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The Revascularization Scales Dilemma: Is It Right to Apply the
Treatment in Cerebral Ischemia Scale in Posterior Circulation

Stroke?
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ABSTRACT

BACKGROUND AND PURPOSE: Although various revascularization scales are used in the angiographic evaluation of acute ischemic
stroke, observer reliability tests of these scales have been rarely performed for posterior circulation stroke. We aimed to evaluate inter-
and intraobserver variability of 2 scales, the modified Treatment in Cerebral Ischemia and the Arterial Occlusive Lesion, in posterior
circulation stroke.

MATERIALS AND METHODS: Three independent readers interpreted pre- and postthrombolytic angiographies of 62 patients with
posterior circulation stroke by using the modified Treatment in Cerebral Ischemia and Arterial Occlusive Lesion scales. The � statistic was
used to measure observer agreement for both scales, and � � 0.6 was considered substantial agreement.

RESULTS: For the Arterial Occlusive Lesion scale, inter- and intraobserver agreement was �0.6. While intraobserver agreement of the
modified Treatment in Cerebral Ischemia scale was �0.6 except for 1 reader, interobserver agreement was lower in dichotomized and
original scales. In 49 cases with solely basilar artery occlusion, inter- and intraobserver agreement of both scales was similar to that in all 62
patients with posterior circulation stroke. In 2 consecutive readings, there was a significant decrease in the proportion of mTICI 2a reads
(22.58% in the first versus 13.44% in the second session, P � .03) and a reciprocal increase in the sum of proportions for modified Treatment
in Cerebral Ischemia 2b and modified Treatment in Cerebral Ischemia 3 reads (62.37% in the first versus 72.58% in the second session, P �

.046).

CONCLUSIONS: In angiographic assessment of posterior circulation stroke, inter- and intraobserver agreement for the Arterial Occlusive
Lesion scale was reliable, while the modified Treatment in Cerebral Ischemia failed to achieve substantial interobserver agreement. The
clinical impact of this result needs to be validated in future studies.

ABBREVIATIONS: AOL� Arterial Occlusive Lesion; BAO � basilar artery occlusion; mTICI � modified Treatment in Cerebral Ischemia; TICI � Thrombolysis in
Cerebral Infarction; TIMI � Thrombolysis in Myocardial Infarction

In the treatment of acute ischemic stroke with large intracra-

nial arterial occlusion, endovascular techniques are becom-

ing the mainstream with higher revascularization rates.1-3

While various grading schemes, such as the Thrombolysis in

Myocardial Infarction (TIMI) or Thrombolysis in Cerebral In-

farction (TICI), are widespread, their reliability in angio-

graphic assessment of anterior circulation stroke remains con-

troversial.4-8 Recently, the modified Treatment in Cerebral

Ischemia (mTICI) and the Arterial Occlusive Lesion (AOL)

scales were strongly recommended as standards of reperfusion

and recanalization in the angiographic evaluation of anterior

circulation stroke.9

Despite applying similar scales to the posterior circulation, it is

also unclear which scales might be reliably implemented for the

vertebrobasilar territory. Recently, Gerber et al10 questioned

whether it is right to use the TIMI or TICI scale in posterior

circulation stroke and demonstrated that interobserver variability

tests of these scales had never been performed in case of posterior

circulation stroke.

Therefore, we aimed to evaluate intra- and interobserver

agreement of the mTICI and AOL scales in the angiographic eval-

uation of posterior circulation stroke.

Received June 3, 2015; accepted after revision July 22.

From the Department of Radiology (C.J., B.S.C., J.H.K.), Seoul National University
College of Medicine, Seoul National University Bundang Hospital, Seongnam, Ko-
rea; Department of Radiology (W.Y.), Chonnam National University Medical
School, Gwangju, Korea; Department of Radiology (S.J.A., S.H.S.), Gangnam Sever-
ance Hospital, Yonsei University, Seoul, Korea; and Severance Institute of Vascular
and Metabolic Research (S.H.S.), Yonsei University College of Medicine, Seoul,
Korea.

This study was supported by a faculty research grant from Yonsei University Col-
lege of Medicine (6-2015-0051).

Please address correspondence to Sang Hyun Suh, MD, Department of Radiology,
Gangnam Severance Hospital, Yonsei University College of Medicine, 712 Eonjoo-
ro, Gangnam-gu, Seoul, 135-720 Korea; e-mail: suhsh11@yuhs.ac

http://dx.doi.org/10.3174/ajnr.A4529

AJNR Am J Neuroradiol ●:● ● 2016 www.ajnr.org 1

 Published September 17, 2015 as 10.3174/ajnr.A4529

 Copyright 2015 by American Society of Neuroradiology.

http://orcid.org/0000-0002-8862-7347
http://orcid.org/0000-0002-8598-3127
http://orcid.org/0000-0003-0075-2432
http://orcid.org/0000-0001-6310-1798
http://orcid.org/0000-0002-0545-4138
http://orcid.org/0000-0002-7098-4901


MATERIALS AND METHODS
Patients
After approval of the institutional review board for this retrospec-

tive study, 62 patients (men/women � 37:25, mean age � 68 �

11.4 years) with acute posterior circulation stroke, who under-

went intra-arterial thrombolysis from April 2004 to December

2013, were consecutively enrolled from a single institutional data

base. All patients underwent digital subtraction angiography be-

fore and after the procedure.

In these patients, the mean NIHSS score at admission was

17 � 8, and the levels of arterial occlusion in the basilar (n � 49)

and vertebral arteries (n � 13) were 79% and 21%, respectively.

At 3 months, 21 patients (33.9%) had a good outcome (modified

Rankin Scale score 0 –2) and 12 (19%) had died.

Image Acquisition
DSA images from angiograms of the bilateral vertebral arteries

were acquired by using a biplane angiography system. Consecu-

tive anteroposterior and lateral angiographic images before and

after intra-arterial thrombolysis, from the arterial to the delayed

venous phase, were obtained in JPEG format, and were converted

to a movie file format (Adobe Flash authoring file). Each reader

interpreted them via on-line storage by making a comparison

between preoperative and postoperative DSA images.

Image Interpretation
Three experienced readers (S.H.S., C.J., and W.Y.), who worked

in 3 different tertiary medical centers as interventional neurora-

diologists (with �10 years of experience), independently re-

viewed all images of 62 cases twice, 3– 4 months apart. There was

no training or required consensus of readers to perform this task.

Regardless of the others’ reads, each reader assessed his own

read by using the mTICI and AOL scales. In Table 1, the mTICI

scale is defined in 5 grades according to the Stroke Treatment

Academic Industry Roundtable consensus9 and the AOL scale is

classified into 4 grades.11 For this study, we did not provide any

special information to the readers.

Statistical Analysis
As parameters of intraobserver and interobserver agreement, the

� statistic was used for the mTICI and AOL scales. The � value was

interpreted according to Landis and Koch12 with a � value of 0 �

poor, 0.01– 0.20 � slight, 0.21– 0.40 � fair, 0.41– 0.60 � moder-

ate, 0.61– 0.80 substantial, and 0.81–1.0 � almost-perfect agree-

ment. The � statistic was also calculated for 49 cases with basilar

artery occlusion (BAO) and the dichotomized groups, including

those with poor revascularization (AOL � 0 –2, mTICI � 0 –2a)

versus good revascularization (AOL � 3, mTICI � 2b–3). Com-

parison of the � values was performed by using 95% CIs for the

difference between the � statistics, with 1000 bootstrapped sam-

ples. The difference was statistically significant if 95% CIs did not

include zero. Statistical analyses were performed by using SAS

(Version 9.2; SAS Institute, Cary, North Carolina).

RESULTS
Contrary to the AOL scale, all pair-wise � values for the mTICI

were lower than 0.6 in interobserver agreement (Table 2). Intrao-

bserver agreement for the AOL and mTICI scales was substantial

to almost perfect in most cases, except for 1 reader for the mTICI

scale (reader A, � � 0.444 in all and 0.462 in BAO, respectively;

Table 3). Regardless of the scale used, intraobserver and interob-

Table 1: The modified Treatment in Cerebral Ischemia and the Arterial Occlusive Lesion scale scores
mTICI AOL

0 No perfusion Complete occlusion of the target artery
1 Antegrade reperfusion past the initial occlusion but limited

distal branch filling with little or slow distal reperfusion
Incomplete or partial local recanalization at the

target artery with no distal flow
2 Incomplete or partial local recanalization at the

target artery with any distal flow
2a Antegrade reperfusion of less than half of the previously occluded

target artery ischemic territory
2b Antegrade reperfusion of more than half of the previously occluded

target artery ischemic territory
3 Complete antegrade reperfusion of the previously occluded target artery

territory, with absence of visualized occlusion in all distal branches
Complete recanalization and restoration of the

target artery with any distal flow

Table 2: Interobserver agreement of 62 cases and subset of 49 cases with basilar artery occlusion by using original versus dichotomized
outcomes

Reader

� Values (SE)

Original Scale Dichotomized Scale

All (N = 62) BAO (n = 49) All (N = 62) BAO (n = 49)
mTICI

A versus B 0.418 (0.088) 0.43 (0.093) 0.315 (0.116) 0.334 (0.131)
A versus C 0.484 (0.074) 0.471 (0.082) 0.506 (0.111) 0.469 (0.126)
B versus C 0.503 (0.077) 0.523 (0.08) 0.478 (0.11) 0.466 (0.121)

AOL
A versus B 0.696 (0.089) 0.7 (0.091) 0.815 (0.127) 0.810 (0.130)
A versus C 0.631 (0.086) 0.659 (0.088) 0.742 (0.142) 0.734 (0.145)
B versus C 0.709 (0.081) 0.775 (0.075) 0.914 (0.085) 0.911 (0.087)

Note:—SE indicates standard error.
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server agreement for 49 cases with BAO was not significantly dif-

ferent from that for all 62 patients. For the dichotomized scales,

there was an increasing trend of � values in the AOL, but not in the

mTICI scale.

Table 4 shows the distribution of all reads by using either the

mTICI or the AOL scale. In 2 consecutive readings, there was a

significant decrease in the proportion of mTICI 2a (42/186,

22.58%, in the first session versus 25/186, 13.44%, in the second

session; P � .03) and a reciprocal increment in the sum of pro-

portions for mTICI 2b and mTICI 3 (116/186, 62.37%, in the first

session versus 135/186, 72.58%, in the second session; P � .046).

In the proportion of unanimity, the mTICI was also significantly

lower than the AOL (14/62, 23%, in mTICI, versus 44/62, 71%, in

the AOL; P � .001).

DISCUSSION
In the 17 recent studies regarding intra-arterial thrombolysis in

acute posterior circulation stroke,13-29 5 (29.4%) did not provide

any scheme and 12 (70.6%) used the TIMI or TICI scale, of which

58% (7/12) used TIMI � 2% and 42% (5/12), TICI �2b as a

cutoff level of “successful reperfusion.” In 10 studies with only

BAO cases,14,17,20-23,25,27-29 the TIMI scale was used in 5 and the

TICI scale in 4. However, observer reliability tests in those previ-

ous studies had never been performed for angiographic assess-

ment of posterior circulation stroke. If such heterogeneous and

inconsistent scoring systems are used in defining end points of

revascularization success, it is difficult to compare or combine

results of clinical studies.30 Therefore, selection of a reliable bio-

marker for revascularization is relevant to the prediction of pro-

cedural efficacy and the outcome in posterior circulation stroke.

To our knowledge, this is the first study to evaluate inter- and

intraobserver agreement for 2 common scales in the angiographic

evaluation following intra-arterial thrombolysis of posterior cir-

culation stroke.

In this study, we found the observer variability of the mTICI

inherent in the angiographic assessment of posterior circulation

stroke. While inter- and intraobserver variability for the AOL was

reliable, the mTICI failed to achieve substantial interobserver

agreement with a low concordance rate of 23% (14/62 cases). We

also demonstrated a significant difference in the proportion of

mTICI 2a reads that had a direct influence on the sum of propor-

tions of mTICI 2b and 3, which may affect the judgment of an-

giographic end points in intra-arterial thrombolysis. The mTICI

was inferred inferior to the AOL for the following reason1: the

relative complexity of the mTICI with more responses and semi-

quantitative descriptors. Gaha et al4 explained that inter- and in-

traobserver disagreement in adjudicating treatment results may

be caused by multiple problems: intrinsic ambiguities in the def-

initions of the classifications; discrepancies in the various ways the

definitions are interpreted by various readers; and even if the def-

initions were understood in the same way, discrepancies in apply-

ing the definitions to individual cases. Kundel and Polansky31 also

showed that the � value in observer agreement was likely to in-

crease as the number of categories decreased.2 It is possible to have

inconsistency in interpreting the mTICI 2 grade, such as mTICI

2a versus mTICI 2b, especially for posterior circulation. In fact,

angiographic evaluation of the vertebrobasilar territory has some

limitations, such as interference with abundant collateral flows,

incomplete visualization of the perforating arteries to the brain

stem, and the necessity to consider the antegrade flow from the

anterior circulation.

Because endovascular revascularization therapy is becoming

the main strategy for acute ischemic stroke, it is important to use

the optimal scale with high reliability in decisions of revascular-

ization end points. In fact, revascularization can be understood as

angiographic recanalization of the primary arterial occlusive le-

sion or reperfusion in the arterial bed distal to the occlusion

(TIMI, TICI, mTICI). The AOL scale has been the sole scoring

system for measuring the degree of recanalization at the target

arterial lesion since its introduction in the Interventional Man-

agement of Stroke trials,32-34 and the posterior circulation occlu-

sions were categorized according to AOL recanalization in Inter-

ventional Management of Stroke III.32 Although Gaha et al4

reported that observer variability for the AOL was “moderate” in

anterior circulation stroke, we found that this scheme had high

reliability in posterior circulation stroke. Considering its ease of

use and consistency, it is possible to evaluate the AOL as a recan-

alization scale in a further posterior circulation stroke study.

This study had some limitations. First, the study design was

retrospective with a limited number of cases. Second, the predic-

tive power of both scales in this study was not analyzed due to the

sampling heterogeneity. In fact, whether to choose the recanali-

zation or reperfusion scale as a determinant of clinical outcome in

posterior circulation stroke is still controversial. Cho et al35 re-

ported that reperfusion was a reliable surrogate and the strongest

Table 3: Intraobserver agreement between 62 cases and subset of 49 cases with basilar artery occlusion

Scale

� Values (SE)

All (N = 62) BAO (n = 49)

Reader A Reader B Reader C Reader A Reader B Reader C
mTICI 0.444 (0.085) 0.79 (0.061) 0.855 (0.045) 0.462 (0.092) 0.757 (0.073) 0.855 (0.050)
AOL 0.646 (0.079) 0.816 (0.085) 0.833 (0.055) 0.633 (0.083) 0.807 (0.089) 0.859 (0.052)

Table 4: Proportions in all ratings of 3 readers by categories of
the scales

Reads (%, n = 186)

First Reading Second Reading
mTICI

0 12 (6.45) 13 (6.99)
1 16 (8.60) 13 (6.99)
2aa 42 (22.58) 25 (13.44)
2b 82 (44.09) 98 (52.69)
3 34 (18.28) 37 (19.89)

AOL
0 12 (6.45) 12 (6.45)
1 7 (3.76) 10 (5.38)
2 31 (16.67) 28 (15.05)
3 136 (73.12) 136 (73.12)

a Statistically significant (P � .05).
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predictor of clinical outcome in anterior circulation stroke, and

Singer et al36 reported that independent predictors of clinical out-

come were not the TICI scale, but the collateral status in BAO. In

contrast, Mourand et al37 proposed a DWI brain lesion score for

prediction of clinical outcome in patients with BAO by using

brain MR imaging. Finally, unfortunately in this study, only bi-

lateral vertebral angiographies were used for interpretation,

which may cause underdiagnosis of the mTICI because of the

imperfect evaluation of collateral flows from the circle of Willis

circulation.

CONCLUSIONS
In angiographic assessment of posterior circulation stroke, this is

the first study to evaluate inter- and intraobserver variability for 2

commonly used scales; while the AOL as a recanalization scale

showed a higher reliability, the mTICI, as a reperfusion criterion,

failed to achieve substantial interobserver agreement among read-

ers. In future studies, it will be necessary to validate the clinical

impact of this result in posterior circulation stroke.
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