
Tampere University Dissertations 670

 
 

TUNI_Pienimaki_Juha-Pekka_kansi.indd   1 20.9.2022   8:36:38





Tampere University Dissertations 670 

JUHA-PEKKA PIENIMÄKI 

Factors Affecting the Outcome of 
Mechanical Thrombectomy in Stroke 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ACADEMIC DISSERTATION 
To be presented, with the permission of 

the Faculty of Medicine and Health Technology 
of Tampere University, 

for public discussion in the auditorium F115 
of the Arvo building, Arvo Ylpön katu 34, Tampere, 

on 4 November 2022, at 13 o’clock. 



ACADEMIC DISSERTATION
Tampere University, Faculty of Medicine and Health Technology
Finland

Responsible 
supervisor

Docent Niko Sillanpää
Tampere University
Finland

Pre-examiners Docent Daniel Strbian
University of Helsinki
Finland

Docent Jussi Numminen
University of Helsinki
Finland

Opponent Docent Riitta Rautio
University of Turku
Finland

Custos Professor Niku Oksala
Tampere University
Finland

The originality of this thesis has been checked using the Turnitin OriginalityCheck 
service.

Copyright ©2022 author

Cover design: Roihu Inc.

ISBN 978-952-03-2565-7 (print)
ISBN 978-952-03-2566-4 (pdf)
ISSN 2489-9860 (print)
ISSN 2490-0028 (pdf)
http://urn.fi/URN:ISBN:978-952-03-2566-4

Carbon dioxide emissions from printing Tampere University dissertations 
have been compensated.

PunaMusta Oy – Yliopistopaino
Joensuu 2022







ACKNOWLEDGEMENTS 





ABSTRACT 





TIIVISTELMÄ 





CONTENTS 





ABBREVIATIONS 





ORIGINAL PUBLICATIONS 



AUTHOR’S CONTRIBUTION



1 INTRODUCTION 



2 REVIEW OF THE LITERATURE 

2.1 Arterial supply of the brain 

2.1.1 Anterior circulation 



Figure 1. The brain vascular territories of the anterior circulation (Adapted from 
emedicine.madscape.com). 



2.1.2 Posterior circulation 

2.1.3 Collateral circulation 



Figure 2. Circle of Willis (Case courtesy of OpenStax College, Radiopaedia.org, rID: 42608) 



2.2 Ischaemic stroke 



2.2.1 Pathophysiology 

Figure 3. Cerebral autoregulation  



2.2.2 Aetiology 



Figure 4. Aetiology of stroke  





2.2.3 Potentially modifiable risk factors 



2.2.4 Non-modifiable risk factors 



2.3 Diagnosis of ischaemic stroke 

2.3.1 MCA stroke 

2.3.2 ACA stroke 



2.3.3 ICA occlusion stroke 

2.3.3.1 ICA terminus (ICA-T) occlusion stroke 

2.3.4 PCA and BA stroke  



2.3.5 Neurological symptom scales 



Table 1. FPSS 

2.3.6 Stroke mimics 

2.3.7 Imaging 



2.3.7.1 NCCT 



Figure 5. The ten ASPECTS areas in the estimation of an MCA circulation infarct: C (yellow) = nucleus 
caudatus; IC (white) = capsula interna; L (green) = nucleus lentiformis; I (blue) = insular 
ribbon; M1-6 (red) = cortical MCA areas. 



Figure 6. pcASPECTS areas of posterior circulation: 1 point for the left or right thalamus (white), 
cerebellum (blue) or PCA territory (orange); 2 points for any part of the midbrain (yellow) or 
pons (green). 

2.3.7.2 CTA 



2.3.7.3 Collateral circulation in imaging

Figure 7. Collateral score system: 0 = no collaterals in M2 territory; 1 = diminished collaterals in > 50% 
of the M2 territory; 2 = diminished collaterals in < 50% of the M2 territory; 3 = collaterals 
equal to the contralateral side; 4 = increased collaterals. Adapted from Souza et al.

2.3.7.4 CTP





Table 2. The typical CTP parameters 

Figure 8. CTP concentration curve over time: TTP = time to highest contrast medium concentration 
in brain tissue; CBF = maximum slope of increase in contrast medium concentration; CBV 
= area under the first-pass concentration curve (blue area). 





Figure 9. Tissue concentration-time curve (Output function, Ct) as a convolution of the AIF (input 
function) with the residue function. CBF and Tmax are calculated from the residue function. 



Figure 10. CT perfusion maps of two patients made by RAPID software, showing two different 
mismatch ratios. Ischaemic cores (pink) and whole perfusion deficit (green). Above (A), a 
patient with a high mismatch ratio (14.0), a small infarct core (9 ml) and a large mismatch 
volume, penumbra (117 ml). Below (B), a patient with a small mismatch ratio (1.3) and a 
large ischaemic core (176 ml) which largely overlaps the perfusion deficit, and with a low 
mismatch volume, penumbra (50 ml). Patient A is optimal for interventions. Adapted from 
Demeestere et al. 

 



2.4 Acute management 



2.4.1 Intravenous thrombolysis (IVT) 



Figure 11. Effect of thrombus size on M1 recanalization with IV thrombolysis  



Table 3. The most relevant contraindications for IV rt-PA in acute ischaemic stroke. Adapted from 
Hasan et al.  

2.4.2 Intra-arterial (IA) treatment 

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•



2.4.2.1 Thrombolysis in Cerebral Infarction (TICI) score 

Table 4. Extended TICI (eTICI)  



2.4.2.2 The evolution of intra-arterial recanalization therapies 

Figure 12. Later-generation Merci device (A) and Penumbra system device; distal aspiration catheter 
with a matched separator wire (B). 





Figure 13. Trevo was the first stentriever used in the Tampere University Hospital in January 2011 





2.4.2.3 Posterior circulation thrombectomy 





2.4.2.4 Widening of the treatment time window 



2.4.2.5 The evolution of thrombectomy techniques 



Figure 14. Different mechanical thrombectomy techniques: original stentriever, distal aspiration and the 
Solumbra technique as a combination of stenriever and distal aspiration. Adapted from 
Munich et al.  

 



2.4.2.6 Distal thrombectomy in small- and medium-sized vessels 

2.4.2.7 Factors predicting the clinical outcome after endovascular intervention 



Figure 15.  Clinical outcome (3-month mRS) per eTICI recanalization grade. Adapted from LeCouffe et 
al. 





2.4.3 Intracerebral haemorrhage (ICH) as a complication 



Table 5. The Heidelberg Bleeding Classification of Intracerebral Hemorrhages  

Class Description 



2.5 Modified Rankin Scale (mRS) measures the functional 
outcome of an ischaemic stroke patient 

Table 6. The Modified Ranking Scale (mRS) 



3 AIMS OF THE STUDY 



4 PATIENTS, MATERIALS AND METHODS 

4.1 Participants and variables 



4.1.1 Study I 

4.1.2 Study II 



4.1.3 Study III 

Figure 16. Flowchart of patient selection and analysis in Study III 

4.1.4 Study IV 



Figure 17. Flowchart of patient selection in Study IV 

4.2 Statistics 



4.3 Imaging parameters 

4.4 Revascularization Therapies 





5 SUMMARY OF RESULTS 

5.1 Study I 

5.1.1 Chronic Ischaemic Findings and Their Impact on Clinical Outcome 

Table 7. Logistic regression analysis for good clinical outcome (mRS ≤ 2) 

 Odds ratio CI 95% p 
No CIL 3.7 1.0 - 10.7 0.05 
Male sex 1.5 0.51 - 4.6 0.45 
Age 1.04 0.95 - 1.1 0.37 
mTICI ≤2 0.36 0.08 - 1.6 0.19 
Additional NIHSS point 0.92 0.83 - 1.03 0.16 
CI: confidence Interval, CIL: chronic ischaemic lesion, mTICI: modified Thrombolysis in Cerebral Ischaemia, 
NIHHS: National Institutes of Health Stroke Scale at admission 



Figure 18. The distribution of 3-month mRS scores between patients with and without chronic 
ischaemic lesions (CIL). The line indicates the division between functional independence 
(mRS ≤ 2, left side) and dependence (right-hand side)

5.2 Study II



Table 8. Demographic, baseline and admission imaging characteristics of all patients in Study II 
by the collateral score. 

 All patients Collateral score  
Characteristic n=247 0 1 2 3 - 4 p 
Age (y), mean (SD) 68 (12) 70 (11) 67 (12) 70 (11) 67 (14) 0.219 
Female sex (%) 104 (42) 12 (5) 17 (7) 48 (19) 27 (11) 0.4 
NIHSS, median (IQR) 17 (6) 18 (6) 17 (5) 17 (8) 17 (8) 0.052 
IVT (%), n=245 149 (61) 15 (6) 32 (13) 65 (27) 37 (15) 0.067 
Carotid stenosis ≥75% (%) 51 (21) 4 (2) 5 (2) 18 (7) 24 (10) 0.003 
ASPECTS, median (IQR) 8 (3) 7 (4) 8 (3) 9 (2) 9 (3) <0.001 
Onset-MT (min), mean (SD), n=236 192 (111) 140 (76) 189 (97) 193 (108) 220 (134) 0.012 
Coronary artery disease n (%) 36 (15) 6 (2) 3 (1) 22 (9) 5 (2) 0.016 
Diabetes n (%) 40 (16) 7 (3) 3 (1) 21 (9) 9 (4) 0.101 
Atrial fibrillation n (%) 145 (59) 23 (9) 28 (11) 63 (26) 31 (13) 0.058 
Hypertension n (%) 124 (50) 15 (6) 18 (7) 51 (21) 40 (16) 0.168 
ASPECTS: The Alberta Stroke Program Early CT Score; IVT: intravenous thrombolysis; IQR: interquartile range; 
NIHSS: National Institutes of Health Stroke Scale; Onset-MT: delay from symptoms onset to groin puncture in MT; p: 
p-value; SD: standard deviation 

5.2.1 The timeline and outcome differences between patients with or 
without severe carotid stenosis 



Table 9. Characteristics of the MT operation and clinical outcome between groups with or 
without signifigant carotid stensosis. 

 All patients Stenosis  
Characteristic n=247 <75% (196) ≥75% (51) p 
Onset-MT (min), mean (SD), n=236 192 (112) 194 (118) 184 (81) 0.575 
MT duration (min), mean (SD), n=235 32 (26) 29 (24) 41 (30) 0.004 
mTICI 2b-3 n (%), n=246 228 (93) 183 (93) 45 (90) 0.414 
3-month mRS ≤2 n (%), n=232 133 (57) 109 (58) 24 (53) 0.546 
MT duration: time from groin puncture to achieved recanalization; mTICI: modified Thrombolysis in Cerebral 
Ischaemia; mRS: modified Rankin scale; Onset-MT: delay from symptom onset to groin puncture in MT; p: p-
value 

5.2.2 The factors influencing intracranial collateral circulation 

 

Table 10. Ordinal logistic regression analysis of collateral score at admission 
evaluated from CT 

. Odds ratio CI 95% p 
Age 0.98 0.96 - 1.01 0.240 
Female 2.27 1.24 - 4.16 0.008 
Systolic blood pressure 1.01 1.00 -1.02 0.211 
Blood glucose 0.93 0.78 - 1.12 0.392 
Onset-CT/10 1.06 1.03 - 1.09 <0.001 
ASPECTS 1.55 1.32 - 1.84 <0.001 
Hypertension 1.79 1.00 - 1.84 0.051 
Coronary artery disease 1.07 0.47 - 2.44 0.864 
Atrial fibrillation 0.62 0.33 - 1.16 0.135 
Diabetes 0.80 0.33 - 1.92 0.618 
Carotid stenosis ≥75% 4.01 1.78 - 9.01 0.001 
ASPECTS: The Alberta Stroke Program Early CT Score; CI: Confidence Interval; Onset-
CT/10: delay from symptoms onset to imaging in admission (by every 10 minutes); p: p-
value 



5.2.3 The distribution of collateral scores by carotid stenosis status 

Figure 19. The interplay of severe carotid stenosis with the collateral score (CS) 

5.3 Study III 



5.3.1 Haemoglobin value is an independent predictor of a good three-
month clinical outcome in MT patients

Figure 20. The distributions of the three-month mRS in the anaemic and non-anaemic groups collateral 
scores 1 to 4. The line indicates the division between functional independence (mRS≤2, left 
hand side) and dependence (right hand side).



Table 11. Logistic regression analysis of good clinical outcome at 3 months 
(mRS≤2), all collateral scores included 

Covariate Odds ratio p CI 95% 
Normalized haemoglobin value 1.02 0.03 1.0 – 1.04 
Age 0.97 0.03 0.94 – 0.98 
ASPECTS in admission 1.30 0.01 1.06 – 1.59 
Hypertension 0.60 0.11 0.32 – 1.13 
Diabetes 0.61 0.24 0.27 – 1.39 
NIHSS, admission 0.96 0.18 0.90 – 1.02 
mTICI ≥ 2b 3.97 0.05 0.99 – 15.9 
Female 2.14 0.03 1.10 – 4.17 
Collateral Score 1.61 0.01 1.14 – 2.27 
ICA occlusion 0.45 0.01 0.24 – 0.85 
Onset–MT 1.00 0.56 0.996 – 1.002 
Atrial fibrillation 0.98 0.96 0.51 – 1.90 
Coronary artery disease 1.79 0.20 0.74 – 4.33 
IV thrombolysis 1.27 0.47 0.67 – 2.41 
ASPECTS: Alberta Stroke Program Early CT Score; CI: confidence interval; ICA: internal carotid 
artery; IV: intravenous; mTICI: modified Thrombolysis In Cerebral Infarction score; NIHSS: National 
Institutes of Health Stroke Scale; Onset–MT: delay from symptom onset to groin puncture in MT; 
p: p-value 

5.4 Study IV 

Table 12. The occlusion sites in Study IV 
 
Occlusion site 

All patients 
n = 106 

IVT + MT 
n = 58 

Only MT 
n= 48 

 
p 

ICA, n (%) 5 (5) 3 (5) 2 (4) 0.808 
ICA-T 26 (25) 11 (19) 15 (31) 0.143 
M1 58 (57) 33 (57) 25 (52) 0.620 
M2 15 (14) 10 (17) 5 (10) 0.316 
M3 2 (2) 1 (2) 1 (2) 0.892 
ICA: internal carotid artery; ICA-T: ICA terminus; IVT + MT: intravenous thrombolysis with MT; M1-3: 
1st, 2nd and 3rd segments of medial cerebral artery; p: p-value 



Table 13. Characteristics of MT operation and clinical outcome between IVT+MT and MT only 
groups 

 All patients IVT + MT Only MT  
Characteristic n = 106 n = 58 n = 48 p 
Onset–reperfusion (min), mean (SD) 158 (79) 150 (71) 166 (86) 0.458 
CT–groin (min), mean (SD) 26 (11) 26 (12) 25 (9) 0.739 
mTICI 2b-3 n (%) 97 (92) 53 (91) 44 (92) 0.958 
3-month mRS 0-1 n (%) 51 (48) 22 (38) 29 (60) 0.021 
3-month mRS 6 n (%) 12 (11) 9 (16) 3 (6) 0.134 
aICH n (%) 26 (25) 12 (21) 14 (29) 0.313 
Distal embolus n (%) 19 (18) 14 (24) 5 (10) 0.067 
Number of passes, mean (SD) 2.1 (1.7) 1.8 (1.6) 2.3 (1.9) 0.093 
ASPECT 24h, median (IQR) 9 (3) 9 (3) 9 (4) 0.780 
aICH: any intracranial haemorrhage in CT 24 h after; ASPECTS: The Alberta Stroke Program Early CT Score; CT–
groin: delay from imaging to groin puncture in MT; Distal embolus: embolus further in the vessel territory; IVT + MT: 
intravenous thrombolysis with MT; IQR: interquartile range; mRS: modified Rankin Scale; mTICI: modified 
Thrombolysis in Cerebral Ischaemia; Onset–reperfusion: delay from onset of symptoms and recanalization in MT; p: 
p-value; SD: standard deviation 
 
 



5.4.1 The distribution of three-month mRSs and factors predicting the 
three-month clinical outcome 

Figure 21. The distributions of 3-month mRSs in the IVT + MT and MT only groups The line indicates 
the division between an excellent clinical outcome (mRS 0–1, left side) or not having an 
excellent outcome (right-hand side). The dotted line indicates the division between patients 
who were alive and dead (mRS 6, right-hand side). 



Table 14. Binary logistic regression analysis of excellent 3-month clinical 
outcome (mRS 0–1) 

 Odds ratio p 95% CI 
Age 0.99 0.637 0.95–1.03 
Onset–reper/10 0.93 0.025 0.87–0.99 
NIHSS 0.92 0.037 0.85–1.00 
Atrial fibrillation 1.26 0.610 0.52–3.03 
MT only 3.37 0.009 1.36–8.33 
mTICI 2b-3 3.00 0.207 0.54–16.54 
CI: confidence interval; MT only: mechanical thrombectomy patients without intravenous 
thrombolysis; mTICI: modified Thrombolysis In Cerebral Infarction score; mRS: modified 
Ranking Scale score; NIHSS: National Institutes of Health Stroke Scale; Onset–reper/10: delay 
from symptoms onset to acheved recanalization in MT (for every 10 minutes); p: p-value 
 



6 DISCUSSION 

6.1 CILs as a prognostic factor in MT patients 





6.2 The role of carotid stenosis in MT 



6.3 Anaemia and MT 



6.4 Delay from IVT to MT 









6.5 Implications for future research 

6.6 Limitations 





7 CONCLUSIONS 
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Chronic Infarcts Predict Poor Clinical Outcome in Mechanical
Thrombectomy of Sexagenarian and Older Patients

Niko Sillanpää, MD, PhD,* Juha-Pekka Pienimäki, MD,* Sara Protto, MD, PhD,*
Janne Seppänen, MD,* Heikki Numminen, MD, PhD,† and

Harri Rusanen, MD, PhD‡

Background: The impact of lacunar and cortical chronic ischemic lesions (CILs)
on the clinical outcome of mechanical thrombectomy (MT) has been little studied.
Clinical trials suggest that older patients benefit from MT. We investigated the
effect of CILs on the clinical outcome of sexagenarian and older patients with
acute middle cerebral artery (MCA) or distal internal carotid artery (ICA) stroke
who received MT to treat large-vessel occlusion (LVO). Methods: We prospective-
ly collected the clinical and imaging data of 130 consecutive MT patients of which
68 met the inclusion criteria. We limited the analysis to sexagenarian and older
subjects and occlusions no distal than the M2 segment. Baseline clinical, proce-
dural and imaging variables, technical outcome, 24-hour imaging outcome, and
the clinical outcome were recorded. Differences between patients with and without
CILs were studied with appropriate statistical tests and binary logistic regression
analysis. Results: Twenty-one patients (31%) had at least 1 CIL. Thirty-eight percent
of patients with CIL(s) compared with 62% without (P = .06) experienced good
clinical outcome (3-month modified Rankin Scale ≤ 2). A similar nonsignificant
trend was seen when lacunar lesions, lesion multiplicity, and chronic white matter
lesions were examined separately. Absence of CIL increased the odds of good
clinical outcome 3.7-fold (95% confidence interval 1.0-10.7, P = .05) in logistic re-
gression modeling. Conclusions: Chronic cortical and lacunar infarcts in admission
imaging are associated with poor clinical outcome in sexagenarian and older pa-
tients treated with MT for LVO of the MCA or distal ICA. Key Words: Ischemic
stroke—mechanical thrombectomy—lacunar infarct—cortical infarct.
© 2018 National Stroke Association. Published by Elsevier Inc. All rights reserved.

Introduction

The impact of pre-existing lacunar and cortical chronic
ischemic lesions (CILs) on the clinical outcome of me-
chanical thrombectomy (MT) has been little studied. The
recent milestone randomized clinical trials on MT re-
ported the prevalence of CILs in neither treatment group
nor was the presence of CILs included in the predictive
models.1-5 In the general acute stroke population, CILs,
especially lacunar infarcts, predict a decline in multiple
facets of cognitive performance and poorer clinical
outcome.6-8 There are more reports on the effect of chronic
microvascular white matter lesions (WMLs, leukoaraiosis)
on MT patients. Moderate or severe WMLs are associ-
ated with hemorrhagic complications, futile recanalization,
and poor clinical outcome.8-12
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The presence and extent of both CILs and WMLs are
closely related to advanced age. A meta-analysis of the
MT trials suggests that MT can benefit sexagenarian and
older patients.13 Many of these older patients that are can-
didates to MT are bound to have CILs.

The objective of this investigation was to clarify if CILs
have a detrimental impact on the clinical outcome of sex-
agenarian and older patients with acute stroke who are
treated with MT.

Methods

Participants and Variables

The study was approved by the institutional review
board. We prospectively collected the clinical and imaging
data of 130 consecutive patients presenting with stroke
symptoms admitted between January 2013 and Decem-
ber 2014 to Tampere University Hospital. They underwent
clinical and imaging evaluation and proceeded to digital
subtraction angiography with an intention to perform MT.
The inclusion criteria for this study were 60 years of age
or older, occlusion of the internal carotid artery (ICA) and/
or middle cerebral artery (MCA) up to the M2 segment,
MT with stent retriever, and the final infarct volume mea-
sured in the 24-hour follow-up computed tomography
(CT) less than 100 cubic centimeter (ccm). Patients with
infarct volumes greater than 100 ccm are very likely to
have poor clinical outcome.14 These patients were ex-
cluded because the acute lesions would mask the effect
of the CILs on the clinical outcome. The baseline clini-
cal characteristics included age, sex, and clinical risk factors
(hypertension, diabetes, coronary heart disease, atrial fi-
brillation). These data were collected from the patient
records. National Institutes of Health Stroke Scale (NIHSS)
score at the presentation, time from symptom onset to
reperfusion or end of the MT intervention, and Throm-
bolysis in Cerebral Ischemia (TICI) grading evaluated from
the final digital subtraction angiography run had been
recorded prospectively. A follow-up non–contrast-
enhanced computed tomography (NCCT) was performed
24 hours after MT. Hemorrhagic complications and post-
infarct edema were classified according to Safe
Implementation of Thrombolysis in Stroke-Monitoring
Study (SITS-MOST) criteria.15 The clinical outcome measure
was the modified Rankin Scale (mRS), evaluated 3 months
after the stroke based on a follow-up visit to a neurol-
ogist or a phone interview by a neurologist.

Imaging Protocol, Clinical Decision-making, and Image
Analysis

The initial imaging evaluation consisted of NCCT, CT
angiography (CTA) and, in more than half of the cases,
CT perfusion (CTP). The selection of patients as candi-
dates for MT was based on absence of extensive irreversible
ischemic changes (frank hypodensity more than one third

of MCA territory) and hemorrhage in NCCT, evaluation
of the amount of salvageable tissue in CTP imaging (when
available), and proximal clot position in CTA. The patient
was required to be functionally independent before
the stroke (prestroke mRS ≤2). The decision to proceed
to MT was multidisciplinary (stroke neurologist and
neurointerventional radiologist). Patients transferred to
our institution from other hospitals were re-evaluated with
at least NCCT and CTA upon arrival before proceeding
to the angiographic suite. In the case of wake-up strokes,
CTP was performed if no large infarct was seen in NCCT.

CTA images were reviewed by examining both the raw
data and the maximum intensity projection reconstruc-
tions. The Alberta Stroke Program Early CT Score was
assessed from admission and 24-hour follow-up NCCT
images. Admission NCCT was also evaluated for pres-
ence of chronic ischemic findings: (1) territorial infarcts
and (2) lacunar infarcts (including branched atheroma-
tous disease type lesions). The vascular region and side
of these lesions were recorded. The extent of chronic WMLs
was graded based on a 4-point scale.16 CTA was used
to evaluate the occlusion site, the Clot Burden Score, and
the Collateral Score as described in our previous report
along with validation of scorings and measurements.17

The location of the clot was recorded based on the most
proximal position of the occlusion. The examinations were
reviewed in the order NCCT, CTA, and CTP. Two radi-
ologists assigned Alberta Stroke Program Early CT Score,
Clot Burden Score, and Collateral Score. In case the scoring
or the assignment differed, a consensus opinion was agreed
on. The reviewers were provided with only the side and
nature of the acute symptoms. One radiologist mea-
sured the final infarct volumes on the 24-hour NCCT. The
boundaries of the affected areas were determined visu-
ally. Volume was calculated by multiplying the measured
area with the slice thickness.

Revascularization Therapies

Intravenous thrombolysis (Actilyse 0.9 mg/kg, Boehringer-
Ingelheim, Ingelheim, Germany) was administered as
bridging therapy to patients with no contraindications.
The Actilyse bolus was given on the CT table. Patients
coming from an outside hospital received intravenous throm-
bolysis (IVT) according to drip-and-ship protocol. Actilyse
drip was continued until groin puncture. Mechanical throm-
bectomy was performed with different stent retrievers and
sometimes with multiple devices based on the judgment
of the operator. We used a biaxial system consisting of
an 8F or 9F guiding catheter with a tip balloon and co-
axially a .021″ micro-catheter or a triaxial system consisting
of an 8F guiding catheter, a distal access catheter through
which a micro-catheter was inserted with the aid of a
.014″ micro-guidewire. The micro-catheter was navi-
gated through the occluded segment of the artery, and a
suitable stent retriever device was positioned through the

1790 N. SILLANPÄÄ ET AL.



micro-catheter to the site of the thrombus and deployed.
The stent was left in place for 4 minutes and then re-
trieved, and at the same time the guiding catheter or the
intermediate catheter was aspirated forcefully. The same
procedure was repeated until satisfactory circulation was
restored. Different stent retrievers were used: The TREVO
device (Stryker Neurovascular/Concentric Medical, Moun-
tain View, CA) was used in 41% of cases, CAPTURE LP
(eV3/COVIDIEN/Medtronic, Santa Rosa, CA) in 37%, ERIC
(MicroVention, Tustin, CA) in 13%, Aperio (Acandis,
Pforzheim, Germany) and REVIVE (Codman & Shurtleff,
Raynham, MA) in 3%, and in 10% of cases multiple device
types were used.

Imaging Parameters

CT scans were obtained using a 64-row multidetector
CT scanner (General Electric LightSpeed VCT, GE Health-
care, Milwaukee, WI). Brain NCCT was performed using
the parameters 120 kV with AUTO mA and SMART mA
technique, noise index 3.3, collimation 4 × 5 mm, 40%
adaptive statistical iterative reconstruction (ASIR), and ro-
tation .5 seconds. Images were obtained axially (.625-
mm-thick slices) and then contiguous axial slices were
reconstructed to the thickness of 5 mm and coronal slices
to the thickness of 2 mm. CTA was performed with helical
technique using a scanning range from the aortic arch
to the vertex of the skull. The imaging parameters were
100 kV, AUTO mA and SMART mA, noise index 9, 40%
ASIR, collimation 40 × 0.625 mm, rotation .5 seconds, and
pitch factor .984. The contrast agent (iomeprol, 350 mg
I/mL, IOMERON, Bracco, Milan, Italy) was adminis-
tered via an antecubital vein with 18-gauge cannula using
a double-piston power injector with a flow rate of 5 mL/s
using 70 mL contrast agent followed by a 50 mL saline
flush. Automatic bolus triggering from the aortic arch was
used. CTP was performed using the parameters 80 kV,
250 mA, 50% ASIR, collimation 8 × 5 mm, and rotation
0.4 seconds. A total of 272 slices covering a range of 80 mm
were generated in 46 seconds using alternating toggle table
protocol to increase the z-axis coverage. Contiguous slices
were reconstructed to a thickness of 5 mm at even in-
tervals. The contrast agent (IOMERON 350 mg I/mL) was
administered via an antecubital vein with an 18-G cannula
using a double-piston power injector with flow rate of
5 mL/s using 40 mL of contrast agent followed by a 40 mL
saline flush. Digital subtraction angiographic images were
obtained using the Artis Z angiographer (Siemens, Munich,
Germany) using the parameters 102 kV, AUTOmA, and
SMARTmA.

Statistics

The data were analyzed with SPSS Statistics version
23 (SPSS Inc., Chicago, IL). Group comparisons were per-
formed by using the chi-square test, the Fisher exact test,
and the Mann-Whitney U test according to the type and

distribution properties of the variable studied. Patients
who had 3-month mRS less than or equal to 2 were con-
sidered to have experienced good clinical outcome. TICI
scores 2b or 3 were considered good recanalization results.
Multivariable binary logistic regression analyses using good
clinical outcome as dependent variable were per-
formed, and odds ratios with 95% confidence intervals
were calculated for each covariate. Variables having P-value
less than .20 in group comparisons were considered po-
tential confounding factors and included as covariates along
with admission NIHSS, which was included for theoret-
ical reasons based on literature. A P-value less than .05
was considered statistically significant.

Results

Study Population and Baseline Characteristics

The inclusion criteria were met by 68 patients, and 62
patients were excluded: 8 patients were excluded because
of posterior circulation stroke, 1 patient had occlusion of
the A3 segment of the anterior cerebral artery and another
of the M3 segment, in 15 cases MT was not performed
because the clot had dissolved or there was no access
to the thrombus, or aspiration thrombectomy was the only
intervention, and finally 37 patients were younger than
60 years of age (27 patients) or had final infarct volume
more than 100 ccm (13 patients).

The main baseline characteristics along with admis-
sion and follow-up imaging findings are summarized in
Table 1. The median age was 70.6 years (interquartile
range = 8.8 years). The median infarct volume was 3.1
ccm (interquartile range = 45.0 ccm) in the 24-hour follow-
up CT and 4 patients (6%) had a hemorrhagic complication
that caused symptom worsening. The occluded vessel was
ICA in 23 patients (34%), M1 segment in 28 patients (41%),
and M2 segment in 17 patients (25%). Forty-four pa-
tients (65%) received IVT before MT and 55 patients (85%)
achieved TICI 2b or 3. In 5 cases, the time of the onset
of the symptoms was unknown (the wake-up strokes).
One patient could not be reached for the 3-month clin-
ical control. Good clinical outcome was seen in 37 patients
(55%) at 3 months.

Chronic Ischemic Findings and Their Impact on
3-Month Clinical Outcome

Of the 68 patients studied, 21 (31%) had chronic isch-
emic lesions (i.e., old lacunar or territorial infarcts) in the
admission CT. Fourteen patients (21%) had more than 1
lesion, and 13 (19%) had only lacunar-type lesion(s). In
one-third of the patients, the chronic ischemic lesions were
only on the right side, whereas 24% had them only on
the left and 43% had lesions on both sides. Two pa-
tients out of 21 (10%) had chronic lesions only in the
posterior circulation vascular territory and an addition-
al 2 had infarcts both in the anterior and in the posterior
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circulation territories. Thirty-one patients (46%) had
chronic WMLs, 11 of them (16%) had grade 2 or 3 (mod-
erate or severe). The presence of CILs and WMLs were
highly correlated: 81% of patients with CILs also had
WMLs, whereas only 30% of patients without CILs had
WMLs.

Eight of the 21 patients (38%) with chronic ischemic
lesions achieved good clinical outcome at 3 months com-
pared with 29 of the 47 (62%) patients among those without
chronic infarcts (P = .06, Table 2). The same pattern was
seen when lacunar lesions, lesion multiplicity, and chronic
white matter lesions were examined separately, but with
a milder trend toward statistical significance (Table 2).
Considering the borderline statistically significant

association of not having chronic ischemic lesions in ad-
mission imaging with good clinical outcome, a binary
logistic multivariable model with good 3-month clinical
outcome as the dependent variable and variables with
P value less than .2 in univariable analysis (Table 1) and
admission NIHSS included as covariates was devised. As
presented in Table 3, not having chronic ischemic lesions
emerged as the only statistically significant covariate that
predicted good clinical outcome, increasing the odds of
good outcome almost 4-fold (odds ratio = 3.7, 95% con-
fidence interval = 1.0-10.7, P = .05). Figure 1 depicts the
distribution of mRS among those with and without CIL(s).
The major difference is the shift of patients from mRS

Table 1. Baseline and admission imaging characteristics and the clinical and imaging outcomes of all patients and patients with or
without chronic ischemic lesion in the admission imaging

Characteristic All patients (n = 68) No CIL (n = 47) CIL (n = 21) P1

Age (y), median (IQR) 70.6 (8.8) 69.3 (8.2) 73.0 (6.9) .08
Male sex (%) 36 (53) 22 (47) 14 (67) .13
NIHSS before treatment, median (IQR) 15 (5) 15 (5) 15 (5) .65
ASPECTS score at admission NCCT, median (IQR) 10 (2) 9 (2) 10 (1) .20
Onset to reperfusion time (min), median (IQR) 197 (128) 195 (108) 252 (173) .21
Clot Burden Score, median (IQR) 6 (4) 6 (4) 7 (3) .25
Collateral Score, median (IQR) 1 (2) 1 (2) 1 (2) .58
Received IVT (%) 44 (65) 32 (68) 12 (57) .38
TICI 2b or 3 (%) 58 (85) 42 (89) 16 (76) .16
Hypertension n (%) 37 (54) 27 (57) 10 (48) .45
Diabetes n (%) 14 (21) 10 (21) 4 (19) .99
Atrial fibrillation n (%) 39 (57) 26 (55) 13 (62) .61
Coronary artery disease n (%) 13 (19) 10 (21) 4 (19) .83
3-Month modified Rankin Scale 0-2 (%) 37 (54) 29 (62) 8 (38) .06
Total infarct volume at 24 h (ccm), median (IQR) 3.1 (45.0) 3.6 (32.7) 2.2 (56.1) .61
Hemorrhagic complication at 24 h (%) 13 (19) 8 (17) 5 (24) .53

– Major space-occupying effect (PH2 or PHr2, %) 4 (6) 3 (7) 1 (5) .78
Postinfarct edema COED2 or COED3 (%) 12 (18) 7 (15) 5 (24) .40

Abbreviations: ASPECTS, Alberta Stroke Program Early CT Score; CIL, chronic ischemic lesion in admission imaging; COED, cerebral
edema; IVT, intravenous thrombolysis; NCCT, non–contrast-enhanced computed tomography; NIHSS, National Institutes of Health Stroke
Scale; P1, P-value between groups; PH, parenchymal hemorrhage; PHr, parenchymal hemorrhage remote; TICI, Thrombolysis in Cerebral
Ischemia.

Table 2. Number and proportion of patients with different
chronic ischemic and white matter lesions who had good

clinical outcome (mRS ≤ 2)

Number (proportion)
mRS ≤ 2

Yes No P value

Chronic ischemic lesion(s) 8 (38%) 29 (62%) .06
Chronic lacunar lesion(s) 5 (39%) 32 (59%) .18
Multiple chronic lesions 5 (36%) 32 (60%) .10
Chronic WM lesions 15 (48%) 22 (61%) .30

Abbreviation: WM, white matter.

Table 3. Logistic regression analysis for good clinical
outcome (mRS ≤ 2)

MT (H-L = .49, C = .67)

Odds ratio CI 95% P value

No chronic ischemic
lesions

3.7 1.0-10.7 .05

Male sex 1.5 .51-4.6 .45
Age 1.04 .95-1.1 .37
TICI 2a or worse .36 .08-1.6 .19
Admission NIHSS .92 .83-1.03 .16

Abbreviations: C, C statistic; H-L, Hosmer-Lemeshow significance.
Odds ratios are per year for age and per 1 point for NIHSS.
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less than or equal to 2 categories to mRS = 3 in the pres-
ence of CILs.

Discussion

Predictors of good clinical outcome in the context of
MT of the acute anterior circulation stroke have been ex-
tensively studied in the recent years. Younger age, lower
admission NIHSS, distal site of occlusion, adequate col-
lateral circulation, small irreversibly ischemic volume in
admission imaging, missing or mild chronic WMLs, suc-
cessful recanalization, and short process times and other
delays are associated with good 3-month clinical
outcomes.9,13,17-22 Pre-existing infarctions have received sur-
prisingly little attention in these studies. Further, baseline
imaging data of CILs were not reported in the pooled
analysis of Alteplase Thrombolysis for Acute
Noninterventional Therapy in Ischemic Stroke, Europe-
an Cooperative Acute Stroke Study, and National Institute
of Neurological Disorders and Stroke intravenous throm-
bolysis treatment stroke trials23 or in the SITS-MOST
thrombolysis study.15 We investigated the impact of CILs
on the prognosis of sexagenarian and older patients treated
with MT for acute large-vessel occlusion of the MCA or
distal ICA. We found that after accounting for confound-
ing factors, the absence of CILs emerged as an independent
predictor of good clinical outcome.

Patients with total infarct volume greater than 100 ccm
in the 24-hour follow-up NCCT were excluded from anal-
ysis because of the high likelihood of poor clinical outcome
just because of the extensive acute lesion.14 Considering
the epidemiology of CILs and ischemic stroke, the pro-
tocols and results of the recent randomized controlled
clinical trials and the general dependence of functional
status on age, we restricted our analysis to previously

functionally independent sexagenarian and older pa-
tients with anterior circulation stroke.

In our study, the most notable difference in the dis-
tribution of mRS between the CIL and the no CIL groups
was the shift from mRS less than or equal to 2 catego-
ries to mRS = 3 in the presence of CILs, pushing patients
just beyond functional independence and into being
classified as having experienced poor clinical outcome.
It is debatable whether moderate disability (mRS = 3) is
still an acceptable or even desirable outcome compared
with mRS 4-6. There were similar but milder shifts to
higher mRS categories also in the mRS 4-6 range, but these
differences did not yield statistical significance in our small
cohort (Fig 1).

The mechanisms of action of CILs worsening the
outcome of acute stroke that have been proposed include
(1) the effect of disease burden that stacks deficits and
decreases the compensatory capacity of the brain even
if the patient had fully recovered from the previous epi-
sodes or the episodes were symptomless, (2) “hits” in
multiple systems that potentiate the deleterious effect of
a new ischemic lesion, and (3) indicator of poor collateral
circulation or general cardiovascular disease burden and
thus higher probability of more severe end points.7 Our
findings did not provide support to the third hypothesis
considering that there were no significant differences
between the groups in the integrity of collateral circulation
or in stroke clinical risk factors.

Leukoaraiosis has been shown to predict poor outcome
after acute large-vessel occlusion and is associated with
hemorrhagic complications and futile recanalization.8-12 Isch-
emic stroke outcomes are worse with larger leukoaraiosis
volumes and may be affected differentially by leukoaraiosis
depending on stroke subtype.24 Presence of severe small-
vessel disease on baseline CT graded based on the extent

Figure 1. The distribution of 3-month mRS among patients with and without chronic ischemic lesions. Abbreviations: CIL, chronic ischemic lesion; mRS,
modified Rankin Scale.
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of leukoaraiosis and chronic lacunar infarcts is associ-
ated with poor clinical outcome in patients treated with
IVT.25 In our study, almost half of the patients had chronic
WMLs, and in one-third of these patients these were graded
moderate or severe. Although having WMLs was not a
statistically significant independent predictor of clinical
outcome, the presence of WMLs was strongly associated
with having CILs and may potentiate their detrimental
effect. A grading system capturing both these aspects of
chronic ischemic injury might have added prognostic
value.25

Our study has limitations. The formation of this ob-
servational MT cohort was clinically driven and as such
nonrandomized; there can be selection biases. Because of
the relatively small number of patients available for anal-
ysis, subgroup analyses may be underpowered to detect
small differences between the subgroups and parse apart
the effect of CILs and WMLs. The exact prestroke mRS
had not been prospectively recorded (other than it being
≤2) for most patients in our cohort. Generally, among elderly
patients, mRS = 1 or 2 is a common finding of numerous
etiologies, many unrelated to stroke. NCCT at 24 hours
is not the ideal method to estimate final infarct volume
because infarcted parenchyma and surrounding edemic
tissue cannot be accurately delineated. Thus, the volumes
reported probably exaggerate the actual final infarct volumes.

Conclusions

Chronic cortical and lacunar infarcts in admission
imaging are associated with poor clinical outcome in sex-
agenarian and older patients treated with MT for acute
large-vessel occlusion of the MCA. This preliminary finding
having potential implications for design of future clini-
cal trials and treatment decision-making should be verified
in larger cohorts.
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Abstract
Background: Adequate collateral circulation improves the 
clinical outcome of ischemic stroke patients. We evaluated 
the influence of ipsilateral carotid stenosis on intracranial 
collateral circulation in acute stroke patients. Methods: We 
collected the data of 385 consecutive acute stroke patients 
who underwent mechanical thrombectomy after multimod-
al computed tomography (CT) imaging in a single high-vol-
ume stroke center. Patients with occlusion of the first seg-
ment (M1) segment of the middle cerebral artery were in-
cluded. We recorded baseline clinical, laboratory, procedural, 
and imaging variables and technical, imaging, and clinical 
outcomes. The effect of carotid stenosis on intracranial col-
lateral circulation was studied with appropriate statistical 
tests and ordinal regression analysis. Results: Fifty out of the 
247 patients eligible for analysis had severe ipsilateral carot-
id stenosis (≥75%). These patients were 4-times more likely 
to have very good intracranial collaterals (Collateral 
Score 3–4, p = 0.001) than the nonstenotic and slightly ste-
notic (<75%) patients. The severely stenotic patients had a 
longer mean operation time (41 vs. 29 min to reperfusion, 

respectively, p = 0.001). Nevertheless, 54% of severely ste-
notic patients had good 3-month clinical outcome (modified 
Rankin Scale ≤2) with no significant difference between the 
2 groups. Conclusions: Carotid artery stenosis of over 75% of 
vessel diameter was associated with better intracranial col-
lateral circulation of patients with acute ischemic stroke. This 
did not significantly change the 3-month clinical outcome.

© 2020 S. Karger AG, Basel

Introduction

Collateral circulation protects the brain parenchyma 
from ischemic damage in case the normal antegrade flow 
is obstructed. This system is of crucial importance in pa-
tients presenting with acute ischemic stroke due to large 
vessel occlusion (LVO) [1]. The integrity of collateral cir-
culation correlates with the progression of irreversible 
ischemic changes. Thus, LVO patients are an optimal 
population to investigate the effect of leptomeningeal and 
upstream collateral circulation systems. The currency of 
good collaterals manifests as having larger salvageable 
penumbra and permitting longer delays in achieving re-
perfusion [2, 3]. Factors such as age, chronic hyperten-
sion, diabetes, blood glucose levels, and systolic blood 
pressure at presentation influence the integrity of collat-
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eral circulation [4–6]. The effect of chronic carotid steno-
sis is controversial. Dankbaar et al. [7] found no correla-
tion between carotid stenosis and collateral circulation in 
patients having occlusion of the first segment of middle 
cerebral artery (MCA). Conversely, Guglielmi et al. [8] 
recently reported an association between carotid stenosis 
and better cerebral collateral circulation.

The objective of this investigation was to clarify whether 
ipsilateral carotid artery stenosis influences the collateral 
status in patients presenting with acute MCA occlusion.

Methods

Participants and Variables
We conducted an observational study on 385 consecutive pa-

tients who underwent mechanical thrombectomy (MT) to treat 
acute LVO in a single high-volume stroke center. The patients 
were treated between December 2013 and 2017. The inclusion cri-
teria for this study were occlusion of the first segment of the MCA 
(M1) and access to a sufficient quality admission CT angiography 
(CTA) study to enable assignment of the Collateral Score (CS). 
Two hundred and forty-seven patients met these criteria and 
138 patients were excluded: 22 patients had vertebro-basilar occlu-
sion, 109 patients had anterior circulation occlusion without oc-
clusion in the M1-segment, and 7 patients had poor quality CTA 
studies. Baseline clinical characteristics included age, gender, and 
clinical risk factors for ischemic stroke (hypertension, diabetes, 
coronary heart disease, atrial fibrillation) that were collected from 
the patient records. National Institutes of Health Stroke Scale 
(NIHSS) score at the admission, process time points, modified 
thrombolysis in cerebral ischemia (mTICI) grading evaluated with 
DSA at the end of the procedure and procedural complications had 
been prospectively collected. A follow-up noncontrast-enhanced 
computed tomography (NCCT) was performed 24 h after MT. The 
clinical outcome measure was the modified Rankin Scale (mRS), 
evaluated 3 months after the stroke based on a follow-up visit to 
neurologist or a phone interview by neurologist. Fifteen patients 
could not be reached for this control because they resided in an-
other hospital district or abroad, or for other reasons. Admission 
NIHSS was not available for 7 patients because of sedation during 
transportation. The exact onset of symptoms was unknown or un-
reliable in 8 cases. All other data were available for all patients. In 
wake-up strokes, the onset of symptoms was recorded based on 
when last seen symptomless. The study was approved by the insti-
tutional review board and adhered to the Helsinki Declaration. A 
written consent was not deemed necessary by the review board.

Imaging Protocol, Clinical Decision Making, and Image 
Analysis
The initial imaging evaluation consisted of NCCT and CTA. 

CT perfusion (CTP) was optional and was performed in 182 cases 
(74%). The selection of patients as candidates for MT was based on 
absence of extensive irreversible ischemic changes and hemor-
rhage in NCCT, evaluation of the amount of salvageable tissue in 
CTP imaging (when available) and LVO in CTA. The decision to 
proceed to MT was multidisciplinary involving a stroke neurolo-
gist and a neurointerventional radiologist. Patients referred to our 

institution from other hospitals were reevaluated with at least 
NCCT upon arrival before proceeding to the angiographic suite to 
rule out bleeding and extensive irreversible ischemic lesion. In the 
case of wake-up strokes, CTP was performed if no large infarct was 
seen in NCCT. Imaging examinations were reviewed using dedi-
cated medical imaging workstations. CTA images were reviewed 
from raw data and MIP images. The Alberta Stroke Program Ear-
ly CT Score was retrospectively assessed from admission NCCT 
images. The version of CS used is described in Souza et al. [9]. The 
location of the clot was recorded based on the proximal end of the 
occlusion. The examinations were reviewed in the order NCCT, 
CTA, and finally DSA. In cases the scoring or assignment differed, 
a consensus opinion was agreed on. Carotid stenosis was deter-
mined on CTA using the NASCET criteria. The reviewers were 
blinded to the clinical data apart from the side and nature of the 
acute symptoms. Validation of the scorings with intraclass correla-
tion coefficients and Cohen’s kappa values can be found in our 
previous publication [10].

Recanalization Therapies
Please see online supplemental Material (for all online suppl. 

material, see www.karger.com/doi/10.1159/000506826).

Imaging Parameters
Please see online supplementary Material.

Statistics
The data were analyzed with SPSS version 25 (SPSS Inc., 

Chicago, IL, USA). The analyses were performed using the maxi-
mum number of patients available with regard to missing data. 
Group comparisons were performed by using the Student t test, 
the chi-square test, the Fisher exact test, and the Mann-Whitney U 
test according to the type and distribution properties of the vari-
able studied. Patients with CS 3 and 4 were combined together due 
to small number of patients (6) in the CS 4 group. Patients who had 
3-month mRS ≤2 were considered to have good clinical outcome. 
An mTICI score 2b–3 was considered a good recanalization result. 
Ordinal regression analyses using different CSs as dependent vari-
able were performed, and OR with 95% CI was calculated for each 
covariate. A p value <0.05 was considered statistically significant. 

Results

Baseline Characteristics
The inclusion criteria were met by 247 patients. Sixty-

five patients (26.3%) had an internal carotid artery termi-
nus1 (ICA-T) occlusion and the rest had an isolated M1 
segment occlusion of which 80 (32.3%) had a proximal 
M1 and 102 (41.3%) a distal M1 occlusion. Fifty-one pa-
tients (21%) had a severe (≥75%) ipsilateral carotid steno-
sis (50 in the ICA, and 1 in the common carotid artery). 
The mean delay from symptoms onset to CT imaging 
(onset-to-CT time) was 160 min (SD 113 min). The main 
baseline and admission imaging characteristics between 
the patients with different CS statuses are summarized in 
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Table 1. The median NIHSS at admission was 17 (inter-
quartile range 6), and the mean delay from symptoms on-
set to groin puncture (onset-to-MT time) was 192 min 
(SD 111 min).

The Timeline and Outcome Differences between 
Patients with or without Severe Carotid Stenosis
The onset-to-CT time was not significantly different 

between the patients with or without severe carotid ste-
nosis (153 vs. 162 min, respectively, p = 0.605). The dura-
tion of MT (time from groin puncture to reperfusion) 
was significantly longer in severely stenotic patients (41 
vs. 29 min, respectively, p = 0.004). The mean delay from 
onset to reperfusion was not significantly different (229 
vs. 222 min, p = 0.734). The proportions of good recana-
lization (mTICI 2b–3) and good 3-month clinical out-

come (mRS ≤2) were slightly more favorable among pa-
tients without severe carotid stenosis, but the differences 
were not statistically significant: mTICI 2b–3 was achieved 
in 90% of patients with severe carotid stenosis and in 93% 
of patients without (p = 0.414). At 3 months, 53% of 
severely stenotic patients and 58% of patients without 
severe carotid stenosis had mRS 0–2 (p = 0.546, Table 2).

The Factors Influencing Intracranial Collateral 
Circulation
Ordinal logistic regression analysis, using CS at ad-

mission as dependent variable, is detailed in Table 3. 
Among patients selected for MT, each 10 min of addi-
tional delay from the onset of the symptoms to CT imag-
ing was associated with 6% odds of better CS (OR 1.06, 
95% CI 1.031–1.094, p < 0.001). Female gender also sig-

Table 1. Demographic, baseline, and admission imaging characteristics of all patients by the CS

Characteristic All patients
(n = 247), n (%)

CS, n (%) P1

0 1 2 3–4

Age, years, mean (SD) 68 (12) 70 (11) 67 (12) 70 (11) 67 (14) 0.219
Gender, female 104 (42) 12 (5) 17 (7) 48 (19) 27 (11) 0.4
NIHSS, median (IQR) 17 (6) 18 (6) 17 (5) 17 (8) 17 (8) 0.052
IVT (n = 245) 149 (61) 15 (6) 32 (13) 65 (27) 37 (15) 0.067
Carotid stenosis ≥75% 51 (21) 4 (2) 5 (2) 18 (7) 24 (10) 0.003
ASPECTS, median (IQR) 8 (3) 7 (4) 8 (3) 9 (2) 9 (3) <0.001
Onset-MT (n = 236), min, mean (SD) 192 (112) 140 (76) 189 (97) 193 (108) 220 (134) 0.012
CAD 36 (15) 6 (2) 3 (1) 22 (9) 5 (2) 0.016
Diabetes 40 (16) 7 (3) 3 (1) 21 (9) 9 (4) 0.101
Atrial fibrillation 145 (59) 23 (9) 28 (11) 63 (26) 31 (13) 0.058
Hypertension 124 (50) 15 (6) 18 (7) 51 (21) 40 (16) 0.168

CS, Collateral Score; NIHSS, National Institutes of Health Stroke Scale; IVT, intravenous thrombolysis; ASPECTS, Alberta Stroke 
Program Early CT Score; MT, mechanical thrombectomy; Onset-MT, delay from symptoms onset to groin puncture of MT (in minutes); 
CAD, coronary artery disease; P1, p value between groups. Bold values represent statistically significant p values.

Table 2. Characteristics of MT operation and clinical outcome between groups with or without significant carotid stensosis

Characteristic All patients
(n = 247)

Stenosis P1

<75% (196) ≥75% (51)

Onset-MT (n = 236), min, mean (SD) 192 (112) 194 (118) 184 (81) 0.575
MT operation time (n = 235), min, mean (SD) 32 (26) 29 (24) 41 (30) 0.004
mTICI 2b–3 (n = 246), n (%) 228 (93) 183 (93) 45 (90) 0.414
3-Month mRS ≤2 (n = 232), n (%) 133 (57) 109 (58) 24 (53) 0.546

MT, mechanical thrombectomy; MT operation time, time between groin punture and achieved recanalization; mTICI, modified 
thrombolysis in cerebral infarction score; mRS, modified Ranking Scale; Onset-MT, delay from symptoms onset to groin puncture of 
MT (in minutes); P1, p value between groups. Bold value represents statistically significant p value.
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nificantly increased the odds of better CS. Chronic hy-
pertension was borderline significantly associated with 
higher CS (OR 1.79, p = 0.051). Those patients having 
severe ipsilateral carotid stenosis were 4 times more like-
ly to have better collaterals (OR 4.01, 95% CI 1.782–
9.007, p = 0.001). Three sensitivity analyses were per-
formed by recalculating the model while including pa-
tients with acute occlusion in any position from the 
proximal ICA to distal M1, including ICA only occlu-
sions while excluding M1 only occlusions and including 

M1 only occlusions. The result for severe carotid stenosis 
remained essentially the same with OR 3.19 (95% CI 
1.589–6.412, p = 0.001), OR 2.85 (95% CI 1.114–7.286, 
p = 0.029), and OR 3.31 (95% CI 1.181–9,291, p = 0.023), 
respectively.

The Distribution of CSs by Carotid Stenosis Status
Figure 1 depicts the interplay of severe carotid ste-

nosis with CS. Very good collaterals (CS 3–4) were 
found in 47% of all patients presenting severe carotid
stenosis, while only 22% of patients with a nonstenotic
or slightly stenotic carotid artery had very good collat-
erals (p < 0.001). The proportion of poor collateral cir-
culation (CS 0–1) was significantly higher in the non-
stenotic/slightly stenotic group in comparison to the 
severely stenotic patients (36 vs. 18%, p = 0.012). Over-
all, there was a shift toward better CS in severely ste-
notic patients.

Discussion

Collateral circulation is an established predictor of 
clinical outcome in the acute ischemic stroke population 
[4, 11, 12]. The factors influencing the integrity of the col-
lateral circulation are not completely known. Old age, hy-
potension, or overt hypertension at the presentation, high 
blood glucose, and chronic hypertension have been linked 
with poor collateral status [4, 6, 13]. The role chronic ip-
silateral carotid stenosis plays in this setting is controver-
sial [7, 8].

We found that the presence of a severe ipsilateral ca-
rotid stenosis increases the odds of good CS 4-fold. This 
finding is in line with the results of a recent study by 
Guglielmi et al. [8]. Their study included also patients 
with more peripheral clot locations. Based on anatomical 
considerations, we believe that limiting the analysis to 
M1 occlusions more accurately portrays the develop-
ment and reflects the impact of the leptomeningeal col-
lateral circulation by decreasing the effect of the variabil-
ity of the circle of Willis. On the other hand, the setup of 
the study by Dankbaar et al. [7] is similar to that of our 
study. However, they found no correlation between ca-
rotid stenosis and the integrity of the collateral circula-
tion. Nevertheless, the number of patients with ipsilat-
eral stenosis in their study is low, which could affect the 
results.

Few studies have reported an association between ad-
vanced age and poor collateral circulation [4, 6]; we did 
not find age to have a significant effect in our cohort. This 

Table 3. Ordinal logistic regression analysis of CS at admission 
evaluated on CT

OR Significant 95% CI

Age, years 0.98 0.240 0.956–1.011
Gender, female 2.27 0.008 1.236–4.158
Systolic BP 1.01 0.211 0.996–1.020
Blood glucose 0.93 0.392 0.776–1.105
Onset-CT/10 1.06 <0.001 1.031–1.094
ASPECTS 1.55 <0.001 1.315–1.837
Hypertension 1.79 0.051 0.998–3.222
CAD 1.07 0.864 0.472–2.440
Atrial fibrillation 0.62 0.135 0.334–1.157
Diabetes 0.80 0.618 0.334–1.919
Carotid stenosis ≥75% 4.01 0.001 1.782–9.007

Model Fitting significance <0.001, Goodness-of-Fit signifi-
cance 0.609, Cox and Snell significance 0.297, test of parallel lines 
0.875. Bold values represent statistically significant p values.

CS, Collateral Score; BP, blood pressure; Onset-CT/10, delay 
from symptoms onset to CT in thrombectomy center (for every 10 
min); ASPECTS, Alberta Stroke Program Early CT Score; CAD, 
coronary artery disease.
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can be due to elderly patients with insufficient collateral 
circulation and hemodynamic perturbations having too 
extensive irreversible ischemic changes at presentation to 
be eligible for MT. 

History of chronic hypertension had a borderline sig-
nificant association with having improved collateral cir-
culation (OR 1.79, p = 0.051). This is contrary to the find-
ings of 2 previous publications [14, 15]. There is no obvi-
ous theoretical explanation for this borderline finding. 
We also evaluated systolic blood pressure at admission in 
the model and a higher pressure had a nonsignificant pos-
itive effect in collateral circulation as expected. All the 
chronically hypertensive patients had been prescribed ad-
equate medication which may play a role, but the data 
about meeting the target blood pressures were not avail-
able.

Onset-to-recanalization time is a prognostic factor 
with longer delays contributing toward poorer clinical 
outcome. We found no significant difference in onset-to-
groin puncture times between patients with or without 
severe carotid stenosis. However, the severe carotid ste-
nosis population had a significantly longer groin punc-
ture-to-recanalization time. Nevertheless, this was not re-
flected in the 3-month clinical outcome. Corresponding-
ly, there was no statistically significant difference between 
the groups in the overall onset-to-recanalization time or 
in the rate of successful recanalization (mTICI 2b–3). It 
appears that the better collateral circulation associated 
with severe carotid stenosis compensates for the longer 
duration of the procedure and other possible negative de-
terminants associated with having more advanced ath-
erosclerotic lesions.

The inherent limitations of this study are the relative 
small sample size that does not permit subgroup analyses 
of, for example, Ipsilateral tandem stenosis, and the ob-
servational and retrospective design which is prone to se-
lection bias. The single, tertiary care center setup and lim-
iting the analysis to the MT patients potentially limits the 
generalizability of the findings. Missing data may intro-
duce biases but considering the robustness of the results 
in the sensitivity analyses this risk appears small.

Conclusions

The presence of severe carotid stenosis correlates with 
better intracranial collateral circulation in patients pre-
senting with acute ischemic stroke due to LVO. However, 
this did not translate into difference in the 3-month clin-
ical outcome. 
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Abstract
Background and Purpose: Anemia predicts poor clinical outcome of ischemic stroke in the 
general stroke population. We studied whether this applies to those treated with mechanical 
thrombectomy for proximal anterior circulation occlusion in the setting of differing collateral 
circulation. Methods: We collected the data of 347 consecutive anterior circulation stroke pa-
tients who underwent mechanical thrombectomy after multimodal CT imaging in a single 
tertiary stroke care center. Patients with occlusion of the internal carotid artery and/or the first 
segment of the middle cerebral artery were included. We recorded baseline clinical, labora-
tory, procedural, and imaging variables, and the technical, imaging, and clinical outcomes. 
Differences between anemic and nonanemic patients were studied with appropriate statistical 
tests and binary logistic regression analysis. Results: Ninety-four out of the 285 patients eli-
gible for analysis had anemia, and 243 had fair or good collateral circulation (collateral score, 
CS, > 0). Fifty-four percent of the patients experienced good 3-month clinical outcome (mod-
ified Rankin Scale 2). In pooled analyses of the CS 1–4 and 2–4 ranges, nonanemic patients 
had good clinical outcome significantly more often (p < 0.001 for both). This effect was not 
seen in patients with poor collateral circulation (CS = 0). Nonanemic patients had significant-
ly better odds of good clinical outcome (OR = 2.6, 95% CI 1.377–5.030, p = 0.004) in a binary 
regression model. A 0.1 g/dL increase in hemoglobin improved the odds of good clinical out-
come by 2% (OR = 1.02, 95% CI 1.002–1.044, p = 0.03). Conclusions: Low hemoglobin on ad-
mission predicts poor clinical outcome in mechanical thrombectomy patients with fair or 
good collateral circulation. © 2020 The Author(s)
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Introduction

Anemia and ischemic stroke are common conditions among the elderly [1]. Anemia has 
been shown to be related to poorer clinical outcome in the general ischemic stroke population 
[2–6]. However, very high hemoglobin levels may also have a debilitating effect on the clinical 
outcome [2, 7]. One report found that anemia has no effect on the 3-month outcome of patients 
suffering from ischemic stroke [8]. 

Mechanical thrombectomy (MT) has been proven to be a superior treatment of acute 
large vessel occlusion (LVO) strokes in several randomized trials [9]. Despite successful 
recanalization of the ischemic territory in post-MT digital subtraction angiography, the 
patient occasionally experiences poor clinical outcome. Adequate collateral circulation into 
the ischemic area is crucial to having a salvageable penumbra and also permits longer delays 
in achieving reperfusion and a favorable clinical outcome [10, 11]. Thus, the integrity of the 
collateral circulation is an important predictor of clinical outcome in patients undergoing MT 
[12, 13]. 

The objective of this investigation was to clarify how low hemoglobin at presentation 
influences the 3-month clinical outcome of MT of acute anterior circulation LVO at different 
integrities of the collateral circulation.

Methods

Participants and Variables
We conducted an observational study on 347 consecutive patients who underwent MT 

to treat acute anterior circulation occlusion (LVO) in a single stroke center. The patients were 
treated between December 2014 and December 2017. The inclusion criteria were occlusion 
of the internal carotid artery (ICA) and/or the first segment of middle cerebral artery (M1). 
In total, 285 patients met these criteria, and 62 patients were excluded because of a more 
distal occlusion. The baseline clinical characteristics (Table 1) were collected from the patient 
records. Hemoglobin values on admission were recovered from the laboratory database. 
According to the calibration of the local hematological laboratory, a patient was considered 
anemic when hemoglobin was < 11.7 g/dL in females and < 13.4 g/dL in males. National Insti-
tutes of Health Stroke Scale (NIHSS) scores at presentation, process time points, modified 
Thrombolysis in Cerebral Ischemia (mTICI) grading evaluated with digital subtraction angi-
ography at the end of the procedure, and procedural complications had prospectively been 
stored to patient records. A follow-up non-contrast-enhanced computed tomography (NCCT) 
was performed 24 h after MT. The clinical outcome measure was the 3-month modified 
Rankin Scale (mRS) evaluated 3 months after the stroke based on a follow-up visit to or a 
phone interview by a neurologist. Nineteen patients could not be reached for this control. 
Admission NIHSS could not exactly be evaluated for 9 patients because of sedation during 
transportation. In 3 cases, NCCT was of such quality that ASPECTS could not be reliably calcu-
lated. Admission hemoglobin was missing for 12 patients. The exact onset of symptoms was 
unknown or unreliable in 12 cases. The study was approved by the institutional review board 
and adhered to the Declaration of Helsinki. A written consent was not deemed necessary by 
the review board.

Imaging and Clinical Decision Making
The initial imaging evaluation consisted of NCCT and CT angiography. CT perfusion was 

optional and performed in 203 cases (71%). The decision to proceed to MT was multidisci-
plinary involving an acute neurologist and a neurointerventional radiologist. Patients that 



141Cerebrovasc Dis Extra 2020;10:139–147

Pienimäki et al.: Poor Outcome in Anemic Stroke Patients

www.karger.com/cee
© 2020 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000510228

were not functionally independent and/or had short life expectancy because of uncontrolled 
malignant disease were considered noneligible for MT. Patients referred to our institution 
from other hospitals were reevaluated with at least NCCT upon arrival to rule out bleeding 
and extensive irreversible ischemic lesions. Image analysis and imaging parameters are 
described in our previous publication [14]. 

Recanalization Therapies
Please see the online supplementary Material (for all online suppl. Material, see www.

karger.com/doi/10.1159/000510228).

Statistical Analysis
The data were analyzed with SPSS version 25 (SPSS Inc., Chicago, IL, USA). A p value  

< 0.05 was considered statistically significant. Univariable analyses were performed using 
the maximum number of patients available considering missing data. Group comparisons 
were performed using the Student t 2 test, the Fisher exact test, and the Mann-
Whitney U test according to the type and distribution properties of the variable studied. 
Patients with collateral scores (CS) from 2 to 4 were regarded as having good collateral 
vessel filling and those with a CS of 1 fair. Patients who had 3-month mRS 2 were considered 
to have experienced good clinical outcome. mTICI scores 2b–3 were considered a good 
recanalization result. Hemoglobin value was normalized by subtracting the lower bound of 
the normal range from the value measured on admission for each gender. Multivariable 
binary logistic regression analyses using good clinical outcome as dependent variable were 
performed and odds ratios (OR) with 95% confidence intervals (CI) were calculated for each 
covariate. We discovered no pattern in the distribution of missing data. We used chained 
equation multiple imputation to generate approximations for the missing data used in the 
multivariable models, and 1.7% (78/4,482) of the data points were missing in 9/16 vari-
ables included in the full model. Both the independent and depended variables were imputed 
in the full model using 5 iterations. 

266 patients
multivariable,

multiple imputation

231 patients,
original data,

list-wise deletion

285 patients
multivariable,

multiple imputation

347 consecutive MT
patients

35 patients had 

variable

19 patients had
missing dependent

variable

62 patients had
M2 or M3

occlusion only

Fig. 1. Flowchart of patient selec-
tion and analysis.
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Results

Baseline Characteristics
The inclusion criteria were met by 285 patients (Fig. 1), and 118 patients (41%) had ICA 

as the most proximal site of occlusion, the rest in the M1 segment. The baseline characteristics 
along with differences between the patients with good (mRS 2) and poor 3-month clinical 
outcome are summarized in Table 1. The median NIHSS on admission was 16.5 (IQR 7), the 
mean onset-to-groin puncture time was 200 min (SD 119 min), and 243 patients (85%) had 
fair or good collateral circulation (CS 1–4). Ninety-four patients (33%) had anemia (etio-
logical factors are outlined in Table 2). Anemia was usually mild, i.e., hemoglobin levels were 

Table 1. Demographic, baseline, and admission imaging characteristics of all patients by the clinical outcome 
at 3 months

Characteristics All patients
(n = 285)

RS >2 
(n = 122) (n = 144)

P1

Mean age (SD), years 68 (11) 71 (10) 67 (13) 0.01
Female sex, n (%) 115 (40) 55 (45) 52 (36) 0.14
Median NIHSS (IQR) (n = 276) 16.5 (7) 17 (6) 15.5 (8) 0.005
Intravenous thrombolysis, n (%) 175 (61) 71 (59) 92 (65) 0.31
ICA occlusions, n (%) 118 (41) 60 (49) 46 (32) 0.004
Median ASPECTS (IQR) (n = 282) 9 (3) 8 (3) 9 (2) 0.01
Mean onset-to-groin puncture (SD), min (n = 273) 200 (119) 202 (113) 196 (117) 0.72
Collateral score >0, n (%) 243 (85) 94 (81) 133 (93) 0.004
mTICI 2b–3, n (%) 261 (92) 109 (89) 136 (95) 0.08
Hypertension, n (%) 139 (49) 68 (56) 64 (44) 0.07
Anemia on admission, n (%) 94 (33) 52 (44) 36 (27) 0.003
Mean hemoglobin (SD), g/dL

Female (n = 110) 12.5 (1.4) 12.2 (1.5) 12.9 (1.3) 0.02
Male (n = 163) 13.7 (1.6) 13.5 (1.6) 13.8 (1.7) 0.34

Diabetes, n (%) 46 (16) 25 (21) 20 (14) 0.15
Atrial fibrillation, n (%) 164 (58) 72 (59) 83 (58) 0.82
Coronary artery disease, n (%) 42 (15) 17 (14) 24 (17) 0.54

P1, p value between groups; ASPECTS, Alberta Stroke Program Early CT Score; ICA, internal carotid artery; 
mRS, modified Rankin Scale; mTICI, modified Thrombolysis in Cerebral Infarction score; NIHSS, National 
Institutes of Health Stroke Scale. Boldface denotes statistical significance.

Table 2. Anemia, etiological breakdown (n = 94)

n (%)

B12 deficiency 2 (2.1)
Iron deficiency 2 (2.1)
GI bleeding 3 (3.2)
Urinary tract bleeding 1 (1.1)
Soft tissue bleeding 2 (2.1)
Postoperative anemia 1 (1.1)
Blood thinning medication 2 (2.1)
Immune suppression sequelae 1 (1.1)
Chronic rheumatoid disease 4 (4.3)
Chronic renal failure 2 (2.1)
Mild anemia of unclear etiology after diagnostic workup 74 (78.7)
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0.9 g/dL below the lower limit of the median (IQR 1 g/dL). The 3-month mRS was recorded 
from 266 patients of whom 144 (54%) had good clinical outcome. Advanced age, high NIHSS 
score, ICA occlusion, acute ischemic changes on the admission NCCT, poor collaterals, subop-
timal recanalization result, and low hemoglobin value on admission especially in females 
were significantly associated with poor clinical outcome. There were no significant differ-
ences in baseline variables between these patients and the 19 patients with missing 3-month 
mRS apart from the proportion of ICA occlusions that was higher in the latter group (63.2 vs. 
39.8%, p = 0.05). 

Effect of Anemia on the 3-Month Clinical Outcome in Different CS Categories
The dichotomized 3-month clinical outcomes of anemic and nonanemic patients with 

different collateral statuses are described in Figure 2. As expected, the 3-month clinical 
outcome was consistently better in patients with higher CS. Nonanemic patients had signifi-
cantly better outcomes in the CS = 2 groups (mRS 2, 72 vs. 33%, p < 0.001). There was a 
statistical trend in the same direction in the CS = 1 and CS = 3–4 groups (p = 0.08 and p = 0.07, 
respectively). Paradoxically, anemic patients had a trend towards better outcomes in the  
CS = 0 group. However, this result is based on a small number of patients and is probably 
coincidental. In pooled analyses of the CS 1–4 and 2–4 ranges (vs. CS = 0 and CS = 0–1, respec-
tively), nonanemic patients experienced good outcome significantly more often (p < 0.001 for 
both). Figure 3 depicts shift analysis of the 3-month mRS in anemic and nonanemic patients 
with CS 1–4 (fair to good collateral circulation). The proportion of patients in mRS categories 
0–2 is larger in the nonanemic group whereas anemic patients had significantly higher 
mortality (mRS = 6, p < 0.001).

Anemia and Hemoglobin Value Are Independent Predictors of Good 3-Month Clinical 
Outcome
Binary logistic modeling for the dichotomized 3-month clinical outcome was performed 

using all the baseline and imaging variables described in Table 1 as covariates considering 
that they are all theoretically meaningful predictors of clinical outcome. Multiple imputation 
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was used to generate approximations for missing data to avoid 54 patients from being 
dropped in list-wise deletion. The results for dichotomized hemoglobin (anemic/nonanemic) 
are outlined in Table 3. Not having anemia improved the odds of good clinical outcome 
2.6-fold (95% CI = 1.377–5.030, p = 0.004). Younger age, higher ASPECTS (admission NCCT), 
higher CS, higher mTICI score, and more distal sites of occlusion were also significantly asso-
ciated with good clinical outcome. The analysis was repeated using hemoglobin values 
normalized with respect to the lowest normal range value (online suppl. Table 1). A 0.1 g/dL 
increase in hemoglobin improved the odds of good clinical outcome by 2% (OR = 1.02, 95% 
CI 1.002–1.040, p = 0.03). Models with no imputation (original data, n = 231) and the inde-
pendent variables only being imputed (n = 266) were calculated as sensitivity analyses (online 
suppl. Tables 2–5). The results for the 2 hemoglobin variables remained essentially unchanged 
in all these models.

Discussion

Rapid and effective recanalization of the occluded vessel is a crucial determinant of a 
good clinical outcome in the treatment of acute anterior circulation ischemic stroke [15, 16]. 
Good clinical outcome (mRS 2) is achieved only in roughly half of the anterior circulation 
stroke patients despite high rates (85–90%) of successful reperfusion with modern MT treat-
ments [17–20]. Our results are in agreement with these observations. The integrity of the 
collateral circulation is an established predictor of clinical outcome whereas studies on 
anemia have yielded conflicting results. We studied the interplay of these 2 potentially modi-
fiable factors and found both to be significant and independent predictors of clinical outcome, 
with anemia being associated with poor outcome especially among those who have good or 
fair collateral circulation.

Anemia has been generally linked to poor clinical outcome in ischemic stroke patients 
[2–6]. We observed this linkage also in anterior circulation MT patients. Akpinar et al. [21] 
reported poor clinical outcome in a small cohort of moderately and severely anemic LVO 
patients treated with MT. Our data confirm and further elucidate this finding to especially 
concern patients with good or fair collateral circulation. Tanne et al. [2] proposed that anemia 
and clinical outcome are nonlinearly correlated so that patients having either very low or high 
hemoglobin concentrations experience worse clinical outcomes. Our results suggest a more 
linear mode of action throughout the hemoglobin range: Lower hemoglobin values predicted 
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Fig. 3. The distributions of 3-month modified Rankin Scale (mRS) in the anemic and nonanemic groups in 
proximal occlusions, collateral scores 1–4. The thick line indicates the division between functional indepen-
dence (mRS 2, left-hand side) and dependence (right-hand side).
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worse outcome not only in anemic patients but also within the normal range. This finding is 
theoretically sensible considering the increased oxygen transfer capacity per each additional 
unit of hemoglobin. However, there were only few patients with very low or high hemoglobin 
concentrations in our cohort (online suppl. Fig. 1), and the follow-up period was shorter. LVO 
patients have larger ischemic parenchymal volumes than the average patient in the general 
ischemic stroke population and correspondingly suffer from a more severe condition. Thus, 
reduced oxygen delivery because of anemia potentially has a larger impact on LVO patients. 
This may in part explain the differences between our findings and the previously published 
studies that address the general stroke population [2–8]. In our data, anemia appeared to 
have a paradoxical beneficial effect on outcome in the absence of visible collateral circulation 
(CS = 0). This finding is based on a small number of patients and is probably artifactual consid-
ering that there is no conceivable mechanism for this effect. 

Onset-to-reperfusion time is a well-established prognostic factor with longer delays 
contributing towards poorer clinical outcomes. We found no significant difference in onset-
to-groin puncture times between the good and poor clinical outcome groups. This may be 
explained by brain imaging being the primary patient selection method. Still, prolonged 
duration of MT was associated with worse outcome and lower mTICI scores (data not shown). 
Successful reperfusion (mTICI 2b-3) was an independent predictor of good clinical outcome. 
However, the difference in successful reperfusion rates was relatively small between the 2 
outcome groups (95 vs. 89%). This small difference highlights variations in the rate of 
expansion of the infarct core [22] which is heavily dependent on the intracranial collateral 
flow [23–25]. 

The inherent limitation of this study is the observational and retrospective design. The 
single, tertiary high-volume stroke care center setup potentially limits the generalizability of 
the findings. Missing data and the multiple imputation method may introduce biases and 
increase variability. However, the percentage of missing data is small, and the results were 
robust in sensitivity analyses.

OR Sig. 95% CI

Nonanemia 2.63 0.004 1.377–5.030
Age 0.96 0.02 0.936–0.993
ASPECTS, admission NCCT 1.20 0.04 1.007–1.441
Hypertension 0.58 0.07 0.320–1.053
Diabetes 0.69 0.34 0.321–1.486
NIHSS, admission 0.95 0.07 0.893–1.004
mTICI 2b–3 3.26 0.05 1.014–10.461
Male 1.53 0.17 0.832–2.812
Collateral score 1.59 0.009 1.125–2.234
Non-ICA occlusion 2.26 0.009 1.230–4.135
Onset-to-groin puncture 1.00 0.60 0.996–1.002
Atrial fibrillation 1.07 0.82 0.588–1.952
Ischemic heart disease 1.62 0.25 0.713–3.655
IV thrombolysis 1.00 1.00 0.539–1.859

ASPECTS, Alberta Stroke Program Early CT Score; CI, confidence 
interval; ICA, internal carotid artery; IV, intravenous; mTICI, modified 
Thrombolysis in Cerebral Infarction score; NCCT, non-contrast-
enhanced computed tomography; NIHSS, National Institutes of Health 
Stroke Scale; OR, odds ratio. Boldface denotes p < 0.05.

Table 3. Logistic regression analysis  
of good clinical outcome at 3 months 

value, multiple imputation (n = 285)
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Conclusions

Low hemoglobin on admission predicts poor clinical outcome in mechanical throm-
bectomy patients with fair or good collateral circulation.
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Abstract

Purpose Mechanical thrombectomy (MT) is the first-line

treatment in acute stroke patients presenting with large

vessel occlusion (LVO). The efficacy of intravenous

thrombolysis (IVT) prior to MT is being contested. The

objective of this study was to evaluate the efficacy of MT

without IVT in patients with no contraindications to IVT

presenting directly to a tertiary stroke center with acute

anterior circulation LVO.

Materials and Methods We collected the data of 106 acute

stroke patients who underwent MT in a single high-volume

stroke center. Patients with anterior circulation LVO eli-

gible for IVT and directly admitted to our institution who

subsequently underwent MT were included. We recorded

baseline clinical, laboratory, procedural, and imaging

variables and technical, imaging, and clinical outcomes.

The effect of intravenous thrombolysis on 3-month clinical

outcome (mRS) was analyzed with univariate tests and

binary and ordinal logistic regression analysis.

Results Fifty-eight out of the 106 patients received

IVT ? MT. These patients had 2.6-fold higher odds of

poorer clinical outcome in mRS shift analysis (p = 0.01)

compared to MT-only patients who had excellent 3-month

clinical outcome (mRS 0–1) three times more often

(p = 0.009). There were no significant differences between

the groups in process times, mTICI, or number of hemor-

rhagic complications. A trend of less distal embolization

and higher number of device passes was observed among

the MT-only patients.

Conclusions MT without prior IVT was associated with an

improved overall three-month clinical outcome in acute

anterior circulation LVO patients.

Keywords Ischemic stroke � Intravenous
thrombolysis � Mechanical thrombectomy

Abbreviations

IVT Intravenous thrombolysis

LVO Large vessel occlusion

MT Mechanical thrombectomy

mRS Modified ranking scale

Introduction

Intravenous thrombolysis (IVT) has been proven to have a

positive effect on patient survival and functional outcome

in ischemic stroke if administered within a strict time

window from symptom onset [1]. However, the effect of

IVT is very limited on large vessel occlusions (LVO)

thrombi [2]. Mechanical thrombectomy (MT) performed

with modern methods is vastly superior in treating this

patient group [3]. IVT prior to MT appears to have a
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favorable effect on clinical outcome [4–7]. However, some

studies have reported no significant effect on the outcome

[8–13]. Bellwald et al., moreover, found that there were

more deaths at 3 months among the IVT-treated patients

[14].

The objective of this study was to evaluate the efficacy

of MT without IVT in patients with no contraindications to

IVT presenting directly to a tertiary stroke center with

acute anterior circulation LVO in comparison with patients

who received both MT and IVT in the same setting.

Methods

Participants and Variables

We conducted an observational study on patients who

underwent MT to treat anterior circulation acute LVO in a

single high-volume stroke center. We collected the data of

479 consecutive patients having acute LVO (from ICA up

to the M3 segment of the MCA) and no contraindications

to IVT, who were treated with MT between October 2016

and October 2019, and had not been first evaluated in a

referring hospital. All patients were admitted as MT can-

didates based principally on Finnish Prehospital Stroke

Scale (FPSS) [15] scoring by the emergency services, or

after clinical neurological examination in the emergency

room or in case of in-hospital emergency in a ward.

Patients underwent CT, and after treatment, decision was

transferred immediately to an angiography suite for MT.

Because of a highly standardized routine protocol with

optimized in-hospital delays of less than an hour, neurol-

ogists on-call had the option to withhold from giving IVT,

provided that the neurointerventional team was promptly

available. Skipping IVT potentially further reduces the

delay and the incidence of hemorrhagic complications,

especially if a stent is implanted requiring initiation of

antiplatelet medication. If the patient was given IVT, the

bolus was administered on the CT table and the infusion

was started on the way to the angiography suite and con-

tinued while MT was being performed. The infusion was

stopped if satisfactory recanalization result (mTICI 2b-3)

was obtained.

We identified ten cases where the effect of the throm-

bolytic agent was waited for before proceeding with MT.

These patients were excluded because of the added delay to

maintain comparability. Ten other patients received IVT

after the MT to dissolve the remaining thrombi. They were

excluded from the main analysis. Two patients could not be

reached for the 3-month mRS control and were excluded.

Finally after excluding patients who had contraindications

to IVT, in total 106 patients met the inclusion criteria of

whom 58 patients (55%) had IVT (flowchart in Fig. 1).

Baseline clinical characteristics included age, gender,

and clinical risk factors for ischemic stroke (hypertension,

diabetes, coronary heart disease, atrial fibrillation) col-

lected from the patient records. National Institutes of

Health Stroke Scale (NIHSS) score at the admission, pro-

cess time points, mTICI (modified Thrombolysis in Cere-

bral Ischemia) grading evaluated with DSA at the end of

the procedure, and procedural complications had been

prospectively collected. A follow-up non-contrast-en-

hanced computed tomography (NCCT) was performed

24 h after MT. The clinical outcome measure was the

modified Rankin Scale, evaluated 3 months after the stroke

based on a follow-up visit or a phone interview by a neu-

rologist. Shift analysis of mRS was the main outcome

measure; the widely used dichotomization cutoffs and

mortality were also analyzed. The CT imaging time point

was recorded as the timestamp of the first scout image. The

study was approved by the institutional review board and

adhered to the Helsinki Declaration. A written consent was

not deemed necessary by the review board.

Imaging Parameters

Please see online supplementary material.

Recanalization Therapies

All MT procedures were performed under conscious

sedation. All procedures except one were performed with a

balloon guide catheter. In 96% of cases, a stent retriever

was used (Trevo�, Stryker, Salt Lake City, USA or

EmbotrapII�, Neuravi, Galway, Ireland). An intermediate

catheter was used for distal aspiration in 59% of cases in

conjunction with stent retriever thrombectomy. IVT bolus

of recombinant tissue plasminogen activator (rt-PA,

Actilyse� 0.9 mg/kg, Boehringer-Ingelheim, Ingelheim,

Germany) was administered after NCCT followed by

infusion according to international guidelines.

Statistics

The data were analyzed with SPSS version 25 (SPSS Inc.,

Chicago, IL). The analyses were performed using the

maximum number of patients available with regard to

missing data. Group comparisons were performed by using

the Student t test, the Chi-squared test, the Fisher exact test,

the Kruskal–Wallis test, and the Mann–Whitney U test

according to the type and distribution properties of the

variable studied. An mTICI score 2b-3 was considered a

good recanalization result. Logistic regression analyses

using dichotomized mRS as dependent variable were per-

formed, and odds ratio (OR) with 95% confidence interval

(CI) were calculated for each covariate. We performed
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shift analysis for mRS using ordinal regression analysis and

calculated common odds ratio. A p value\ 0.05 was

considered statistically significant.

Results

Baseline and Technical Characteristics

Fifty-eight patients (55%) received IVT and MT, and 48

patients had MT only. Twenty-five percent of the patients

had occlusion of terminus of internal carotid artery (ICA-

T) and 57% in the first segment of median cerebral artery

(M1). Isolated ICA occlusion with open anterior commu-

nicating artery was found in 5%, and the rest had M2 (14%)

or M3 (2%) occlusions (occlusion site distribution in

Supplementary Table 1).

The median NIHSS at admission was 15 (IQR 9), and

the mean delay from symptom onset to reperfusion (onset-

to-reperfusion time) was 158 min (SD 79 min). The mean

delay from CT imaging to groin puncture (CT-to-groin

time) was 26 min (SD 11 min). The main baseline and

admission imaging characteristics are summarized in

Table 1.

The only significant difference in baseline characteris-

tics (Table 1) between the IVT ? MT and MT-only groups

was found in the proportion of atrial fibrillation (64% vs.

40%, respectively, p = 0.013), which is very likely a

coincidental finding, considering there is no logical

explanation for this. Onset-to-reperfusion and CT-to-groin

times were not significantly different (150 min vs.

166 min, p = 0.458, and 26 min vs. 25 min, p = 0.739,

respectively). Thus, administration of IVT did not signifi-

cantly prolong the CT-to-groin time. Almost the same

proportion of patients achieved good recanalization

(mTICI 2b-3) in both groups (91% vs. 92%, p = 0.958). In

the MT-only group, there was a trend of fewer distal

emboli (10% vs. 24%, p = 0.067), but more device passes

were needed for a satisfactory recanalization result (mean

2.3 vs. 1.8 passes, p = 0.093). The IVT ? MT group had a

nonsignificantly lower frequency of hemorrhagic compli-

cations (21% vs. 29%, p = 0.313). Characteristics of the

MT procedure and clinical outcome are summarized in

Table 2.

Fig. 1 Flowchart showing the patient exclusion process

Table 1 Demographic,

baseline, and admission imaging

characteristics of all patients by

the recanalization therapy

Characteristic All patients

n = 106

IVT ? MT

n = 58

MT-only

n = 48

P1

Age (y), mean (SD) 71 (12) 69 (12) 72 (11) 0.168

Female sex (%) 39 (37) 21 (36) 18 (38) 0.891

NIHSS, median (IQR) 15 (9) 16.5 (8) 14 (9) 0.580

ASPECTS, median (IQR) 10 (2) 9.5 (2) 10 (2) 0.995

Onset reperfusion (min), mean (SD) 158 (79) 150 (71) 166 (86) 0.458

CT groin (min), mean (SD) 26 (11) 26 (12) 25 (9) 0.739

Collateral score[ 1, n (%) 79 (65) 41 (71) 28 (58) 0.184

Hypertension, n (%) 60 (57) 29 (50) 31 (65) 0.132

Diabetes, n (%) 24 (23) 13 (22) 11 (23) 0.951

Atrial fibrillation, n (%) 56 (53) 37 (64) 19 (40) 0.013

Coronary artery disease, n (%) 19 (18) 12 (21) 7 (15) 0.415

ASPECTS: Alberta Stroke Program Early CT Score, CT-groin: delay from first CT image to groin puncture

in MT, IVT: intravenous thrombolysis, MT: mechanical thrombectomy, NIHSS: National Institutes of

Health Stroke Scale, Onset-reperfusion: delay from onset of symptoms and recanalization in MT, P1: p-
value between groups. Boldface denotes statistical significance
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The Distribution of 3-Month mRS and Factors

Predicting the 3-Month Clinical Outcome

Figure 2 depicts shift analysis of the 3-month mRS

between the two groups (p = 0.06 for overall difference).

Analyzing the commonly used dichotomization cutoffs, the

proportion of patients with good 3-month clinical outcome

(mRS 0–2) was equivalent in the IVT ? MT and MT-only

groups (67% vs. 68%, p = 0.868), while the proportion of

patients with excellent clinical outcome (mRS 0-) was

significantly larger in the MT-only group (60% vs. 38%,

p = 0.021), whereas the IVT ? MT patients had a trend

toward higher mortality (mRS = 6, 16% vs. 6%,

p = 0.134).

The main established predictive factors of the 3-month

clinical outcome were included as covariates in multi-

variable analyses along with variables having significant

differences between the groups in univariable analyses.

Ordinal logistic regression analysis using 3-month

clinical outcome as the dependent variable is detailed in

Table 3. The common OR (shift analysis) between the

IVT ? MT and MT-only groups was 2.6 (95% CI

1.22–5.58, p = 0.01) with the IVT ? MT patients having

poorer clinical outcome. As expected from literature, each

additional ten-minute delay in onset-to-reperfusion time

increased the odds of poorer clinical outcome by 9%

(OR = 1.09, 95% CI = 1.04–1.15, p\ 0.001) and every

additional NIHSS point by 8% (OR = 1.08, 95% CI =

1.02–1.15, p = 0.02).

Binary logistic regression analysis, using excellent

3-month clinical outcome (mRS 0–1) as dependent vari-

able, is described in Supplementary Table 2. MT-only

patients were over 3 times more likely to have excellent

clinical outcome (OR = 3.37, 95% CI = 1.36 to 8.33,

p = 0.009). The result of the analysis remained essentially

unchanged after adding the site of occlusion, number of

device passes, or detected distal embolization as an addi-

tional covariate. Further, the odds for excellent clinical

outcome remained very similar when the ten patients who

received IVT after MT were included to either the

IVT ? MT or the MT-only group (OR = 3.45, 95% CI =

1.44 to 8.23, p = 0.005, and OR = 2.65, 95% CI = 1.15 to

6.12, p = 0.022, respectively).

Using mRS = 6 (death) as the dependent variable

(Supplementary Table 3), IVT increased the odds of death

ninefold (OR = 8.98, 95% CI = 1.23 to 65.3, p = 0.030).

Discussion

Intravenous thrombolysis with rt-PA and modern

mechanical thrombectomy are well-proven treatments of

acute ischemic stroke [1, 3]. The efficacy of IVT is limited

in the treatment of large vessel occlusions [2]. The time

from symptom onset to reperfusion is a critical determinant

of clinical outcome [16]. Thus, the minimization of delays

has a central role in the strategies to improve the outcome.

Drip-and-ship protocols with IVT have been shown to

improve the odds of good clinical outcome when direct

access to MT is not available [17]. Protocols combining

IVT to MT in a within-institution setting are less well

studied [8–14]. Current guidelines state that IVT should

always been given prior to MT if the patient is within the

treatment time window and there are no contraindications

[18–20].

Table 2 Characteristics of MT

operation and clinical outcome

between IVT ? MT and MT-

only groups

Characteristic All patients

n = 106

IVT ? MT

n = 58

MT-only

n = 48

P1

mTICI 2b-3, n (%) 97 (92) 53 (91) 44 (92) 0.958

Distal embolus, n (%) 19 (18) 14 (24) 5 (10) 0.067

Number of passes, mean (SD) 2.1 (1.7) 1.8 (1.6) 2.3 (1.9) 0.093

ICH n (%) 26 (25) 12 (21) 14 (29) 0.313

ASPECT 24 h, median (IQR) 9 (3) 9 (3) 9 (4) 0.780

3-month mRS 0–1, n (%) 51 (48) 22 (38) 29 (60) 0.021

3-month mRS 0–2, n (%) 72 (68) 39 (67) 33 (69) 0.868

3-month mRS 6, n (%) 12 (11) 9 (16) 3 (6) 0.134

ASPECTS 24 h: Alberta Stroke Program Early CT Score 24 h after MT, Distal embolus: embolus further

vessel territory, ICH: any intracranial hemorrhage in CT 24 h after MT, IVT: intravenous thrombolysis,

mRS: modified Ranking Scale, MT: mechanical thrombectomy, mTICI: modified Thrombolysis In Cerebral

Infarction score, mRS 0–1: excellent clinical outcome, mRS 0–2: good outcome, mRS 6: death, number of

passes: number of passes of thrombectomy device, P1: p value between groups. Boldface denotes statistical

significance

J.-P. Pienimäki et al.: In-Hospital Intravenous Thrombolysis Offers No Benefit... 583

123



In our study, treating the patient with both MT and IVT

in comparison with proceeding directly to MT increased

the odds of poorer 3-month clinical outcome 2.6-fold

among patients eligible to receive IVT in a within-insti-

tution, minimal in-hospital delay, tertiary stroke center

setting. To our knowledge, there are no previous studies

reporting a signal that IVT might have this kind of limited

unfavorable effect in conjunction with MT.

Some previous multicenter studies [4–6] have found that

patients who received combined IVT and MT to treat LVO

had better clinical outcome. In all these studies, IVT was

always administered if not contraindicated. The average in-

hospital delays were considerably longer than in our study.

Further, the setup of these studies was different from ours,

considering that they compared MT with IVT bridging

therapy to MT in patients having contraindications for IVT.

In our study, neither group had contraindications for IVT,

and both groups had direct access to MT. On the other

hand, in several other studies [8, 9, 11–14], no significant

benefit in outcome was found when combining IVT and

MT. Again, the average in-hospital delays in these studies

were long. In three of the studies [8, 9, 11], IVT was

always given if not contraindicated. In the studies by

Weber et al. and Wang et al. [8, 12], the process times in

the IVT ? MT and MT-only groups were markedly dif-

ferent. Both Broeg-Morvay et al. and Bellwald et al. found

higher mortality in matched-pair analyses when IVT was

combined with MT, and IVT was not associated with better

outcome [13, 14]. These two findings are in congruence

with our results.

We found no significant differences in the frequency of

symptomatic or non-symptomatic post-treatment ICH in

the 24-h follow-up CT scans between the two groups,

meaning that IVT appears to be safe and did not lead to

more bleeding complications. However, both Broeg-Mor-

vay et al. and Bellwald et al. found higher rates of hem-

orrhagic complications in the bridging therapy groups. We

stopped the IVT infusion when satisfactory revasculariza-

tion result was achieved in MT. Thus, a number of patients

did not receive the full IVT dose, which may in part

explain the difference. Moreover, we found no significant

differences in process times or stroke severity at the

admission, signaling that the administration of IVT does

not add significant delay in an optimized tertiary hospital

setting. We observed that the IVT ? MT patients were

more likely to have macroscopic distal emboli in com-

parison with the MT-only patients (24% vs. 10%,

p = 0.067) similar to the findings of Yi et al., which

potentially worsens the outcome [21]. On the other hand,

fewer stent retriever passes were needed in the IVT ? MT

patients to achieve a satisfactory recanalization result

(mean 1.8 vs. 2.3 passes, p = 0.093), which is in line with a

report by Mistry et al. [4]. However, neither macroscopic

distal embolization nor the number of retriever passes had a

Fig. 2 The distributions of 3-month mRS in the IVT ? MT and MT-

only groups. The line indicates the division between excellent clinical

outcome (mRS 0–1, left-hand side) or not (right-hand side). The

dotted line indicates the division between alive and dead (mRS 6,

right-hand side). mRS: modified Rankin Scale

Table 3 Ordinal logistic regression analysis of 3-month clinical outcome (mRS)

O.R Sig 95% C.I

Lower bound Upper bound

Age 1.03 0.118 0.99 1.06

Onset-reper/10 1.09 < 0.001 1.04 1.15

NIHSS 1.08 0.02 1.02 1.15

AF 0.81 0.585 0.39 1.70

IVT ? MT 2.61 0.013 1.22 5.58

mTICI 2b-3 0.69 0.540 0.20 2.30

Age: 1-year increase in age, AF: atrial fibrillation, C.I.: confidence interval, MT-only: mechanical thrombectomy patients without intravenous

thrombolysis, mTICI: modified Thrombolysis In Cerebral Infarction score, mRS: modified Ranking Scale score, NIHSS: 1-point increase in

National Institutes of Health Stroke Scale, Onset-reper/10: Delay from symptoms onset to achieve recanalization in MT (for every 10 min), O.R.:

common odds ratio for worse outcome. Boldface denotes statistical significance. Chi-square model significance\ 0.001
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statistically significant effect on the overall technical or

3-month clinical outcome in multivariable analyses.

One potential unfavorable effect of IVT on the clinical

outcome may be destabilization of the thrombus leading to

fragmentation and microscopic distal embolization [21].

Alteplase can make the thrombus more fragile and prone to

fragmentation during the procedure and thus increase the

incidence of microinfarctions and post-ischemic microhe-

morrhages in the brain parenchyma. Microembolization

and the sequelae are not readily detected in standard CT or

DSA imaging. Patients with cerebral microhemorrhages in

a follow-up MRI study after intravenous thrombolysis are

known to have poorer clinical outcome [22–25]. A possible

other mechanism not readily visible in follow-up CT,

alteplase has been reported to have undesirable effects on

the brain parenchyma due to neurotoxicity [26].

Two recent randomized trials (DIRECT-MT and SKIP

trial) demonstrated non-inferiority but no advantage of MT

only in comparison with IVT ? MT in thrombectomy-ca-

pable centers. These trials had longer process times than in

our study, which may diminish the efficacy of the MT-only

approach [27, 28].

The inherent limitations of this study are the relatively

small sample size that does not permit subgroup analyses

of, for example, different occlusion sites and the observa-

tional and retrospective design that is prone to selection

bias. The single, highly standardized tertiary stroke center

with high average recanalization rate and minimal delay

setup limits the generalizability of the findings. Further, our

findings do not apply to drip-and-ship patients.

Conclusions

MT without prior IVT was associated with improved

overall three-month clinical outcome or was at least non-

inferior in the treatment of acute anterior circulation LVO

patients admitted directly to a tertiary stroke center. The

ongoing randomized clinical trials, MRCLEAN_NoIV,

SWIFT-Direct and DIRECT SAFE will help verifying or

refuting this finding.
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