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esece: H pinxavikn BpopPektopn (MO) eivar pia eykekpipévn Bepaneia o€ aoBeveis pe o€V 10xaIpIKO
ayyelakd eykepanikd eneicddio (IAEE) oe édaos ofeias andppains peydnou evbokpdviou ayyeiou (OA-
MEA). H Aertoupyikn ékBaon twv acBevdv nou unofdniovial oe MO éxel PpeBel va oxetietal pe v endp-
Kelo Tou napandeupou aptnplakou diktiou katd tnv o&eia pdon.

s -€. Medethoape v enidpaon tou napdnigupou aptnpiakol Oiktiou otn Agitoupyikh €kBaon
aoBeviv e OAMEA nou unoBAnBnkav oe MO oe 6Uo tpitotayn kévipa avupetwnions AEE otnv EARada.

[ : MenetnBnkav diadoxikoi aabeveis pe OAMEA nou unoBAnBnkav oe Mnxavikh ©poufektoun
o€ duo eAnnvikd kévipa tou apxeiou Safe Implementation of Thrombolysis in Stroke (SITS) katd i didpkeia
IV €tV (lavoudpios 2015 - Aekéuppios 2017). Kataypdgnke 1o napdnisupo aptnplakd diktio (6nws
autd aneikoviotNKe atnv YNPIakn apaipetKn ayyeloypagia sykednou) pe Baon v kAipaka ASITN/SIR, ta
dnpoypagika otoixeia, n veuponoyikn Baputnta ekdnAwons tou IAEE (e tn kAfpaka NIHSS( kaBds kal to
eninedo Aertoupyikhs aveaptnoias twv acBeviv otous 3 phves petd to AEE (ue tv tpononoinpévn kAipaka
Katd Rankin).

..., He...o: AoBeveis pe ntwxn napdnieupo KukNo@opia EuPAavioav cuxvotepd TauTtdXpovn andepa-
€n s eCwkpdvias poipas s éow Kapwtidas Kal tns opdnAsupns péons eykepanikns (tandem occlusions)
Kal gixav Baputepn veuponoyikh €ikéva katd v eicodo oto voookopeio (20 évavu 15 néviwv oty KAIPAKa
NIHSS, p = 0.038). To mRS score €€itnpiou kal otous 3 phves ntav faputepo (p<0.05) os acBevels pe Ntwxn
napdnieupo kukdogopia. O1 acBeveis autoi eypdvicav onpavukd uynidtepo nocootd Bvnidtntas (50%
¢vavu 10%, p = 0.015) kar onpavukd piIkpdteEpo Nooootd Asitoupyikns avetaptnaias (70% évavu 20%; p =
0.010) otous 3 phves petd 1o AEE.

Yupnépaopa: H ntwxn napdnieupn kukAopopia os acBevels ye OAMEA nou unofdanovial o PNXavikni
BpouPektoun oxetiCetal pe IAEE peyanutepns BapUtntas KAtd v €I0aywyn OT0 VOOOKOUEIO Kal PE PIKPO-
tepn miBavotnta Asitoupyikhs avegaptnaias otous 3 phves petd 1o AEE. H Bvnoipdtnta twv aoBevdv pe
OAMEA kal ikavonoinukh napdnisupn kukAo@opia gival HIkpOTEPN oTous 3 pnves petd 1o IAEE.

T €1 ... f: loxaipikd AEE, pnxavikn BpopBektopn, napanieupo 6iktuo
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H enidpaon tns napdnisupns kuknogopias otnv ékBacn acBeviv pe ofU loxaipikd AEE

BASELINE COLLATERAL CIRCULATION IS ASSOCIATED WITH
EARLY OUTCOMES IN PATIENTS
WITH LARGE-VESSEL OCCLUSION ACUTE ISCHEMIC STROKE
TREATED WITH MECHANICAL THROMBECTOMY

Safouris A."?, Magoufis G.?, Kargiotis O.?, Psychogios K.?, Spiliopoulos S., Palialexis K.#, Konstantos H.*,
Chondrogianni M.", Triantafyllou S.", Batistaki H.>, Katsanos A.6, Kostopanagiotou G.>, Stamboulis E.?,

Brountzos H.%, Voumvourakis K., Tsivgoulis G."”7

! Second Department of Neurology, National & Kapodistrian University of Athens, School of Medicine, «Attikon» University Hospital

2 Stroke Unit, Metropolitan Hospital, Pireus
3 Neurointerventional Department, Metropolitan Hospital, Pireus

4 Second Department of Neurology, Aristotelion University of Thessaloniki, AHEPA University Hospital, Thessaloniki

> Second Department of Anesthesiology, «Attikon» Hospital, National and Kapodistrian University of Athens, Athens

¢ Department of Neurology, Medical School, University of loannina, loannina

7 Department of Neurology, University of Tennessee Health Science Center, Memphis, TN

Abstract

Introduction: Mechanical thrombectomy (MT) is an established treatment of acute ischemic stroke (AIS)
due to large-vessel occlusion (LVO). Adequacy of brain collateral vessels has been shown to affect early
outcoes of AIS patients treated with endovascular reperfusion therapies.

Aim: We sought to prospectively evaluate the impact of collaterals on the outcomes of AIS patients due
to LVO treated MT in two tertiary stroke centers in Greece.

Methods: Consecutive LVO patients treated with MT in two SITS (Safe Implementation of Thrombolysis
in Stroke) Registry centers in Greece were evaluated during a three-year period (January 2015-December
2017). Collateral status was assessed on digital subtraction angiography (DSA) using ASITN/SIR classifica-
tion. Baseline characteristics, admission stroke severity (quantified by NIHSS-score) and three-month func-
tional outcome (determined by modified Rankin Scale) were recorded.

Results: Patients with poor collaterals on DSA were more likely to harbor tandem (extracranial internal ca-
rotid artery & middle cerebral artery) occlusions and present with higher admission median NIHSS-scores (20
vs. 15 points; p = 0.038). Patients with poor collaterals had higher (p < 0.05) median mRS-scores at discharge
and at three-months. The three-month mortality and functional independence rates were higher (50% vs.
10%; p = 0.015) and lower (20% vs. 70%; p = 0.010) respectively in LVO patients with poor collaterals.

Conclusions: Poor baseline collateral status is more common in LVO patients with tandem occlusions
and is associated with higher baseline stroke severity and three-month mortality rates. Patients with good
baseline collateral circulation are more likely to be functional independent at three-months following

stroke onset.

Key words: Ischemic stroke, mechanical thrombectomy, collaterals

Introduction

Stroke is a major cause of death and disability and
ischemic stroke accounts for more of 80% of strokes [1].
Acute ischemic stroke (AIS) due to large-vessel occlusion
(LVO) represents only a little more than one-third of AlS
but is responsible for 62% of dependency and 96% of
mortality after AIS [2]. Intravenous thrombolysis (IVT)
and mechanical thrombectomy (MT) are the established
treatments of LVO AIS and can be offered independently
or combined together (bridging therapy) [3-7]. IVT has
two major limitations compared to MT for LVO: shorter
time window of opportunity and lower recanalization
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rates [8]. In 15%-34% of achieved recanalizations, reoc-
clusion and subsequent neurological deterioration may
follow [9]. As a result, MT has emerged as the mainstay
of treatment of LVO AIS either as rescue therapy after
unsuccessful recanalization with IVT or as the only treat-
ing modality in IVT-ineligible AIS patients [10].
Neurons are extremely sensitive to hypoxemia with
death occurring within minutes when totally deprived
of oxygen [11]. Collateral circulation maintains cerebral
blood flow and is the means to extend the window
of opportunity for brain tissue salvage [12]. Collateral
circulation bypasses the arterial occlusion via the circle
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of Willis, the extracranial and intracranial arterial pial
collaterals [13]. Adequacy of collaterals has been shown
to improve recanalization and reperfusion rates, reduce
infarct volumes and lead to better neurological out-
comes following MT [14, 15]. Collateral status appears
to be even more important than time for predicting
outcome in LVO patients treated with MT during the
first 6 hours of acute cerebral ischemia [16].

CT angiography (CTA) has been used to evaluate
baseline collaterals in the acute phase of LVO [17].
However, DSA has many advantages over non-invasive
modalities: accurate distinction between occlusion and
subtotal occlusion, well standardized recanalization
grading and detailed visualization of leptomeningeal
collaterals [18]. The most widespread scale for measur-
ing collaterals on DSA, the American Society of Inter-
ventional and Therapeutic Neuroradiology/Society of
Interventional Radiology (ASITN/SIR) Collateral Flow
Grading System (Table 1), uses a five-point grading
system to score the extent of collaterals. Grade 0 or
1 collaterals signify marginal flow, grade 2 only partial
filling and grades 3 and 4 imply complete filling of the
occluded arterial territory at varying degree [19-20].

In view of the former considerations, we sought to
prospectively evaluate the impact of collaterals on the
outcomes of AlIS patients due to LVO treated MT in two
tertiary stroke centers in Greece.

Methods

Consecutive LVO patients treated with MT in two SITS
(Safe Implementation of Thrombolysis in Stroke) Registry
centers in Greece were evaluated during a three-year
period (January 2015-December 2017). The participat-
ing centers were Metropolitan Hospital in Piraeus and
Attikon University Hospital in Athens, Greece.

Demographics and risk factors were prospectively
recorded as previously described [21]. Stroke severity
was assessed using measurements of NIHSS (National
Institute of Health Stroke Scale) score at patient ad-
mission and discharge. ASITN score was evaluated by
interventional neuroradiologist or radiologists that were
involved in all endovascular procedures. Intervention-
alists were blinded to all assessments of stroke sever-
ity and functional outcome that were performed by
certified vascular neurologists as previously described

[22]. Poor and good collateral status were defined by
ASITN grades 0-2 and 3-4 respectively (Figure 1). Safety
endpoints included the prevalence of peri-procedural
complications, symptomatic intracranial hemorrhage
(sICH) and mortality. SICH was defined using standard
SITS registry definitions [23]. Reperfusion following MT
was evaluated using Thrombolysis in Cerebral Infarction
(TICI) grade [24]. Successful reperfusion was defined
as TICI grades of Ilb or lll. Functional status at three
months was evaluated using modified Rankin Scale
(MRS) as previously described. More specifically, func-
tional independence was defined as mRS-score of 0-2
at three months [25-26].

Continuous variables are presented as median with
interquartile range, while categorical variables are pre-
sented as percentages. Statistical comparisons between
the aforementioned groups were performed using the
x2-test and Mann-Whitney U-test, respectively, while the
distribution of the mRS-scores at three months between
the good and bad collaterals groups was compared with
the Cochran-Mantel-Haenszel test. The differences in all
clinical outcomes of interest between the two groups
were tested under statistical significance hypotheses
using an alpha value of 0.05. Statistical analyses were
performed with the Stata Statistical Software Release
13 (College Station, TX, StataCorp LP).

Results

Baseline Clinical Characteristics

A total of 36 patients with AIS due to LVO (median
age: 64 years, 39% women; median NIHSS score on
admission: 17) were treated with MT during the study
period. Baseline characteristics of patients are presented
in Table 2. Patients with poor collaterals (n = 12) were
more likely to harbor tandem (extracranial internal ca-
rotid artery & middle cerebral artery) occlusions (33.3%
vs. 4.2%; p=0.018) and present with higher median
admission NIHSS-scores (20 vs. 15 points; p = 0.038).
Posterior circulation LVO was found in 8% of both pa-
tient groups. Pretreatment with IVT was not significantly
different in the two groups. Statin pretreatment tended
to be more prevalent in patients with good baseline
collateral circulation (16.7% vs. 8,3%) but this differ-
ence did not reach statistical significance (p = 0.495).

Table 1. The American Society of Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology
(ASITN/SIR) Collateral Flow Grading System.

Collateral Grade

Definition

0

No collaterals

ischemic territory

Slow peripheral collaterals with persistence of some of the defect
Rapid peripheral collaterals with persistence of some of the defect and to only a portion of the

Complete but slow blood flow by the late venous phase in the ischemic bed

Complete and rapid collateral flow to the entire ischemic territory by retrograde perfusion
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Table 2. Baseline characteristics of large vessel occlusion patients with good and bad collaterals who were treated

with Mechanical Thrombectomy

Variable Good collaterals (n = 24) Bad collaterals (n = 12) p-value
Age (years)* 65 (53-76) 61 (55-72) 0.867
Men (%) 62.5% 58.3% 0.809
Hypertension (%) 58.3% 50.0% 0.635
Diabetes mellitus (%) 20.8% 0% 0.088
Atrial fibrillation (%) 33.3% 25.0% 0.609
Heart failure (%) 20.8% 25.5% 0.777
Coronary artery disease (%) 12.5% 16.7% 0.733
Dyslipidemia (%) 20.8% 33.3% 0.414
Smoking (%) 25.0% 25.0% 1.000
Anticoagulant treatment (%) 25.0% 41.7% 0.306
Antiplatelet treatment (%) 12.5% 25.0% 0.343
Statin (%) 16.7% 8.3% 0.495
Previous stroke/TIA (%) 12.5% 0% 0.201
Pre-morbid mRS>1 (%) 8.3% 8.3% >0.999
NIHSS on admission* 15(11-21) 20 (17-23) 0.038
SBP on admission (mmHg)* 137 (123-158) 140 (125-166) 0.662
DBP on admission (mmHg)* 80 (71-83) 77 (70-81) 0.556
Glusose on admission (mg/dl)* 110 (95-131) 116 (99-138) 0.491
ASPECTS score on CT* 9 (8-10) 8 (7-9) 0.206
Posterior circulation (%) 8.34% 8.34% 1.000
Tandem occlusion (%) 4.2% 33.3% 0.018
IVT treatment (%) 33.3% 50.0% 0.334
Onset-to-IVT time (min)* 136 (102-177) 140 (120-165) 0.746
Onset-to-MT time (min)* 259 (200-455) 240 (206-420) 0.754

SBP: systolic blood pressure

DBP: diastolic blood pressure

NIHSS: National Institutes of Health Stroke Scale
ASPECTS: Alberta Stroke Program Early CT Score

*Continuous variables are presented with median values

and inter-quartile range in brackets

IVT: intravenous thrombolysis, MT: Mechanical thrombectomy

Efficacy and safety outcomes

The efficacy and safety outcomes of our cohort are
shown in Table 3. Rates of complete reperfusion were
similar (79.2% vs. 83.3%, p = 0.766). Time from stroke
onset to MT initiation was similar between the two
groups [76 (55-115) vs. 71 (40-90), p = 0.377]. We
documented only one SICH case in a patient with good
collaterals (4.2% vs. 0%, p = 0.473). NIHSS at discharge
was higher in patients with bad collaterals [8 (2-13)

Neuponoyia 27:5-2018, 6-13

vs. 3 (2-6)], but this difference did not reach statisti-
cal significance (p = 0.208). The functional outcome
at discharge [5 (4-5) vs. 2 (1-3), p = 0.001] and at 3
months [5 (3-6) vs. 2 (1-3), p = 0.016; Figure 2] was
worse in patients with poor collaterals, compared to
patients with good collaterals. At 3 months, patients
with poor collaterals had significantly higher mortality
rates (50% vs. 10%, p = 0.015) and were less likely to
be functionally independent (20% vs. 70%, p = 0.010).

7 EAAHNIKH
7| NEYPOAOQTIKH
2=J ETAIPEIA



10

Xagoupns A. kal ouv.

NEYPOAOTIKH
ETAIPEIA

EAAHNIKH

Figure 1. Collateral grading in MCA occlusion. A.
Grade 0 collaterals: No collaterals visible to the isch-
emic site. Absence of filling in the entire occluded
territory (both ACA and left MCA), due to absence
of A1 of the contralateral side. B. Grade 1 collater-
als: Slow collateral filling to the periphery of the
ischemic site, with persistence of some of the de-
fect. C: Grade 2 collaterals: Rapid collateral filling
to the periphery of the ischemic site, with persis-
tence of some of the defect, and to only a portion
of the ischemic territory. Filling of the MCA territo-
ry, through the ACA leptomeningeal anastomoses.
D: Grade 4 collaterals, fill the entire MCA territory.
There is complete and rapid collateral blood flow to
the vascular bed in the entire ischemic territory by
retrograde perfusion.

MCA: Middle cerebral artery.

ACA: Anterior cerebral artery.

Discussion

Our study showed that poor baseline collateral sta-
tus is more common in LVO patients with tandem oc-
clusions and is associated with higher baseline stroke
severity and three-month mortality rates. Patients with

good baseline collateral circulation are more likely to
be functional independent at three-months following
stroke onset.

The beneficial effect of good collaterals on outcome
after endovascular treatment for LVO is well established.
A meta-analysis of available studies before 2015 has
shown that good pretreatment collateral status is as-
sociated with favorable functional outcome, lower rates
of symptomatic intracranial hemorrhage and lower risk
for mortality [27]. In the Interventional Management
of Stroke (IMS) Il trial, no benefit from treatment was
found in the subgroup of patients with poor collater-
als on baseline CTA [28]. Higher ASITN collateral grade
on DSA in the same trial has also been shown to be
a robust independent predictor of clinical outcome,
associated with better recanalization, reperfusion and
clinical outcomes [29]. In the Solitaire FR With the In-
tention for Thrombectomy (SWIFT) study higher ASITN
collateral score was associated with greater likelihood
of successful revascularization and with lower risk for
hemorrhagic transformation, but also improved clinical
outcomes [30]. In a subgroup analysis of the Multicenter
Randomized Clinical Trial of Endovascular Treatment of
Acute Ischemic Stroke in the Netherlands (MR CLEAN),
MT failed to provide any significant benefit in patients
with poor or absent collaterals on baseline CTA [31]. It
is worth mentioning that in the aforementioned study
mortality rates were (like in our series) around 50% for
both the intervention and control group with grade 0
collaterals on baseline CTA, suggesting that in some pa-
tients with bad collaterals MT may lead to futile recana-
lization even in the first 6 hours after symptom onset.

Although the sample size in our cohort is very limited,
our results are in line with previously published reports
[27-31] and challenge current guidelines suggesting that
collateral status should not be taken into account in
clinical practice for AlS patients presenting up to 6 hours
from symptom onset [32]. We consider that further
research is required for the identification of those AIS
patients that will not benefit from MT because of futile
recanalization based on collateral circulation status but
also to identify the AIS subgroup that will still derive
benefit from MT in a delayed time window due to the
adequacy of collateral circulation.
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Table 3. Safety and efficacy outcomes of Mechanical Thrombectomy in large vessel occlusion patients
with good and bad collaterals

Outcome Good collaterals Bad collaterals p-value
Successful reperfusion (%) 79.2% 83.3% 0.766
Time from groin puncture to successful reperfusion (min)* 76 (55-115) 71 (40-90) 0.377
Symptomatic intracranial hemorrhage (%) 4.2% 0% 0.473
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*** Calculated using the Cochran Mantel-Haenszel test.
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