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ABSTRACT

BACKGROUND AND PURPOSE: The modified TICI score is the benchmark for quantifying reperfusion after mechanical thrombec-
tomy. There has been limited investigation into the reliability of this score. We aim to identify intra-rater and inter-rater reliability
of the mTICI score among endovascular neurosurgeons.

MATERIALS AND METHODS: Four independent endovascular neurosurgeons (raters) reviewed angiograms of 67 patients at 2 time
points. k statistics assessed inter- and intrarater reliability and compared raters’-versus-proceduralists’ scores. Reliability was also
assessed for occlusion location and by dichotomizing modified TICI scores (0–2a versus 2b–3).

RESULTS: Interrater reliability was moderate-to-substantial, weighted k ¼ 0.417–0.703, overall k ¼ 0.374 (P, .001). The dichotom-
ized modified TICI score had moderate-to-substantial interrater agreement, k statistics ¼ 0.468–0.715, overall k ¼ 0.582 (P, .001).
Intrarater reliability was moderate-to-almost perfect, weighted k ¼ 0.594–0.81. The dichotomized modified TICI score had substan-
tial-to-almost perfect reliability, k ¼ 0.632–0.82. Proceduralists had fair-to-moderate agreement with raters, weighted k ¼ 0.348–
0.574, and the dichotomized modified TICI score had fair-to-moderate agreement, k ¼ 0.365–0.544. When proceduralists and raters
disagreed, proceduralists’ scores were higher in 79.6% of cases. M1 followed by ICA occlusions had the highest agreement.

CONCLUSIONS: The modified TICI score is a practical metric for assessing reperfusion after mechanical thrombectomy, though not
without limitations. Agreement improved when scores were dichotomized around the clinically relevant threshold of successful re-
vascularization. Interrater reliability improved with time, suggesting that formal training of interventionalists may improve reporting
reliability. Agreement of the modified TICI scale is best with M1 and ICA occlusion and becomes less reliable with more distal or
posterior circulation occlusions. These findings should be considered when developing research trials.

ABBREVIATIONS: mTICI ¼ modified TICI; TIMI ¼ Thrombolysis in Myocardial Infarction

Following the paradigm-shifting studies that demonstrated the ef-
ficacy of endovascular mechanical thrombectomy for acute,

large-vessel occlusion in 2015, timely and thorough revascularization
in cases of large-vessel occlusions has become a tenet of acute ische-
mic stroke care. The modified TICI (mTICI) score has been the pre-
ferred grading system for completeness of reperfusion across major
studies.1-9 However, despite the clinical importance that reperfusion

has shown for patients’ likelihood of an independent functional out-
come, there has been limited investigation into the reliability of the
mTICI score.10 We sought to investigate the reliability of the mTICI
score among experienced neuroendovascular surgeons.

MATERIALS AND METHODS
Case Selection
Following institutional review board approval (IRB LU No.
210370), a retrospective review was conducted of all patients who
underwent an endovascular mechanical thrombectomy for acute
ischemic stroke at Loyola University Medical Center between
January 2015 and March 2016. Patients were excluded for not
having complete pre- and postprocedural anterior-posterior and
lateral-projection DSAs of the entire intracranial cavity available
for review. Data were gathered on the thrombus location and
categorized as the following: ICA, first-segment middle cerebral
artery (M1), second-segment middle cerebral artery (M2), or
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“other” site of vessel occlusions. We also recorded the procedur-
alists’ mTICI assessments when the procedures were performed,
which we will refer to as the proceduralists’ score.

Simulated Core Laboratory Survey
DSAs were de-identified and uploaded onto a secure Web site
supplied by the university in compliance with all research and
legal regulations. Anterior-posterior and lateral views of the ini-
tial control DSA and the final recanalization DSA were viewable
on a separate page for each patient. Each case was given a score
by each rater according to the mTICI score, which was provided
to the raters on an introductory slide defined as

0¼no reperfusion
1¼ antegrade reperfusion past the initial occlusion, but lim-

ited distal branch filling with little-or-slow distal reperfusion
2a ¼ antegrade reperfusion of less than half of the previously

occluded target artery ischemic territory
2b ¼ antegrade reperfusion of more than half of the previ-

ously occluded target artery ischemic territory
3¼ complete antegrade reperfusion of the previously occluded

target artery ischemic territory, with absence of visualized occlu-
sion in all distal branches.

Four fellowship-trained endovascu-
lar neurosurgeons with 2–18 years of
experience from 3 different institutions
who perform mechanical thrombecto-
mies in their current practice partici-
pated in the simulated core laboratory
case review. Raters, as we will refer to
them, had access to only the DSAs and
were blinded to demographics, presen-
tation, and outcomes. No rater had per-
formed any of the procedures included
in the study. The images were placed in
random order for the first review.
Unknown to the raters, they were asked
again 1 month later to review the same
DSAs in a different random order for
intrarater reliability assessment. Raters
were unable to access survey answers
after submission.

Statistical Methods
This study was powered to detect k

¼ 0.80 agreement between pair-wise
raters with the null hypothesis of
chance agreement of .50. A sample size
of 67 resulted in 92.6% power when a

was set to .05. Overall agreement was
defined as the binary proportion of
pair-wise scores that matched. Pair-
wise inter- and intrarater reliability was
assessed with percentage agreement,
and weighted and unweighted Cohen
k statistics. In addition, trends of the
raters’ scores compared with the proce-
duralists’ TICI scores were assessed

with pair-wise agreement and k statistics. Overall interrater reli-
ability was assessed using the overall Fleiss k statistic.11 All inter-
rater reliability statistics were assessed at the second time point.
Agreement ranged from 0 (no agreement) to 1 (perfect agree-
ment). k statistics ranged from, 0 to 1. Landis and Koch12 guide-
lines were used to categorize levels of agreement for k

statistics:, 0, no agreement;. 0–0.2, slight agreement;. 0.2–0.4,
fair agreement;. 0.4–0.6, moderate agreement;. 0.6–0.8, sub-
stantial agreement; and. 0.8–1, almost perfect agreement.
Additional analyses compared reliability measures by occlusion
location and by dichotomizing the TICI scores into poor recanali-
zation (0, 1, 2a) and good recanalization (2b, 3). The Fisher exact
test was used to compare percentage agreement measures among
locations of occlusions. All analyses were conducted in SAS 9.4
(SAS Institute).

RESULTS
Of the 67 patients included in the study, 20 had ICA, 33 had M1,
seven had M2, and 7 had other occlusions (3 of the vertebral/basi-
lar artery, 1 posterior cerebral artery, 1 anterior cerebral artery, and
2 of the third-segment MCA). Pair-wise agreement between the
raters ranged from 44.8% to 67.2%, the unweighted k statistics

FIGURE. TICI scores for each of the 67 patients from each of the raters and both time points.
Each row represents 1 patient. Column 1 refers to rater 1, column 2 refers to rater 2, and so forth.
The color legend shows how each rater classified the patient during his or her respective review.
For example, patient 1 was classified as a 3 by all raters, illustrating 100% agreement among all
raters. Patient 20 was classified as a 3 twice during time point 1 and as a 2b twice during time point
1, illustrating only 50% agreement among raters overall at time point 1. Patient 56 had different
classifications by all raters showing only 25% agreement.
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ranged from 0.268 to 0.538, and the weighted k statistics ranged
from 0.417 to 0.703, indicating moderate-to-substantial interrater
reliability. Higher weighted k ’s compared with unweighted k ’s
indicated that many of the differences in agreement were small on
the ordinal TICI scale. However, the overall k for the 4 raters was
0.374 (H0: k ¼ 0, P , .001), suggesting that there was only fair
overall agreement (On-line Table).

The Figure illustrates each of the raters’ scores for each indi-
vidual patient at time 1. The patients are stacked vertically from
most profusion (on average) to least profusion (on average). As
shown by the weighted k statistic, many of the disagreements
were within 1 step of each other. However, there were only 17
patients (25%) for whom all raters were in complete agreement.
Agreement and k statistics were highest in the M1 and ICA
occlusions and lowest in the M2 and other groups. Those with
M1 occlusion had a significantly higher proportion of complete
agreement (39%) followed by ICA occlusions (20%). There were
no cases of complete agreement for those who had M2 or other
occlusions (Table 1, P= .010).

Pair-wise interrater agreement for the dichotomous mTICI
score ranged from 80.6% to 88.1%, and k statistics ranged from
0.468 to 0.715, showing moderate-to-substantial agreement. The
overall k for our 4 raters for the dichotomized mTICI score was
0.582 (H0: k ¼ 0, P , .001) (On-line Table). The interrater reli-
ability improved on the second survey for both the ordinal and
dichotomized analyses (0.37–0.43 and 0.58–0.65, respectively).

Intrarater reliability was higher than interrater reliability. Pair-
wise intrarater agreement ranged from 62.7% to 79.1%. Unweighted
k statistics ranged from 0.446 to 0.707 (Table 2), showing moder-
ate-to-substantial agreement, while weighted k ’s ranged from 0.594
to 0.81, showing moderate-to-almost perfect agreement. When the
outcome was dichotomized, agreement ranged from 86.6% to
92.5%, with k statistics from 0.632 to 0.824 showing substantial-to-
almost perfect intrarater reliability.

When we compared the simulated core lab raters’ scores with
the proceduralists’ mTICI scores, pair-wise agreement ranged from

52.2% to 58.2%. Unweighted k ’s ranged from 0.163 to 0.388, and
weighted k ’s ranged from 0.348 to 0.574, showing fair-to-moderate
agreement. For dichotomized mTICI scores, k ’s ranged from 0.365
to 0.544, showing fair-to-moderate agreement. Of the 268 compari-
sons (4 raters’ scores each compared with 67 proceduralists’ score),
138 (51.5%) were in agreement and 130 (48.5%) were not in agree-
ment. Of the 130 not in agreement, 100 (76.9%) proceduralists’
scores were higher than the raters’ scores, with only 30 (23.1%) with
the proceduralists’ scores lower than the raters’ scores.

DISCUSSION
In the era of endovascular mechanical thrombectomy for acute is-
chemic stroke, a number of revascularization scores have been
developed and some further modified. These scores aim to quan-
tify the success of revascularization or reperfusion and have been
important reporting and prognostic metrics.

In 1992, Mori et al13 were the first to re-purpose the
Thrombolysis in Myocardial Infarction (TIMI) scale from the
cardiac literature for cerebral revascularization. These investiga-
tors broke down the partial filling grade 2 of TIMI into grades 2
(, 50% filling) and 3 (. 50% filling).13 Subsequently, the TICI
scale was proposed by Higashida et al,14 in 2003, which focused
on the revascularization assessment of territory reperfusion com-
pared with arterial recanalization and changed the partial reper-
fusion grades 2 and 3 into grades 2a (less than two-thirds
territory filling) and 2b (slowed-but-complete territory filling),
respectively. Higashida et al reserved grade 3 for complete reper-
fusion.15 The Interventional Management of Stroke (IMS) II
investigators established the mTICI scale, which continued to
focus on reperfusion, but simplified the scale to define 2a
as, 50% territory filling and 2b as. 50% filling.10 The mTICI
scale has been widely used in the most recent major mechanical
thrombectomy trials.1-9

A further gradation of the partial perfusion grade was sug-
gested by Noser et al,16 with 2c representing near-complete
territory filling with delayed contrast runoff, which is used at

Table 1: Agreement by site of occlusion

ICA (n = 20) M1 (n = 33) M2 (n = 7) Other (n = 7)
No raters in agreement (No.) (%) 0 (0) 0 (0) 0 (0) 1 (14.3)
2 Raters in agreement (No.) (%) 2 (10) 10 (30.3) 2 (28.6) 2 (28.6)
3 Raters in agreement (No.) (%) 14 (70) 10 (30.3) 5 (71.4) 4 (57.1)
All raters in agreement (No.) (%) 4 (20) 13 (39.4) 0 (0) 0 (0)
Overall k (range) 0.315 (0.128–0.502) 0.440 (0.272–0.608) 0.094 (�0.067– 0.256) 0.050 (�0.14–0.241)

Fisher exact test, P = .01.

Table 2: Intrarater reliability for TICI scoresa

Overall
Agreement Weighted j Overall j

Dichotomous
Agreement Dichotomous j

Rater 1 intrarater
agreement

71.6 (59.3–82) 0.751 (0.64–0.863) 0.596 (0.443–0.748) 92.5 (83.4–97.5) 0.819 (0.667–0.971)

Rater 2 intrarater
agreement

79.1 (67.4–88.1) 0.81 (0.706–0.914) 0.707 (0.567–0.846) 92.5 (83.4–97.5) 0.824 (0.677–0.972)

Rater 3 intrarater
agreement

62.7 (50–74.2) 0.603 (0.464–0.741) 0.446 (0.284–0.607) 91 (81.5–96.6) 0.731 (0.53–0.931)

Rater 4 intrarater
agreement

70.1 (57.7–80.7) 0.594 (0.435–0.752) 0.529 (0.361–0.697) 86.6 (76–93.7) 0.632 (0.423–0.84)

a Data are calculated from data from the first and second survey.
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many centers but has not been universally adopted. Other re-
vascularization scales have been proposed but have not found
widespread use, including the Thrombolysis in Brain Ischemia
(TIBI) scale that is based on transcranial duplex measure-
ments, the Arterial Occlusion Lesion (AOL) scale that assesses
recanalization, and the Qureshi scale that factors in the site of
occlusion.14,15,17,18

Our study found that raters had fair overall interrater agree-
ment when analyzing the entire mTICI scale, which improved to
moderate agreement when the responses were dichotomized to
either #2a or $2b. Five previous studies have researched inter-
rater reliability of the cerebral conventional angiography revascu-
larization score. Bar et al,19 in 2012, published the reliability of
the TIMI scale applied to cerebral revascularization across 2
reviewers assessing 43 cases. They found a weighted k ¼ 0.4,
which is nearly equivalent to our findings (k ¼ 0.374). Gaha et
al,20 in 2014, published their reliability assessment of the original
TICI scale, finding an overall k ¼ 0.45 across 9 observers, and
when dichotomized, agreement increased, with k ¼ 0.62.

In 2013, Suh et al21 looked specifically at the effect of changing
from a two-thirds territory to one-half territory threshold
between 2a and 2b grades of the TICI and mTICI scales, respec-
tively. Interobserver variability was assessed as good for the TICI
and mTICI scales (intraclass correlation coefficient = 0.73 and
0.67, respectively). The TICI 2a–2b threshold variability led to
different grading in �20% of cases, and the mTICI score (using
the one-half territory threshold) was better at predicting clinical
outcome. Volny et al,22 in 2017, assessed reliability using the
addition of the 2c “near-complete reperfusion” to the mTICI
scale. Sixty-one patients were assessed by 3 reviewers of different
specialties and levels of training, who also compared different
combinations of consensus grading with those of different spe-
cialties and levels of training. When compared against a criterion
standard of a consensus grading between a neurointerventional
fellow and attending, they found fair reliability for a stroke physi-
cian (k ¼ 0.36), moderate reliability for a neuroradiologist (k ¼
0.48), and moderate reliability for a neurointerventional fellow (k
¼ 0.56). They also found that different combinations of reviewer
consensus grading increased to almost perfect agreement and
concluded that mTICI 2c is a feasible adjunct.22

The most recent mTICI reliability study by Fahed et al,23 in
2018, assessed 305 patients in the Contact Aspiration vs Stent
Retriever for Successful Revascularization (ASTER) trial by 2
blinded neurointerventional radiologists, and these scores were
also compared with those of the proceduralist who performed the
procedure. Scores were analyzed both on an ordinal scale as well
as dichotomized to #2a or $2b. They found moderate agree-
ment for the nondichotomized mTICI score and substantial
agreement with the dichotomized mTICI score.23 These findings
largely mirror our findings.

We also found a trend of proceduralists’ scores being higher
than independent raters’ scores, which was also found by multiple
prior studies.23-26 For cases not in agreement, the proceduralists’
score was higher than the raters’ scores in 77% of cases. This
speaks to a consistent bias that interventionalists must be aware
of and attempt to overcome by rigorous objective assessment or
internal blinded review.

Finally, we found that cases of M1 occlusions had the highest
agreement, followed by ICA occlusions, while M2 and other ves-
sel occlusions had poor agreement. These findings may be
explained by an effort to score only the final cerebral reperfusion
result, disregarding the initial perfusion findings. In fact, a poste-
rior cerebral artery occlusion was the 1 case to be scored differ-
ently by all 4 raters. Although the scales explicitly use the initial
area of the brain not receiving antegrade perfusion as the denom-
inator to calculate the reperfusion result, it is a simpler process to
always use an M1 occlusion area as the denominator by removing
a step of interpretation (the determination of the initial nonper-
fusing brain area). Because M1 occlusions are the most common
occlusion location requiring mechanical thrombectomy, many
interventionalists may gravitate toward this standard consciously
or subconsciously. Another explanation is that many descriptions
of the mTICI scale use anM1 occlusion as an example, describing
a 2b reperfusion result “eg, when greater than 50% of the MCA
territory is filling.” Also, the best predictor of good outcome is a
lower final infarct volume (regardless of how much brain was
potentially at risk at the beginning of the case). Other explana-
tions of this finding include branching variability of the MCA for
M2 occlusion assessment, general variability of the posterior cir-
culation, and difficulty in incorporating the anterior cerebral
arteries into the scoring for ICA occlusion assessment (ie, an ICA
terminus occlusion may still perfuse the ipsilateral anterior cerebral
artery through the anterior communicating artery). Any of these
may affect both intra- and interrater agreement. Nonocclusive
thrombus may also be a challenge and account for some disagree-
ment. Additionally, the evolution of grading scales and nomencla-
ture may have had an effect on reliability because raters may have
developed inherent biases based on timing and the institution of
training. We chose to study the standard mTICI, given its wide-
spread use throughout the large mechanical thrombectomy trials.

Our study is the first in the literature, to our knowledge, to
assess intrarater reliability of the mTICI score. When raters were
compared against themselves across the 2 time points, they had
substantial agreement, higher than when raters were compared
against each other, demonstrating a personal consistency in
assessment. When answers were dichotomized to either #2a or
$2b, intrarater reliability rose to substantial-to-almost perfect
agreement. The interrater reliability also improved on the second
survey for both the ordinal and dichotomized analyses. This out-
come may be due to a learning curve for the survey platform or
may be evidence of a further familiarity with the mTICI system.
This possibility could suggest that standardized training for
mTICI, similar to what is done for clinical stroke assessment, will
improve reporting consistency. However, the importance of
angiogram interpretation standardization is less than that of clini-
cal stroke assessment because an angiogram is a static record that
can always be adjudicated at a later date and a patient’s clinical
state is fluid with the only record being that of the clinician’s
assessment on the day of examination (assuming these are not
video-recorded).

Limitations from our study include heterogenous occlusion
locations with unequal representation of certain occlusion loca-
tions. Although the locations are heterogeneous and unequal, this
situation occurs in practice. More education for raters by way of
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case examples, explanation of rating scales from the literature
and trials, and tutorials on how to deal with nuances before their
formal scoring on the Web-based platform would have set the
stage for more standard results. However, a simple 1-page defini-
tion of scores does allow a better real-world assessment of inter-
ventionalists’ ratings, whereas heavy training would bias results
away from the current state of practice and would be more of an
assessment of how our training package standardizes results. We
did not want to influence the scoring with our hypothesized
biases.

Of the 67 individuals reviewed, reperfusion in 70.15%–83% of
them was rated as 2b or 3, depending on the rater. The lack of
heterogeneity in categories produces a high estimate of chance
agreement, which produces a lower k score. This is concordant
with the HERMES collaboration reporting of the 5 thrombec-
tomy trials published in 2015, which reported mTICI scores of 2b
or 3 in 71% of cases. k statistics could be artificially low, given
that there was not enough representation of 0, 1, or 2a mTICI
cases. Last, we compared the proceduralists’ mTICI assessment
with that of our raters, but we have no knowledge of what the
original proceduralists’ cutoffs for TICI grading were due to the
retrospective nature of our study.

CONCLUSIONS
The mTICI score is a practical metric for assessing reperfusion af-
ter mechanical thrombectomy, though not without limitations.
Agreement improved when scores were dichotomized around the
clinically relevant threshold of successful revascularization.
Interrater reliability improved with time; this feature suggests
that formal training of interventionalists, similar to the design of
our study, may improve reporting reliability. Agreement of the
mTICI scale is highest with M1 and ICA occlusion and becomes
less reliable with more distal or posterior circulation occlusions.
These findings should be accounted for when developing
research trials or with future modifications to stroke revasculari-
zation scores.
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