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Abstract Endovascular revascularization techniques are in-
creasingly used to treat arterial occlusions in patients with
acute ischemic stroke. To monitor and communicate treatment
results, a valid, reproducible, and clinically relevant, yet easy
to use grading scheme of arterial recanalization and tissue
reperfusion for digital subtraction angiography is needed. An
ideal scoring system would consider the target arterial lesion,
the perfusion deficit, and the collateral status before treatment
and measure recanalization, reperfusion, early venous
shunting, vasospasm, as well as distal embolization after flow
restoration. Currently, a variety of different flow restoration
scales are in use, including the Thrombolysis in Myocardial
Infarction scoring system, the Thrombolysis in Cerebral In-
farction score, and the Arterial Occlusive Lesion score, which
describe the local recanalization result. These scores are not
used homogeneously throughout the literature, are often mod-
ified and not fully documented, which make them inept to
compare treatment effects across studies. In addition, none of
these scores cover all of the above-mentioned aspects, nor are
they able to describe satisfactorily all relevant angiographic
findings, and data on their reliability and predictive power
regarding clinical outcome are sparse.We aimed to review and
illustrate the different revascularization scales, discuss their
advantages and limitations as well as the available data re-
garding standardization, reliability testing, and outcome pre-
diction. In addition, we give examples for the use of the scales
and show potential pitfalls.
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Introduction

Endovascular revascularization techniques are increasingly
used to treat arterial occlusions in patients with acute ischemic
stroke. Based on the recanalization hypothesis [1], the goal of
endovascular therapy for acute stroke is to restore the patency
of the occluded cerebral artery (local recanalization) and the
downstream arterial blood flow (global reperfusion) to salvage
ischemic but still viable brain tissue, prevent neuronal cell
death, and enable functional recovery [2, 3].

To monitor and communicate treatment results, a standard-
ized reporting system of arterial recanalization and tissue
reperfusion for digital subtraction angiography is needed. An
ideal scoring systemwould be highly reliable, easy to use, and
clinically relevant by predicting outcome, and it would cover
all of the following angiographic criteria: the target arterial
lesion, the perfusion deficit, and the collateral status before
treatment as well as the degree of recanalization, reperfusion,
early venous shunting, vasospasm, and distal embolization
after flow restoration [3–5]. However, it has been acknowl-
edged that one single score cannot consider all of these aspects
reflecting the complexity in flow restoration after
endovascular therapy [2, 6, 7]. To date, the most helpful
concept seems to differentiate between recanalization and
reperfusion [2]. This may be clinically important since recan-
alization of the primary arterial occlusive lesion does not
necessarily imply reperfusion of the dependent territory and
lack of recanalization does not always mean absence of reper-
fusion altogether [2, 3, 8]. Additionally, drugs, devices, or
combinations of it may differ in their ability to achieve and
maintain recanalization and reperfusion [2, 8, 9]. Unfortunate-
ly, there is great variability in the literature regarding the
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assessment and documentation of flow restoration [10]. The
most widely used grading scores include the Thrombolysis in
Myocardial Infarction (TIMI) scoring system, the Thrombol-
ysis in Cerebral Infarction (TICI) score, which represents an
adoption of the TIMI score for the cerebral vasculature and is
regarded as a global measure of post-treatment reperfusion,
and finally the Arterial Occlusive Lesion (AOL) score, which
describes the local recanalization result. In addition, the
Qureshi scale [11] is often discussed as a potentially alterna-
tive scoring system. As a major drawback, these scores are not
used homogeneously throughout the literature, are often mod-
ified, and not fully documented. The terms recanalization and
reperfusion are frequently used interchangeably, although
they refer to different concepts, which complicates the com-
parison of endovascular stroke therapies [2]. Even the three
recently published randomized trials of endovascular therapy
for acute ischemic stroke, IMS 3 [12], MR-Rescue [13], and
SYNTHESIS, [14] scored flow restoration differently: IMS 3
used AOL [recanalization] and TICI [reperfusion]; MR-
Rescue rated angiographic revascularization with TICI and
reperfusion was assessed with CT- and MR-Perfusion; in
SYNTHESIS, recanalization was not systematically reported.
In addition, none of the scores is able to describe satisfactorily
all potentially relevant angiographic findings and data on their
reliability and predictive power regarding clinical outcome is
sparse.

We aimed to review and illustrate the different revascular-
ization scales and discuss their advantages and limitations as
well as the available data regarding standardization, reliability
testing, and outcome prediction.

Scales of flow restoration

Historical aspects

A revascularization scale for the cerebral vasculature was first
published in 1988. A pilot study of intra-arterial thrombolysis
for acute ischemic stroke by del Zoppo et al. differentiated
between “no,” “partial,” and “complete recanalization of the
previously occluded carotid territory brain-supplying artery”
[15] (Table 1). Simultaneously, Mori et al. reported a method
for scoring recanalization in angiography after intracarotid
urokinase treatment as detailed in Table 1 [16], and which
they refined in 1992 [17] (Table 1). In 2002, another scale has
been introduced by Qureshi et al. [11]. This eightfold grading
scheme allocates a score from 0 to 5 based on the site of
occlusion and the degree of perfusion either antegrade or
retrograde by collateral supply to the effected territory. Grade
0 is no occlusion with full perfusion; grade 5 is occlusion of
either the internal carotid artery without collateral flow in case
of anterior circulation stroke or complete basilar artery occlu-
sion in vertebrobasilar stroke.

The Thrombolysis in Myocardial Infarction (TIMI) score
and its modifications

The TIMI score was initially developed in 1985 to report
different degrees and the dynamics of reperfusion of the
coronary bed following thrombolytic therapy [18]. Grade 0
meant no perfusion, grade 1 contrast penetration through the
obstruction but without perfusion, grade 2 described partial
perfusion, and grade 3 stood for complete and timely perfu-
sion (Table 1).

Randomized trials of intra-arterial thrombolytic therapy
(PROACT-I, PROACT-II) [19, 20] and the Emergency Man-
agement of Stroke (EMS) trial [21] applied the TIMI scale to
assess cerebrovascular recanalization (Table 1). Clinical rele-
vance of the TIMI score used in the cerebral vasculature could
be shown in the pooled MERCI trials and the SWIFT study
[22, 23], where increasing TIMI scores were associated with
improved clinical outcome.

As a score primarily developed to evaluate reperfusion of
the coronary arteries, TIMI and its adoptions do not take into
account specific features of the cerebral vasculature. Thus, the
Stroke Therapy Academic Industry Roundtable (STAIR) has
recommended to abandon it in future clinical stroke trials [6].
However, recently published thrombectomy trials still used
the TIMI score as a measure for the primary study endpoint
[23].

The Thrombolysis in Cerebral Infarction (TICI) score and its
modifications

To take into account some of the specific requirements
of intracranial revascularization procedures, the Ameri-
can Society of Interventional and Therapeutic Neurora-
diology and the Society of Interventional Radiology
(ASITN/SIR) proposed the TICI scale [24] (Table 2).
The essential change as compared to the TIMI score
consisted in the introduction of a subdivision of the
TIMI grade 2 score (partial reperfusion) into a new
TICI 2a and TICI 2b score [24] (Table 2). The initially
proposed TICI 2a score indicates partial reperfusion
with filling of less than 2/3 of the dependent vascular
territory, while TICI 2b refers to partial reperfusion with
a filling of more than 2/3 up to the complete dependent
vascular territory but with a flow slower than normal
[24]. The differentiation of TICI 2b and 3 being rather
based on flow dynamics than vascular territorial anato-
my made the scale prone to ambiguity. Already in 1992,
Mori et al. had pointed out that partial reperfusion with
delayed flow was less frequent compared to the more
frequent branch recanalization with normal flow in the
dependent sub-territory [17], a finding insufficiently
covered by the initial TICI grading system [4, 10].
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The original TICI scale underwent several modifications
(Table 2). In 2005, the Interventional Management of
Stroke (IMS) study group proposed to reserve the term
recanalization for the restoration of flow at the arterial
occlusive lesion (AOL) and the term reperfusion for resto-
ration of flow to the respective terminal branches and
capillary bed [2]. Based on this concept, they suggested
applying the TICI score for the evaluation of the reperfu-
sion of the dependent vascular territory only, while they
introduced a separate score for rating the local recanaliza-
tion success at the target artery, the so-called AOL score
(see below and Table 3). In 2007, the IMS group simplified
the TICI subcategories 2a and 2b, by reducing the dynamic
quality of the TICI scale. According to this adaptation, the
category TICI 2a should be used to indicate partial reper-
fusion of ≤50 % of the territory of the affected middle
cerebral artery (MCA), while TICI 2b describes partial
reperfusion of >50 % of the vessel territory [25] (Table 2).

Some authors added a grade 2c [26, 27], differentially
defining this as “near complete perfusion without clearly
visible thrombus but with delay in contrast run-off” [26] or
“near complete perfusion except for slow flow or distal emboli
in a few distal cortical vessels” [27]. The grade 2c subdivision
has not reached consensus status yet.

The consensus Treatment in Cerebral Ischemia (mTICI) score

Recently, an interdisciplinary task force published consensus
recommendations on angiographic revascularization grading
standards for acute ischemic stroke [28] and suggested the
modified TICI grading system (mTICI) where TICI stands for
Treatment In Cerebral Ischemia [28]. The mTICI scale has the
same subdivisions as the original TICI scale (Table 2) but
eliminates the dynamic assessment (slow or normal flow)
beyond grade 1 completely and substantiates that only
antegrade flow but not retrograde collateral flow is assessed
and contributes to a better score. The consensus mTICI grad-
ing scale will be used throughout the paper.

Recanalization score (AOL)

Recanalization at the target arterial lesion after therapy should
be described using the AOL recanalization score [2, 28]. The
fourfold AOL score rates the degree of occlusion (complete or
incomplete) and local recanalization (partial or complete) with
no or any distal flow. Grade 0 corresponds to complete occlu-
sion of the target artery while grade 3 is complete recanaliza-
tion with any distal flow (Table 3).

Table 2 From the Thrombolysis in Cerebral Infarction (TICI) to the modified Treatment in Cerebral Ischemia (mTICI) reperfusion score

Grade TICI-Proposal 2003 TICI-IMS II 2007 mTICI-Consenus 2013

0 No perfusion. No antegrade flow beyond the
point of occlusion.

No perfusion No perfusion

1 Penetration with minimal perfusion. The contrast
material passes beyond the area of obstruction
but fails to opacify the entire cerebral bed distal
to the obstruction for the duration of the
angiographic run.

Perfusion past the initial
occlusion, but limited
distal branch filling

Antegrade reperfusion past the initial
occlusion, but limited distal branch
filling with little or slow distal
reperfusion

2 Partial perfusion. The contrast passes beyond
the obstruction and opacifies the arterial bed
distal. However, the rate of entry of contrast into
the vessel distal to the obstruction and its rate of
clearance from the distal bed are slower than its
entry into and clearance from comparable areas
not perfused by the previously occluded vessel.

Perfusion with incomplete
or slow distal branch
filling

2a Only partial filling (<2/3) of the entire vascular
territory is visualized.

Perfusion of ≤50 %
MCA distribution

Antegrade reperfusion of less than half of the
occluded target artery previously ischemic
territory (e.g., in 1 major division of the
MCA and its territory)

2b Complete filling, if all of the expected vascular
territory is visualized, but the filling is slower
than normal. (Same score with incomplete
filling >2/3.)

Perfusion of >50 %
MCA distribution

Antegrade reperfusion of more than half of
the previously occluded target artery
ischemic territory (eg, in 2 major divisions
of the MCA and their territories)

3 Complete perfusion. Antegrade flow into the bed
distal to the obstruction occurs as promptly as
into the obstruction and clearance of contrast
material from the involved bed is as rapid as
from an uninvolved other bed of the same
vessel or the opposite cerebral artery.

Full perfusion with filling
of all distal branches,
including M3, M4

Complete antegrade reperfusion of the
previously occluded target artery ischemic
territory, with absence of visualized occlusion
in all distal branches

MCA middle cerebral artery. Source: [24, 25, 28]
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Arterial patency at the site of occlusion might also be
scored on baseline pre-intervention angiograms using AOL,
based on the degree of luminal opening.

Practical recommendations for the interpretation
and scoring of angiograms regarding flow restoration

General recommendations

The primary or “target arterial occlusive lesion” (TAL) should
be defined on the pre-therapeutic angiogram using common
terminology for the vessel segments [29]. In case of serial
vessel occlusions, so-called tandem occlusions, the most prox-
imal intracranial lesion would be indexed as TAL [28].

The vascular bed of the affected artery has to be examined
for potentially persistent antegrade perfusion (Table 2) and
collateral blood flow. If this is not visible in the angiogram of
the ipsilateral supra-aortic vessel, another (e.g., the

Table 3 The Arterial Occlusive Lesion (AOL) recanalization score

Grade 0: Complete occlusion of the target artery

Grade 1: Incomplete occlusion or partial local recanalization
at the target artery with no distal flow

Grade 2: Incomplete occlusion or partial local recanalization
at the target artery with any distal flow

Grade 3: Complete recanalization and restoration of the target
artery with any distal flow

Source: [2, 28]

Fig. 1 Collaterals in acute and chronic MCA occlusion—maturing col-
laterals with change of collateral flow grade. a, bA 61-year-old man with
an acute stroke. Baseline angiogram of early arterial phase (a, AP view)
and parenchymal phase (b, lateral view). Thrombosed left MCA in distal
M1 segment and also left A2 occlusion. Presence of collateral circulation:
collateral flow grade 3, as both the ACA and MCA territory are collater-
alized, slowly but fully, via the posterior circulation. Initially, there was no
antegrade flow beyond the point of occlusion: mTICI 0. No improvement
was seen after the intervention (images not shown). c, d Some months
later, the patient came back with an occlusion of the distal contralateral

(right) M1 segment which could partly be recanalized (mTICI 2b). The
follow-up CTshowed infarction in the right MCA territory and only deep
white matter lesions on the left side (not shown). The angiograms of the
left ICA at the time of the second (contralateral) intervention revealed
complete and minimally delayed collateral perfusion of the left ACA and
MCA territories (early arterial phase [c, AP view] and parenchymal phase
[d, lateral view). The left MCA and ACA are still occluded in the primary
location. But now, a collateral flow grade of 4 could be assigned to the left
ACA and MCA territories

Neuroradiology (2015) 57:227–240 231



contralateral) vessel has to be examined or CT or MR angi-
ography has to be screened for potential collateral
contributions.

To allow correct determination of the site of the arterial lesion
and to assess the recanalization result and reperfusion to the
dependent territory, we recommend to evaluate the last post-
intervention angiogram available first and to compare it to the
pre-therapeutic angiogram. The angiograms in two planes
should be acquired with the tip of the diagnostic catheter in a
proximal, preferably extracranial vessel segment to assess perfu-
sion independently of contrast injection pressure. Angiographic
runs through a distal access catheter harbored in the proximal
M1 segment are not advisable as the contrast is forced into the
vessels downstream and might mimic a better reperfusion result
than truly achieved. Furthermore, distal microcatheter injections
carry the risk of subsequent parenchymal hemorrhage [30] or
acute vessel perforation [31].

Interpretation of the post-interventional angiograms
with regard to AOL and mTICI

When assessing AOL and mTICI on the post-interventional
angiograms the following possible combinations of AOL and
mTICI scores might occur:

– AOL 0 can only result in mTICI 0, i.e., “no perfusion”
[28]. By definition, collateral retrograde flow does not
alter mTICI grade, as mTICI only rates antegrade perfu-
sion past the target lesion. Thus, if the angiogram shows
varying degrees of collateral retrograde perfusion provid-
ed via pial collaterals originating from the territory of the
anterior (ACA) or posterior cerebral arteries (PCA) in the
case of a (persisting) MCA occlusion, this would have no
impact on the mTICI score (see Fig. 1 for an example of

AOL 0, mTICI 0, i.e., no perfusion past the occlusion but
full collateral coverage of the dependent vascular
territory).

– AOL 1 always corresponds to mTICI 0, as AOL 1 impli-
cates “no distal flow.”

– AOL 2 recanalization can result in different degrees of
reperfusion, and therefore in any score frommTICI 1 to 3
(see Fig. 2 as an example for AOL 2 recanalization with
mTICI 2b reperfusion).

– Likewise AOL 3 can produce any degree of reperfusion
from mTICI 1 to mTICI 3, as complete recanalization
does not imply complete reperfusion.

How to discriminate between the different mTICI reperfusion
grades?

– Slow filling in a few distal branches beyond the primary
occlusion with some parenchymal staining (minimal re-
perfusion) corresponds to mTICI 1 (Table 2, Fig. 3).

– Re-established reperfusion in less than half of the entire
vascular territory distal to the primary arterial lesion
corresponds to mTICI 2a, reperfusion in half or greater
corresponds to 2b (Table 2). Scoring does not depend on
the number of recanalized M2 segments but by definition
on the amount of reperfused vessel territory. In Fig. 4,
multiple M2 segments are recanalized proximally, but
they fail to reperfuse the dependent brain tissue due to
numerous distal embolizations (DE), representing only
mTICI 2a reperfusion. However, a more common obser-
vation in recanalizations of M1 occlusions is that filling
of just one M2 segment leads to mTICI 2a reperfusion,
whereas flow in at least two M2 segments results in
mTICI 2b reperfusion (Fig. 2).

Fig. 2 Incomplete recanalization (AOL 2) and reperfusion, mTICI 2b.
AP angiogram of a 90-year-old woman at baseline (a) Thrombosed right
proximal MCA with no antegrade flow beyond the point of occlusion:
mTICI 0. Small arterial branches (recurrent artery of Heubner and anterior
choroidal artery) not arising from the MCA superimposing on the MCA
territory which could be taken erroneously as antegrade persistent flow in
the MCA. Panel b shows recanalization of the MCA trunk, but with an

underlying residual stenosis (e.g., arteriosclerosis or vasospasm) or resid-
ual thrombus (AOL 2). Re-established flow can be seen in all the distal
MCA branches. Lateral angiogram (c) shows distal filling of the MCA
branches, with minimal perfusion deficit in the dorsal insula and frontal
operculum: mTICI 2b. The CTacquired 24 h later (not shown) proved the
good recanalization/reperfusion result with only a small putaminal infarc-
tion which is typical in proximal M1 occlusions

232 Neuroradiology (2015) 57:227–240



– In case of filling of all of the expected segments of
the recanalized artery, the capillary bed should be
searched for small perfusion defects which would
correspond to mTICI 2b (see Fig. 2). And very often,
the observer will find small occluded branches in the
periphery of the target territory. Thus, mTICI 3 reper-
fusion results which would require complete

reperfuion with “absence of visualized occlusion in
all distal branches” are rather the exception and will
often turn out to be mTICI 2b when re-assessed.

– If there is complete filling of all of the expected vascular
territory with normal contrast filling into the capillary
phase and without distal embolization, this would corre-
spond to mTICI 3 (Fig. 5).

Fig. 3 Incidental filling of the contralateral MCA. Lateral angiogram of
an 82-year-old man with a thrombosed left MCA at baseline. On some
frames (a), there is contrast filling in the MCA territory. In fact it
corresponds to incidental contrast filling of the contralateral MCA as

shown in AP view (b). It is mandatory to analyze the vascular bed of
all branches of the affected artery on at least two planes for the assessment
of mTICI. Note the thrombi in the pericallosal artery (arrow in a) and the
partially perfused distal M1 with mTICI 1 perfusion (arrow in b)

Fig. 4 Complete recanalization of target arterial occlusive lesion but
incomplete reperfusion. a AP angiogram at baseline of a 74-year-old
man with a thrombosed right MCA and ACA (the temporal branch of
the right MCA is still perfused). There is no antegrade flow beyond the
point of occlusion in the distal M1 segment and the proximal A1 segment:
AOL 0, mTICI 0. b AP and c lateral angiograms after mechanical
thrombectomy: complete recanalization of the M1 segment (AOL 3),
but only partial filling of the vascular territory of theMCA (<1/2): mTICI

2a (c). The occlusion of the pericallosal artery persisted as it was not
selectively treated. The magnitude of the perfusion deficit is more appar-
ent in a late venous phase on lateral view (d). There is contrast stagnation
in at least five MCA branches (M2 and M3 segments, arrows) and the
pericallosal artery (arrow head) due to primary occlusion or distal embo-
lization (DE). The initial occlusion pattern points to a probable fragmen-
tation of the thrombus at the level of the carotid terminus with fragments
obstructing the MCA and the ACA
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Potential pitfalls in the interpretation of angiogramms

To unambiguously classify mTICI, the observer should ana-
lyze the vascular bed of all branches of the primarily affected
artery on at least two planes. This avoids misinterpretation due
to the following pitfalls:

– A branch arising from a vessel not related to the
thrombosed artery (i.e., the TAL) might be superimposed
to the site of occlusion and thus be taken erroneously as
persistent flow beyond the occlusion (Fig. 6). This is less
a problem when looking at the dynamic angiographic run
but more so when only examining distinct time points of
the whole image series.

– An arterial branch arising from the thrombosed artery
proximally to the occlusion (for example the anterior
temporal branch arising closely proximal to the thrombus
in an occluded MCA) should not be taken for persistent
flow beyond the occlusion (Fig. 7).

– Filling of the contralateral MCA might be falsely judged
as persistent flow in the vascular bed of the thrombosed
artery when assessing the lateral view only (Fig. 3).

– Once filling of the contralateral MCA is excluded, perfu-
sion of the distal bed of the target MCA is best evaluated
in the lateral view because arterial branches originating
from the posterior circulation (contrasted via the posterior
communicating artery [PCOM]) may be falsely
interpreted as contributing to the MCA territory on AP
view (Fig. 2).

– Synchronous perfusion of both the ACA and MCA terri-
tories in a typical post-interventional angiogram of the
ICA (Fig. 2c) might mimic a better reperfusion result than
with the ipsilateral ACA territory not contrasted in paral-
lel. Exclusive contrast in the MCA territory would help to
define its true extent. Figure 8 shows an angiogram of an
ICA exclusively contrasting the MCA (and PCOM) due

to hypogenesis of the ipsilateral A1 segment and timely
wash-out by competing inflow from the anterior commu-
nicating artery (ACOM).

Scoring in case of tandem occlusions

Tandem occlusions may require subsequent interventions at
two or more different sites. A typical example is the combined
intracranial ICA/MCA/ACA occlusion (Fig. 9).We suggest to
separately assessing AOL for each arterial site and treatment
approach in order to describe the individual treatment effect.
Reperfusion (mTICI) is rated relative to the downstream ter-
ritory depending on the initial most proximally treated intra-
cranial occlusive lesion. The examples are as follows:

Fig. 5 Complete recanalization (AOL 3) and complete reperfusion
(mTICI 3). A 56-year-old man with an acute stroke due to occlusion of
the right ICA at the origin (not shown) and arterioarterial embolization
into the MCA. Angiogram after emergency stenting of the extracranial
ICA before the intracranial intervention: AP (a) view shows distal

occlusion of the right MCA (mTICI 0). The anterior temporal artery,
arising from the M1 segment proximal to the thrombus, and the
lenticulostriate arteries are still patent. AP angiogram after intervention:
complete recanalization, AOL 3 (b), and reperfusion, mTICI 3, with
filling of all distal branches (c)

Fig. 6 Superimposition of small arterial branches on the thrombosed
segment. a Potential pitfall: a small arterial branch superimposes on the
thrombosed left MCA and could be mistaken for residual flow past the
thrombus (and scored erroneously as mTICI 1 or 2a). A different angu-
lation (b) reveals the complete occlusion of the left middle cerebral artery
trunk (mTICI 0, arrow in (b)) in this angiogram of a 37-year-old manwith
acute stroke
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– Recanalization of the intracranial ICA, but persistent
occlusion of the (non-collateralized) ACA and MCA:
AOL[ICA] 3, AOL[MCA] 0, AOL[ACA] 0; mTICI: 0.

– Recanalization of the ICA, recanalization of the ACA, but
persistent (partial-) occlusion of the MCA: AOL[ICA] 3,
AOL[MCA] 0 or 1, AOL[ACA] 3; mTICI 2a (for the whole
of the ICA territory: ACA plus MCA) (Fig. 9c).

– Recanalization of ICA, MCA, and ACA: AOL[ICA] 3,
AOL[MCA] 3, AOL[ACA] 3; mTICI is likely to be 2a, 2b,
or 3 depending on the reperfusion in MCA and ACA
territory (Fig. 9d).

In patients with an intracranial ICA occlusion, the exclu-
sion of additional ACA or PCA occlusions may require angi-
ography of the contralateral ICA and of the posterior

circulation in order to differentiate between thrombo-
embolic occlusions and anatomical variants, to define the
exact type of the terminal carotid occlusion (T, L, or I type,
see next paragraph), and to assess potential pial collateral
contribution to the affected vascular territories.

The PCA is supplied by the basilar artery in the majority of
patients and should be normally perfused in ICA occlusions,
but could equally be occluded if directly originating from the
ICA (fetal origin). With an ACOM present, the A1 and M1
segments ipsilateral to the side of a terminal ICA occlusion
may show flowwith full perfusion of both theMCA and ACA
territory (so-called carotid I occlusion). The L occlusion is
encountered if the ipsilateral A1 and A2 segments are
contrasted via the ACOM, with only the carotid terminus
and the MCA occluded. A true carotid T occlusion is present
if the carotid terminus and both the ipsilateral M1 and A1
segments are occluded [32].

Scoring in case of periprocedural embolization to new
territory versus distal embolization

In the process of recanalization, clot material can be lost from
the thrombectomy device and instead of being cleared from
the vasculature may occlude previously perfused arteries.
Embolization to new territory (ENT) is defined as any
treatment-related embolus outside of the target territory. Distal
embolization (DE) is defined as any treatment-related embo-
lus within the target territory [23, 28, 33]. An example of ENT
is given in Fig. 10. In case of ENT, the mTICI reperfusion
grade is not altered as mTICI is rated relative to the initial
primary arterial occlusion [28]. In contrast, distal embolization
will influence the final mTICI reperfusion grade if it leads to a
substantial perfusion deficit [28]. For example in a terminal
ICA occlusion, a treatment-related ACA embolus would rep-
resent an embolization to new territory if the ipsilateral ACA
was patent and received antegrade flow from the contralateral

Fig. 8 Incomplete reperfusion mTICI 2b. In this 57-year-old man, the
occlusion of the left terminal ICA (a, lateral view) was caused by
arterioarterial embolization due to an ipsilateral ulcerated stenosis of the
extracranial ICA (not shown). After the intervention (b), there is good
reperfusion beyond the area of initial obstruction: AOL 3 for the terminal
ICA segment, but incomplete filling of the MCA territory with the artery
of the angular gyrus (A. gyri angularis) still occluded (arrow in b): mTICI
2b (reperfusion in more than 1/2 of the MCA territory). The left A1
segment is rudimentary and not significantly contributing to the perfusion

of the left ACA territory (not shown). Without superimposition of the
ACA territory, the true extent of theMCA territory is clearly visible. Eight
days after the intervention, the patient received carotid artery stenting
(CAS). In the meantime, perfusion of the MCA territory had spontane-
ously improved (c), even the artery of the angular gyrus is now complete-
ly reperfused (arrow in c), and the margins of the MCA territory are well
delineated, corresponding to the CT scan which only showed a small
opercular infarction

Fig. 7 Possible misinterpretation due to a patent proximal MCA branch.
Baseline AP angiogram of a 56-year-old man. An arterial branch, the
anterior temporal artery, arising from the M1 segment proximally to the
thrombus should not be taken erroneously as persistent flow beyond the
point of occlusion in the distal M1 segment (a). The thrombosed right
MCA trunk is clearly visible in (b): mTICI 0
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ICA on the pre-intervention angiography. The same embolus
would lead to a distal embolization if no such ACA flow had
been present at baseline [28].

Don’t forget the veins!

Angiographic demonstration of peri-ischemic early venous
filling (due to arterio-venous shunting and sometimes de-
scribed as “luxury perfusion”) may indicate vasoparalysis
and irreversible brain tissue damage with subsequent infarc-
tion despite successful recanalization [34] and may be a

predictive sign for parenchymal hematoma [35]. Direct
arterio-venous shunting can be observed in a majority of
patients who are treated with endovascular technique for acute
stroke [34]. A close observation of the venous phase in the
final angiogram after recanalization may therefore allow some
predictions on subsequent infarction. There may be (a) timely
and synchronous opacification of the venous outflow of all
territories, (b) early filling of the veins and venous sinuses, or
(c) no venous filling despite successful arterial recanalization.
Both of the latter findings can indicate infarction and might
present as early venous drainage of the basal ganglia in
anterior circulation stroke (Fig. 11) or as a lack of timely
filling of the superior sagittal sinus, indicating large brain
infarction despite successful recanalization of the middle ce-
rebral artery. The lack of the capillary phase with no transit of
contrast to the venous side is called the “no-reflow”

Fig. 9 The different stages of recanalization. Baseline angiogram (a) of a
68-year-old woman depicts a right terminal ICA occlusion. Angiograms
during and after the intervention (b–d) show the various stages of
endovascular recanalization. After first aspiration, there is some penetra-
tion with minimal perfusion beyond the obstruction (b): AOL 1 at the
level of the terminal segment of the right ICA. In c, the ICA and the ACA
are now open (AOL 3 at the level of the terminal ICA and the ACA) and
stay open till the end of the procedure. There is only AOL 1 recanalization
in the MCA bifurcation. The occlusion is resolved to regain full perfusion
(AOL 3, mTICI 3—as established in a larger biplane angiogram, not
shown) after the last aspiration (d). In a, contrast filling of the right
posterior cerebral artery can be seen via the posterior communicating
artery which should not be misinterpreted as patent right MCA branches
(when in doubt consult the lateral view)

Fig. 10 Embolization to new territory. Baseline angiogram (right ICA) of
a 66-year-old woman with acute occlusion of the right MCA in lateral
view (a). After one pass of a stent-like retriever, there is restored flow in
the MCA but occlusion of the pericallosal artery (arrow in b) which was
initially patent (a); there is also tapering of the callosomarginal artery. The
occurrence of the pericallosal occlusion right after passage of the retriever
is consistent with an embolization to new territory (ENT)

Fig. 11 Arterio-venous shunting in the basal ganglia turning into infarc-
tion. The angiogram (AP view) of a 69-year-old man with right distal
MCA occlusion shows early venous drainage of the basal ganglia into the
deep veins (internal vein, straight sinus). In the subsequent CT, the right
basal ganglia turned out to be infarcted (not shown)
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phenomenon [8, 36, 37] indicating microvascular compro-
mise as it may result from distal emboli blocking the capillary
bed [38] (Fig. 12). Unfortunately, none of the existing scoring
systems takes these venous phenomena into account.

Reliability and prognostic value of flow restoration
scoring scales

Reliability is fundamental for the use of any scoring
scale. Data on inter- and intra-observer variability in
assessing flow restoration using TICI is inconsistent
throughout the literature: while some authors describe
it as poor [39], others found fair to moderate [40] or
even good inter- and intra-observer variability [41].
Inter-observer agreement seems to improve substantially
when TICI is dichotomized into success (TICI 2b, 3) or
failure (TICI 0–2a) [40]. The differential performance of
the scores in the anterior versus the posterior circulation
has not been evaluated.

With regard to prognostic power, the mTICI scale seems to
be superior to both the original TICI and the TIMI scale in
predicting good functional outcome after successful reperfu-
sion [41, 42]. In addition, it could be shown that mTICI grades
2b and 3 are best suited to predict global procedural success
and consequently should be the targeted end point of intra-
arterial therapy (IAT) [42].

Based on these findings and in order to overcome the cacoph-
ony in reporting recanalization, expert groups recommended
abandoning the many variants of TIMI in favor of AOL and
mTICI to score local recanalization (AOL) and antegrade reper-
fusion (mTICI) in a standardized manner [6, 28].

Limitations of the scoring systems and open questions

Even if the recommended scores, namely AOL and mTICI,
are applied correctly, there remain certain imprecisions regard-
ing the classification of reperfusion in ICA and MCA occlu-
sions. For example, the extent of the TAL in ICA terminus
occlusion might result in three AOL grades, for the ICA, the

Fig. 12 No reflow phenomenon, foreshadowing a large infarction. The
right terminal ICA is occluded in this 61-year-old man (a) (early venous
filling is apparent in the straight sinus, presumably via the basal ganglia
which receive anterior choroidal artery perfusion). After thrombus aspi-
ration, the ICA, MCA, and ACAwere fully recanalized (b) and perfusion
seemed to be reestablished. But in the parenchymal phase, no contrast
could be seen in the MCA territory. And during the venous phase, the
superior sagittal sinus and the sulcal veins draining the MCA territory are

completely missing (c) (the residual parenchymal staining and remaining
veins projecting onto the superior frontal and parietal lobe originate from
the partially perfused ACA territory as verified in AP view). This picture
is consistent with a “no-reflow” phenomenon. The initial CT already
showed complete lack of collaterals in the ACA and MCA territories
(not shown). Follow-up CTafter 24 h confirms complete infarction of the
MCA and ACA territories (d)
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MCA, and the ACA, but only in one mTICI score. In some
cases, the target downstream territory might not be clearly
identifed as collateralization obscures its true extent. Thus,
rating it with the mTICI scale might be challenging. There is
consensus that “Future studies must clarify the optimal defi-
nition of the target downstream territory for each level of
vessel occlusion” [28].

Another drawback of the available scores seems to be the
limited correlation between successful reperfusion and good
clinical outcome. In trials of IAT for acute ischemic stroke,
reperfusion rates regularly surpass rates of good clinical out-
come [38, 43], and reported recanalization rates are typically
higher compared to intra-venous thrombolysis (IVT) [1].
However, if in IAT recanalization is forced “at all cost” with
no time limits, it is obvious that there may be seemingly
perfect but clinically futile recanalizations [38]. Futility of an
intervention can only be determined retrospectively. Futile
recanalizations with seemingly good reperfusion might not
be perfectly detected by the mTICI score, thus leaving room
for improvement in grading treatment success.

Is it justified to use TIMI or mTICI in the posterior cerebral
circulation?

The TIMI classification has been previously used [44, 45] and
was consistently reported in a systematic review regarding
intra-arterial revascularization in the posterior circulation
[46]. Reperfusion was not addressed. We could not find a
report on reliability testing for TIMI in the posterior circula-
tion in an extensive literature search. The mTICI scale is
neither well documented nor used in posterior circulation
revascularization grading. The AOL grading system is useful
in the posterior circulation and has been used in randomized
trials [12].

Is it justified to apply mTICI to Computed Tomography
Angiography (CTA) or MR Angiography (MRA)?

In some clinical stroke trials, recanalization and reperfusion in
MRA and CTA have been assessed by a modified TIMI scale,
but the same inconsistencies and validation problems as in
angiographic studies have been encountered [8]. We do not
recommend to apply mTICI to CTA or MRA as long as both
modalities do not routinely provide dynamic and directional
blood flow information to answer the basic question if
antegrade flow is present [47].

Conclusion

Standardized recanalization and reperfusion grading scales for
digital subtraction angiography are needed to communicate

baseline findings and results of flow restoration in
endovascular treatment of acute ischemic stroke patients.
Progress has been made in assessing reliability and prognostic
power of the available scales. If applied consistently as rec-
ommended, the current form of the recanalization (AOL) and
reperfusion (mTICI) grading scales will hopefully serve as a
common denominator in anterior circulation acute stroke
studies. The evolutionary process might be jeopardized by
trying to introduce a whole new score which again has to go
through the evaluation process as did TIMI and TICI. We can
conclude with Gaha et al. [29] that there is no use to propose
just another score but to evaluate and evolve the ones which
are most frequently used. However, it remains unclear which
grading scale might be reliably implemented for the
vertebrobasilar territory.
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