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Natural history of acute stroke with middle cerebral artery 
(MCA) occlusion has a very poor prognosis and localization 

of occlusion is one of the most important factors.1 Intravenous 
thrombolysis with application of recombinant tissue-type plas-
minogen activator (IV-tPA) is currently the only clinically 
proven method of acute ischemic stroke treatment2; however, 
its effect is limited in a significant percentage of patients with 
a large vessel occlusion (LVO). Recanalization of LVO after 
IV-tPA depends on several factors that have been identified such 
as location, extent, composition of occlusion, collateral status, 
and glycemia.3–8 Endovascular therapy (ET) is an alternative 
method, more effective in recanalization of occluded vessel, but 
the clinical superiority of IV-tPA has not yet been proved in large 
trials.9–11 In anterior circulation, recanalization rate and clinical 

outcome after IV-tPA have been worst in patients with termi-
nal intracranial artery occlusion and best in distal MCA occlu-
sion.12–14 The impact of intravascular thrombus quantity has been 
evaluated using hyperatenuated arterial sign in noncontrast CT 
(NCCT) study15 and using CT angiography (CTA) with semi-
quantitative scoring as Clot Burden Score.12,13

With the advent of multidetector CT scanners allowing volu-
metric whole brain CT perfusion examinations, time-resolved 
4-dimensional CTA (4D-CTA) of cerebral vasculature can be 
used for noninvasive cerebral hemodynamic assessment.16–18 
The aim of this study was to identify predictors of IV-tPA 
successful recanalization and outcome in patients with MCA 
stem (M1) occlusion determined using 4D-CTA temporal 
maximum intensity projection (tMIP) datasets.

Background and Purpose—The length of large vessel occlusion is considered a major factor for therapy in patients with 
ischemic stroke. We used 4D-CT angiography evaluation of middle cerebral artery occlusion in prediction of recanalization 
and favorable clinical outcome and after intravenous thrombolysis (IV-tPA).

Methods—In 80 patients treated with IV-tPA for acute complete middle cerebral artery/M1 occlusion determined using 
CT angiography and temporal maximum intensity projection, calculated from 4D-CT angiography, the length of middle 
cerebral artery proximal stump, occlusion in M1 or M1 and M2 segment were measured. Univariate and multivariate 
analyses were performed to define independent predictors of successful recanalization after 24 hours and favorable 
outcome after 3 months.

Results—The length of occlusion was measureable in all patients using temporal maximum intensity projection. 
Recanalization thrombolysis in myocardial infarction 2 to 3 was achieved in 37 individuals (46%). The extension to M2 
segment as a category (odds ratio, 4.58; 95% confidence interval, 1.39–15.05; P=0.012) and the length of M1 segment 
occlusion (odds ratio, 0.82; 95% confidence interval, 0.73–0.92; P=0.0007) with an optimal cutoff value of 12 mm 
(sensitivity 0.67; specificity 0.71) were significant independent predictors of recanalization. Favorable outcome (modified 
Rankin scale 0–2) was achieved in 25 patients (31%), baseline National Institutes of Health Stroke Scale (odds ratio, 
0.82; 95% confidence interval, 0.72–0.93; P=0.003) and the length of occlusion M1 in segment (odds ratio, 0.79; 95% 
confidence interval, 0.69–0.91; P=0.0008) with an optimal cutoff value of 11 mm (sensitivity 0.74; specificity 0.76) were 
significant independent predictors of favorable outcome.

Conclusions—The length of middle cerebral artery occlusion is an independent predictor of successful IV-tPA 
treatment.    (Stroke. 2014;45:2010-2017.)
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Materials and Methods
Study Design
We performed a retrospective single-center study of a prospectively 
acquired data of consecutive patients with final diagnosis ischemic 
stroke treated with IV-tPA in the period January 2009 to December 
2012. Clinical and imaging data, obtained as part of routine stroke 
care, were reviewed with the approval of The Institutional Review 
Board.

The standard imaging protocol in patients with suspected acute 
stroke consists of NCCT followed after exclusion of intracranial hem-
orrhage with volume perfusion CT examination (VPCT) and CTA of 
the neck and cerebral arteries for assessment of therapy. The inclu-
sion criteria for our study was the isolated occlusion of the MCA in 
the M1 and M2 segments, IV-tPA therapy started up to 4.5 hours from 
symptoms onset, follow-up CTA examination during a time interval 
of 22 to 26 hours after the IV-tPA administration, and a complete 
3-month clinical follow-up. Patients with incomplete M1 occlusion, 
isolated occlusion of the M2 segment, and occlusion involving inter-
nal carotid artery or insufficient technical quality of the VPCT and 
CTA examination were excluded.

Data on clinical history, demographics, laboratory results, risk 
factors, prestroke modified Rankin scale (mRS) score were obtained 
as a part of standard clinical workup by trained staff. The initial 
neurological deficit and its development 24 hours after IV-tPA ad-
ministration were assessed using the National Institutes of Health 
Stroke Scale (NIHSS). Clinical outcome in the 3-month interval was 
assessed using mRS by a trained neurologist in outpatient clinic or 
by telephone contact with caregivers and dichotomized into favor-
able outcome (mRS 0–2) and poor clinical outcome (mRS 3–6). The 
pathogenesis of stroke was classified according Trial of Org 10172 
(TOAST) criteria.

Imaging Protocol
CT examinations consisted of NCCT, VPCT, and CTA on admission 
and follow-up NCCT and CTA were performed on a dual-source 
computed tomograph (Somatom Definition, Siemens Healthcare, 
Erlangen, Germany). NCCT in the range of whole brain was per-
formed in spiral mode with collimation 64×0.6 mm, rotation time 0.5 
seconds, tube voltage 120 kV, and tube current 320 mAs. Series in 
orthogonal projections (6-mm section width) were performed for tis-
sue evaluation. Thin series (1-mm section width) were performed for 
hyperdense MCA sign (HDMCAS) assessment. VPCT covering the 
whole brain (136 mm) was performed by using a spiral shuttle mode 
consisting of 25 repeated scans with a duration of 1.75 seconds (col-
limation 24×1.2 mm, rotation 0.33 seconds, 100 kV, 150 mAs). The 
acquisition was started together with the onset of intravenous applica-
tion of 40 mL (350 mg/mL - Iomeron 350, Bracco, Italy) of iodine 
contrast agent at a flow-rate of 5 mL/s and a saline flush of 60 mL at 
the same rate (cubital vein or vein at the hand dorsum). Axial images 
with a 1.5-mm section width (increment 0.7 mm) were reconstructed 
(total 4800 images), processed in dedicated VPCT Neuro (Syngo, 
Siemens Healthcare, Erlangen, Germany) application, and tMIP se-
ries were created for further evaluation. The cranio-cervical CTA was 
performed (collimation 2×64×0.6 mm, 120 kV, 62 mAs, rotation 0.33 
seconds, pitch factor 0.7) using 60 mL of iodine contrast agent (350 
mg/mL - Iomeron 350, Bracco, Italy) at a flow-rate of 4 mL/s with 
a saline flush of 50 mL. The examination was started using bolus-
tracking technique monitoring the density increase in the ascending 
aorta (threshold 100 Hounsfield Unit [HU]), the scanning direction 
being caudo-cranial. Series reconstructed at the section width 0.6 mm 
(increment 0.4 mm) was performed for further evaluation. The same 
parameters were used for follow-up examination after IV-tPA.

Image Analysis
Image analysis was performed at the Syngo Leonardo workstation 
(Siemens Healthcare, Erlangen, Germany). Two readers (radiolo-
gists with 8 and 5 years’ experience in neuroimaging) blinded to 
clinical information assessed CT data set of all patients. To determine 

intraobserver variability, all images were assessed twice in month in-
terval and in randomized order. The presence of HDMCAS was de-
fined by the following criteria19,20: spontaneous visibility of the whole 
or part of horizontal segment of the MCA, density of the MCA higher 
than that of the surrounding brain, disappearance on bone windows, 
unilaterality, and absence of subarachnoid bleeding. The M2 dot sign 
was defined as hyperattenuation of an arterial structure in the Sylvian 
fissure relative to the contralateral side and was not considered suf-
ficient for diagnosis of HDMCAS when present in isolation. CTA-
based measurement of vessel attenuation in HU of occluded M1 and 
corresponding contralateral site was done by placing a small round 
region of interest throughout the artery, and the average of the 2 high-
est HU values was used for further analysis. Absolute HU of symp-
tomatic site was also corrected for hematocrit using the HU ratio 
(rHU=HU thrombus/HU contralateral MCA).

VPCT data-sets were processed using a dynamic analysis pack-
age (VPCT Neuro, Syngo, Siemens Healthcare, Erlangen, Germany) 
with automatic motion correction and noise reduction technique. 
To assess initial extent of infarction, cerebral blood volume (CBV) 
maps were scored using the Alberta Stroke Program Early CT Scale 
(ASPECTS) score evaluated. Each ASPECTS region was visually 
evaluated for relatively low CBV compared with the mirror region 
in the contralateral hemisphere.21–23 To determine vascular occlusion, 
initially the differentiation between stenosis and complete occlusion 
was performed (tMIP and cine 4D-CTA).24 Subsequently, the occlu-
sion length measurement was performed in the standard viewing soft-
ware (Syngo 3D, Siemens Healthcare, Erlangen, Germany) using the 
MIP reconstruction (2-mm section width). According to the thrombus 
orientation, 2 adapted oblique planes (2D measurement) were per-
formed—in these planes, the occlusion length was measured manu-
ally between proximal and distal occlusion end using the freehand 
curve function with respect of anatomic course. The longer diameter 
of both planes that corresponded more to the anatomic course of the 
MCA was used in the statistical analysis. In case of continuous M1 
and M2 segment occlusion with substantially different paths of both 
segments, the lengths were measured separately and were summed. 
The longest occlusion in the M2 segment was measured using the 
above-mentioned methods (Figure 1). Finally, the length of M1 prox-
imal stump was measured.

We used 3 angiography parameters of quantitative values in our 
statistical analysis of recanalization and outcome prediction: (1) the 
whole length of occlusion including both occlusion in segment M1 
and eventually M2, if involved (M1/M2), (2) the occlusion length 
only in the M1 segment (M1), and (3) the length of nonoccluded 
proximal part of M1 segment (M1 stump) for localization of clot ori-
gin in M1 segment. Moreover (4), we used qualitative parameters for 
differentiation of pure M1 segment occlusion (M1 only) and occlu-
sion extended to M2 segment (M1+M2).

In addition thick sections tMIP were evaluated for the presence of 
collaterals in the MCA territory comparing with contralateral hemi-
sphere on a 4-point scale: (0) absent (%), (1) >0 but <50%, (2) ≥50% 
but <100%, (3) normal (100%).13,18,25 For statistical analysis, the scale 
was divided into good (score 2–3) and poor collaterals (score 0–1).

Recanalization Assessment
 In all the patients, the follow-up CTA examination was done in a time 
interval of 22 to 26 hours after the IV-tPA onset. The recanalization 
effect was evaluated using the thrombolysis in myocardial infarction 
criteria (Grade 0 – no recanalization of M1, Grade 1 – partial or com-
plete filling of M1 with persistent occlusion a least 1 M2 branch, 
Grade 2 – partial or complete filling of M1 with complete filling of 
the distal M2 branches flow, Grade 3 – complete recanalization with 
filling of all distal branches, including M3 and M4) – grades 2 and 3 
were considered to successful recanalization.26–28

Statistical Analysis
Data are reported using standard descriptive statistics. Categorical 
variables were compared with χ2 and Fisher exact tests and continu-
ous variables with the Mann–Whitney U test. Logistic regression was 
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performed to determine the independent predictors of successful re-
canalization (thrombolysis in myocardial infarction 2–3), and favor-
able outcome (mRS 0–2). Variables of interest were age, sex, baseline 
clinical variables (NIHSS score on admission, atrial fibrillation, arte-
rial hypertension, diabetes mellitus, hypercholesterolemia, previous 
antithrombotic and statin therapy, blood glucose and cholesterol), 
pathogenesis, onset-to-treatment time, the total length of M1/M2 oc-
clusion, the length of occlusion in M1 segment, the extension of oc-
clusion from M1 to M2 segment as a categorical variable, the length 
of M1 stump, presence of HDMCAS, absolute HU, rHU, collateral 
score, and CBV ASPECTS score. Successful recanalization (throm-
bolysis in myocardial infarction 2–3) was also included in outcome 
analysis. Each of these predictors was examined in univariate analy-
sis. Forward stepwise logistic regression including all variables with 
P<0.2 in univariate analysis was performed. The results are expressed 
as odds ratio (OR) with 95% confidence interval (CI). A probability 
value of <0.05 was considered statistically significant. Receiver oper-
ating characteristic analysis and Matthews correlation coefficient was 
used to determine the optimal cut-off value of significant continu-
ous variables. Inter-observer (HDMCAS, HU, collateral score, CBV 
ASPECTS, and CTA) and intraobserver (40 patients, 1 month later in 
random order, only tMIP) agreements were evaluated using intraclass 
correlation coefficients and κ statistics.

Results
Baseline Data
Among 411 patients treated with IV-tPA, we identified 142 
patients with MCA impairment, 80 of whom with isolated 
M1-M2 occlusion were included in this study. The reminder 
were excluded because of significant impairment of ipsilat-
eral common or internal carotid artery (n=27), incomplete M1 
occlusion (n=7), occlusion originating beyond M1 (n=25), 

and insufficient technical quality of CT data (n=10). The main 
baseline data are summarized in Tables 1 and 2. Mean age was 
70.9±12.8 (range, 34–96) years with 41% being male patients. 
Median baseline NIHSS score was 16 (range, 6–25) and onset 
to treatment time was 155 minutes (range, 90–275). The distal 
end of occlusion was not identifiable using CTA datasets in 32 
patients (40%). The length of the complete MCA occlusion 
was measurable in all the patients using the tMIP datasets. In 
57 (71%) patients, there was isolated M1 segment occlusion; 
in 23 patients (29%), there was extension to the M2 segment. 
The median length of MCA occlusion was 15.4 mm (range, 
2.9–26.2), the median length of occlusion in M1 segment was 
12.7 mm (range, 2.6–26.2), the median length of M1 stump 
was 7.8 mm (range, 0–23.0), and HDMCAS was present in 67 
(84%) patients. There was no significant relation of HU values 
and rHU to stroke etiology (P=0.886 and P=0.690).

Recanalization
Successful recanalization after IV-tPA (thrombolysis in myo-
cardial infarction 2 and 3) was achieved in 37 individuals 
(46%). Potential predictors of recanalization are summarized 
in Table 1. In the univariate analysis, baseline NIHSS score 
(P=0.015), the whole length of occlusion (M1/M2) (P=0.009), 
and the length of occlusion in M1 segment (P=0.003) were 
significant negative factors for successful recanalization. 
Neither presence of HDMCAS nor HU clot density did sig-
nificantly affect recanalization. In multivariate logistic regres-
sion analysis, the length of M1 segment occlusion (OR, 0.82; 
95% CI, 0.73–0.92; P=0.0007) and the extension to M2 seg-
ment as a category (OR, 4.58; 95% CI, 1.39–15.05; P=0.012) 
were significant independent predictors of recanalization with 
overall model fit P=0.0004. Other clinical and CT variables 
(vascular risk factors, pathogenesis, time to treatment, base-
line NIHSS, the whole length of M1/M2 occlusion, the length 
of M1 stump, HDMCAS, HU, rHU, CVB ASPECTS score) 
were dropped from final model.

Based on the logistic regression analysis, we performed 
receiver operating characteristics curve analysis for determina-
tion of optimal cutoff value for the length of occlusion in M1 
segment. The optimal value was found to be 12 mm, (Matthews 
correlation coefficient 0.373) with sensitivity 0.67 (95% CI, 
0.518–0.833) and specificity 0.71 (95% CI, 0.551–0.844), and 
odds ratio 4.81 (95% CI, 1.86–12.40; P=0.0012) (Figure 2).

Outcome
Intracerebral hemorrhage developed after IV-tPA in 17 
patients, and in 3 cases the hemorrhage was symptomatic. The 
outcome was assessed at a 3-month interval. Follow-up infor-
mation was obtained in all patients. Favorable outcome (mRS 
0–2) was achieved in 25 patients (31%; 6 patients with mRS 
0, 10 patients with mRS 1, 9 patients with mRS 2, 8 patients 
with mRS 3, 10 patients with mRS 4, 22 patients with mRS 5), 
mortality during a 3-month follow-up was 19% (15 patients). 
In univariate analysis, lower baseline NIHSS (P=0.0005), 
successful recanalization (P=0.0007), and the length of both 
whole occlusion M1/M2 (P=0.001), the length in M1 segment 
(P=0.0002), and CBV ASPECTS score (P=0.011) were sig-
nificant predictive factors for favorable outcome (Table  2). 

Figure 1. The diagram showing measured parameters: S indi-
cates the length of proximal stump; M1, the occlusion length in 
M1 segment; M1+M2, the whole length of occlusion, the longest 
occlusion of M2 segment was measured (A). The comparison of 
conventional maximum intensity projection (MIP) of CT angiogra-
phy (CTA) with poor filling of peripheral branches of middle cere-
bral artery behind M1 occlusion without identifiable distal end of 
occlusion (B) and temporal MIP (tMIP) reconstruction of  
4-dimensional CTA data with 2D measurement, the longer  
distance was used in statistical analysis (C and D).
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In multivariate logistic regression analysis, baseline NIHSS 
(OR, 0.82; 95% CI, 0.72–0.93; P=0.003) and the length of 
occlusion M1 in segment (OR, 0.79; 95% CI, 0.69–0.91; 
P=0.0008) were significant independent predictors of favor-
able outcome with overall model fit P<0.0001 (Table 3). Other 
clinical variables (vascular risk factors, pathogenesis, time to 
treatment, recanalization status after 24 hours, extension to 
M2 segment, the whole length of M1/M2 occlusion, the length 
of M1 stump, HDMCAS, HU, rHU, CVB ASPECTS score) 
were dropped from final model. The multivariate analysis was 
repeated with exclusion of recanalization and converged to the 
same final model.

As in case of recanalization analysis, receiver operating 
characteristic analysis was used for determination the optimal 
cut-off value for the M1 occlusion length in favorable out-
come prediction. The optimal value was found to be 11 mm, 
(Matthews correlation coefficient 0.470) with sensitivity 0.74 
(95% CI, 0.591–0.887) and specificity 0.76 (95% CI, 0.618–
0.892), and odds ratio 8.74 (95% CI, 2.81–27.20; P=0.0002) 
(Figure 3).

There was substantial interobserver agreements for 
HDMCAS (κ=0.71) and good agreement for CVB ASPECTS 

score (κ=0.86), HU measurement (intraclass correlation coef-
ficient=0.75), and occlusion length (intraclass correlation 
coefficient=0.93) and intraobserver agreement (intraclass cor-
relation coefficient=0.97).

Discussion
In this study, the length of occlusion in M1 segment in 
patients with proximal MCA occlusion, measured by tMIP 
derived from CT perfusion data, was an independent predic-
tor of IV-tPA recanalization after 24 hours and favorable out-
come after 3 months. Patients with M1 and continuous M1/
M2 segment occlusion were included in our study. Our results 
confirmed that M2 involvement despite its extent is a signifi-
cant negative factor for IV-tPA recanalization, but a signifi-
cant relation with clinical outcome was not proved. The main 
reason is probably the importance of occluded perforating 
arteries originating in M1 segment, but probably because of 
its extreme variability, we did not find any correlation with 
the length of proximal stump as a localizing parameter of M1 
occlusion.29

Our results support evidence that IV-tPA radiological and 
clinical effectiveness in MCA occlusion is limited and highly 

Table 1.   Baseline Characteristics of 80 Patients With Medial Cerebral Artery Occlusion Stroke in Context of 
Successful Recanalization

Characteristics
Patients With MCA  
Occlusion (n=80)

Patients With Recanalization  
TIMI 2–3 (n=37; 46%)

Patients With Recanalization  
TIMI 0–1 (n=43; 54%) P Value

Age, y; median (range) 73 (23–91) 72 (41–96) 75 (23–91) 0.539

Female, n, % 47 (59) 14 (62) 23 (61) 0.566

Hypertension, n, % 65 (81) 30 (80) 35 (81) 0.971

Diabetes mellitus, n, % 26 (33) 14 (38) 12 (28) 0.346

Baseline glucose, median (range) 7.3 (4.8–27.5) 7.0 (4.8–14.8) 7.5 (5.1–27.5) 0.460

Atrial fibrillation, n, % 40 (50) 21 (57) 19 (44) 0.262

Statin therapy, n, % 13 (16) 8 (22) 5 (12) 0.233

Baseline cholesterol, median (range) 4.7 (2.4–6.8) 4.6 (2.4–6.5) 4.7 (2.4–6.8) 0.519

Antithrombotic therapy, n, % 25 (31) 12 (32) 12 (35) 0.832

Cardioembolic pathogenesis, n, % 46 (58) 22 (59) 24 (56) 0.742

Time-to-treatment, median (range) 155 (90–275) 165 (90–275) 160 (109–250) 0.858

Baseline NIHSS, median (range) 16 (6–25) 14 (6–22) 17 (6–25) 0.015*

Type of MCA occlusion

 � M1only, n, % 57 (71) 30 (81) 27 (62) 0.076*

 � M1+M2, n, % 23 (29) 7 (9) 16 (38)

Length of MCA occlusion

 � M1, median (range) 12.7 (2.9–26.2) 9.3 (2.9–20.5) 13.9 (5.3–26.2) 0.001*

 � M1/M2, median (range) 15.4 (2.9–44.5) 13.2 (2.9–27.2) 16.9 (6.3–44.5) 0.002*

Length of M1 stump, median (range) 7.8 (0–23.0) 7.1 (0–23.0) 8.0 (0–20.8) 0.317

HDMCAS, n, % 67 (84) 30 (82) 37 (86) 0.549

Absolute HU, median (range) 64 (48–76) 64 (48–72) 65 (49–76) 0.339

rHU, median (range) 1.26 (0.86–1.50) 1.25 (0.89–1.50) 1.26 (0.86–1.43) 0.822

tMIP collateral score, median (range) 2 (1–3) 2 (1–3) 3 (1–3) 0.360

CBV ASPECTS score, median (range) 8 (2–10) 8 (3–10) 7 (2–10) 0.561

ASPECTS indicates Alberta Stroke Program Early CT Scale; CBV, cerebral blood volume; HDMCAS, hyperdense MCA sign; HU, Hounsfield Unit; M1, 
occlusion length only in M1 segment; M1/M2, complete occlusion length (M1 or M1 and M2 segment); MCA, middle cerebral artery; NIHSS, National 
Institutes of Health Stroke Scale; and TIMI, thrombolysis in myocardial infarction.

*Variable included in multivariable model (P<0.2).
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dependent on age, site of occlusion, amount and character of 
thromboembolic material, and collateral circulation with its 
reflection in initial neurological deficit.12–15,30 Similar predic-
tive factors seem to affect results of ET.31 So there is a need for 
selection of reliable parameter which can be used in decision 
making in selection of more aggressive recanalization therapy.

In CTA the contrast level in an artery depends on scanning 
protocol and the circulation phase at the time of acquisition, 
and suboptimal timing of the data acquisition may lead to a sig-
nificant bias of the examination result.32 4D-CTA overcomes 
this problem because of its dynamic nature and selection of 
the optimal circulation phase with improvement in image 
quality especially in case of delayed filling of collateral circu-
lation in LVO and ability of assess completeness of LVO.16–18 
For this reason, we used 4D-CTA for precise evaluation of the 
presence, extent, and completeness of M1 occlusion.

Recent studies have been published that focused on the 
possibility of LVO extent determination using the special 
scoring system. The Clot Burden Score is 10-point scoring 
system to determine the occlusion extent, and a Clot Burden 

Score of >6 (corresponding only proximal or distal half of M1 
with only 1 M2 occlusion) predicted higher recanalization 
rate and good clinical outcome.12,13 However, the assessment 
was performed using the conventional CTA, a method that 
has limitations in detection of the distal end of the occlusion, 
according to our results. Until now, a single study focused 
on the determination of the absolute length of the LVO and 
possible prediction of recanalization success—the clot length  
>8 mm has nearly no potential for recanalization. The authors 
used the HDMCA sign in 2.5 mm NCCT slices to provide the 
assessment.15 This value does not correspond to our results; 
however, individual methods of the measurement and source 
datasets were different, and recanalization assessment after 
20.7±6.0 hours was done mainly using transcranial Doppler 
ultrasonography. We did not find such a clear cutoff value 
because recanalization appeared even in longer occlusions. 
ROC analysis for the occlusion length in M1 segment as a 
predictor of successful recanalization with almost linear 
shape means relatively low specificity and moderate sensitiv-
ity of resulting cutoff value.

Table 2.  Baseline Characteristics of 80 Patients With Medial Cerebral Artery Occlusion Stroke in Context of Favorable 
Outcome

Characteristics
Patients With MCA  
Occlusion (n=80)

Patients With Favorable  
Outcome mRS (0–2)  

(n=25; 31%)

Patients With Poor  
Outcome mRS (3–6)  

(n=55; 69%) P Value

Age, y; median (range) 73 (23–91) 69 (41–87) 76 (23–96) 0.062*

Female, n, % 47 (59) 14 (56) 33 (60) 0.736

Hypertension, n, % 65 (81) 20 (80) 45 (81) 0.847

Diabetes mellitus, n, % 26 (33) 7 (28) 19 (35) 0.563

Baseline glucose, median (range) 7.3 (4.8–27.5) 7.3 (5.3–13.2) 7.3 (4.8–27.5) 0.444

Atrial fibrillation, n, % 40 (50) 12 (48) 28 (51) 0.809

Statin therapy, n, % 13 (16) 3 (12) 10 (18) 0.233

Baseline cholesterol, median (range) 4.7 (2.4–6.8) 4.7 (2.4–6.5) 4.6 (3.1–6.8) 0.688

Antithrombotic therapy, n, % 25 (31) 7 (28) 18 (33) 0.673

Cardioembolic pathogenesis, n, % 46 (58) 14 (56) 32 (58) 0.855

Time-to-treatment, median (range) 155 (90–275) 150 (98–270) 160 (90–275) 0.834

Baseline NIHSS, median (range) 16 (6–25) 13 (6–21) 17 (6–25) 0.0005*

Type of MCA occlusion

 � M1only, n, % 57 (71) 20 (80) 37 (67) 0.248

 � M1+M2, n, % 23 (29) 5 (20) 18 (33)

Length of MCA occlusion

 � M1, median (range) 12.7 (2.9–26.2) 8.1 (3.0–18.8) 14.3 (2.9–26.2) 0.0002*

 � M1/M2, median (range) 15.4 (2.9–44.5) 9.2 (3.0–27.5) 16.5 (2.9–44.5) 0.001*

Length of M1 stump, median (range) 7.1 (0–23.0) 8.5 (0–20.8) 7.1 (0–23) 0.223

HDMCAS, n, % 67 (84) 18 (72) 49 (89) 0.063*

Absolute HU, median (range) 64 (48–76) 63 (48–72) 65 (49–76) 0.060*

rHU, median (range) 1.26 (0.86–1.50) 1.22 (0.89–1.40) 1.28 (0.86–1.50) 0.075*

Collateral score, median (range) 2 (1–3) 2 (1–3) 3 (1–3) 0.488

CBV ASPECTS score, median (range) 8 (2–10) 8 (3–10) 7 (2–9) 0.011*

Recanalization TIMI 2–3, n, % 37 (46) 19 (76) 18 (46) 0.0007*

ASPECTS indicates Alberta Stroke Program Early CT Scale; CBV, cerebral blood volume; HDMCAS, hyperdense MCA sign; HU, Hounsfield Unit; M1, 
occlusion length only in M1 segment; M1/M2, complete occlusion length (M1 or M1 and M2 segment); MCA, middle cerebral artery; mRS, modified 
Rankin scale; NIHSS, National Institutes of Health Stroke Scale; and TIMI, thrombolysis in myocardial infarction.

*Variable included in multivariable model (P<0.2).
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The main result of our study is identification of crucial 
impact of the length of M1 segment occlusion for prediction of 
IV-tPA clinical outcome. Other CT parameters were explored 
in recent studies. Clot composition assessed by HU density 
was a predictor of successful IV-tPA early recanalization and 
stroke subtype.30 Because of later recanalization assessment, 

we could not compare this findings. Our results correspond 
with other study, where neither HDMCAS nor clot HU values 
were useful for IV-tPA effect and pathogenesis prediction.19 
Moreover, inconsistence in HU quantification methods and 
lower interobserver agreement limit these findings.

There is lack of consensus in objective interpretation of CT 
perfusion parameters. We included the CBV ASPECTS score in 
our analysis as a predictor of baseline infarct extension, which 
proved to be a reliable parameter of outcome after IV-tPA and 
ET.21,22,33 Insufficient collateral circulation on CTA and 4D-CTA 
has been shown as a negative predictor in LVO stroke.13,18,25 We 
could not replicate this results because most of our patients have 
a good collateral status CBV ASPECTS score profile. One pos-
sible explanation is involvement of deep structures, which can 
be missed in collateral scoring and their clinical impact could 
be underestimated in the context of summary ASPECTS score.

Our study has some limitations that are necessary to men-
tion. In a retrospective analysis of prospectively acquired data, 
there is a potential for bias in selection of subjects. The 24-hour 
interval from the IV-tPA onset for recanalization assessment, 
which we used, was considered to be suitable when other 
recanalization method was not available in our institution. The 

Figure 2. Logistic regression curve representing an estimate of 
successful recanalization probability by intravenous thrombolysis 
(IV-tPA). depending on the length of occlusion in M1 segment, 
odds ratio 0.87 (0.78–0.96) P=0.0047 (A). Receiver operating 
characteristic curve for the occlusion length in M1 segment as a 
predictor of successful recanalization by IV-tPA, the optimal value 
12 mm, area under curve of 0.69, P=0.0012 (B). MCA indicates 
middle cerebral artery.

Table 3.  Independent Predictors of Recanalization and 
Favorable Outcome

Independent Predictor
Odds Ratio  

(95% Confidence Interval) P Value

Favorable outcome

 � Baseline NIHSS 0.82 (0.72–0.93) 0.003

 � Length of M1 occlusion 0.79 (0.69–0.91) 0.0008

Overall model fit <0.0001

Successful recanalization

 � M1 occlusion only 4.58 (1.39–15.05) 0.012

 � Length of M1 occlusion 0.82 (0.73–0.92) 0.0007

Overall model fit 0.0001

NIHSS indicates National Institutes of Health Stroke Scale; and TIMI, 
thrombolysis in myocardial infarction.

Figure 3. Logistic regression curve representing an estimate 
of a favorable functional outcome probability after intravenous 
thrombolysis (IV-tPA). treatment depending on the length of M1 
occlusion, odds ratio 0.80 (0.71–0.90), P=0.0004 (A). Receiver 
operating characteristic curve for the occlusion length in M1 seg-
ment as a predictor of a favorable functional outcome after IV-
tPA treatment, the optimal value 11 mm, area under curve 0.78, 
P=0.0001 (B). MCA indicates middle cerebral artery.
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main limitation of the occlusion length determination as an 
independent factor for IV-tPA recanalization is assessment of 
the effect after ≈24 hours and lack of information about early 
recanalization. Possibility of later reperfusion in patients with 
longer occlusion can cause bias in assessment of its effect on 
outcome. This hypothesis is supported by fact that recanali-
zation status after 24 hours was dropped from final model. 
The limited number of subjects reduces statistical significance 
of multivariate analysis. The vessel analysis as gold standard 
could be questionable, but in our opinion, there is no method 
more suitable. The digital subtraction angiography is not indi-
cated as the first vascular imaging modality. The comparison 
of both methods in patient indicated o ET may be limited by 
bridging IV-tPA therapy and time interval.

 The importance of our study is based on detailed assess-
ment of homogenous group of patients with MCA/M1 occlu-
sion with relation to the effect of IV-tPA in the context of 
searching for a subgroup of patients, who would be optimal 
candidates for rapid triage for ET, because the position of this 
method has not been fully established.9 We identified single 
independent highly reproducible radiological predictor of 
IV-tPA clinical outcome. Comparison with results of ET in 
this subgroup of patients could help in better stratification of 
stroke patients in recanalization treatment planning.
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