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Background and Purpose Rapid recanalization might improve clinical outcomes after in-
traarterial thrombolysis (IAT) for acute ischemic stroke patients with collateral circulation.
We determined whether rapid recanalization and collateral circulation affect clinical out-
comes after |AT.

Methods We retrospectively evaluated the clinical and radiological data of 134 consecutive
patients who underwent IAT for intracranial artery occlusion. The interval from symptom on-
set to recanalization after IAT (onset-to-recanalization time) as an estimate of the probability
of good clinical outcome (modified Rankin scale 0-2) was calculated in patients with collat-
eral circulation in the ischemic hemisphere, which was rated poor (0/1 American Society of
Interventional and Therapeutic Neuroradiology criteria) or good (2-4). Changes in National
Institute of Health Stroke Scale (NHISS) score before and after IAT and modified Rankins scale
scores 3 months after discharge were compared with respect to onset-to-recanalization time.
Results In patients with good collateral circulation, the estimated onset-to-recanalization
time for a 0.5 probability of a good clinical outcome was 347 minutes; with poor collateral
circulation, it was 172 minutes for a 0.2 probability of good clinical outcome. Outcome anal-
yses according to onset-to-recanalization time showed patients recanalized <6 hours had
lower NHISS scores (< 4.5, 4.5-6, > 6 hours of onset-to-recanalization time, and non-recana-
lization: 5.1, 6.9, 11.9, and 19.8, respectively) at discharge and higher percentages of good
clinical outcome (69%, 66.7%, 21.9%, and 0%, respectively) 3 months after IAT.

Conclusions The time window to expect a high probability of a good clinical outcome after
IAT is highly dependent on the collateral circulation.

Keywords Ischemic stroke; Thrombolysis; Collateral circulation; Recanalization; Clinical out-
come
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Intraarterial thrombolysis (IAT) is considered to increase the re-

canalization rate, particularly when using mechanical devices.>*

Successful arterial recanalization is critical for improving im-

mediate and long-term outcomes after thrombolytic therapy."*

However, fewer patients achieve good clinical outcomes after

primary or bridging IAT for acute ischemia than after intrave-
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nous thrombolysis (IVT).** In addition to the time from symp-
tom onset to recanalization (onset-to-recanalization time), the
presence of collateral circulation is important for the achieve-
ment of good clinical outcomes after IAT.”"° The onset-to-recan-
alization time window to achieve good clinical outcomes may be
largely dependent on the degree of collateral circulation.

Therefore, this study investigated whether the degree of col-
lateral circulation influences onset-to-recanalization time in as-
sociation with good outcomes after IAT. We also determined
the predictive powers of onset-to-recanalization time for good
clinical outcomes on the basis of collateral circulation develop-
ment in stroke patients who successfully underwent recanaliza-
tion after IAT.

Methods

Patients

We retrospectively reviewed the clinical data of 4,028 patients
with cerebral infarction admitted to Chungnam National Uni-
versity Hospital between January 2007 and February 2013.
Then, 283 patients who underwent recanalization therapy, in-
cluding 118, 74, and 91 who underwent IVT only, IVT-IAT,
and IAT only, respectively, were selected. Finally, 134 consecu-
tive patients who underwent IVT-IAT or IAT who met the fol-
lowing criteria were included: (1) age > 18 years, (2) arrival at
emergency room (ER) within 6 hours of symptom onset, (3)
National Institutes of Health Stroke Scale (NIHSS) score >4,"
and (4) occlusion of a unilateral middle cerebral artery (MCA)
and/or terminal internal carotid artery confirmed by cerebral
angiography. The study protocol was approved by the Institu-
tional Review Board of Chungnam National University Hospi-
tal; the need for informed consent from the patients was waived

because of the retrospective nature of this study:.

Critical pathways for intraarterial thrombolysis

IAT was performed as either bridging therapy after IVT or
primary therapy as per the critical pathway established at the Re-
gional Cerebrovascular Center of Chungnam National Universi-
ty Hospital."” Patients who arrived at the ER within 3 hours of
symptom onset with no hemorrhage or significant low density
on initial computed tomography (ie., less than one-third of the
MCA territory) were administered 0.9 mg/kg recombinant tis-
sue plasminogen activator (tPA). If the patient exhibited no clin-
ical improvement after IVT and there were image mismatches
between diffusion- and perfusion-weighted images on magnetic
resonance imaging (MRI), IAT was performed as bridging ther-
apy. Patients who arrived 3-6 hours after symptom onset were

treated with IAT after confirming the absence of hemorrhage on
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initial computed tomography and the presence of diffusion-/

perfusion-weighted image mismatch on MRL

Intraarterial thrombolysis procedure

From January 2007 to October 2010, the IAT procedures in-
cluded aggressive mechanical clot disruption using a microcath-
eter and/or a J-shaped guidewire tip."” From November 2010
to February 2013, we used stent-assisted thrombectomy with a
retrievable stent (Solitaire AB, ev3, Covidien, Dublin, Ireland)."
If the recanalized artery became re-occluded after stent-assisted
thrombectomy, balloon angioplasty and/or stenting were per-

formed.

Clinical and radiological evaluation

Demographic characteristics, vascular risk factors (e.g,, hyper-
tension, diabetes, smoking, and atrial fibrillation), radiological
findings, and clinical outcomes before and after IAT were re-
corded. Stroke severity was assessed according to the NIHSS
score. The time of successful recanalization after IAT was deter-
mined according to the times from (1) symptom onset to ER ar-
rival (onset-to-door time), (2) ER arrival to groin puncture for
IAT (door-to-puncture time), and (3) onset-to-recanalization.

Recanalization status after IAT was classified according to the
Thrombolysis in Cerebral Infarction (TICI) grade;"* successful
recanalization was defined as TICI grades 2/3."* The collateral
circulation status in the occluded hemisphere was determined by
pre-IAT angiography. The collateral circulation extent was classi-
fied as poor (grades 0/1) or good (grades 2-4) according to the
American Society of Interventional and Therapeutic Neuroradi-
ology (ASITN) criteria."*'® Symptomatic intracerebral hemor-
rhage (ICH) was defined as a >4-point increase in the NIHSS
score along with a large hematoma within 24 hours of IAT."

Clinical improvement was assessed according to the changes
in the NTHSS score immediately, 24 hours, and 3 days after IAT,
and at discharge. Clinical outcomes were assessed according to
the modified Rankin scale (mRS) score 3 months after dis-
charge; an mRS score from 0 to 2 was considered a good clini-

cal outcome.

Statistical analysis

To determine which factors are associated with good clinical
outcomes after AT, clinical and radiological variables, including
age, risk factors, occlusion site, initial NIHSS score, intravenous
tPA use before IAT; collateral circulation status, IAT method, pro-
cedure time, onset-to-recanalization time, recanalization grade,
and the development of symptomatic ICH were analyzed using
the t test or x*-test. Multiple logistic regression analysis was per-
formed using variables with a Pvalue < 0.05 in univariate analysis.
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Unadjusted fitted regression analysis was subsequently per-
formed to determine whether onset-to-recanalization time and
the presence of collateral circulation predict the probability of a
good clinical outcome in patients with successful angiographic
recanalization. First, a fitted straight line was calculated using
the inverse regression method to estimate a calibration curve
for a 0.1-0.8 probability of a good clinical outcome. Then, the
lower band from the lower endpoints of the 95%, 90%, 80%,
and 70% one-sided confidence intervals (CIs) was calculated to
determine the true probability of a good clinical outcome for a
given onset-to-recanalization time. The lower bound of each CI
of onset-to-recanalization time was subsequently calculated for
a specified probability of a good clinical outcome. Finally, the X-
coordinate of the intersection of the horizontal line parallel with
the X-axis was calculated at the specified probability and lower
bound; it was designated the lower bound of the onset-to-re-
canalization time for the specified probability with a different
CI. Inverse regression analyses between good clinical outcome
and onset-to-recanalization time were performed with or with-
out collateral circulation.

To determine if onset-to-recanalization time is associated
with good clinical outcome, patients showing good collateral
circulation (ASITN score 2-4) in the occluded hemisphere
were categorized according to the fitted line and lower bound of
0.5 probability of a good clinical outcome (mRS score 0-2).

Changes in clinical variables including the NTHSS score in each
group were compared at different time points by repeated-mea-
sures ANOVA. Differences in the mRS scores between the groups
3 months after IAT were compared using Fisher’s exact test.

All statistical analyses were performed using SPSS version
19.0 (SPSS Inc., Chicago, IL, USA). The level of significance
was set at P< 0.0S.

Results

The clinical and radiological data of 134 consecutive patients
(82 men; mean+ SD age, 68.3+11.8 years) who had under-
gone IAT for acute cerebral infarction are shown in Table 1. In-
travenous tPA was administered before IAT in 64 patients
(48%). Before IAT, 84 (63%) patients showed good collateral
circulation in the ischemic hemisphere. Initial NTHSS score was
significantly lower in patients with good collateral circulation
than those with the poor collateral circulation (11.6+3.6 vs.
13.2+3.4; P=0.013). After IAT, 111/134 patients (83%)
achieved successful recanalization (TICI grade 2/3), including
42,37, and 32 patients < 4.5, 4.5-6, and > 6 hours from symp-
tom onset, respectively. The mean onset-to-recanalization time
was 308.5 + 94.8 minutes (range: 117-604 minutes).
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Patient demographics

Characteristics N=134
Age 68.3+118
Sex (M:F) 82:52 (61%:39%)
Risk factors

Hypertension 66 (49%)

Diabetes 27 (20%)

Smoking 27 (20%)

Atrial fibrillation 78(58%)
Occluded artery

T-ICA 39(29%)

MCA 95(71%)

M1 portion 87 (65%)
M2 portion 8(6%)

Initial NIHSS score (median, interquartile range) 10,13-15
Intravenous tPA before IAT 64 (48%)
Initial collateral circulation status

Good (ASITN grade 2-4) 84 (63%)

Poor (ASITN grade 0-1) 50 (37%)
Symptom onset to ER arrival (min) 130.8+93.0
ER arrival to groin puncture (min) 91.0+268
Onset to groin puncture for IAT (min) 2105+65.1
Onset to recanalization time (min) 3085+94.8
Recanalization time

<45hours 42 (31%)

4.5-6 hours 37(28%)

>6 hours 32(24%)

No recanalization (TICI 0-1) 23(17%)

Values are mean+ SD or n(%) unless indicated otherwise.

M, male; F, female; T-ICA, terminal internal carotid artery; MCA, middle cerebral ar-
tery; NIHSS, National Institutes of Health Stroke Scale; tPA, tissue plasminogen ac-
tivator, ASITN, American Society of Interventional and Therapeutic Neuroradiology;
ER, emergency room; IAT, intraarterial thrombolysis; TICI, Thrombolysis in Cerebral
Infarction.

Variables associated with clinical outcome after
intraarterial thrombolysis

Univariate analysis showed young age, MCA occlusion site,
good collateral circulation, rapid onset-to-recanalization time,
successful recanalization, and no symptomatic ICH were signif-
icantly associated with good clinical outcome at discharge (Ta-
ble 2). Meanwhile, stepwise regression analysis of the above-
mentioned covariates indicated that the presence of good col-
lateral circulation (odds ratio [OR]: 9.624, 95% CI: 2.819-
32.864; P<0.001) and rapid onset-to-recanalization time (OR:
1.006, 95% CI: 0.001-1.011; P=0.019) were independently as-
sociated with good clinical outcome (Table 2).

Relationship between onset-to-recanalization time
and good clinical outcome with respect to collateral
circulation

The impact of collateral circulation on the relationship be-

tween onset-to-recanalization time and good clinical outcome is
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shown in Figure 1 and Supplementary Table I. In patients with
good collateral circulation before IAT, the estimated onset-to-re-
canalization time for a 0.5 probability of a good clinical outcome
was 347 minutes. The maximum onset-to-recanalization time to
expect a 0.5 probability of a good clinical outcome (ie., the lower
bound of the 95% one-sided Cls of the probability) was 275
minutes. In patients with poor collateral circulation, the expected
and maximum onset-to-recanalization times were dramatically
shorter: that for a 0.2 probability of a good clinical outcome was
172 minutes. The maximum onset-to-recanalization time was
31 minutes if the confidence limit was lowered to 70%.

Clinical outcomes according to onset-to-recanalization
time

To determine the onset-to-recanalization time interval re-
quired for a 0.5 probability of a good clinical outcome in the

presence of collateral circulation, patients were classified ac-
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cording to onset-to-recanalization times of <4.5, 4.5-6, or >6
hours, or non-recanalization after IAT. Although the mean ini-
tial NIHSS score was similar among groups, improvements in
the NIHSS score after IAT differed significantly. Patients recan-
alized within 4.5 or 6 hours (both P<0.001) had significantly
lower mean NIHSS scores after IAT and at discharge than pa-
tients recanalized after > 6 hours (P=0.021) or those who did
not undergo recanalization (P=0.002) (Figure 2).

Sixty (44.8%) of 134 patients achieved good clinical out-
comes (mRS score 0-2) 3 months after IAT. After classifying
the patients according to onset-to-recanalization time, the pro-
portion of patients who achieved good clinical outcome 3
months after IAT was significantly greater in those recanalized
in <6 hours than those recanalized > 6 hours or who did not
undergo recanalization (P<0.001) (Figure 3). In contrast, the
proportion of patients with poor clinical outcomes (mRS score

5-6) 3 months after IAT was significantly greater in patients re-
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Estimated and lower bounds of onset-to-recanalization times with respect to the probability of a good clinical outcome according to (A) good and (B) poor
collateral circulation status before intraarterial thrombolysis in successfully recanalized patients. Estimated, estimated onset-to-recanalization time for a specified
probability of a good clinical outcome; lower bound, lower bound of the onset-to-recanalization time for specified probability of a good clinical outcome with 95%
and 70% confidence intervals in patients with good and poor collateral circulation, respectively.

Univariate and multivariate analyses of the assaciations of clinical and radiological variables with good clinical outcome at discharge

Univariate analysis Multiple logistic regression

OR 95% ClI Pvalue OR 95% Cl Pvalue
Age 1.038 1.006-1.071 0.021 1.022 0.982-1.063 0.293
Occluded artery (MCA) 2818 1.172-6.777 0.019 0.846 0.268-2.671 0.776
Atrial fibrillation 0519 0.253-1.062 0.073
Hypertension 0.920 0.454-1.865 0.817
Diabetes 1.068 0.445-2.564 0.883
Intravenous tPA before IAT 0.587 0.288-1.197 0.143 - - -
Good collateral circulation 16.867 4.862-58.514 <0.001 9.624 2.819-32.864 <0.001
Recanalization time 1.009 1.004-1.013 <0.001 1.006 1.001-1.011 0.019
Successful recanalization (TICI 2/3) 7.344 2.182-128.766 0.007 7.031 0.776-63.672 0.083
Symptomatic ICH 0.190 0.042-0.867 0.032 0.201 0.036-1.119 0.067

IAT, intraarterial therapy; MCA, middle cerebral artery; tPA, tissue plasminogen activator; TICI, Thrombolysis in Cerebral Infarction; ICH, intracerebral hemorrhage; OR, odds ra-

tio; Cl, confidence interval.
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Changes in median National Institute of Health Stroke Scale (NIHSS)
scores before and after intraarterial thrombolysis (IAT) and at discharge ac-
cording to onset-to-recanalization time. Onset-to-recanalization time was cat-
egorized as <4.5, 4.5-6, or >6 hours, or non-recanalization. *P<0.001,
'P=0.021, ¥P=0.002, changes in mean NIHSS score before and after IAT in
each group.

canalized > 6 hours and those who did not undergo recanaliza-
tion than in those recanalized < 6 hours (P <0.001) (Figure 3);
symptomatic ICH was also more frequent in the latter patients
(<4.5, 4.5-6, > 6 hours, and non-recanalization groups: 2.4%,
2.7%, 18.8%, and 13%, respectively, P=0.028).

Discussion

This study investigated the impact of collateral circulation on
the relationship between onset-to-recanalization time and clini-
cal outcome in patients who have undergone IAT. The results
demonstrate that the onset-to-recanalization time window for
achieving good clinical outcome differs with respect to the de-
gree of collateral circulation. When collateral circulation to the
ischemic hemisphere is good, rapid recanalization (< 6 hours)
results in a 0.5 probability of a good clinical outcome. In con-
trast, poor collateral circulation significantly decreases the prob-
ability of a good clinical outcome; in such cases, the probability
of a good outcome is only 0.2 even with early recanalization
within 172 minutes. Because collateral circulation to the isch-
emic hemisphere decreases infarct size and leads to good clini-

cal outcomes in acute ischemia patients,'"®

identifying collater-
al circulation on initial angiography before IAT can aid decision
making for the rapid execution of IAT and prediction of good
clinical outcome.

A recent study reporting a significant relationship between
rapid recanalization and good clinical outcome did not consider
the presence of collateral circulation.'” There are other differ-
ences between the present and previous study worth mention-
ing. First, the mean onset-to-recanalization time was longer in

the previous study than the present study (325 vs. 305 minutes,
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Modified Rankin scale (mRS) scores 3 months after intraarterial
therapy (IAT) with respect to onset-to-recanalization. The proportions of pa-
tients with an mRS score from 0 to 2 (good outcome) 3 months after IAT dif-
fered significantly among groups (P<0.001). NR, non-recanalization.

respectively). In the previous study, every 30 minutes of delay
in onset-to-recanalization reduced the relative likelihood of a
good clinical outcome by 12%. Although similar results were
obtained in the present study (Figure 1, Supplementary Table
I), the probability of a good clinical outcome decreased even if
the patients had good collaterals before the start of IAT. Second,
the previous study included a greater proportion of patients
with M2 occlusion (28%) than the present study (8%). Collat-
eral development accompanied by M2 branch occlusion might
differ from M1 trunk occlusion. Despite these differences, both
studies demonstrate the importance of rapid recanalization for
successful IAT and confirm shortening onset-to-recanalization
time increases the probability of a good clinical outcome.
Onset-to-recanalization time can also predict the probability
of a good clinical outcome. In a previous study, patients who
underwent IAT (33.6%) were more likely to achieve a favorable
outcome at 3 months than those who underwent IVT (24.9%)
for large artery occlusion.” The recent application of mechani-
cal devices for IAT has increased the recanalization rate.>* How-
ever, the favorable outcome rate for IAT has failed to meet ex-
pectations.®’ Previous studies did not include onset-to-recanali-
zation time as a variable when comparing the efficacy of IAT
with IVT for acute ischemia patients. In the present study, 44%
of patients achieved a good clinical outcome 3 months after
IAT regardless of onset-to-recanalization time. The acute and
long-term changes in clinical severity differed between patients
recanalized in <6 or > 6 hours after IAT. In patients recanalized
within 6 hours, the initial severity improved significantly after
IAT. However, clinical severity did not improve in patients who
were recanalized beyond 6 hours after IAT or those who did
not achieve recanalization. More than 67% of patients recana-
lized within 6 hours could perform daily activities indepen-

dently compared to 22% and 0% of patients recanalized beyond
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6 hours after IAT and those who did not achieve recanalization.
An interval of 6 hours was previously defined as the time win-
dow for IAT. In the present study, an onset-to-recanalization
time of 6 hours was also the therapeutic time window to
achieve a good clinical outcome. Therefore, this cut-off could
be important for the timely prediction of long-term clinical out-
comes and appropriate selection of patients for IAT.

This study has some limitations should be noted. First, the
retrospective single-center design limits the generalizability of
the findings. And, although the results suggest an onset-to-re-
canalization time <6 hours can increase the probability of a
good clinical outcome in IAT patients, unfortunately, only 59%
of patients achieved this. Therefore, better methods are re-
quired to reduce the onset-to-recanalization time of IAT for
acute ischemic stroke patients. Future studies should focus on
extending the onset-to-recanalization time window beyond 6
hours to improve clinical outcomes after IAT. To confirm the
predictive values of the promptness of IAT and collateral circu-
lation for good outcomes after IAT, criteria for selecting the op-
timal time that best predicts a good clinical outcome should be
determined.

In summary, the time window to expect a high probability of
a good clinical outcome after IAT is highly dependent on the
collateral circulation. That is, rapid recanalization is an indepen-
dent predictor of good clinical outcome after IAT, and a short
onset-to-recanalization time increases the probability of a good
clinical outcome. There is a 6-hour time window from symp-
tom onset to recanalization when a good clinical outcome can
be obtained after IAT in patients with acute large artery occlu-
sion. Furthermore, the presence of collateral circulation to the
ischemic hemisphere on initial angiography is an important
predictor of good clinical outcome after successful recanaliza-
tion by IAT.
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Supplementary Table |. Probability of a good clinical outcome owing to technically successful angiographic recanalization according to collateral circulation status
before intraarterial thrombolysis

Collateral circulation status

Probability of good Good Poor
clinical outcome . Confidence interval , Confidence interval
Estimated Estimated
95% 90% 80% 70% 95% 90% 80% 70%

08 14756 - - 32.568 - - - - -
07 22528 - 57.107 126.801 156.131 - - - - -
06 288.99 159.713 203.168 232.105 246.271 - - - - -
05 347 46 274.959 288513 301.996 310497 - - - - -
04 405.93 331.7% 3415 353.124 361.456 30.19 - - - -
03 469.64 377.426 387.87 401.212 411.251 93.90 - - - -
02 547.36 426.679 439.471 456.268 469.182 17162 - - 31.942
0.1 664.29 496.487 513.641 536.497 554.274 288.55 9.165 94.807 156.037 187.416

A good clinical outcome was defined as a modified Rankin scale score from 0-2. Collateral circulation was classified as poor (grade 0-1) or good (grades 2-4) according to the
American Society of Interventional and Therapeutic Neuroradiology (ASITN) criteria.
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