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Abstract

Introduction Recently two classification methods based on
the location and the extent of thrombosis detected with CT
angiography have been introduced: the Boston Acute Stroke
Imaging Scale (BASIS) and the clot burden score (CBS). We
studied the performance of BASIS and CBS in predicting
good clinical outcome (mRS <2 at 90 days) in an acute (<3 h)
stroke cohort treated with intravenous thrombolytic therapy.
Methods Eighty-three consecutive patients who underwent
multimodal CT were analyzed. Binary logistic regression
model was used to assess how BASIS, CBS, and cerebral
blood volume (CBV) ASPECTS predict favorable clinical
outcome. Diagnostic sensitivities and specificities were calcu-
lated and compared.

Results Patients with low CBS and CBV ASPECTS scores
and major strokes according to BASIS had significantly
higher admission NIHSS scores, larger perfusion defects, and
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more often poor clinical outcome. In logistic regression
analysis, CBV ASPECTS, CBS and BASIS were significantly
associated with the clinical outcome. The performance of
BASIS improved when patients with thrombosis of the M2
segment of the middle cerebral artery were classified as
having minor stroke (M1-BASIS). In the anterior circulation,
the sum of CBS and CBV ASPECTS (CBSV) proved to be the
most robust predictor of favorable outcome. CBV ASPECTS
and CBS had high sensitivity but moderate to poor specificity
while BASIS was only moderately sensitive and specific.
Conclusion CBS, BASIS, and CBV ASPECTS are statisti-
cally robust and sensitive but unspecific predictors of good
clinical outcome. Two new derived imaging parameters,
CBSV and M1-BASIS, share these properties and may have
increased prognostic value.

Keywords Boston Acute Stroke Imaging Scale -
Clot burden score - Computed tomography perfusion -
Stroke - ASPECTS

Abbreviation
ASPECTS Alberta Stroke Program Early CT Score

AUC Area under the curve

BASIS Boston Acute Stroke Imaging Scale
CBV Cerebral blood volume

C C statistic

CBS Clot burden score

CI Confidence interval

CTA Computed tomography angiography
CTP Computed tomography perfusion
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H-L Hosmer—Lemeshow

MTT Mean transit time

MCA Middle cerebral artery

NCCT Noncontrast-enhanced computed tomography
NIHSS National Institutes of Health Stroke Scale
mRS Modified Rankin scale

ROC Receiver operating characteristic

rtPA Recombinant tissue plasminogen activator
Introduction

Computed tomography angiography (CTA) of the intracranial
vessels is increasingly being performed either separately or as
part of multimodal CT evaluation of acute ischemic stroke to
detect intravascular occlusion by clots, hemodynamically
significant stenotic atherosclerotic lesions, arterial dissection,
and other arteriopathies. CTA provides an independent
prognostic factor with proximal, high-volume clots predicting
poor clinical outcome when compared to distal, low-volume
clots [1-9].

Recently two classification methods based on the
location and the extent of the thrombus detected with
CTA have been introduced. Boston Acute Stroke Imaging
Scale (BASIS) is a binary classification scheme where
patients are designated to have either major or minor stroke
[5]. In short, if the distal internal carotid artery (ICA), the
proximal (segments M1 and M2) middle cerebral artery
(MCA), or the basilar artery is occluded or if there is a
significant ischemic lesion either in noncontrast CT
(NCCT) or diffusion-weighted MRI, the stroke is consid-
ered major, otherwise the stroke is considered minor [5].
BASIS is correlated to short-term clinical outcome evaluated
at discharge from the hospital and the length and the costs of
hospitalization [5, 6]. Clot burden score (CBS) is a more
elaborate scheme in which a score from 0 to 10 is given
based on the extent of arterial segments affected in the
anterior circulation [7, 8]. The scoring system has been
pictorially demonstrated by Puetz et al. [8]. CBS is correlated
to the clinical and radiological outcomes [7-9].

We reviewed retrospectively the clinical and imaging
data of 83 consecutive patients who underwent multimodal
CT assessment and received intravenous thrombolytic
therapy to treat acute (<3 h) ischemic stroke in order to
study the performance of BASIS and CBS in predicting the
clinical outcome. Further, we correlated the anatomical
information conveyed by BASIS and CBS with CT
perfusion (CTP) parameters that reflect the hemodynamic
state in the cerebral vasculature and hypothesized that a
derived parameter combining both CTA and CTP data might
best predict the clinical outcome.
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Materials and methods
Overview

We analyzed retrospectively the clinical and imaging
data of 380 consecutive patients who were admitted to
Tampere University hospital between January 2007 and
December 2007 because of acute (duration <3 h) stroke-
like symptoms. After clinical and imaging evaluation, 92
patients received intravenous recombinant tissue plasmin-
ogen activator (rtPA) to treat acute ischemic stroke.
Among these patients full admission multimodal (NCCT,
CTA, and CTP) imaging evaluation was successfully
completed with 72 patients while an additional 11 patients
were evaluated with just NCCT and CTA because of
chronic renal failure, imminent closure of the 3 h time
window, or movement artifacts that rendered some of the
imaging data uninterpretable. These 83 patients were
selected to this study. The selection of patients to receive
thrombolytic therapy was based on institutional guide-
lines that did not have CTP or CTA-derived parameters as
exclusion or inclusion criteria. Standard intravenous rtPA
administration scheme was used: Actilyse (Boehringer-
Ingelheim, Ingelheim, Germany), total dose 0.9 mg/kg
from which 10% given as a bolus and the remaining 90%
as a continuous infusion for 1 h. Stable access to an
emergency angiography suite was not available at the
time so intra-arterial interventions were not included in
the treatment protocol. A follow-up NCCT was performed
for all patients 24 h after the administration of the
thrombolytic agent. National Institutes of Health Stroke
Scale (NIHSS) was assessed at the admission and 24 h
after the thrombolytic therapy. Modified Rankin scale
(mRS) was evaluated preictally and on day 90. The
clinical data were stored prospectively to the patient
records during the hospital stay and on day 90 after the ictus,
the latter following a phone interview. These data were
collected from the patient records and critically reviewed for
errors using the data available from all medical and related
disciplines (JTS). The study was approved by Tampere
University hospital ethics committee.

Imaging parameters

Computed tomography scans were obtained using two
different multidetector scanners: General Electrics Light-
Speed 16-slice (GE Healthcare, Milwaukee, WI) and
Philips Brilliance 64-slice (Philips, Cleveland, OH). The
imaging procedures and the parameters used are de-
scribed thoroughly in our previous study available
online as an open-access article at the website of the
publisher [10].
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Image analysis

NCCT examinations were reviewed using dedicated medical
imaging workstations. CTA and CTP images were analyzed
with Advantage Workstation version 3.2 (GE Healthcare).
The examinations were reviewed in the order NCCT, CTA,
and finally CTP paralleling that of the clinical work flow. The
reviewers were blinded to the clinical data apart from the side
and nature of the acute symptoms. The analysis of the NCCT
and the CTP images is detailed in our previous article [10].
CTA images were studied by examining the raw data and
maximum intensity projection images. The principles of the
CBS scoring system and the assignment of BASIS have been
described in recent studies [5, 7]. CBS was scored, and
BASIS was assigned independently by two radiologists (NS
and AL). In cases where the scoring or the assignment
differed, a consensus opinion was agreed on. These results
were correlated with the original neuroradiological report. If
significant discrepancies were present, the neuroradiologist
that had issued the report was further consulted. Intraclass
correlation coefficient (ICC) between a staff radiologist (NS)
and an experienced neuroradiologist (JH) for a test sample
(n=20) for CBS was 0.87. The interobserver agreement
index for BASIS was 95%. The interobserver variability
statistics for the other imaging parameters used are described
in our previous article [10].

Statistics

The data was analyzed with SPSS version 18 (SPSS Inc.,
Chicago, IL). Group comparisons were performed by using
the Mann—Whitney U test and the Fisher exact test. Patients
with mRS <2 at 90 days were considered to have
experienced good clinical outcome. After excluding cases
with thrombosis of the basilar artery, receiver operating
characteristic curves (ROC) were computed for the imaging
parameters studied using dichotomized clinical outcome as
the state variable. Youden index was evaluated to select for
optimal threshold value. A binary logistic regression model
using the clinical outcome as the dependent variable was
repeated for different variables of interest. Age and gender
were treated as potential confounders and were controlled
for by treating them as covariates. One variable of interest
was included in the model at a time. The calibration of the
models was evaluated with the Hosmer—-Lemeshow test and
the discrimination with the C statistic. Odds ratio (OR) with
95% confidence interval (CI) was calculated for each
covariate. Sensitivity, specificity, and confidence interval
calculations were performed using standard procedures.
The McNemar test was used to compare the sensitivities
and specificities calculated. The Bonferroni correction was
applied to adjust for multiple comparisons.

Results
Baseline characteristics

The median age of the patients was 71 years (interquartile
range 62-80 years, 40 female). Based on the clinical
features and the imaging studies, in 11 of the 83 patients
evaluated (13%), the ischemic episode involved the
posterior circulation. The rest of the episodes were
considered to involve the anterior circulation. Thrombosis
could be demonstrated with CTA in 37 cases (45%). The
locations of the thrombi are described in Table 1. In 40
cases (56%) of the 72 evaluated with CTP, a perfusion
defect could be detected in the Alberta Stroke Program
Early CT Score (ASPECTS) planes. An additional six
perfusion defects were found outside the ASPECTS planes.
In total, a perfusion defect could be demonstrated in 64% of
the CTP studies (50% of all patients). The median NIHSS
score at the admission was 7 (interquartile range 4—12, 54%
had NIHSS <8, 18% had NIHSS >15), and 24 h later, the
score was 2. The median time from symptom onset to
treatment was 138 min (interquartile range 114-162). The
median mRS was 1 preictally and 2 90 days later. The
median change in mRS (AmRS) was 1 point. Seventy-four
percent of the patients experienced favorable clinical
outcome at 90 days (mRS <2). At 24 h a local hemorrhagic
complication (HI1, HI2, PHI1, or PH2) was detected in five
cases (6.0%) and four patients (4.8%) had parenchymal
hemorrhage distant to the site of the infarct (PHrl or PHr2).
The validation of the ASPECTS scoring method for CTP is
depicted in our previous study [10].

CBS, BASIS, and CBV ASPECTS as prognostic classifiers

CBS and cerebral blood volume (CBV) ASPECTS were
dichotomized using the thresholds (CBS >6 and CBV
ASPECTS >6) that best differentiated good from poor
clinical outcome in the previous studies [7, 10-14]. BASIS
is by definition a dichotomous variable that classifies
strokes as either major or minor. Table 2 summarizes the
comparison of patients in the subgroups so formed for all
intracranial vascular territories (n=83), whereas in Table 3,
only patients suffering from anterior circulation stroke were
included in the analysis (n=72). There was no significant
difference in age between the patients in the different
subgroups. There were more female patients with major
strokes and more male patients with minor strokes accord-
ing to the BASIS classification (p=0.01). As expected,
patients with low CBS and CBV ASPECTS scores and
patients with major strokes had significantly higher admis-
sion NIHSS scores, significantly larger perfusion defects in
the CBV and mean transit time (MTT) maps and more
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Table 1 The location of the clot in CT angiography

Thrombus location Number Percent
Basilar artery 8 9.6
PCA P2 segment 2 2.4
SCA 1 1.2
MCA M1 segment 10 12.0
MCA M2 segment 12 14.5
MCA M3 segment 3 3.6
ICA 1 1.2
Total detected 37 44.6
Not detected 46 554

A thrombus could be detected in 44.6% of the studies. The most common
locations were the M2 and the M1 segments of the MCA. There were
eight cases of thrombosis of the basilar artery. The most distant thrombi
detected were situated in the M3 segment

findings related to acute ischemic process in the admission
NCCT. Patients in the low CBS and low CBV ASPECTS
subgroups invariably had major stroke according to BASIS.
Patients with low CBV ASPECTS and major stroke had more
proximal and higher volume thrombi shown by significantly
lower CBS. Low CBS and CBV ASPECTS and major stroke
significantly predicted poor clinical outcome and larger infarct
volume 24 h after the administration of thrombolytic therapy.
The ability of CBS and CBV ASPECTS to predict the clinical
outcome was enhanced when only anterior circulation strokes
were included in the analysis, whereas the predictive power of
BASIS improved when all vascular territories were included
in the analysis. BASIS did not reach statistical significance
when only patients with anterior circulation strokes were
analyzed (p=0.23). This is because patients with thrombosis
in the M2 segment of the MCA are classified as having
major stroke, and yet in the study population, 83% of these
patients had good clinical outcome. If these patients were
classified as having minor stroke, BASIS performed consid-
erably better (Table 4). This modification is referred to as
MI1-BASIS in Tables 4, 5, and 6 and in the following
paragraphs.

There were eight cases of local and/or peripheral hemor-
rhagic complications in the study population. In four patients
the hemorrhages were mild and did not produce any
symptoms. In the other four patients, a notable space-
occupying effect was present. When cross-tabulated with the
dichotomized imaging parameters, none of the parameters
predicted hemorrhagic transformation statistically significantly.

In order to further assess the prognostic value of these
dichotomous imaging parameters, we performed binary
logistic regression analysis using the mRS at 90 days
dichotomized with the threshold <2 as the dependent
variable (Table 5). We also devised a novel parameter
which combines CBS and CBV ASPECTS by calculating
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an unweighted sum of the scores for each patient. This
parameter was named CBSV. Using ROC analysis with
clinical outcome as the state variable, an optimal threshold
for dichotomization was calculated for CBSV (>15, area
under the curve (AUC)=0.72, Fig. 1) and this dichotomized
variable was entered into the regression analysis. Figure 1
also shows ROC curves for CBS (AUC=0.69) and CBV
ASPECTS (AUC=0.70). Age and gender were treated as
potential confounders and were controlled for by treating
them as covariates. When all vascular territories were
included in the analysis, CBV ASPECTS, CBS, CBSV,
BASIS, and M1-BASIS were all significantly associated
with the clinical outcome. CBV ASPECTS displayed the
largest odds ratio for good clinical outcome (p=0.005,
OR=13.3). NCCT ASPECTS and gender were not signif-
icantly associated with the clinical outcome, whereas a low
NIHSS score at presentation significantly predicted good
clinical outcome (p=0.007). Age had a modest effect with
old age being a risk factor for poor outcome (p=0.02). When
only anterior circulation strokes were considered, CBV
ASPECTS, CBS, CBSV, and M1-BASIS were significantly
associated with the clinical outcome with CBSV having the
best statistical confidence level (p=0.002, OR=16.3). CBS
displayed the largest odds ratio (»=0.005, OR=25.1). BASIS
did not reach statistical significance.

Sensitivities and specificities for detecting good clinical
outcome were calculated for all the imaging parameters
that achieved statistical significance in the regression
analysis (Table 6). When all vascular territories were
included in the analysis, CBV ASPECTS was the most
sensitive predictor of good clinical outcome (0.96, CI
95%=0.86-0.99) while BASIS had the best specificity
(0.57, CI 95%=0.34-0.77). In the case of sensitivity, the
differences between CBV ASPECTS, CBS, and CBSV
were not statistically significant while BASIS was signif-
icantly less sensitive than any of the other parameters.
MI1-BASIS was less sensitive than CBV ASPECTS (p=
0.03). In the case of specificity, BASIS and M1-BASIS
were significantly more specific when compared to CBS
(»=0.02 and p=0.04, respectively). Otherwise there were
no statistically significant differences. When only the
anterior circulation was considered, CBV ASPECTS was
the most sensitive (0.96, CI 95%=0.86-0.99) and CBSV
the most specific (0.47, CI 95%=0.22-0.73) predictor.
BASIS proved to be significantly less sensitive when
compared to all the other parameters (p=0.001-0.008).
There were no statistically significant differences between
specificities. When the Bonferroni correction was applied
to adjust for multiple comparisons, BASIS remained to be
significantly less sensitive than other parameters both
in the case of all vascular territories and the anterior
circulation while all other differences were rendered statisti-
cally nonsignificant.



667

Neuroradiology (2012) 54:663—672

Syw ajonsard—sAep (g 18 SYW=SYWY "Pajou ISIMIOY)O Sso[un (JSFULdUW SanjeA [[V 'S I0Mo[ APuedyrusis Aq pajos[jor se IqUIOIY) own[oA IoYSIy pue [ewrxold aiow pey oyons
Jofew pue SIOAISY ALD MO[ YN sjuaned "SISYE 01 Surpioode oyons Iofew pey Ajqeureaur sdnoiSqns S1OTJSY AGD MO[ Pue SO MO 9y} UI SJUdNE "dWOINO0 [eorul]d 100d usyo diow pue
‘SouIN]OA JoIejul 10F1e] ‘s)09Jop uorsnyiod 1931e] ‘s9100s SSHIN UoIssIupe 1oy31y Apuedjiugis pey SISYg 03 Surpiodoe saxons Jofew yjm pue sa109s SISV AGD PUe SO MO[ YIm Ssjudned

18°0 LY1FE89 TEIFS 69 ¥T0 8VY1F0°89 VIIFIYL €0 SEIFY'69 SLIFEE9 a3y
10°0 47! I/1c LY'0 ¥€/0¢ €/S 80°0 [874%% </L (oreW/2RWRY) TopUSD
100°0> EYFI9 0°LFEE] 100°0 9CFIL CTEFSSI 800°0 V9FC8 YrF9€l SSHIN UoIssIupy
100°0> S0F6'6 61788 100°0 6'0FL6 9TFY'L ¥0°0 TIF96 L1798 SLOAdSV LOON
100°0> CIFY6 LTF9Y 100°0> 9TFEY SIF6'C 100°0> STFE I'IF¥C SLOddSV LLN
100°0> C0F00I1 YTF9L - L'OFL6 LOFvYy 100°0 SIF¥6 8'CF89 SLOAdSY AdD
- 15/0 0/ce 100°0> 9v/81 0/8 100°0> 1s/€¢ 0/6 (tourutofewr) SISVE
100°0> 0°0F0°01 1'¢¥08 100°0> V'1F$6 9169 90FL6 L'1FTS Sdd0
100°0> 8'LFSE SLYFI'EE 100°0> €91F9°L 1'09FS°L8 100°0 SICFY'6 T99F1°09 ((wo) awmjoA 11eJu]
¥00°0 I'T+8°0 8IFIC 100°0> €1F60 6'0F¢C¢E 100 VIFI'] 6'1F9°C Squy
¥0°0 CIFLT 6'1F0°¢ 00°0 PIF8°1 EIF0Y S0°0 91F0C 0CF0¢ sKep 06 1e Sy

(15=) T0UIy (ze=u) 1oley (r9=1) 9< A€D (8=u) 9> AED (pL=1) 9< SED (6=1) 9> S€ED

onjea d SISvd onfea d SLOAdSY A9D onjea d 9109s UdpINQ 101D

SOLIOJLLI9) Je[nOSeA [[V

SISVE pue ‘SIOAISY ALD ‘SAD paziwojoydrp o} urpioode sdnoidqns ojur paguerre syuoned [y T d[qeL

pringer

As



Neuroradiology (2012) 54:663—672

668

Sy oxyonsard—sAep (6 18 SYW=SYWY "PAOU ISIMIYIO SSA[UN (S| F ULSW SoN[eA [[V "PIZA[eue 910M 030N)s UONR[NIID JoLue M sjudned AJuo udym doueoyrudis
[eonsIyeIS [yoeal jJou pIp SISV ‘A[Sunsarou] ‘sIsA[eue oy} Ul POPN[OUT IOM SOYOI)S UOIIR[NOIID JOLIdJUE AJUO UyM paroidur swooino [esrur(o ayy 3o1paid 03 SIOAISY AGD pue SgD Jo Aifiqe oy

860 8V 1F0°89 6'S1FE89 0T0 0SIF9°L9 VIIFIYL 10 6'€1F8°89 $LIFEE9 o3y
10°0 €91 8/91 S 40) €€/5T €/S L0°0 8€/ST 7L (oew/oreWay) JOpUSD)
100°0> YYFE9 SSFLII 100°0> LYFO'L TEFSSI €00°0 [I'SFYL FYFIEl SSHIN uoIssIupy
100°0> S0F6'6 0TFH'8 100°0 6'0FL6 9TFYL 100 CIFS6 L'T1F9'8 SLOAdSY LOON
100°0> CIFY6 TTFOY 100°0> LTFI'8 SIF6T 100°0> STFT'S I'IF4'C SLOAdSV LLN
100°0> T0F0°01 Y TFCL - LOFL'6 LOF¥Y 100°0 STIFE6 §TF89 SLOAdSV A9D
- 8%/0 0/vC 100°0> €p/ST 0/3 100°0> 84/S1 0/6 (zourw/zofewr) SISVE
100°0> 0'0F0°01 0CTFL 100°0> STIF¥'6 9IF6'9 - 90FL6 LIFTS SdD
100°0> CLFTE ['ZSF00F 100°0> S'SIF89 1'09FS'L8 100°0 TTITF6'S T99F1°09 (o) dwnjoA joreyuy
200 I'TFL0 STIFST 100°0> TIF80 6'0FEE $00°0 I'1F6°0 6'1F9°C Sywy
€0 YIF91 91FST 100°0 vIFLT CIF0Y 200 VIFLT 0TF0E SABp 06 18 SYW

(8y=u) 1oury (y=u) 10fEN (85=u) 9< AHD (8=u) 9> AHD (¢9=u) 9< S9D (6=1) 9> S4D

anfea d SISVYg oanfea d SLOAdSV A9D anfea d 9I00S uapIng 101D

UONB[NOIID IOLIJUY

SISV Pue ‘SIDAISY AL ‘SED paziwojoydip 0) Surpioode sdnoidqns ojur paSuelie 90x)S UOHE[NIID IOLIJUE YJIM SIUdNEd € JqBL

pringer

Qs



Neuroradiology (2012) 54:663—672 669
Table 4 Patients arranged into subgroups according to M1-BASIS, all vascular territories and the anterior circulation

M1-BASIS

All vascular territories Anterior circulation

Major (n=21) Minor (n=62) p value Major (n=13) Minor (n=59) p value
mRS at 90 days 2.9+1.9 1.7+1.3 0.02 3.5+2.1 1.7+1.3 0.002
AmRS 23+1.8 0.8+1.1 0.001 2.6+2.0 0.8+1.1 <0.001
Infarct volume (cm®) 54.4+59.3 6.6+18.3 <0.001 39.0+51.9 6.8+17.9 0.001
CBS 6.2+2.2 9.8+0.5 <0.001 7.7+2.5 9.8+0.5 <0.001
BASIS (major/minor) 13/0 9/50 <0.001 21/0 11/51 <0.001
CBV ASPECTS 6.6+2.7 9.6+1.1 <0.001 7.3+2.8 9.6+1.1 <0.001
MTT ASPECTS 2.8+1.6 8.5+2.3 <0.001 4.1+3.1 8.6+2.2 <0.001
NCCT ASPECTS 8.0+2.2 9.7+1.0 <0.001 8.7+2.0 9.7£0.9 0.005
Admission NIHSS 13.5+4.5 6.9+4.8 <0.001 15.4+6.7 6.7+4.7 <0.001
Gender (female/male) 8/5 24/35 0.22 13/8 27/35 0.21
Age 66.3+15.6 68.5+14.2 0.71 68.8+14.0 68.7+14.2 0.97

If patients with thrombosis in the M2 segment of the MCA were classified as having minor stroke, BASIS had considerably better prognostic
value. This modification was named M1-BASIS. All values mean+1SD unless otherwise noted. AmRS=mRS at 90 days—prestroke mRS

Discussion

Recently a number of imaging parameters have been
introduced that may be useful in the risk stratification and
the treatment decision making in acute ischemic stroke. We
studied the performance of two CTA-based classification
schemes, BASIS and CBS, and one perfusion parameter,
CBV ASPECTS, in a thrombolytic therapy cohort.

In the absence of adequate collateral circulation, vessel
recanalization is a necessary condition to favorable clinical
outcome. The location, the volume, and the composition of

the clot essentially determine the effectiveness of intrave-
nous rtPA in dissolving the occluding thrombus [1-9, 15].
The time from the onset of the symptoms to the possible
recanalization largely determines the functional outcome as
the duration of parenchymal ischemia dictates the progres-
sion of the irreversible changes, i.e., the size of the infarct
core [16]. Both BASIS and CBS address the location of the
clot, while CBS also takes into account the volume. CBV
ASPECTS estimates the size of the infarct core.

Patients with low CBS and CBV ASPECTS scores and
with major strokes according to BASIS had significantly

Table 5 Binary logistic regression analysis for favorable clinical outcome (mRS <2 at 90 days), all vascular territories, and the anterior circulation

All vascular territories

Anterior circulation

Odds ratio CI 95% p value H-L C Odds ratio CI 95% p value H-L C
CBV ASPECTS >6 133 2.2-79.7 0.005 0.51 0.75 15.3 2.4-98.8 0.004 0.88 0.79
CBS >6 11.6 1.7-77.1 0.01 0.36 0.74 25.1 2.6-240 0.005 0.16 0.80
MI1-BASIS (minor) 8.7 2.4-31.6 0.001 0.92 0.80 7.3 1.5-34.0 0.01 0.70 0.78
BASIS (minor) 39 1.2-12.9 0.02 0.23 0.74 2.6 0.66-10.2 0.17 0.83 0.73
CBSV >15 12.1 2.4-60.8 0.003 0.48 0.76 16.3 2.7-98.8 0.002 0.71 0.80
NCCT ASPECTS>7 1.2 0.1-13.9 0.89 0.77 0.70 1.5 0.12-18.0 0.76 0.82 0.72
Admission NIHSS 0.87 0.79-0.96 0.007 0.86 0.79 0.82 0.71-0.94 0.004 0.54 0.85
Onset-to-treatment time 0.99 0.98-1.01 0.29 0.06 0.71 1.01 0.99-1.03 0.36 0.21 0.71
Gender 0.98 0.33-2.9 0.97 0.89 0.69 0.73 0.36-4.3 0.58 0.38 0.72
Age 0.95 0.90-0.99 0.02 0.89 0.69 0.94 0.89-0.99 0.03 0.38 0.72

CBV ASPECTS, CBS, and BASIS were all significantly associated with the clinical outcome with M1-BASIS having the best statistical
confidence level in predicting of good clinical outcome when all vascular territories were included in the analysis. When only anterior circulation

strokes were considered, the sum of CBS and CBV ASPECTS proved to be the most robust predictor

CI confidence Interval, H-L Hosmer-Lemeshow significance, C C statistic
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Table 6 Sensitivities and specificities for detecting good clinical outcome (mRS <2 at 90 days) for the imaging parameters that achieved statistical

significance in the regression analysis

All vascular territories

Anterior circulation

Se CI 95% Sp CI 95% Acc Se CI 95% Sp CI 95% Acc
CBV ASPECTS >6 0.96 0.86-0.99 0.35 0.15-0.61 0.82 0.96 0.85-0.99 0.40 0.17-0.67 0.83
CBS >6 0.93 0.83-0.98 0.24 0.09-0.48 0.77 0.93 0.82-0.98 0.35 0.13-0.61 0.76
CBSV >15 0.93 0.81-0.98 0.41 0.19-0.67 0.80 0.92 0.80-0.97 0.47 0.22-0.73 0.82
M1-BASIS 0.85 0.73-0.92 0.52 0.30-0.74 0.77 0.88 0.75-0.94 0.40 0.17-0.67 0.77
BASIS 0.70 0.57-0.81 0.57 0.34-0.77 0.67 0.71 0.58-0.82 0.41 0.19-0.67 0.66

When all vascular territories were included in the analysis, CBV ASPECTS was the most sensitive predictor of good clinical outcome while
BASIS had the best specificity. When only the anterior circulation was considered, CBV ASPECTS was the most sensitive and CBSV the most
specific predictor. In both settings BASIS was significantly less sensitive when compared to all the other parameters

CI confidence interval, Se sensitivity, Sp specificity, Acc accuracy

higher admission NIHSS scores, larger perfusion defects,
larger infarct volumes, more findings related to acute ischemic
process in the admission NCCT, and more often poor clinical
outcome. CBS and CBV ASPECTS predicted the clinical
outcome more accurately when only anterior circulation
strokes were analyzed which is to be expected as these
scoring schemes do not include data from the posterior
circulation. BASIS, on the other hand, also takes into account
the posterior circulation. Thus it performs better when all
vascular territories are included in the analysis as patients with
occlusion of the basilar artery are correctly classified as having
major stroke. However, BASIS did not reach statistical

ROC Curve

Sensitivity

""" CBS
—CBSV
=—=CBV ASPECTS
Reference Line
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Fig. 1 Receiver operating characteristic curves for CBSV, CBS, and
CBV ASPECTS with clinical outcome as the state variable. Good
clinical outcome was defined as mRS <2 at 90 days. AUCcpgy=0.72,
AUCCBV ASPECTS:0'707 and AUCCBS:O.69
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significance when only patients with anterior circulation
stroke were analyzed. This is remedied if patients with
thrombosis of the M2 segment are classified as having minor
stroke (p=0.23 vs. p=0.002). This modified BASIS, which
we named M1-BASIS, seems to perform slightly better than
BASIS also when all vascular territories are included in the
analysis. These findings probably reflect the effect of the
thrombolytic therapy and support the notion that patients
with thrombosis of the M2 segment of the MCA benefit
from intravenous thrombolytic therapy, whereas a more
proximal clot location predicts limited response [I, 3, 9,
17]. Only a minority of the patients (8%) received thrombo-
lytic therapy in the study population that was originally used
to validate BASIS [5].

In the logistic regression analysis, dichotomized M1-
BASIS, CBV ASPECTS, CBS, and BASIS were all signifi-
cantly associated with the clinical outcome (p=0.001, p=
0.005, p=0.02, and p=0.01, respectively). When only
anterior circulation strokes were considered, the sum of
CBS and CBV ASPECTS, a novel variable which we named
CBSYV, proved to be the most robust predictor of favorable
outcome (p=0.002, OR=16.3). CBSV combines two inde-
pendent predictors of clinical outcome that reflect different
pathophysiological processes: CBV ASPECTS that approx-
imates the volume of already irreversibly damaged brain
tissue and CBS that provides information about clot extent
and location [7, 8, 10]. Thus, theoretically CBSV should
have better predictive power than either of its components.
This is supported by our results.

CBV ASPECTS, CBS, CBSV, and M1-BASIS all had
high sensitivity (85-96%) but moderate to poor specificity
(24-52%) in predicting good clinical outcome. The rather
modest specificity is to be expected as not all patients with
potentially favorable profile experience recanalization and
as strategic infarcts may cause serious functional deficit
with minimal imaging findings. Further, there were four
patients (two with anterior circulation strokes) with pre-



Neuroradiology (2012) 54:663-672

671

stroke mRS >2 that were classified as low-risk patients by
CBS, CBV ASPECTS, and CBSV, which decreases the
specificity of these parameters somewhat. BASIS was only
moderately sensitive (70-71%). There were no statistically
significant differences between specificities after the Bonfer-
roni correction was applied to adjust for multiple compar-
isons. Tan et al. found CBS to be less sensitive but more
specific when compared to our findings [7]. This is probably
due to considerably higher median NIHSS score (16) and
lower proportion of patients treated with rtPA (70.5%) in
their study population.

Our study is limited by the retrospective design and sample
size. There was some heterogeneity in the details of treatment
and variation in onset-to-needle times which are to be
expected in a clinically managed population. Because of the
study design, data on vessel recanalization were not available
for the majority of the patients. However, a large final infarct
volume is intimately related to delayed or failed recanalization
and can be used as a surrogate. M1-BASIS was created based
on a post hoc analysis of the data set and should be further
validated in other thrombolytic therapy cohorts.

In conclusion, novel imaging parameters that lie up-
stream to clinical parameters (NIHSS) in the pathophysio-
logical chain of ischemic stroke potentially allow higher
resolution in the risk stratification and the treatment
decision making. Optimally a selection of markers portray-
ing different aspects of the disease state and having
independent prognostic value would be utilized. These
markers include anatomical angiographic data revealing the
location and the extent of the clot (CBS and BASIS) and
dynamic perfusion data enabling the detection of irrevers-
ibly damaged and potentially salvageable brain tissue (CBV
ASPECTS and CTP ASPECTS mismatch) [10]. We
demonstrated that CBS, BASIS, and CBV ASPECTS are
statistically robust and sensitive but unspecific predictors of
good clinical outcome among patients receiving intrave-
nous thrombolytic therapy. We introduced two derived
imaging parameters, CBSV and M1-BASIS, that essentially
share these same properties but seem to have slightly better
prognostic accuracy. BASIS was significantly less sensitive
than the other parameters studied.
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