-month functional outcome [1-5], there are scarce
data regarding the outcomes of acute ischemic stroke (AIS)
patients treated with IVT within the ultra-early time win-
dow of 60 min from symptom onset, termed as the “golden
hour” (GH) [6], when IVT is presumed to have its greatest
benefit [7, 8]. Moreover, the number of patients who were
treated with intravenous alteplase during the GH window
in pivotal randomized-controlled clinical trials (RCTs) that
established the safety and efficacy of IVT for AIS was
negligible [8].

In view of the former considerations, we sought to
compare outcomes between AIS patients treated within
(onset-to-treatment time, OTT <60 min) and outside
(OTT: 61-270 min) the “golden hour” [GH (4) and GH
(—) groups, respectively], by analyzing propensity score
matched data from the SITS-EAST registry.

Methods

We analyzed prospectively collected data from the Safe
Implementation of Treatments in Stroke-East registry
(SITS-EAST) on consecutive AIS patients treated with IVT
during a 12-year period (October 2003 to December 2015).
SITS-EAST Register data were collected on patients trea-
ted with IVT using the general SITS-ISTR register plat-
form as previously described [9]. The participating
countries in the SITS-EAST registry include Croatia,
Czech Republic, Estonia, Greece, Hungary, Lithuania,
Poland, Russia, Slovakia, Slovenia and Turkey, represent-
ing approximately 30% of the population of SITS registry
[10].

We included all AIS patients treated with intravenous
tissue plasminogen activator (tPA) if they: (1) had avail-
able data on the time interval between symptom onset and
tPA bolus (onset-to-treatment time, OTT), (2) had no sig-
nificant disability prior to stroke onset (modified Rankin
Scale score, mRS <1), (3) had available 3-month func-
tional outcome assessment using the mRS-score. Included
patients were dichotomized according to their OTT as
GH(+) if they were treated within the first “golden” hour
(GH) after symptom onset (OTT <60 min) or GH(—) if
IVT administration was initiated after the time interval of
60 min from symptom onset. After dichotomization
according to treatment initiation time, GH(+) were mat-
ched to GH(—) using a structured, iterative propensity
score model with the primary objective to maximize the
balance in the distribution of possible confounders between
GH(+) and GH(—) groups.

Baseline characteristics including demographics, vas-
cular risk factors, admission stroke severity, admission
blood pressure and serum glucose levels of the study
population were documented as previously described
[9, 10]. The primary outcome events of interest were the
percentage of patients with: (1) clinical recovery with a
total NIHSS-score of <3 or NIHSS reduction >10 points at
2 h and (2) clinical recovery with a total NIHSS-score of
<3 or NIHSS reduction >10 points at 24 h [11]. Other
secondary efficacy and safety outcomes included: (1)
symptomatic intracerebral hemorrhage (sSICH) according to
the SITS-MOST definition (local or remote parenchyma-
tous hemorrhage type 2 combined with NIHSS-score
increase >4 points or leading to death <22-36 h) [9, 12],
(2) relative reduction in NIHSS-score of >40% at 2 h after
IVT, which was considered as predictive of complete
recanalization (CREC) [13, 14], (3) neurological
improvement at discharge, quantified as both the absolute
(NIHSS, 4, — NIHSSy;,) and relative decrease in NIHSS-
score at discharge (NIHSS4;) in comparison to hospital
admission (NIHSS,.4m) [(NIHSS .gm — NIHSS4;5)/
NIHSS.4m x 100%] [15, 16], (4) mortality at 3 months, (5)
favorable functional outcome (FFO) at 3 months (defined
as mRS-score of 0 or 1) [15, 17], and (6) the distribution of
the 3-month mRS-scores between GH(+) and GH(—)
groups [18].

Statistical analyses

In the propensity score matching algorithm all baseline
characteristics, except those reporting time intervals and
thus having a clear association with the OTT, were inclu-
ded. The corresponding propensity score of the variable
GH was then calculated for each subject and a nearest
neighbor matching algorithm was then used to match
GH(+) patients to GH(—) patients within 0.2*SD of the
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logit of the propensity score according their OTT status
(GH=%). To determine whether the propensity score
approach achieved balance in all potential confounders, we
compared all baseline characteristics of GH(+) patients to
their propensity-matched GH(—) patients.

Statistical comparisons were performed between the
aforementioned propensity-matched groups using the >
test (or the Fisher’s exact test) and the unpaired 7 test (or
Mann—Whitney U test), where appropriate. We also com-
pared baseline characteristics between the unmatched and
propensity-matched subgroups to detect potential imbal-
ances between the two populations. Association of IVT
administration within the 1st hour after stroke onset (GH+)
with efficacy endpoints was evaluated with two individual
univariable and multivariable binary logistic regression
models adjusting for potential confounders. In the first
model we used as potential confounders age, NIHSS 4,
and admission glucose, as these variables have been
reported to be independently associated with both the risk
of sICH (SEDAN score) [19] and favorable outcome
(DRAGON score) [20] after IVT. In the second model we
additionally included all variables that differed signifi-
cantly between the unmatched and propensity-matched
populations: history of diabetes, history of smoking, history
of atrial fibrillation and stroke unit admission and care
following IVT. In both aforementioned models those fac-
tors that contributed to the outcome of interest in the initial
univariable analyses at p values <0.1 were included in the
multivariable model as candidate variables. The final
variables that were independently associated in the multi-
variable logistic regression analyses with the outcome of
interest were selected by backward stepwise selection
procedure using a p value <0.05. Finally, the distribution
on the mRS-scores at 3 months among AIS patients was
compared between different GH subgroups using both the
Cochran—Mantel-Haenszel test and univariable/multivari-
able ordinal logistic regression models (shift analysis), as
previously described [18].

All statistical analyses were performed with the use of
the Stata Statistical Software Release 13 for Windows
(College Station, TX, StataCorp LP).

Results

A total of 19,077 patients were treated with IVT in SITS-
EAST registry from October 2003 to December 2015.
Patients with missing data on OTT (n = 1346), missing
data on baseline functional status (n = 1200), disability
prior to index even (n = 1730) or missing data on 3-month
mRS score (4888) were excluded from further analysis
(Fig. 1). The total number of patients fulfilling the inclu-
sion criteria was 9913 (86 within the GH and 9827 outside
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19,077 total patients
GH(+): 149
GH(-): 18,928

- Missing dataon OTT: 1,346 patients

- Missing dataon baseline mRS: 1,200 patients
- Baseline mRS>1: 1,730 patients

- Missing dataon 3-month mRS: 4,888

9913 total patients
GH(+): 86
GH(-): 9,827

Propensity-matching

6,953 total patients
GH(+): 71
GH(-): 6,882

Fig. 1 Flowchart presenting the selection of eligible propensity-
matched patients

the GH). Propensity score matching resulted in two groups
of 71 GH(+) patients and 6882 GH(—) patients that were
balanced (p > 0.1) for all potential confounding variables,
except for the times from symptom onset to admission,
imaging and treatment which are all directly related to the
matching variable of OTT (Table 1). Supplemental Table I
in the online-only Data Supplement presents the compar-
ative analyses of baseline characteristics between propen-
sity-matched patients used for analysis and all patients
included in the SITS-EAST registry during the aforemen-
tioned period. The two groups differed in terms of the
following variables that were included as potential con-
founders in model II of statistical analyses: age, history of
diabetes, history of smoking, history of atrial fibrillation
and stroke unit admission and care following IVT.

The time course of serial NIHSS-score assessments at
admission, 2 and 24 h following tPA bolus is displayed in
Fig. 2a. Although the two groups did not differ in terms of
median NIHSS 4,,-scores [12 points (IQR 7-17) in GH(+)
vs. 11 points (IQR 7-16) in GH(—); p = 0.292], patients in
the GH(+) had lower median NIHSS-scores at 24 h [7
points (IQR 1-13) vs. 8 (IQR 4—14); p = 0.042]. Thus, the
absolute and relative NIHSS reduction at 2 and 24 h were
more pronounced in the GH(4-) subgroups (Fig. 2b, c). The
GH(+) subgroup exhibited a more pronounced absolute
and relative NIHSS decrease at both 2 and 24 h in com-
parison to GH(—) subgroup (Fig. 2b, c). More specifically,
the mean relative NIHSS reduction of GH(+) patients was
32.3 and 41.7% at 2 and 24 h, respectively, while the
corresponding relative NIHSS reductions in GH(—)
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Table 1 Baseline characteristics of propensity-matched groups

Variable OTT <60 min (n = 71, 1%) OTT >60 min (n = 6882, 99%) p value
Age (mean + SD), years 66.9 + 13.0 67.5 + 11.7 0.700
Males (%) 57.7% 56.7% 0.867
Admission NIHSS (median, IQR) 12 (7-17) 11 (7-16) 0.292
BMI (mean £ SD) 287 +£52 28.0 + 6.0 0.613
Hypertension (%) 74.6% 75.8% 0.827
Diabetes (%) 15.5% 20.6% 0.288
Hyperlipidemia (%) 31.8% 33.5% 0.771
Current smoking (%) 15.1% 22.7% 0.142
Previous stroke (%) 1.4% 2.3% 0.629
Atrial fibrillation (%) 14.5% 22.3% 0.120
Congestive heart failure (%) 11.8% 11.6% 0.963
Antiplatelet pretreatment (%) 37.1% 29.9% 0.192
Anticoagulant pretreatment (%) 4.3% 3.2% 0.660
Antidiabetics pretreatment (%) 13.7% 13.4% 0.955
Antihypertensives pretreatment (%) 63.4% 60.0% 0.564
Statins pretreatment (%) 25.5% 25.0% 0.932
Admission SBP baseline (mean 4+ SD), mmHg 154.8 £ 24.8 155.1 £ 21.5 0.923
Admission DBP (mean + SD), mmHg 849 4+ 13.6 854 £+ 13.1 0.763
Admission serum glucose (median, IQR), mg/dL 112 (101-141) 122 (106-145) 0.132
Cholesterol baseline (mean + SD) 189 + 69 192 + 50 0.890
Onset-to-door time (minutes, median, IQR) 25 (20-32) 75 (55-110) <0.001
Door-to-imaging time (minutes, median, IQR) 15 (10-19) 23 (15-35) <0.001
Door-to-treatment time (minutes, median, IQR) 25 (20-34) 67 (50-92) <0.001
Onset-to-treatment time (minutes, median, IQR) 55 (50-60) 155 (125-180) <0.001
Stroke unit care (%) 32.4% 42.1% 0.100
Working hours (%) 40.8% 38.1% 0.639

OTT onset-to-treatment time, N/HSS National Institutes of Health Stroke Scale, SBP systolic blood pressure, DBP diastolic blood pressure, /[OR
interquartile range, LDL low-density lipoprotein, HDL high-density lipoprotein, TG triglycerides, /VT intravenous thrombolysis

patients were 13.3% (p < 0.001) and 27.3% (p = 0.002) at
2 and 24 h, respectively.

We also documented higher rates of clinical recovery in
both the first 2 (31.0 vs. 12.4%, p < 0.001) and 24 h (40.8
vs. 27.2%, p = 0.010) following tPA bolus in the GH(+)
subgroup (Table 2). Similarly, higher rates of CREC were
documented in GH(+4) patients (394 vs. 21.4%,
p < 0.001). Additionally, GH(+) patients achieved higher
rates of 3-month FFO (46.5 vs. 34.0%, p = 0.028) and
greater 3-month functional improvement compared to their
GH(—) propensity-matched counterparts (p = 0.033 by
Cochran—Mantel-Haenszel test Fig. 3). Finally, no differ-
ences were recorded between the two groups in the rates of
sICHs (0 vs. 1.8%, p = 0.264) and 3-month mortality (8.4
vs. 12.7%, p = 0.288).

In univariable and multivariable analyses adjusting for
age, NIHSS 4., and admission glucose (Table 3, Model 1),
IVT treatment in the first hour after AIS onset (GH+) was
independently associated with a higher likelihood of

clinical recovery in both the first 2 (OR = 6.36; 95% CI
3.08-13.11; p < 0.001) and 24 h (OR = 2.15; 95% CI
1.27-3.66; p = 0.005), CREC at 2 h (OR = 2.71; 95% CI
1.62-4.55; p < 0.001), 3-month FFO (OR = 1.91; 95% CI
1.11-3.29; p = 0.020) and 3-month functional improve-
ment defined as shift in mRS-scores (common OR = 1.92;
95% CI 1.25-3.03; p = 0.004). In univariable and multi-
variable analyses adjusting for age, NIHSS 4, admission
glucose, gender, history of diabetes, history of smoking,

Fig. 2 Serial assessments of National Institutes of Health Stroke»
Scale (NIHSS) scores at baseline, 2 and 24 h following tPA bolus in
acute ischemic stroke patients treated within (blue line) and outside
(red line) the golden hour (a). Statistical comparisons between groups
were performed using Mann—Whitney U test. Absolute reductions in
NIHSS-score at 2 and 24 h from tPA from tPA bolus in acute
ischemic stroke patients treated within (blue bar) and outside (red
bar) the golden hour (b). Relative reductions in NIHSS-score at 2 and
24 h from tPA from tPA bolus in acute ischemic stroke patients
treated within (blue bar) and outside (red bar) the golden hour (c)
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history of atrial fibrillation and stroke unit care (Table 3,
Model 2), GH(+) was also independently associated with a
higher likelihood of clinical recovery in both the first 2
(OR = 5.34; 95% CI 2.53-11.30; p < 0.001) and 24 h
(OR = 1.88; 95% CI 1.08-3.26; p = 0.026), CREC at 2 h
(OR = 2.38;95% CI 1.38-4.09; p = 0.002), 3-month FFO
(OR = 2.02; 95% CI 1.15-3.54; p = 0.015) and 3-month
functional improvement (common OR = 2.04; 95% CI
1.27-3.23; p = 0.003).

Discussion

Our study showed that IVT delivered within the first hour
after symptom onset, namely the “golden hour”, is inde-
pendently associated with higher odds of early neurological
improvement at 2 and 24 h following tPA bolus as well as
higher likelihood of FFO or functional improvement at
3 months. Moreover, ultra-early delivery of alteplase was
independently related to >40% reduction in NIHSS-score

Table 2 Outcomes of
propensity-matched subgroups

Variable OTT < 60 min OTT >60 min p value
NIHSS <3 at2 h 28.2% 12.4% <0.001
NIHSS reduction >10 points at 2 h 7% 0% <0.001
NIHSS <3 or NIHSS reduction >10 at 2 h 31.0% 12.4% <0.001
NIHSS <3 at24 h 36.6% 23.2% 0.008
NIHSS reduction >10 points at 24 h 0% 3% 0.138
NIHSS <3 or NIHSS reduction >10 at 24 h 40.8% 27.2% 0.010
Complete recanalization® 39.4% 21.4% <0.001
sICH (%): SITS MOST 0% 1.8% 0.264
mRS at 3 months (median, IQR) 2 (04) 2 (14) 0.033°
FFO (mRS: 0-1) at 3 months (%) 46.5% 34.0% 0.028
Death at 3 months 8.4% 12.7% 0.288

OTT onset-to-treatment time, s/CH symptomatic intracerebral hemorrhage, mRS modified Rankin Scale,
FFO favorable functional outcome, NIHSS,,, National Institutes of Health Stroke Scale at hospital

admission

* Defined as the relative reduction of NIHSS-score by >40% at 2 h

> By Cochran-Mantel-Haenszel test

Fig. 3 Distribution of 3-month
modified Rankin Scale scores in
acute ischemic stroke patients

Distribution of modified Rankin Scale score at 3 months

p=0.033 by Cochran Mantel- Haenszel test

H (-
treated within and outside the SHO)
golden hour. Statistical
comparisons between groups ’ ’
were performed using Cochran— 11.1% 22.9% 19.6% 15.2% 106% | 7.9% 12.7%
Mantel-Haenszel test
GH (+)
28.2% 18.3% 12.7% 11.3% 9.8% 113% | 8.4%
r T T T T T
0% 20% 40% 60% 80% 100%
Percentage
o 1 2 3 4 [ 5 6
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Table 3 Univariable and multivariable binary logistic and ordinal logistic analyses of outcomes in propensity-matched subgroups

Variable Univariable analysis Multivariable analysis

Ordinal logistic regression cOR (95% CI) p value cOR* (95% CI) p value cOR® (95% CI) p value
mRS at 3 months 1.69 (1.07, 2.64) 0.022 1.92 (1.25, 3.03) 0.004 2.04 (1.27, 3.23) 0.003
Variable Univariable analysis Multivariable analysis

Binary logistic regression OR (95% CI) p value  OR* (95% CI) p value OR® (95% CI) p value
FFO (mRS: 0-1) at 3 months 1.68 (1.05, 2.69) 0.030 1.91 (1.11, 3.29) 0.020  2.02 (1.15, 3.54) 0.015
Complete recanalization® 2.40 (1.48, 3.87) <0.001 2.71 (1.62, 4.55) <0.001 2.38 (1.38, 4.09) 0.002
NIHSS <3 or NIHSS reduction >10 at 2 h 3.16 (1.90, 5.26)  <0.001 6.36 (3.08, 13.11)  <0.001 5.34 (2.53, 11.30)  <0.001
NIHSS <3 or NIHSS reduction >10 at 24 h  1.85 (1.15, 2.98) 0.011 2.15 (1.27, 3.66) 0.005 1.88 (1.08, 3.26) 0.026

cOR common odds ratio, OR odds ratio, CI confidence interval, OTT onset-to-treatment time, s/ICH symptomatic intracerebral hemorrhage, mRS
modified Rankin Scale, FFO favorable functional outcome, NIHSS National Institutes of Health Stroke Scale

* Model 1: age, NIHSS-score at hospital admission, admission serum glucose (common variables in DRAGON and SEDAN score)

® Model 2: age, NIHSS-score at hospital admission, admission serum glucose, gender, stroke unit care, diabetes, current smoking, atrial
fibrillation (common variables in DRAGON and SEDAN score, and variables with significant differences between the unmatched and matched

population
¢ Defined as the relative reduction of NIHSS-score by >40% at 2 h

at 2 h which in turn has been shown to be highly predictive
of tPA-induced recanalization documented by Transcranial
Doppler in real-time [13]. Consequently, the association
between IVT within the GH and higher chance of early
reversal of neurological deficits may be attributed to the
higher rates of CREC with ultra-early delivery of tPA [14].
Our results are in accordance with a very recent report from
the Get With The Guidelines-Stroke (GWTG-Stroke) reg-
istry suggesting that IVT delivery within 60 min from
stroke onset is associated with increased odds of discharge
to home and independent ambulation at discharge, without
increased rates of hemorrhagic complications or in-hospital
mortality, when compared with IVT received within
61-270 min [21].

In the SITS-EAST registry, 0.8% of the total 19,077
IVT-treated AIS patients were found to receive treatment
within 60 min from symptom onset. This percentage is in
line with those previously reported by both the SITS-In-
ternational Stroke Treatment Registry (SITS-ISTR) reg-
istry (1.4% out of 12,529 total IVT-treated AIS patients)
[22] and the GWTG-Stroke registry (<1% of the total
58,353 AIS patients) [22]. In another analysis of the
GWTG-Stroke registry less than one-third of AIS patients
were found to receive IVT with door-to-needle times
(DTN) <60 min, with only a modest improvement over
time [23]. In a similar pooled analysis from 10 European
stroke care centers a median DNT of 55 min was observed
in AIS presenting within the first 30 min from stroke onset
with significant in-hospital treatment delays, especially for
female and elderly patients, stressing thus the need for

@ Springer

further improvements in the prompt IVT initiation of
reperfusion treatments in the AIS setting [24].

As it has been suggested than even under optimal con-
ditions, a large proportion of the US population will be
unable to have access to a comprehensive stroke center
within 60 min after stroke onset [25], the introduction of
mobile stroke units (MSUs) arise as an attractive option for
the earlier evaluation and treatment of AIS with the target
of the “golden hour” after symptom onset [26]. In ran-
domized clinical trials (RCTs) the implication of MSUs in
Germany was found to be related with decreased OTT with
no increase in adverse events [27, 28], while in its run-in
phase the first MSU introduced in USA was able to deliver
IVT in one out of three AIS within 60 min from symptom
onset, with no complications [29]. Thus, our findings
underscore the importance of wide implementation of
MSUs in the settings of comprehensive stroke centers
(CSC) since this will result in greater rates of tPA delivery
within the GH window, which in turn will translate in
greater number of patients with early reversal of their
neurological deficits and fewer patients with emergent
large vessel occlusions requiring endovascular reperfusion
therapies when they reach the CSCs [30].

Apart from reducing prehospital delay times, there is
also an urge to intensify institutional efforts to minimize
avoidable in-hospital delays [31]. Pre-notification of the
Emergency Department, adequate preparations prior to
patient’s arrival and the use of a standardized operational
algorithm on arrival seem to drastically reduce DNT
[32-34]. Increased awareness and efforts should also focus
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on rapid neuroimaging evaluation [35], together with the
prompt identification of eligible patients with very mild
neurological deficits [10] or patients with posterior circu-
lation ischemia [36].

Even though the two groups that were compared in the
present manuscript derive from an international, multi-
center registry with standardized protocol and are ade-
quately balanced for numerous baseline characteristics
after propensity matching for potential confounders, certain
limitations should also be acknowledged. First, SITS-
EAST registry is an observational multinational cohort
with self-reported safety and effectiveness outcomes and
no central adjudication of imaging or clinical outcomes.
Even though significant heterogeneity in acute stroke care
may be present across different national systems and also
within institutions from the same country, the SITS-EAST
registry reflects ‘real-life’ clinical experience from several
countries and thus we consider our results to be indepen-
dent from particular healthcare system features and thus
directly generalizable. Second, it should be noted that
neuroimaging parameters that could represent significant
confounders (e.g., the presence of hyperdense cerebral
artery sign or early ischemic changes on baseline CT scan)
were unavailable. Third, CREC was defined by reduction
in NIHSS-score at 2 h and not using vascular imaging.
Fourth, this was a retrospective analysis of prospectively
collected data and potential selection bias cannot be
excluded despite the fact that all our analyses were adjusted
to the variables that differed in the unmatched and
propensity-matched cohorts. Last, the volume of cerebral
infarction is not recorded in the SITS registry and we were
unable to test the hypothesis that ultra-early delivery of
alteplase may be associated with smaller final infarct vol-
umes in comparison to treatment outside the GH time
window.

In conclusion, the present report suggests that AIS
patients treated with IVT within the GH have substantially
higher odds of early neurological improvement, CREC,
3-month FFO and functional improvement. They also
outline that the potential ability of MSUs to treat a sig-
nificantly higher proportion of AIS within the GH window
may result in further improvement of early outcomes of
AIS patients.
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