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A B S T R A C T   

Background and purpose: Endovascular treatment for acute ischemic stroke has become a recommended treatment 
option for selected patients after several randomized controlled trials have shown the effectiveness of endo-
vascular treatment. Due to the nature of randomized clinical trials, the generalizability to population based real 
life settings and the resulting benefits remain difficult to estimate. 
Methods: We included 896 consecutive patients treated with intravenous thrombolysis (IVT) within 4.5 h of 
stroke onset between January 2016 and December 2018, who were treated with additional endovascular 
treatment according to the new evidence when indicated (new-IVT-cohort). This cohort was compared to 913 
intravenous thrombolysis patients treated in the 4.5 h time-window between January 2011 and December 2013 
before the era of endovascular treatment (old-IVT-cohort). 
Results: In the new-IVT-cohort there were 253 intravenous thrombolysis + endovascular treatment treated pa-
tients. The new-IVT-cohort was associated with a better outcome on the modified Rankin Scale at 3 months in 
univariable ordinal regression (OR 1.27; 95% CI 1.08–1.49). The association remained significant (OR 1.65; 95% 
CI 1.27–2.14) also after adjustment for following confounding factors: sex, NIHSS, diabetes, atrial fibrillation, 
hypertension, coronary artery disease, hypercholesterolemia, myocardial infarction, heart failure, history of 
ischemic stroke, history of TIA, and use of antithrombotic, statins, antihypertensive, anticoagulation treatment, 
or endovascular treatment (Fig. 1). 
Conclusion: We were able to verify the efficacy of endovascular treatment in a real life cohort of intravenous 
thrombolysis patients even when only 28% of the patients are eligible for endovascular treatment on top of 
intravenous thrombolysis treatment.   

1. Introduction 

Recanalization and reperfusion are the mainstay of acute ischemic 
stroke treatment and can reduce infarct size and reverse neurologic 
deficits [1]. The most important clinical outcome is functional inde-
pendence, and prior clinical evidence support the hypothesis that early 
recanalization is associated with better functional outcome [2–6]. The 
reported data support the view that the modified Rankin Scale (mRS) is a 
valuable tool for assessing the impact of stroke treatments [7]. 

According to our hospital guidelines prior to 2016, endovascular 
treatment (EVT) was considered as an option only for intravenous 
thrombolysis (IVT) patients who had occlusion in the proximal anterior 
intracranial circulation and did not receive a significant clinical 

response, as judged by the treating physician, to IVT within one hour of 
follow-up (rescue therapy) or had contraindication for IVT. Prior to 
2016, only few patients received EVT as there was no supportive evi-
dence from randomized controlled trials available and our hospital 
protocol only advised to consider EVT in patients not responding to IVT 
or when IVT was contra-indicated. In practice, only a few awkward EVT 
attempts with a long treatmentdelay were made in desperate cases. 
Some of those treated prior 2016, would not qualify for EVT under the 
new protocol. 

In 2015, a large meta-analysis of five randomized trials showed ef-
ficacy of EVT over standard medical care, including IVT if eligible, in 
patients with acute ischemic stroke due to anterior circulation large 
vessel occlusion [8]. Already in 2015 EVT became a recommended 
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treatment option for selected acute ischemic stroke patients, but in 2016 
the procedure was much more routine. Due to the nature of randomized 
clinical trials, the generalizability to population based real life settings 
and the resulting benefits remain difficult to estimate. 

We aimed to verify the treatment effect of the recent EVT trials in a 
real-life cohort of IVT-treated patients by comparing the patient cohorts 
before and after implementation of routine EVT for IVT-treated patients 
at a comprehensive stroke center. The indications and the time-window 
for IVT remained unchanged over the course of the study. Additionally, 
the admission criterion to our hospital and the demographics of the 
population remained stable. In this study, the outcome at 3 months on 
full range of mRS in ischemic stroke patients treated between years 
2016–2018 with IVT and directly with additional EVT if suitable, is 
compared with the outcome of ischemic stroke patients treated between 
years 2011–2013 with IVT and eventual additional EVT as rescue 
therapy if patient did not respond to IVT as assessed by the treating 
physician. In addition, the incidence of symptomatic intracerebral 
hemorrhage (sICH) and the prevalence of pre-morbid cardiovascular 
disease are compared between the two patient cohorts. 

2. Material and methods 

2.1. Patient selection 

We performed a retrospective analysis from the Helsinki stroke 
quality register (HSQR). Every patient admitted to the department of 
neurology or as a neurologic patient to the emergency department of the 
Meilahti hospital is included in the HSQR that also contains data on 
clinical outcome at 3 months. Patients with pre-existing disability, 
usually a pre-stroke mRS > 2, are preferably primarily referred to 
regional hospitals. Patients were treated based on our department’s 
written guidelines for acute stroke, which are updated biannually and 
whenever new scientific evidence becomes available [9]. During the 
whole study period, IVT (0.9 mg/kg alteplase) was delivered according 
to recommendations of the American Stroke Association and European 
Stroke Organization [10,11] within 4.5 h after onset of symptoms in the 
absence of contraindications. Criteria for IVT-treatment, the referral 
policy, and the procedure remained unchanged between the cohorts. 

Both cohorts consist of consecutive patients treated with IVT within a 
time window of 4.5 h. In the first cohort (old-IVT-cohort) from January 
1, 2011 to December 31, 2013, some of the patients received additional 
rescue EVT if they did not respond to IVT within one hour. The decision 
for additional rescue EVT was done by the treating physician based on 
individual factors, as randomized controlled trial data providing a basis 
for recommending EVT in guidelines did not exist in the years between 
2011 and 2013. In the second cohort (new-IVT-cohort) from January 1, 
2016 to December 31, 2018, suitable patients were treated with direct 
EVT in addition to IVT. We excluded patients who were referred to 
Meilahti hospital for EVT after having received IVT at the referring 
hospital. Pre-morbid cardiovascular diseases (atrial fibrillation, coro-
nary artery disease, hypertension, hyperlipidemia, diabetes, heart fail-
ure) were recorded. 

The Helsinki University hospital granted the research permit for this 
registry study (HUS/125/2018). As data were collected prospectively as 
a part of routine clinical care for retrospective analysis, ethical board 
review was not required at our institution. 

2.2. Outcomes 

The primary clinical outcome for this retrospective analysis was 
functional recovery as defined by a 90-day mRS. [12] The outcomes of 
the cohorts were compared on the full range of scores on the mRS. The 
secondary clinical outcome was the sICH according to the European 
Cooperative Acute Stroke Study 2 classification [13]. 

2.3. Statistical analysis 

Quantitative variables are expressed as medians (interquartile 
range). Categorical variables are expressed as numbers (percentage). For 
the primary end point, between-group differences were calculated with 
the chi-square test of proportions (with a two-sided alpha level of 5%). 
Ninety-five percent confidence intervals (CIs) were calculated for odds 
ratios (ORs). Data were analyzed using the SPSS Statistics software 
version 25 (IBM). The proportional-odds assumption was tested and 
met. Therefore, an ordinal logistic-regression model was used to 
compare the trial groups across the full range of scores on the mRS, with 
the effect estimate for an improvement of at least 1 point in the score 
presented as a common odds ratio with a 95% confidence interval [14]. 

From the following variables, we selected to the multivariable model 
the ones, that were associated (p < 0.10) with the mRS at three months 
in univariable ordinal regression: a history of chronic heart failure, 
ischemic stroke, diabetes mellitus, coronary artery disease, myocardial 
infarction, atrial fibrillation, hypertension, the age at stroke onset, sex, 
total NIHSS at baseline, and being on antithrombotic, statin, antihy-
pertensive, or anticoagulation treatment at admission. 

3. Results 

A total of 1809 patients were enrolled in this study; 913 of the pa-
tients were treated between January 1, 2011 and December 31, 2013 
(old-IVT-cohort) and 896 of the patients between January 1, 2016 and 
December 31, 2018 (new-IVT-cohort). All of these patients were treated 
with IVT within 4.5 h of symptom onset and either with additional EVT 
as rescue therapy (89/913 in the old-IVT-cohort) if patient did not 
respond to IVT and was considered a suitable candidate by the treating 
physician, or directly with additional EVT if suitable (253/896 in the 
new-IVT-cohort). In the new-IVT-cohort, 187 patients met the inclusion 
criteria of the Mr. Clean study, i.e., time to groin puncture <6 h and a 
proximal anterior circulation occlusion, i.e., M1, ICA or ICA + M1. 52 
patients were punctured <6 h but had posterior circulation occlusions 
(BA 21 patients, PCA 6, VA 1) and distal media occlusions (M2 23 pa-
tients, M3 1). 14 patients were punctured >6 h of symptom onset (8 
BAO, 1 M1, 2 M2, 1 ICA + M1, 2 ICA). In the old-EVT-cohort there were 
19 BAO, 31 M1, 16 M2, 11 ICA + M1, 11 ICA cases, and in 3 cases 
recanalization after IVT had already occurred. 

Baseline characteristics are shown in Table 1. Baseline demographic 
and clinical characteristics of the two groups were similar, except that 
there were significant differences between the groups in the incidence 
history of atrial fibrillation, history of hypertension, history of heart 
failure, history of hypercholesterolemia, history of ischemic stroke, 
history of transient ischemic attack, being on antihypertensive treat-
ment, and NIHSS score before IVT. There was no difference in door-to- 
treatment time between groups. 

The new-IVT-cohort was associated with a better mRS at 3 months in 
univariable ordinal regression (OR 1.27; 95% CI 1.08–1.49, Fig. 1). 

The association of the new-IVT-cohort with better mRS remained 
significant (OR 1.65; 95% CI 1.27–2.14) also after adjustment for con-
founding factors: age, sex, NIHSS, diabetes, hypercholesterolemia, atrial 
fibrillation, coronary artery disease, myocardial infarction, heart failure, 
hypertension, history of ischemic stroke, history of TIA, and use of 
antithrombotic, statins, antihypertensive, anticoagulation treatment or 
EVT (Table 2). In the new-IVT-cohort among EVT-treated patients 48% 
had a favorable outcome (defined as mRS 0–2 at 3 months). A 3-month 
mRS data of a few patients were missing (7 patients from the old-IVT- 
cohort and 5 patients from the new-IVT-cohort). 

The frequency of sICH was similar in both cohorts (new-IVT-cohort 
3% vs. old-IVT-cohort 4%, p = 0.22). The follow-up imaging was missing 
in one patient in the new-IVT-cohort because he was transported 
asymptomatically to other hospital before it, and two patients in the old- 
IVT-cohort died before the follow-up imaging. 
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4. Discussion 

We were able to show, that IVT-treated acute ischemic stroke pa-
tients achieved better outcomes for disability and functional indepen-
dence at 90 days when the suitable patients received a direct EVT 
compared to EVT as rescue therapy. The number of sICHs did not differ 
between the two cohorts. 

The rates of functional independence that were observed in our new- 
IVT-cohort are similar to those reported in the meta-analysis of five 
randomized trials that showed efficacy of EVT over standard medical 
care, including IVT if eligible, in patients with acute ischemic stroke due 
to anterior circulation large vessel occlusion [8]. In our new-IVT-cohort 
the patients who had received EVT in addition to IVT therapy recovered 
equally well or even better than described in the meta-analysis [8]. In 

our cohort, 48% of the EVT-treated patients achieved favorable outcome 
compared to 46% of the meta-analysis patients. We included all EVT 
patients who had received IVT therapy in our hospital and did not 
exclude the patients who underwent EVT due to a non-ICA or M1 oc-
clusion. Our hospital guidelines advise the clinician to consider treat-
ment of basilar occlusion or more peripheral occlusions (i.e. M2, PCA, 
ACA) in selected cases. This inclusion of more peripheral occlusions in 
the cohort may distort the outcome in a worse direction because there is 
uncertainty about how peripheral occlusions should be treated and 
concerns have been raised about the procedural safety of EVT in pe-
ripheral occlusions [15]. 

Another limitation of the study is, that we have not included infor-
mation on different EVT devices. 

Although we named the old-IVT-cohort “old”, we want to point out, 
that there were no major changes in treatment or patient selection when 
comparing the new-IVT-cohort and the old-IVT-cohort, except for the 
implementation of routine EVT as soon as the evidence became avail-
able. We chose to leave out the transition time between 2014 and 2015, 
when the EVT trials were published and the implementation of the new 
protocol took place. In both cohorts the time-window for anterior cir-
culation IVT was up to 4.5 h and up to 48 h for basilar occlusion. The 
reasons for the improved outcomes are probably a sum of different 
factors, of which we should consider on top of the EVT the following: 
routine EVT service has significantly shortened in-hospital delays for 
EVT patients; the EVT patients are now selected based on validated 
criteria, learned from the randomized controlled trials and based on the 
updated guidelines; the interventional radiologists have gained experi-
ence; the available EVT devices have improved over time. 

Table 1 
Baseline characteristics of patients.   

new-IVT-group 
(n = 896) 

old-IVT-group 
(n = 913) 

p 

Age in years, mean (SD) 67.9 (14.1) 67.8 (13.2) 0.84 
Sex, men (%) 514 (57.4%) 520 (57.0%) 0.94 
NIHSS score, mean (IQR) 8.4 (3.8–11.8) 9.3 (4.2–13.0) <0.01 
Door-to-treatment time, min, 

median (IQR) 20 (15–30) 19 (13− 33) 0.32 
Onset-to-door time, min, median 

(IQR) 84 (55–140) 90 (63–150) 0.21 
Previosly diagnosed atrial 

fibrillation, n (%) 109 (12.2%) 203 (22.2%) <0.01 
History of hypertension, n (%) 578 (64.5%) 508 (55.7%) <0.01 
History of diabetes mellitus, n 

(%) 158 (17.6%) 140 (15.3%) 0.19 
History of hypercholesterolemia, 

n (%) 417 (46.5%) 365 (40.1%) <0.01 
History of chronic heart failure, 

n (%) 46 (5.1%) 69 (7.6%) 0.03 
History of coronary artery 

disease, n (%) 163 (18.2%) 183 (20.0%) 0.32 
History of myocardial infarction, 

n (%) 71 (7.9%) 92 (10.1%) 0.11 
History of ischemic stroke, n (%) 78 (8.7%) 105 (11.5%) 0.05 
History of TIA, n (%) 60 (6.7%) 85 (9.3%) 0.04 
Admission oral anticoagulation, 

n (%) 40 (4.5%) 59 (6.5%) 0.06 
Admission statin, n (%) 329 (36.7%) 304 (33.7%) 0.19 
Admission antithrombotic, n (%) 287 (32.1%) 325 (35.7%) 0.11 
Admission antihypertensive, n 

(%) 560 (62.5%) 519 (57.7%) 0.04     

SD=Standard deviation. IQR = Interquartile range. IVT = Intravenous throm-
bolysis. EVT = Endovascular treatment. TIA = Transient ischemic attack. 
NIHSS=National Institutes of Health Stroke Scale. 

Fig. 1. Treatment in the whole (a) intravenous thrombolysis + endovascular treatment (new-IVT-cohort) cohort was significantly associated with better outcome on 
the modified Rankin Scale at 3 months compared with the old-IVT-cohort (in univariable ordinal regression OR 1.27; 95% CI 1.08–1.49 and in multivariable adjusted 
ordinal regression OR 1.23; 95% CI 1.04–1.45). Fig. 1b illustrates the EVT treated patients from both cohorts only. 

Table 2 
Risk factor’s association with the mRS at three months in univariable ordinal 
regression.   

OR p 

Age at stroke onset, years 1.03 (1.03–1.04) <0.01 
Sex 0.88 (0.75–1.04) 0.14 
Total NIHSS score before IVT, points 1.15 (1.13–1.17) <0.01 
Previously diagnosed atrial fibrillation 0.55 (0.44–0,68) <0.01 
History of hypertension 0.72 (0.61–0.85) <0.01 
History of diabetes mellitus 0.76 (0.61–0.95) 0.02 
History of chronic heart failure 0.59 (0.43–0.83) <0.01 
History of coronary artery disease 0.64 (0.52–0.79) <0.01 
History of myocardial infarction 0.69 (0.52–0.91) 0.01 
History of ischemic stroke 0.79 (0.61–1.04) 0.09 
Admission oral anticoagulation 0.50 (0.35–0.72) <0.01 
Admission statin 0.81 (0.68–0.96) 0.01 
Admission antithrombotic 0.78 (0.66–0.93) <0.01 
Admission antihypertensive 

Endovascular treatment 
0.68 (0.58–0.81) 
0.46 (0.38–0.57) 

<0.01 
<0.01  
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5. Conclusion 

For IVT treated patients the implementation of routine EVT, if 
considered clinically suitable, leads to significantly better outcomes. All 
stroke code patients should be considered as candidates for both 
recanalization strategies (IVT and EVT). 
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