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CT Angiography Source Images Predict Final
Infarct Extent in Patients with Basilar Artery

ORIGINAL .
RESEARCH Occlusion
V. Puetz BACKGROUND AND PURPOSE: The posterior circulation Acute Stroke Prognosis Early CT Score (pc-
P.N. Sylaja ASPECTS) is a 10-point grading system to quantify ischemic changes in the posterior circulation. We
o i analyzed whether pc-ASPECTS on CT angiography (CTA) source images (CTASI) predicted the final
M.D. Hill infarct extent and hemorrhagic transformation (HT) rate in patients with basilar artery occlusion.
S.B. Coutts
. . MATERIALS AND METHODS: A pc-ASPECTS score of 10 indicates absence of visible ischemic changes
|. Dzialowski in the posterior circulation, and pc-ASPECTS score of 0 indicates ischemic changes in the midbrain,
U. Becker pons, and bilateral thalami, posterior circulation territories, and cerebellar hemispheres. We retrospec-
G. Gahn tively studied patients with basilar artery occlusion on CTA within 24 hours from symptom onset. We
R. von Kummer applied pc-ASPECTS to noncontrast CT (NCCT), CTASI, and follow-up images by 3-reader-consensus
) and assessed HT on follow-up images. We calculated Spearman correlation coefficients and per-
A.M. Demchuk

formed linear regression analysis. Final infarct extent and HT rates were compared across dichoto-
mized CTASI pc-ASPECTS groups (= 8 vs < 8).

RESULTS: Among 43 patients, median (range) onset to CTA time was 5.0 hours (range, 0.7-24 hours).
Pc-ASPECTS on CTASI (r = 0.75; P < .001) but not NCCT (r = 0.29; P = .063) correlated with
pc-ASPECTS on follow-up scans. Linear regression demonstrated a significant positive relationship
between pc-ASPECTS on CTASI and follow-up scans (R?> = 0.58; P < 01). Median follow-up pc-
ASPECTS was lower in patients with a CTASI pc-ASPECTS < 8 compared with patients with a CTASI
pc-ASPECTS of 8 or more, respectively (P < .001). HT rates were 27.3% vs 9.5%, respectively (P =
.24). None of 8 patients without thrombolysis had HT on follow-up scans.

CONCLUSIONS: The extent of hypoattenuation on CTASI predicts the final infarct extent in patients

with basilar artery occlusion.

Without reperfusion therapy, almost 80% of patients with
acute basilar artery occlusion either die or are severely
disabled.'” Recanalization of the basilar artery is essential for
improved functional outcome."”” Consequently, intrave-
nous (IV) and/or intra-arterial (IA) thrombolysis are fre-
quently initiated."”>> Factors predicting the final infarct size
and the risk for hemorrhagic transformation (HT) have not
been reported. In particular, an association of the extent of
early ischemic changes (EIC) with the final infarct size and HT
rate has not been demonstrated.

Among patients with ischemic stroke in the anterior circula-
tion, the extent of EIC on baseline noncontrast CT (NCCT) cor-
relates with the infarct size on follow-up scans.® Moreover, the
extent of EIC on baseline NCCT predicts the HT risk with and
without thrombolysis.*®> Compared with NCCT, CT angiogra-
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phy (CTA) source images (CTASI) have improved the prediction
of final infarct size and clinical outcome in anterior circulation
stroke.'”"? The degree of hypoattenuation on CTASI is a risk
factor for HT in patients receiving IA reperfusion therapies."

We have recently developed a 10-point grading system, the
posterior circulation Acute Stroke Prognosis Early CT Score
(pc-ASPECTY), to quantify ischemic changes in the posterior
circulation."* We have shown that CTAST improve the overall
sensitivity to detect ischemic changes in the posterior circula-
tion compared with NCCT. Furthermore, the extent of hy-
poattenuation on CTASI identified patients with basilar artery
occlusion who were unlikely to achieve an independent func-
tional outcome despite recanalization of the basilar artery.'*

We sought to determine whether the extent of hypoattenu-
ation on CTASI, quantified with the pc-ASPECTS score, pre-
dicted the final infarct extent and HT rate in patients with
basilar artery occlusion.

Materials and Methods

Patients

Participants in this study are a subgroup of patients with basilar artery
occlusion analyzed in the pc-ASPECTS study.'* The pc-ASPECTS
study retrospectively (May 2001 to August 2006) analyzed patients
with acute symptomatic basilar artery occlusion who presented to
Foothills Medical Centre in Calgary or Dresden University Stroke
Center, had a NCCT-to-CTA time of 2 hours or less, and underwent
CTA within 24 hours from symptom onset. Diagnosis of basilar artery
occlusion was based on acute onset of symptoms referable to the
posterior circulation and CTA showing complete occlusion at any
level of the basilar artery. For the current study, we analyzed patients
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who had NCCT, CTASI, and follow-up images by MR imaging or
NCCT performed between 1 and 7 days after initial CTA available for
review. Functional outcome was recorded prospectively at 3 months
in a stroke follow-up clinic in Calgary. Missing 3-month outcomes
were imputed from the discharge modified Rankin scale (mRS) score
by use of the last-score-carried-forward principle. For patients with
basilar artery occlusion in Dresden, 3-month functional outcomes
were derived from telephone interview with the patients or their rel-
atives. The local institutional ethics committee in Calgary approved
this study. Patients with basilar artery occlusion in Dresden were
treated under an institutional protocol approved by the local ethics
committee.

Imaging

We performed standard nonhelical NCCT on a multisection CT scan-
ner (GE Healthcare, Milwaukee, Wis, or Siemens, Erlangen, Ger-
many) using 120 kV, 170 mAs with 5-mm section thickness. Coverage
was from the skull base to the vertex with continuous axial sections
parallel to the orbitomeatal line. NCCT was followed by CTA with a
helical scan technique on the same scanner. Minimal coverage was
from the foramen magnum to the centrum semiovale. Source images
were reconstructed at 1.25- to 4.0-mm thickness in axial planes at
half-thickness intervals. Follow-up NCCT or MR imaging was per-
formed as indicated by the treating stroke neurologist. MR imaging
routinely included diffusion-weighted imaging (DWI), gradient-re-
called echo, T1, T2, and fluid-attenuated inversion recovery se-
quences adopting routinely used acquisition parameters. Because of
the study design, different MR imaging systems were used during the
study period (3 MR imaging systems [1.5T or 3T] in Calgary and 3
MR imaging systems [1T or 1.5T] in Dresden).

Image Analysis

The posterior circulation pc-ASPECTS is a semiquantitative grading
system to quantify ischemic changes in the posterior circulation.'*
From 10 points, 1 point each is subtracted for EIC on NCCT or hy-
poattenuation on CTASI in the left or right thalamus, cerebellar
hemisphere, or posterior cerebral artery territory, respectively, and 2
points each for EIC (NCCT) or hypoattenuation (CTASI) in any part
of the midbrain or pons. A pc-ASPECTS score of 10 indicates absence
of visible posterior circulation ischemia; a score of 0 indicates visible
ischemic changes in all pc-ASPECTS territories.

We independently applied pc-ASPECTS to NCCT, CTASI, and
follow-up scans using a 3-reader consensus (2/3 reader consensus
required). Images were reviewed on a high-resolution monitor with a
DICOM viewer (OsiriX). Reading panels consisted of 1 experienced
stroke neurologist (A.M.D. or S.B.C.) and 2 stroke fellows (P.N.S.,
L.D., or V.P.) with at least 1 year experience in reading NCCT and
CTASI studies. Scans were anonymized and reviewed in a random-
ized order with at least 2 weeks’ time between reading different imag-
ing modalities. Raters were blinded to clinical information except
basilar artery occlusion on CTA. NCCT images were evaluated for
focal hypoattenuation or loss of gray-white differentiation. On
CTASI, regions of relatively diminished contrast enhancement were
scored as abnormal. Thin, raw CTA images and axial reformats with
1.25-, 2.5-, or 4.0-mm thickness were available for review. On fol-
low-up NCCT, we applied pc-ASPECTS to regions of subacute brain
infarction; on follow-up MR imaging, we scored hyperintense regions
on DWTI sequences.'® If patients had both follow-up NCCT and MR
imaging, we used the lower pc-ASPECTS score for analysis.

Hemorrhagic transformation (HT) on follow-up images was clas-
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sified as parenchymal hematoma (PH) or hemorrhagic infarction
(HI) according to European Cooperative Acute Stroke Study crite-
ria.'® These criteria have been successfully applied to assess PH and HI
on CT and MR imaging.'” In patients with basilar artery occlusion
who had digital subtraction angiography completed within 24 hours
from symptom onset, we rated perfusion of the entire basilar artery
with delayed flow or full perfusion with normal basilar artery flow as
stated in the neuroradiology report (according to Thrombolysis In
Myocardial Infarction trial 2-3 flow grades) as recanalization.'®

Statistical Analysis

Data are reported with use of standard descriptive statistics. We cal-
culated the sensitivity and specificity of NCCT and CTASI to detect
subsequent infarction in each individual pc-ASPECTS territory
where follow-up images represented the criterion standard. We per-
formed Spearman rank correlation and simple linear regression anal-
ysis to assess the association of pc-ASPECTS on NCCT and CTASI
with pc-ASPECTS on follow-up images. Median pc-ASPECTS values
on baseline NCCT and CTASI were compared for trichotomized fol-
low-up pc-ASPECTS categories (0-3, 4—7, and 8—10). We compared
the pc-ASPECTS on follow-up images and the HT rates across dichot-
omized CTASI pc-ASPECTS groups (categorized as = 8 vs < 8). This
threshold has previously been shown to discriminate patients with
basilar artery occlusion who have a favorable outcome from those
who have an unfavorable functional outcome.'*

Results

Patients

Of 46 patients with acute symptomatic basilar artery occlusion
in the pc-ASPECTS study, no follow-up imaging was per-
formed in 3 patients because of early fatal clinical course.
Therefore, our study reports 43 patients. Overall, 29 patients
(67%) were men, median age was 67 years (range, 40-90
years), baseline National Institutes of Health Stroke Scale
(NIHSS) score was 22 (range, 0—40), baseline Glasgow Coma
Scale (GCS) score was 9 (range, 3-15), and onset-to-CTA time
was 5 hours (range, 0.7-24 hours).

We treated 6 patients with IV alteplase (rtPA); 7 patients
with thrombolytic and/or mechanical IA therapy; and 22 pa-
tients with various combinations of IV (rtPA [n = 11] or ab-
ciximab [# = 11]) and IA therapies, respectively. The overall
median time from symptom onset to initiation of thromboly-
sis was 4.7 hours (range, 3.2-7.6 hours). Recanalization of the
basilar artery was achieved in 21 of 30 patients who had diag-
nostic and/or therapeutic angiography completed within 24
hours from symptom onset. We achieved no recanalization of
the basilar artery within 24 hours from symptom onset in 9
patients. Acute recanalization was not assessed in 13 patients.

At 3 months, 13 patients (30%) had a favorable functional
outcome (mRS scores 0-3), 12 patients (28%) had an unfa-
vorable functional outcome (mRS scores 4, 5), and 18 patients
(42%) had died. Eight (38%) of 21 patients with recanalization
compared with 2 (22%) of 9 patients without recanalization
and 3 (23%) of 13 patients in whom the acute recanalization
status was not assessed had a favorable functional outcome
(Fisher exact test, P = .48).

Final Infarct Extent
Twenty-two patients underwent follow-up NCCT, 10 patients
had follow-up MR imaging, and 11 patients underwent both.



Table 1: Sensitivity and specificity of CTASI compared with NCCT to identify subsequent infarction on follow-up images in individual

pc-ASPECTS regions

CTASI NCCT
Pc-ASPECTS Region Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% Cl) Specificity (95% Cl)
All pc-ASPECTS regions 35 (29-43)* 98 (95-99) 18 (13-25) 94 (89-96)
Categorization by recanalization status
Recanalization = 24 hours 34 (25-44) 96 (90-99) 18 (12-28) 93 (86-97)
No recanalization = 24 hours 58 (39-74)* 100 (91-100) 15(6-33) 86 (76-93)
Recanalization status not assessed 25 (14-40) 99 (91-100) 21 (11-35) 91 (84-95)
Individual regions
Midbrain 59 (41-76) 96 (85-99) 26 (14-45) 98 (88-100)
Pons 38 (23-56)* 96 (84-99) 6(1-22) 98 (87-100)
Thalamus 37 (21-56) 98 (88-100) 17 (6-35) 88 (75-95)
Cerebellum 32 (20-47) 100 (86-100) 26 (15-41) 100 (85-100)
PCA 17 (7-35) 100 (90-100) 18(7-35) 87 (73-95)

Note:—Pc-ASPECTS indicates posterior circulation Acute Stroke Prognosis Early CT Score; CTASI, CT angiography source images; NCCT; noncontrast CT; PCA, posterior cerebral artery.

* Indicates results where 95% confidence intervals for CTASI and NCCT do not overlap.
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Fig 1. Scatterplot of pc-ASPECTS scores on CTASI and NCCT compared with the pc-
ASPECTS score on follow-up images. Larger symbols represent a larger number of patients
at each data point. The estimated lines are derived from simple linear regression equations.
CTASI (R? = 0.58, p < 0.001; slope = 0.68) results in lower variance around the point
estimate of the slope of the line compared with NCCT. (% = 0.13, p = 0.02; slope = 0.18).
The overall median (interquartile ratio) pc-ASPECTS on fol-
low-up images was 5.7 The median pc-ASPECTS on fol-
low-up MR imaging was lower compared with follow-up
NCCT (6[3-6] vs 7[4-9]; P = .039). In patients who had both
imaging modalities as follow-up, MR imaging revealed more
ischemic changes (lower pc-ASPECTS) than follow-up NCCT
in 9 patients, including 2 patients who had a follow-up NCCT
score of 10 (ie, no detection of ischemic changes).

Association of Baseline Imaging with Final Infarct Extent
Asseenin Table 1, the overall sensitivity to identify subsequent
infarction in each individual pc-ASPECTS location was im-
proved with CTASI compared with NCCT. Specificities were
similar for both modalities. Regarding individual pc-AS-
PECTS regions, CTASI improved the sensitivity to identify
subsequent infarction in the brain stem (pons and midbrain)
and thalami, whereas the sensitivity to identify subsequent in-
farction in the cerebellum and posterior cerebral artery terri-
tory was similar for both modalities.
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Fig 2. Comparison of median baseline pc-ASPECTS scores on NCCT and CTASI according
to categorized follow-up pc-ASPECTS scores (box-whisker plot). Follow-up pc-ASPECTS
category 0 to 3 indicates large, 4 to 7 medium-sized, and 8 to 10 small final infarct size.

In univariable analysis, pc-ASPECTS on CTASI (Spearman
r = 0.75; P < .001) but not NCCT (Spearman r = 0.29; P =
.063) correlated with pc-ASPECTS on follow-up images. Lin-
ear regression demonstrated a significant positive relationship
between pc-ASPECTS scores on CTASI and follow-up scans
(R>=0.58,P<01; slope of regression line = 0.68; Fig 1). The
association of pc-ASPECTS scores on NCCT and follow-up
scans was less robust (R* = 0.13; slope of regression line =
0.18; P = .02). Figure 2 summarizes the differences between
pc-ASPECTS scores on CTASI and NCCT at different fol-
low-up pc-ASPECTS categories. The median pc-ASPECTS on
CTASI was lower and closer to the midpoint of the follow-up
pc-ASPECTS category in patients with large (follow-up pc-
ASPECTS 0-3; P = .014) and moderate-sized final infarctions
(follow-up pc-ASPECTS 4-7; P = .048) but not in patients
with little or no visible ischemic changes on follow-up images
(follow-up pc-ASPECTS 8-10; P = .41).

We observed a nonsignificant trend toward higher percent-
ages of patients with lower follow-up pc-ASPECTS scores
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Table 2: Percentages of patients with infarct extension (ie, lower
pc-ASPECTS score on follow-up images compared with the
pc-ASPECTS score on CTASI) categorized by the recanalization
status

Recanalization = 24 Hours

Parameter No Yes Not Assessed P
Number of patients, n 9 21 13 -
Patients with infarct extension, 6 (67) 18 (86) 10(77) 43
n (%)
Infarct extension in individual
pc-ASPECTS regions™
Pons, n (%) 2(22) 7(33) 4(21) 91
Midbrain, n (%) 0(0) 6(29) 3(23) 29
Thalamus, n/N (%) 2/18(11)  10/42 7/26 (27) 47
PCA, n/N (%) 3/18(17) 16/42(38) 8/26 (31) 29
Cerebellum, n/N (%) 3/18(17) 23/42(55) 7/26 (27) .008

*Infarct extension in individual pc-ASPECTS regions indicates infarction on follow-up
images that was not diagnosed on CTASI.

compared with the pc-ASPECTS score on CTASI (ie, infarct
extension) in patients who were recanalized within 24 hours
from symptom onset compared with patients who did not
undergo recanalization within 24 hours from symptom onset
and patients in whom the acute recanalization status was not
assessed (Table 2). This trend was similar for individual pc-
ASPECTS regions (Table 2). Three of 11 patients with a CTASI
pc-ASPECTS score of less than 8 had no final infarct extension
with recanalization. In a consistent manner, the improved
sensitivity of CTASI compared with NCCT was most promi-
nent in patients who did not recanalize within 24 hours from
symptom onset compared with patients with recanalization
and patients with unknown recanalization status (Table 1).

Twenty-one patients had a baseline CTASI pc-ASPECTS of
8 or more, and 22 patients had a baseline CTASI pc-ASPECTS
of less than 8, respectively. As seen in Table 3, the final infarct
extent was larger in patients with CTASI pc-ASPECTS of less
than 8 compared with patients who had CTASI pc-ASPECTS
of 8 or more, respectively (P < .001).

Hemorrhagic Transformation

Opverall, 8 (18.6%) of 43 patients had HT on follow-up images,
with PH in 5 patients (11.6%) and HI in 3 patients (7.0%).
Clinical and imaging characteristics associated with HT in

Table 3: Pc-ASPECTS on follow-up images and HT rates for
categorized CTASI pc-ASPECTS groups

_CTASI pe-ASPECTS ik Ratio P
Outcome 8-10 0-7 (95% ClI)  value
All patients, N 21 22
F/U pc-ASPECTS score, 7(3-10) 3.5(0-9) — < .001
median (range)
HT, % (n) 95(2) 27.3(6) 0.4(0.1-1.5) 24
PH, % (n) 48(1) 18.2(4) 03(0.03-2.2) .34
HI, % (n) 48(1) 9.1(2) 05(0.1-54) 1.00
Patients with thrombolysis, N 16 19
F/U pc-ASPECTS score, 7(3-10) 3(0-7) — < .001
median (range)
HT, % (n) 125(2) 31.6(6) 0.4(0.1-1.7) 24
PH, % (n) 6.3(1) 21.1(4)  03(0.04-24) 35
HI, % (n) 6.3(1) 106(2) 06(0.1-6.0) 1.00

Note:—F/U denotes follow-up; HT, hemorrhagic transformation; PH, parenchymal hema-
toma; HI, hemorrhagic infarction.
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univariable analysis are summarized in Table 4. Baseline clin-
ical stroke severity (NIHSS score and GCS score), IV throm-
bolysis and combined IV-IA therapy, the final infarct extent
(follow-up pc-ASPECTS), and the pc-ASPECTS value on
CTASI were associated with HT (the latter with borderline
statistical significance). The same trend, however not statisti-
cally significant, was notable for PH on follow-up images (data
not shown).

We observed a nonsignificant trend toward a lower HT
rate, particularly a lower PH rate, in patients with CTASI pc-
ASPECTS scores of 8 or more compared with patients with
CTASI pc-ASPECTS scores of less than 8, respectively (Table
3; Fig 3). Patients who did not undergo recanalization therapy
did not show HT on follow-up images.

Subgroup of Patients Who Underwent
Thromboembolization

Among 35 patients who received IV and/or IA recanalizing
therapies, the final infarct extent was larger in patients with a
CTASI pc-ASPECTS score of less than 8 compared with pa-
tients with a score of 8 or more, respectively (P < .001; Table
1). Patients with a CTASI pc-ASPECTS score of less than 8 had
HT in 32.6% (6/19) compared with 12.5% (2/16) of patients
with a CTASI pc-ASPECTS score of 8 or more. PH rates were
21.1% (4/19) compared with 6.3% (1/16), respectively (P val-
ues nonsignificant for both; Table 2).

Discussion
Our results suggest that more extensive hypoattenuation on
CTAS], quantified with the pc-ASPECTS score, is associated
with a larger final infarct extent in patients with basilar artery
occlusion. Moreover, CTASI improves the sensitivity to iden-
tify the posterior circulation territories that will ultimately in-
farct compared with NCCT. The added value of CTASI is most
pronounced in patients with large infarction compared with
patients with less extensive infarction on follow-up scans.
More extensive hypoattenuation on CTASI is also associated
with a trend toward a higher HT rate with thrombolysis,
though the precision of the estimated difference is low.

Schaefer et al'® have recently demonstrated that the extent
of hypoattenuation on CTASI in the midbrain and pons pre-
dicts the functional outcome of patients with vertebrobasilar
occlusive disease after IA thrombolysis. Supporting Schaefer et
al’s results, we have demonstrated that the number of poste-
rior circulation territories with hypoattenuation on CTASI,
quantified with the pc-ASPECTS score, predicts the functional
outcome of patients with basilar artery occlusion, regardless of
the recanalization status.'* The current study demonstrates
that semiquantification of areas with diminished contrast en-
hancement on CTASI also predicts the final infarct extent in
this population. Similar to findings in the anterior circulation,
the added value of CTASI compared with NCCT was most
notable in patients who had extensive final infarctions.'® In
anterior circulation stroke, the final infarct size has been used
to compare the accuracy of imaging modalities'>***' and as a
surrogate of clinical outcome in therapeutic stroke trials.”>**
Our data suggest that pc-ASPECTS could be used as a tool to
quantify the final infarct size in patients with posterior circu-
lation stroke.

In patients with clinically suspected acute posterior circu-



Fig 3. The pc-ASPECTS score on NCCT (A,D) was rated as 8 (early ischemic changes left mesencephalon; arrow). CTASI (B,E) demonstrate additional hypoattenuation in the left thalamus
(arrows). The pc-ASPECTS score was rated as 7. On follow-up NCCT (C.A, the patient had PH with intraventricular hemorrhage. The follow-up pc-ASPECTS score was rated as 7
(mesencephalon and left thalamus).

lation ischemia, the overall sensitivity to detect any ischemic
changes in the posterior circulation is improved with CTASI
compared with NCCT."* Our study demonstrates that CTASI
also improves the sensitivity to identify subsequent infarction
in each individual pc-ASPECTS location in patients with basi-
lar artery occlusion. The increased sensitivity was most pro-
nounced to identify subsequent infarction in the brain stem
(pons and midbrain) and the thalami. The study by Schaefer et
al'® did not report sensitivities and specificities of CTASI to
identify subsequent infarction in the posterior circulation.
However, their results confirm that 1) hypoattenuation on
CTASI can identify areas with ischemic changes in the poste-
rior circulation territory including the brain stem, and 2) the
identification of CTASI hypoattenuation in the brain stem has
prognostic relevance in patients with basilar artery occlusion.
Although spiral data acquisition can result in substantial arti-
facts in the posterior occipital lobes that mimic ischemic hy-
poattenuation, newer-generation multisection CT scanners
may further improve the diagnostic accuracy of CT in the pos-
terior circulation.**

In the theoretic sense, one would expect that the sensitivity
for detection of final infarction should increase with adequate

and timely reperfusion, as there would be no infarct extension.
In patients with anterior circulation stroke as a result of mid-
dle cerebral artery occlusion, the relationship between infarct
volumes on CTASI and the final lesion volume was especially
strong in patients with complete recanalization (R* = 0.94;
P <.001; slope of regression line, 0.92), whereas patients with-
out recanalization exhibited progression of the lesion volume
(R* = 0.50; P = .01; slope of regression line, 1.61)."" It was
unexpected that the proportion of patients with infarct exten-
sion tended to be highest in patients with recanalization in our
study. Consequently, the sensitivity to identify subsequent in-
farction was most prominent in patients with basilar artery
occlusion who did not undergo recanalization within 24 hours
from symptom onset.

Because the pc-ASPECTS score does not quantify lesion
volumes but the number of different lesions in the posterior
circulation weighted by functional importance, volumetric in-
farct extension does not necessarily translate into a lower pc-
ASPECTS score on follow-up images. Correlation of CTASI
and follow-up lesion volumes in the posterior circulation, cat-
egorized by the recanalization status, may be the subject of
future studies. Moreover, the information derived from
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Table 4: Clinical and imaging characteristics associated with hemorrhagic transformation

HT on Follow-up Image

Characteristic No P value
Number, N 35
Age (yr), median (range) 61 (42-78) 69 (40-90) 25
History of diabetes, n (%) 2(25) 7(20) 1.00
Baseline NIHSS score, median (range) 31 (11-40) 18 (0-40) .005*
GCS, median (range) 4(3-15) 11(3-15) 012*
Onset-to-CTA (hrs), median (range) 6.2 (1-24) 4.6(0.7-24) 85
Any thrombolysis, n (%) 8(100) 27(77) 32
IV lysis, n (%) 8(100) 20 (57) .036*
IA therapy, n (%) 7(88) 22 (63) 24
Combined IV/IA therapy, n (%) 7(88) 15 (43) .046*
Onset-to-treatment (hrs), median (range) 5.5(1.9-24) 4.2(1.9-18.2) 21
Recanalization = 24 hrs, n/N (%) 4/7 (57) 17/23 (74) 33
Pc-ASPECTS score on NCCT, median (range) 8(5-10) 9(5-10) n
Pc-ASPECTS score on CTASI, median (range) 5(4-10) 8(0-10) 051**
Pc-ASPECTS score on F/U image, median (range) 1.5(0-7) 6 (0-10) 015*

Note:—NIHSS indicates National Institutes of Health Stroke Scale score; GCS, Glasgow Coma Scale score; CTA, CT angiography; IV, intravenous; IA, intra-arterial.

* Indicates results that are statistically significant.
** Indicates results with borderline statistical significance.

CTASI may vary. In early time windows, CTASI may represent
potentially reversible hypoattenuation with recanalization."’
In later time windows, CTASI may be highly predictive of the
final infarct volume. The lack of association of infarct exten-
sion with recanalization in our study may therefore indicate
that reperfusion occurred too late to reverse hypoattenuation
on CTASI.

We note that the sensitivity of CTASI remains diagnosti-
cally limited. MR imaging will remain the test of choice when-
ever the diagnosis is in doubt. However, the specificity of
CTASI is very high; this means that when such signs are
present, the extent of final infarct can be predicted with high
prognostic certainty.

Overall symptomatic hemorrhagic complication rates in
patients with basilar artery occlusion who have undergone
thrombolysis are approximately 8% with IA thrombolysis and
11% with IV thrombolysis.">* Our overall PH rate (11.6%) is
consistent with these results. Whereas the extent of EIC on
pretreatment NCCT and the degree of hypoattenuation on
CTASI predict the PH risk in patients with middle cerebral
artery stroke,”™"? predictors of increased hemorrhagic com-
plication risk in patients with basilar artery occlusion have not
been reported. Our results suggest that the extent of hypoat-
tenuation on CTASI modifies the HT risk in patients with
basilar artery occlusion. Because no patients without throm-
bolytic therapy went on to have HT, this finding seems partic-
ularly important in patients who underwent thrombolysis. A
similar trend was observed in patients with acute posterior
circulation stroke treated with IV heparin, where lesion vol-
umes on DWI images were a risk factor for symptomatic in-
tracerebral hematomas.”®

Our study was limited by its retrospective design and the
small number of patients studied. All results require confirma-
tion on the basis of prospective studies. The observation of
increased HT and PH risk with lower pc-ASPECTS scores on
CTASI was not statistically significant. Our data did not justify
withholding thrombolytic therapy because of increased hem-
orrhagic risk in patients with acute symptomatic basilar artery
occlusion. Moreover, the varying section thickness of CTASI,
different imaging modalities (CT and MR imaging) applied
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for follow-up imaging, varying timing of follow-up imaging,
and the possibility for recall bias may have influenced our
results in the prediction of final infarct extent and classifica-
tion of HT. Moreover, MR imaging might have tended to
overestimate the degree of HT compared with CT.'” Because
of various treatment regimens, the influence of treatment
technique (IV vs IA) on HT risk could not be accurately
assessed.

Conclusions

CTASI predict the final infarct extent in patients with basilar
artery occlusion. Moreover, CTASI may indicate the HT risk
with recanalizing therapies. Our results need validation in a
larger dataset. Pc-ASPECTS could be useful for patient strati-
fication in stroke trials and quantification of final infarct ex-
tent in patients with posterior circulation stroke.
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