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ABSTRACT 

 

AIM 

To examine and compare the diagnostic performance in the detection of acute posterior circulation 

strokes between qualitative evaluation of software-generated colour maps and automatic assessment 

of CT perfusion (CTP) parameters by RAPID. 

METHODS AND MATERIALS 

Imaging data were retrospectively collected from a prospective database of consecutive patients 

undergone to multimodal CT scan dataset (GE “Lightspeed” a 64 slices) including CTP performed 

on admission (<24h after symptom onset) between January 2016 and December 2018. Follow-up 

imaging consisted in non-contrast CT (NCCT). If clinically indicated, MRI (Philips Intera 3.0 T or 

Philips Achieva Ingenia 1.5T) was performed either soon after the CTP at the admission or later as 

follow-up control including DWI and FLAIR sequences. The Posterior circulation - Acute Stroke 

Prognosis Early CT Score (pc-ASPECT score) was used for quantifying the extent of ischaemic areas 

on initial NCCT and color-coded maps generated by CTP4 software ( cerebral blood flow, CBF; 

cerebral blood volume, CBV; mean transit time, MTT).  Final pc-ASPECTS was calculated on 

follow-up NCCT and/or on MRI if performed. Afterwards, CTP data were also processed by RAPID 

software (iSchemia View) obtaining color-coded maps, including time-to maximum (Tmax), and 

automatic quantitative mismatch maps. 

RESULTS 

A total of 50 patients met the inclusion criteria. 6 out of the 50 patients did not show ischemic core 

at follow-up imaging neither alteration of at least two perfusion parameters in the same location and 

were grouped as negative controls. All patients underwent to follow-up NCCT and 28 of them also 

underwent DWI-MRI. Out of the 28 patients undergone MRI, 14 patients (50%) underwent DWI 

study within 8 hours after multimodal CT study at admission. 
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The sensitivity (SE) of qualitative evaluation of color-coded MTT-CTP4D map and color-coded 

Tmax-RAPID map resulted significantly higher than the other ones (MTT: 88.6%, p<0.05; Tmax: 

90.9%, p<0.05) with comparable diagnostic accuracy (ACC) (88%> 84%, p>0.05). NCCT at baseline 

and CBF provided by RAPID quantitative perfusion mismatch maps had the lowest SE (29.6% and 

6.8% p<0.05, respectively) and ACC (38% and 18% p<0.05, respectively). 

CBF assessment provided by quantitative RAPID perfusion mismatch maps showed significant 

lowest SE (6.8%) in comparison to qualitative evaluations of both color-coded CBF-CTP4D and 

CBF-RAPID maps (81.8% and 61.4% respectively); no significant SE difference was found between 

qualitative evaluations of color-coded CBF-CTP4D and CBF-RAPID maps (81.8% > 61.4%, 

p>0.05).Qualitative evaluation of color-coded Tmax -RAPID maps showed significant higher SE and 

ACC than quantitative assessment of Tmax automatically provided by RAPID perfusion mismatch 

maps (90.9%>65.9% and 88%>70%, respectively). 

No significant differences were found between the pc-ASPECT scores assessed on color-coded MTT 

and Tmax maps neither between the scores assessed on color-coded CBV-CTP4D and CBF-RAPID 

maps. 

CONCLUSION 

Independently to the software employed, qualitative analysis of color-coded maps resulted more 

sensitive in the detection of ischemic changes than automatic quantitative analysis. The most sensitive 

perfusion parameters were MTT and Tmax. RAPID software generated mismatch maps overlooked 

and underestimated the extent of the ischemic core in the major part of the patients as compared with 

the qualitative analysis. The limits of identification of the lesions by automatic quantitative mismatch 

maps mainly lied in the thalamus and brainstem. Visual assessment of CTP pc-ASPECTS on color-

coded perfusion maps revealed equivalence of both mismatch models (MTT-CBV and Tmax-CBF) 

commonly applied in acute setting with implications for treatment decision-making.  
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1. INTRODUCTION 

 

1.1 Acute ischemic stroke of posterior circulation 

A posterior circulation (PC) stroke is classically defined by infarction occurring within the vascular 

territory supplied by the vertebrobasilar (VB) arterial system - the vertebral arteries in the neck, the 

intracranial vertebral, basilar, and posterior cerebral arteries, and their branches (Figure 1) [1,2]. Brain 

structures supplied by the VB arterial system are the brainstem, cerebellum, midbrain, thalamus, and 

areas of temporal and occipital cortex [2].  

 

 

 

 

 

 

 

 

 

 

Figure 1 

The posterior circulation is supplied by the vertebral arteries that combine to form the basilar artery which then divides 

into the posterior cerebral arteries. From these main vessels, many smaller vessels supply the posterior structures of the 

brain, including posterior inferior cerebellar artery, anterior inferior cerebellar artery, pontine branches 

superior cerebellar artery. 

 

PC stroke accounts for 20-25% of ischemic strokes and is related to stenosis, in situ thrombosis, or 

embolic occlusion [2,3-7]. Ischemic stroke occurs when a region of cerebral blood flow (CBF) is 

suddenly limited. This may be due to vessel occlusion or by relatively low flow. The rate of neuronal 

death varies with blood flow, variability in individual anatomy and collateralization, and inherent 
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cerebral capacities (i.e., some cerebral regions are more resistant than others). CBF rates of less than 

20 mL/100 g/min may produce infarction depending on these individual differences plus the duration 

of oligemia, with lower CBF rates (< 10 mL/100 g/min) requiring less time to produce irreversible 

injury. Rapid restoration of blood flow is the most effective means of preserving brain tissue [8]. 

The most common aetiologies of PC stroke are atherosclerosis, cardioembolism, and cervical 

artery dissections although other conditions (i.e., subclavian steal syndrome, giant cell arteritis, 

vertebrobasilar dolichoectasia, and Fabry disease) can be also involved [1]. 

Classical symptoms of PC stroke include vertigo, imbalance, unilateral or bilateral limb 

weakness, dysarthria, diplopia, headache, nausea, and vomiting. However, patients may also show 

signs and symptoms of multifocal PC strokes. Moreover, the PC is rich in potential collateral support 

and clinical manifestations of VB ischemia may be highly variable [1].Clinical findings include 

unilateral or bilateral limb weakness, gait ataxia, limb ataxia, dysarthria, and nystagmus. Infarcts 

involving the proximal PC territory usually cause dysphagia due to pharyngeal weakness, nausea, 

vomiting, and Horner’s syndrome. Infarcts involving the middle territory are often associated with 

limb weakness, horizontal or vertical gaze palsy, and nuclear facial palsy. More distal territory 

infarctions are commonly associated with sensory loss, lethargy, and visual field defects. Patients 

typically have more than one finding and rarely have an isolated symptom or sign of PC ischemia. 

The severity of clinical presentation is related to the site of occlusion; the most devastating location 

is the midbasilar occlusion that induces a bilateral pontine ischemia [9]. 

Due to a wide range of clinical features, the diagnosis of PC stroke based on clinical symptoms 

remains challenging [4,5]. Indeed, clinical signs and symptoms of anterior and posterior ischemic 

stroke may overlap, causing a delay in making the correct diagnosis [3]. In the PC, relatively small 

infarcts can account for profound neurological disorders due to the compact arrangement of afferent 

and efferent fiber pathways as well as regions with survival functions and cranial nerve nuclei in the 

brainstem [3]. Delayed or incorrect diagnosis may have devastating consequences, including 
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potentially preventable death or severe disability, if acute treatment or secondary prevention is 

delayed [2,5]. 

Acute treatment options for PC stroke include intravenous recombinant tissue plasminogen 

activator, intra-arterial fibrinolysis, and endovascular thrombectomy [1]. The management of acute 

ischemic stroke is primarily governed by time from last known moment of good health and 

comorbidity. Within the therapeutic treatment window, stroke severity score based on the National 

Institutes of Health Stroke Scale (NIHSS) plays an important role. The NIHSS is the most used 

scoring system for quantification of neurologic deficits after acute stroke and it is an indispensable 

tool for the determination of acute stroke prognosis and decision making [10,11]. The time window 

for treatment for basilar occlusion may be longer than for other stroke types, and although treatment 

within 4.5 hours is desirable, it may be reasonable to consider treatment (intravenous or endovascular) 

up to 24 hours from onset [2]. 

 

1.2 Imaging in acute setting 

Brain imaging plays a key-role in the evaluation of patients with suspected ischemic stroke allowing 

to reach a confident diagnosis of infratentorial infarction [5,12]. 

Brain computed tomography (CT) is typically performed as the initial imaging modality for patients 

presenting with acute stroke symptoms. Unfortunately, CT provides suboptimal visualization of the 

posterior fossa structures due to obscuration by artifacts produced by the bony structures of the cranial 

base and early ischemic changes may not be visible (Figure 2a) [1]. In contrast, magnetic resonance 

imaging (MRI) with diffusion-weighted imaging (DWI) is considered the diagnostic gold standard 

for the detection of ischemic lesions in the PC territories (Figure 2b) [4,5]. 

However, in many centres CT is more readily accessible in the acute phase and less time 

consuming than MRI and could be helpful if MRI is contraindicated or unavailable [1,4,5].  
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Figure 2 

CT (a) and DWI-MRI (b) of a 80-year old male patient showing beam-hardening artefacts (yellow arrow) which hide an 

ischemic pontine lesion visible on DWI image (red arrow); DWI also reveals other smaller lesions in the left cerebellar 

hemisphere, vermis an right occipital cortex appearing hyperintense. 

 

 

1.2.1 CT Perfusion 

In patients with acute stroke undergoing emergency evaluation, dynamic CT perfusion (CTP) has 

been proposed as a particularly useful technique after unenhanced brain CT (which rules out 

intracranial haemorrhage) on account of its ease of use, reproducibility of quantitative measurements, 

ready availability, limited cost and tolerability [13-15]. CTP derives information on brain 

haemodynamic by analysing the first passage through the cerebral vessels of an intravenous contrast 

bolus. Because there is a direct linear relation between the concentration of contrast material and 

density, passage of contrast bolus results in an increase in density of the areas being examined that is 

proportional to the amount of contrast material present in the blood vessels. The blood-brain barrier 

prevents the contrast material from spreading into the interstitium, so that under normal conditions 

the increase in density is only transient, occurring during the first intravascular passage of the bolus. 
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CPT is based on the physical-mathematical “tracer kinetic model” , which assumes that the contrast 

bolus is instantaneous, is introduced into a single vessel, passes through a capillary network, remains 

totally intravascular and flows out through a single venous conduit [16]. 

CTP can be performed rapidly on any spiral CT scanner, and perfusion maps are readily 

generated by a workstation running dedicated software [15]. According to this, CTP has gained 

widespread application owing to its excellent accessibility, proved higher sensitivity than non-

contrast CT (NCCT) alone and accuracy in detecting acute ischemic changes also in PC [3,5,12,17]. 

The PCT can generate prompt qualitative and quantitative parameters concerning cerebral perfusion; 

such parameters allow a delineation between normal tissue, ischaemic but not irreversibly injured 

tissue (“penumbra”) and the infarcted core [5,12]. A mismatch between the irreversibly damaged 

infarct core and the extent of hypoperfused tissue at risk for infarction is an attractive paradigm with 

which to select ischemic stroke patients for reperfusion therapies [18]. 

The physiological data derived from PCT is typically displayed in color-coded perfusion maps 

provided by dedicated software, including CBF, cerebral blood volume (CBV), mean transit time 

(MTT) and its derivatives, the time-to-peak (TTP) and time-to maximum (Tmax) (Figure 3) [12,19]. 

These are commonly derived from CTP source data by using deconvolution analysis [20]. CBV is 

measured in units of millilitres of blood per 100 g of brain and is defined as the volume of flowing 

blood for a given volume of brain. MTT is measured in seconds and defined as the average amount 

of time it takes blood to transit through the given volume of brain [20]. In the setting of acute 

infarction, areas of irreversibly infarcted tissue show matched areas of decreased CBF and CBV with 

increased MTT. This pattern suggests neuronal death with irreversible loss of function or core infarct. 

In several studies correlating CTP with DWI, severe decreases in CBV are particularly sensitive and 

specific for defining the extent of unsalvageable core [12,20,21]. While the infarcted core typically 

corresponds to a uniform decrease in CBF and CBV, the penumbra shows a reduction of the CBF 

value with a preserved or even increased CBV due to the vasodilation of the precapillary arteries and 
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venous obstruction [12,19]. Such areas can also be characterized by prolonged MTT extending 

beyond areas of core infarct and have been called CBV/MTT mismatch (Figure 3) [20]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 

CTP a) MTT map, b) CBV map, c) CBF map; d) initial CT; e) follow-up CT; color-coded perfusion maps show an area 

of increased MTT (a - white dotted line) related to hypoperfusion associated to a smaller hypodense area on initial CT (d) 

characterized by reduction of CBV (b - white dotted line) representing ischemic core; the mismatch MTT-CBV indicates 

the presence of ischemic penumbra but follow-up CT reveals a more extensive hypodensity indicating that the tissue at 

risk (d – red coloured) have progressed to necrosis. 

 

Recent evidence has emerged that relative cerebral blood flow (rCBF) performs better than other 

parameters, including CBV, in predicting the infarct core and that Tmax more accurately measures 

the penumbra in patients with acute ischemic stroke: CBF/Tmax mismatch [18,19,23]. 

b c a 

d e 
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Visual inspection of CTP color-coded maps can be an effective way of identifying areas of 

core infarct and penumbra and may be enough to guide decisions on intervention. Visual inspection 

has the advantage of speed and simplicity of use; however, this qualitative technique is dependent on 

user interpretation [20]. Furthermore, acute ischemic changes are often subtle and there is a great 

interobserver and intraobserver variability [5]. The strengths of perfusion imaging may be affected 

by variability in postprocessing, broad array of imaging and computational approaches, selection of 

parametric maps, expertise requisite and the generally qualitative nature of such approaches [23]. 

 

1.2.2 Alberta Stroke Program Early CT Score (ASPECTS) 

The Alberta Stroke Program Early CT Score (ASPECTS) methodology - a semiquantitative method 

of visual assessment - has been recently applied to CTP parametric maps in an effort to impart 

standardization and mitigate subjective elements of perfusion analysis [23]. ASPECTS is a technique 

originally conceived for use in the setting of acute middle cerebral artery (MCA) stroke syndrome to 

grade the NCCT appearance of MCA territory regions on a 10-point grading system [20]. The score 

adapted to PC (pc-ASPECTS) allots 10 points for ischaemic changes assessed by visual inspection 

(Figure 4) [23,24]. Two points are subtracted in the cases of ischaemic change in any part of pons 

and midbrain, one point for either side of the cerebellum, one for either side of the thalamus and one 

for either side of the posterior cerebral artery supplied territory [4, 23-25]. A pc-ASPECTS of 10 

indicates absence of ischaemic changes in the posterior circulation while a pc-ASPECTS of 0 

indicates presence of ischaemic changes in all pc-ASPECTS [26]. While showing improvements 

compared with NCCT-ASPECTS in prior reports, the analysis remains fundamentally subjective and 

again lacks in its ability to subclassify tissues within ASPECTS regions [23]. 
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Figure 4 

The posterior circulation Acute Stroke Prognosis Early CT score (pc-ASPECTS). From 10 points, 1 or 2 points each (as 

indicated) are subtracted for early ischemic changes (NCCT): left or right thalamus, cerebellum or posterior cerebral 

artery territory, respectively (1 point); any part of midbrain or pons (2 points). Pc-ASPECTS = 10 indicates a normal 

scan, pc-ASPECTS = 0 indicates early ischemic changes in all above territories. 

 

1.2.3 Quantitative CTP 

Beside qualitative evaluation it is also possible to calculate quantitative CTP parameters. These have 

been shown to be effective in demonstrating acute ischemia, distinguishing salvageable from 

unsalvageable tissue, and predicting therapeutic outcome, yet protocols and guidelines for 

quantitative thresholds vary [27-30]. 

Differences in CTP hardware and software can affect quantified metrics and clearly defined 

thresholds for guiding therapy have yet to be standardized [27-30]. Some studies suggest the use of 

CBF thresholds for defining areas of infarct, specifically CBF < 25 mL/100 g/min.  In an analysis of 

130 patients with acute stroke, Wintermark et al. suggested using absolute CBV< 2 mL/100 g to 

define core infarct, and relative MTT increase > 145% to define penumbra [19,28]. Prior studies have 

shown that ischemic core presents >70% reduction in CBF (rCBF<0.3) in comparison to the mean 

CBF of normally perfused brain parenchyma while a Tmax delay of >6 s is a good predictor of 

critically hypoperfused tissue that is destined to infarction in the absence of timely reperfusion 
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[18,23,31-36]. However, specific thresholds are also specific to the perfusion software platform being 

used and may not be automatically transferable to other vendors, scanners, and even software 

versions. Kudo et al. reported disparate results and variability in CTP imaging maps among 

competing software platforms even when using identical source data, presumably due to differences 

in tracer-delay sensitivity [37]. Thus, expert consensus has emphasized the need for standardization 

in the acquisition, processing, and analysis of perfusion imaging [23]. At this time, much work 

remains to standardize quantitative methods of CTP interpretation, which, in the future, may be 

addressed by a proposed consortium for acute stroke imaging [28]. 

In this context, the recently introduced use of a fast, vendor- and operator-independent 

computational tool using fully automated lesion segmentation and pixel-wise parametric thresholding 

for semi-quantitation (RApid processing of PerfusIon and Diffusion [RAPID]) seems to overcome 

the limitations of qualitative approaches to CTP imaging in acute stroke [23,38]. RAPID software 

(IschemaView, Menlo Park, CA) is an automated tool that analyses perfusion maps and demonstrates 

the ischemic core and penumbra within minutes (Figures 5,6) [40]. In addition to having the broadest 

Food and Drug Administration (FDA) clearance of any cerebrovascular imaging software, RAPID is 

the only platform that is clinically validated in more than 10 major trials — including use for patient 

selection in landmark stroke studies such as SWIFT PRIME, EXTEND IA, and most recently, 

EXTEND. The RAPID platform was also the exclusive imaging system used for patient selection for 

two landmark stroke trials published in The New England Journal of Medicine, DAWN and DEFUSE 

3, that successfully treated patients up to twenty-four hours after onset.  

This technological advance is reported to have the potential to improve the standardization and 

reproducibility of interpretation of advanced imaging [38]. 
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Figure 5 

RAPID automatic color-coded perfusion maps (rCBV, rCBF, MTT, Tmax) operator-independently obtained in few 

minutes. 

 

 

 

 

 

 

 

 

Figure 6 

RAPID automatic quantitative mismatch map: the map shows in pink the ischemic core and in green the area of 

hypoperfusion; quantitative measures (reduced CBF, increased Tmax, mismatch volume and ratio) are also displayed. 
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1.3 Aim of the study 

Whilst there has been extensive research concerning the diagnostic and prognostic value of CTP in 

the anterior circulation, the diagnostic value of CTP in the posterior circulation has been little 

investigated with few evidences of its reliability and accuracy; moreover, the diagnostic effects of 

RAPID introduction in the evaluation of infratentorial ischemic changes have not yet been clarified 

[3,4,26,41,42]. 

 To the best of our knowledge, these are the first reported instances of PC stroke patient 

selection using RAPID from Italy. The aim of this study was to examine and compare the diagnostic 

performance [sensitivity (SE), specificity (SP), and accuracy (ACC)] in the detection of acute 

posterior circulation strokes between qualitative evaluation of software-generated colour maps (CBV, 

CBF, MTT and Tmax) and automatic assessment of CTP data by RAPID. 
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2. METHODS AND MATERIALS 

 

2.1 Study population and patient selection 

According to the approval of the institutional review board, imaging data were retrospectively 

collected from a prospective database of consecutive patients admitted to the stroke unit of our 

hospital between January 2016 and December 2018. Written informed consent was waived for this 

study. All patients were initially evaluated by vascular neurology in the emergency setting with 

initiation of an institutional stroke protocol facilitating expedited triage, imaging, interpretation and 

treatment when appropriate. Patients were enrolled regardless of therapy. The inclusion criteria for 

this study were (1) suspected acute posterior circulation ischemic stroke as defined in the Oxfordshire 

classification [43]; (2) multimodal CT scan dataset including NCCT, supra-aortic CT angiography 

(CTA) and CTP performed on admission; (3) CT performed <24h after symptom onset. Exclusion 

criteria were (1) nondiagnostic image quality, (2) evidence of another cause of neurological deficits 

(prior stroke with residual deficit, intracranial haemorrhage, tumour etc.), (3)incomplete coverage by 

the CTP slab of all posterior circulation ASPECTS (pc-ASPECTS) regions, and (4) missing follow-

up CT or MRI. 

Out of all patients who underwent multimodal CT due to suspected acute stroke, were selected 

control patients who fulfilled the same inclusion and exclusion criteria as our case cohort but did not 

show an acute posterior circulation ischemia on follow-up CT/MRI scan neither changes in at least 

two perfusion parameters in the same location.  

 

2.2 Imaging protocol 

Patients underwent an institutional stroke imaging protocol including NCCT, CTA and CTP at 

admission. CT protocol was conducted on a 40-mm, 64-detector row clinical system (Lightspeed 

VCT, GE Healthcare, Milwaukee, Wisconsin). NCCT helical scans were performed from the skull 
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base to the vertex (120 kV, 100-350 auto-mA, 5 mm section thickness). CTAs were conducted from 

the aortic arch to the top of frontal sinus (120 kV; 200-350 auto-mA; section thickness/interval 

0.625/0.375 mm; scan start 6 s after bolus tracking at the level of the ascending aorta) after 

intravenous administration of 60-70 mL iodinated contrast medium injected at 4 mL/s and followed 

by 50 mL saline flush.  

CTP scans (80 kV, 100 mA and 1 s rotation time) consisted of a continuous 50 s acquisition 

started 7 s after administration of 50 mL of iodinated contrast medium injected into an antecubital 

vein at 4 mL/s and followed by 50 mL saline flush; 776 images were reconstructed from each of the 

eight 5-mm-thick  slice locations.  CTP coverage was lowered to cover the cerebellum to the occipital 

lobes, including all three levels of the pc-ASPECTS.  

Follow-up imaging consisted in NCCT. If clinically indicated, MRI was performed either soon after 

the CTP at the admission or later as follow-up control. MRI exams were achieved using two scanners 

(Philips Intera 3.0T and Philips Achieva Ingenia 1.5T, Philips Medical System, Best, The Nederlands) 

including DWI and fluid attenuated inversion recovery in the transverse plane. 

 

2.2.1 CTP post-processing  

Raw CTP data were initially processed by a commercially available delay-insensitive deconvolution 

software [CT Perfusion 4D (CTP4D), GE Healthcare, Waukesha, Milwaukee, Wisconsin]. For all 

patients were obtained CBF, CBV and MTT maps after positioning a region of interest manually in 

correspondence to a main arterial vessel and a vein.  

Then raw CTP data was sent from scanner to a networked computer running fully automated 

RAPID software (iSchemaView, California) which generated CBF, CBV, MTT, Tmax maps and 

lesion segmentation and then sent processed images to institutional Picture and Achieving System 

(PACS). The software also generated a colour perfusion mismatch map for each patient based on the 

mismatch model Tmax – CBF, providing a comparison between brain regions with substantial 
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reductions in CBF (rCBF <30%) in pink and regions with significant hypoperfusion in green as 

reflected by delays in contrast arrival times (Tmax> 6.0 s). The difference between these volumes 

(mismatch volume) as well the ratio between these volumes (mismatch ratio) were automatically 

calculated. 

 

2.3 NCCT and CTP images analysis 

The neuroimaging data was independently reviewed by two experienced neuroradiologists blinded to 

patient clinical information using the institutional PACS by; any discrepancies were resolved through 

a consensus discussion in a separate session. 

For NCCT, early ischaemic changes were assessed; an area was considered ischaemic if there 

was parenchymal hypoattenuation with or without cortical swelling of the brain [44,45]. Areas of 

cortical swelling without hypoattenuation were not considered ischaemic [45]. The pc-ASPECTS was 

used for quantifying the extent of ischaemic areas.  

For CTP, a qualitative evaluation of perfusion deficit was initially performed on color-coded 

CBV, CBF and MTT maps generated by CTP4D software. Regions with colorimetric asymmetries 

on CTP maps in comparison with non-affected regions (i.e. contralateral side, different vascular 

territories) were rated as abnormal. A visible qualitative focally reduction in CBF or CBV, focally 

increase MTT on color-coded maps was rated as abnormal and evaluated with pc-ASPECTS. 

Territories not covered by the CTP were rated as normal (i.e. no subtraction of the pc-ASPECTS). 

When a perfusion deficit was suspected in the maps, it was compared with the NCCT scan in order 

to exclude false positive caused by beam hardenings artefacts, chronic infarct or overlapping with 

liquoral spaces [12]. 

In the same way, in a separate scoring session, color-coded CBF and Tmax maps 

automatically generated by RAPID software were then visually evaluated assessing pc-ASPECTS for 

each map. For each patient was also evaluated the quantitative colour perfusion mismatch map: brain 
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regions with reductions in CBF (<30%) appeared in pink suggesting ischaemic core while regions 

with significant increase of Tmax (> 6.0 s) indicating hypoperfusion appeared in green; the abnormal 

areas identified on perfusion mismatch maps were compared with perfusion changes location on 

color-coded maps to assess anatomic consistency in order to exclude artefacts.  

PCT images showing no alterations in the same location in at least two perfusion parameter maps 

visually evaluated neither in automatic maps were considered negative [5]. 

 

2.3.1 Follow-up imaging evaluation 

Standard follow-up imaging consisted in NCCT for all patient which was used to determine the 

presence of an infarct. Final pc-ASPECTS was calculated on follow-up NCCT and/or on MRI if 

performed. 

Follow-up images were compared with PCT studies for anatomic correlation. The initial NCCT and 

PCT data was then compared with the follow-up NCCT data or MRI data if available, which was 

used as criterion standard to calculate sensitivity (SE), specificity (SP) and accuracy (ACC) of the 

abnormalities on NCCT scan and CTP maps for the detection of posterior circulation ischemic stroke. 

 

2.4 Statistical analysis 

Perfusion changes were considered true positives (TPs) for infarcted tissues if there was an anatomic 

correspondence to a new hypodense area on direct follow-up CT or an area of restricted diffusivity 

on MRI. A false positive (FP) was given to lesions in the case the perfusion change displayed no 

anatomic correspondence with the CT follow-up or DWI. A lesion was classified as false negative 

(FN) if a new onset hypodense lesion showed on direct follow-up CT or MRI that had not also been 

identified in NCCT and/or in the perfusion maps.  
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Main evaluations were: 

– the correspondence between the infarcted area (core) assessed with qualitative evaluation of both 

color-coded CTP4D maps and color-coded RAPID maps and the ischemic lesion confirmed on direct 

follow-up CT or MRI; 

–  the correspondence among the perfusion changes identified with the qualitative analysis of color-

coded CTP4D maps, color-coded RAPID maps and the lesions spotted in the RAPID software-

generated colour perfusion mismatch map; 

 – the comparison of the respective ASPECTSs evaluated on NCCT, color-coded CTP4D maps and 

color-coded RAPID maps with the final ASPECTSs assessed on direct follow-up CT or MRI. 

The statistical analysis was performed by Matlab statistical toolbox version 2008 (MathWorks, 

Natick, MA, USA) for Windows at 32 bit. SE, SP and diagnostic ACC for selected parameters were 

computed with correspondence confidence intervals at 95%. The multiple comparison Cochran’s Q 

tests was used to compare differences of percentages among three or more dependent variables, under 

the consideration of the null hypothesis that there was no difference between the variables. A value 

of p<0.05 was considered statistically significant. When the Cochran’s Q test was positive (p-

value<0.05), then a minimum required difference for a significant difference between two proportions 

was calculated using the Minimum Required Differences method with Bonferroni p-value corrected 

for multiple comparisons according to Sheskin. The McNemar’s exact test was used to test the 

difference between two paired proportions. Additional statistical tests were performed on stroke 

patient parameters using the Friedman’s ANOVA test. Particularly, if Friedman’s ANOVA test was 

positive (p-value<0.05) a Wilcoxon signed-rank post hoc test was performed to individualize 

significant differences between two diagnostic parameters. 

Data are expressed as mean value ± standard deviation (SD) for continuous variables and as absolute 

number or percentage for categorical variables. 
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3. RESULTS 

3.1 Study sample 

A total of 50 patients met the inclusion criteria. 6 out of the 50 patients did not show ischemic core 

at follow-up imaging neither alteration of at least two perfusion parameters in the same location and 

were grouped as negative controls. All patients underwent to follow-up NCCT and 28 of them also 

underwent DWI-MRI. Mean time from multimodal CT study at admission to follow-up CT study and 

MRI were respectively 34.2 ± 72.6 hours and 76.6 ± 98.8 hours. Out of the 28 patients undergone 

MRI, 14 patients (50%) underwent DWI study within 8 hours after multimodal CT study at admission. 

Table 1 provides an overview of demographic features of the study sample and displays the 

mean ASPECTS evaluated on NCCT at baseline, color-coded CTP4D maps, color-coded RAPID 

maps, follow-up NCCT and DWI-MRI. 

 

Study sample 

 Stroke patients Negative controls 

 Nr./Percentage Mean ± SD Nr./Percentage Mean ± SD 

Nr. Patients 44 ⎯ 6 ⎯ 

Age  ⎯ 71.09±15.64 ⎯ 69±9.52 

Gender (Male) (30/44) / 68.18%  ⎯  (4/6) / 66.67% ⎯ 

 

 

 

Baseline NCCT 

 

 

 

⎯ 

 

ASPECTS 

 

9.48±1.12 

 

 

 

⎯ 

 

ASPECTS 

 

10.0±0.0 

MTT (CT Perfusion 4D) ⎯ 6.80±2.84 ⎯ 9.17±0.90 

CBV (CT Perfusion 4D)  ⎯ 8.16±2.40 ⎯ 10.0±0.0 

CBF (CT Perfusion 4D) ⎯ 7.52±2.61 ⎯ 10.0±0.0 

Tmax (color-coded Rapid) ⎯ 6.41±3.06 ⎯ 9.33±0.94 

CBF (color-coded Rapid) ⎯ 8.16±2.33 ⎯ 10.0±0.0 

follow-up NCCT  ⎯ 6.98±2.51(44 patients) ⎯ 10.0±0.0  

Final ASPECTS ⎯ 6.93±2.35(44 patients) ⎯ 10.0±0.0  

         MR-DWI  ⎯ 7.04±2.14(28 patients) ⎯ ⎯ 

         Follow-up NCCT  ⎯ 6.93±2.69(16 patients) ⎯ 10.0±0.0 

     

Table 1. Demographic features and mean ASPECTSs evaluated on respective images of all 50 patients who fulfilled 

inclusion criteria.  
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3.2 Diagnostic performance 

Table 2 displays SE, SP, ACC relative to baseline NCCT, visually evaluated color-coded MTT, CBV 

and CBF maps generated by CT Perfusion 4D software, visually evaluated color-coded Tmax and 

CBF maps generated by RAPID software, automatic quantitative Tmax and CBF parameters spotted 

in the RAPID software-generated colour perfusion mismatch map, using follow-up CT or MRI as 

criterion standard. 

 

Diagnostic performance 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. SE, SP, ACC relative to baseline NCCT, visually evaluated color-coded MTT, CBV and CBF maps generated 

by CT Perfusion 4D software, visually evaluated color-coded Tmax and CBF maps generated by RAPID software, 

automatic quantitative Tmax and CBF parameters spotted in the RAPID software-generated colour perfusion mismatch 

map, using follow-up CT or MRI as criterion standard. 

 

 

SE, SP and diagnostic ACC of qualitative evaluation on baseline NCCT, color-coded CTP4D 

maps, color-coded Tmax and CBF RAPID maps (Tmax1 and CBF1), and automatic quantitative Tmax 

and CBF RAPID software-generated perfusion mismatch map (Tmax2 and CBF2), were compared.  

The SEs of qualitative evaluation of color-coded MTT-CTP4D map and color-coded Tmax1-RAPID 

map resulted significantly higher than the other ones (MTT: 88.6%, p<0.05; Tmax1: 90.9%, p<0.05), 

Parameters Sensitivity 

(CI at 95%) 

Specificity 

(CI at 95%) 

Accuracy 

(CI at 95%) 

Baseline NCCT  29.6% (13/44) 

(16.8%-45.2%) 

100% (6/6) 

(54.1%-100%) 

38% (19/50) 

(25%-52.7%) 

MTT (CT Perfusion 4D) 88.6% (39/44) 

(75.4%-96.2%) 

50% (3/6) 

(11.8%-88.2%) 

84% (42/50) 

(70.3%-92.8%) 

CBV (CT Perfusion 4D) 63.6% (28/44) 

(47.8%-77.6%) 

100% (6/6) 

(54.1%-100%) 

68% (34/50) 

(53.2%-80.3%) 

CBF (CT Perfusion 4D) 81.8% (36/44) 

(67.3%-91.8%) 

100% (6/6) 

(54.1%-100%) 

84% (42/50) 

(70.3%-92.8%) 

Tmax1 (color-coded Rapid) 90.9% (40/44) 

(78.3%-97.5%) 

66.7% (4/6) 

(22.3%-95.7%) 

88% (44/50) 

(75%-95.6%) 

CBF1 (color-coded Rapid) 61.4% (27/44) 

(45.5%-75.6%) 

100% (6/6) 

(54.1%-100%) 

66% (33/50) 

(51.1%-78.6%) 

Tmax2 (quantitative Rapid) 65.9% (29/44) 

(50.1%-79.5%) 

100% (6/6) 

(54.1%-100%) 

70% (35/50) 

(55.2%-81.9%) 

CBF2 (quantitative Rapid) 6.8% (3/44) 

(1.4%-18.7%) 

100% (6/6) 

(54.1%-100%) 

18% (9/50) 

(9.1%-31.5%) 
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while NCCT at baseline and CBF2 provided by RAPID quantitative perfusion mismatch maps had 

the lowest ones (29.6% and 6.8% p<0.05, respectively). No significant difference was found between 

MTT-CTP4D map and Tmax1-RAPID map SEs (88.6%<90.9%, p>0.05). 

About SP there was a significant difference among parameters but by post hoc test no significant 

differences were found, considering all pairwise comparison. This result was probably due to small 

number of control group patients considered in this study.    

About diagnostic ACC, between Tmax1- RAPID map and MTT- CTP4D map there was no significant 

difference (88%> 84%, p>0.05), while CT at baseline and CBF2 provided by RAPID quantitative 

perfusion mismatch maps had the lowest values in comparison to the others (38% and 18% p<0.05, 

respectively).   

In addition, SE, SP and diagnostic ACC were compared among CBF, CBF1 and CBF2 

parameters (respectively qualitatively evaluated on color-coded CTP4D, color-coded RAPID maps 

and automatically provided by RAPID quantitative perfusion mismatch maps), and between Tmax1 

and Tmax2 parameters (respectively qualitatively evaluated on color-coded CTP4D and color-coded 

RAPID maps) (Table 3).  

CBF2 assessment provided by quantitative RAPID perfusion mismatch maps showed 

significant lowest SE (6.8%) in comparison to qualitative evaluations of both color-coded CBF-

CTP4D and CBF1-RAPID maps (81.8% and 61.4% respectively); no significant SE difference was 

found between qualitative evaluations of color-coded CBF-CTP4D and CBF1-RAPID maps (81.8% 

> 61.4%, p>0.05). Analogous results were observed for diagnostic ACC, while for SP there were no 

significant differences among CBF, CBF1 and CBF2 parameters (respectively qualitatively evaluated 

on color-coded CTP4D and RAPID maps and automatically provided by RAPID quantitative 

perfusion mismatch maps). 

Qualitative evaluation of color-coded Tmax1 -RAPID maps showed significant higher SE and 

ACC than quantitative assessment of Tmax2 automatically provided by RAPID perfusion mismatch 
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maps (90.9%>65.9% and 88%>70%, respectively) while about SP there were no significant 

difference (69.7.9%<100%, p=0.5). 

 

Comparison of qualitative and automatic quantitative perfusion parameter evaluations. 

 

Table 3. Comparison among CBF parameters and Tmax parameters evaluated in this study in terms of SE, SP and 

diagnostic ACC. 

 

Furthermore, pc-ASPCETSs assessed for each qualitative imaging evaluation (NCCT at 

baseline, visually evaluated color-coded MTT, CBV and CBF maps generated by CTP4D software, 

visually evaluated color-coded Tmax1 and CBF1 maps generated by RAPID software and the 

reference standard imaging (follow-up NCCT or MRI) in stroke patients were analyzed by the 

Friedman’s ANOVA test. If Friedman’s ANOVA test resulted positive (p-value<0.05) a Wilcoxon 

signed-rank post hoc test was performed to individualize significant differences between two 

diagnostic parameters (Table 4). Friedman’s ANOVA test demonstrated a significant difference 

between reference standard values and other parameters p<0.0001. Since the Friedman test was 

positive (p-value <0.05) a post hoc test was performed to individualize which parameters significantly 

differ from the reference standard; the results are illustrated in Table 4. 

 

Parameters CBF (color-coded  

CT Perfusion 4D) 

CBF1 (color-

coded Rapid) 

CBF2 

 (quantitative RAPID) 

Statistical test 

Sensitivity 81.8% (36/44) 61.4% (27/44) 6.8% (3/44) p<0.001 * (Q) 

CBF**, p<0.05 (Sh) 

CBF1**, p<0.05 (Sh) 

CBF2 ***, p<0.05 (Sh) 

Specificity 100% (6/6) 100% (6/6) 100% (6/6) p>0.05 (Q) 

Diagnostic 

Accuracy 

84% (42/50) 66% (33/50) 18% (9/50) p<0.001 * (Q) 

CBF**, p<0.05 (Sh) 

CBF1**, p<0.05 (Sh) 

CBF2 ***, p<0.05 (Sh) 

Parameters  Tmax1 (color-

coded Rapid) 

Tmax2  

(quantitative RAPID) 

Statistical test 

Sensitivity  90.9% (40/44) 65.9% (29/44) 90.9%>65.9%, p=0.001 * (M) 

Specificity  69.7% (4/6) 100% (6/6) 69.7.9%<100%, p=0.5 (M) 

Diagnostic 

Accuracy 

 88% (44/50) 70% (35/50) 88%>70%, p=0.0225 * (M) 

* = significant test, ** = most frequent, *** = less frequent; Q = Cochran's Q test, Sh = Sheskin’s procedure; M = 

McNemar exact test. 
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Post-hoc test 

 

Variables Mean rank Significant differences (p<0.05) 

   

(1) Reference standard imaging 2.82 (2) (4) (5) (7) 

(2) NCCT at baseline 6.08 (1) (3) (4) (5) (6) (7) 

(3) MTT (color-coded CT Perfusion 4D) 2.80 (2) (4) (5) (7) 

(4) CBV (color-coded CT Perfusion 4D) 5.14 (1) (2) (3) (5) (6) 

(5) CBF (color-coded CT Perfusion 4D) 3.80 (1) (2) (3) (4) (6) (7) 

(6) Tmax1 (color-coded Rapid) 2.48 (2) (4) (5) (7) 

(7) CBF1 (color-coded Rapid) 4.90 (1) (2) (3) (5) (6) 

 
Table 4.  Pairwise comparison with Wilcoxon test after positive Friedman’s ANOVA test.  

 

No significant differences were revealed among values corresponding to the reference standard 

(2.82), MTT (color-coded CTP4D, 2.80) and Tmax1 (color-coded Rapid, 2.48) neither between MTT 

(color-coded CTP4D) and Tmax1 (color-coded Rapid). No significant differences were even found 

between CBV (color-coded CTP4D, 5.14) and CBF1 (color-coded Rapid, 4.90) values. NCCT at 

baseline, instead, significantly differed from all the other parameters. 

 

3.3 PC- ASPECTSs 

ASPECTSs assessed by qualitative evaluations were compared to the final score assigned by the 

reference standard imaging (control NCCT or MRI), distinguishing if the qualitative score was equal, 

higher and lower than the reference standard one. The comparison is resumed in Table 5. 

Baseline NCCT showed significant most frequent higher values (84%, p<0.05) and less frequent 

equal values (16%, p<0.05). MTT (color-coded CT Perfusion 4D) and Tmax1 (color-coded Rapid) 

were the parameters with significant less frequent higher values (24%, p<0.05; 22%, p<0.05, 

respectively) and more frequent lower values (32%, and 38% p<0.05, respectively) in comparison to 

the others; MTT (color-coded CTP4D) and Tmax1 (color-coded Rapid) parameters resulted 

statistically equivalent to individualize perfusion changes.   
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Pc-ASPCETSs comparison with the final score evaluated on the reference standard imaging 

 

Table 5. Comparison among the ASPECTs assessed by qualitative evaluations with the final score assigned by the 

reference standard imaging. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameters % higher % lower % equal 

NCCTC at baseline  84% (42/50) 0.0% (0/50) 16% (8/50) 

MTT (color-coded CT Perfusion 4D) 24% (12/50) 32% (16/50) 44% (22/50) 

CBV (color-coded CT Perfusion 4D) 68% (34/50) 10% (5/50) 22% (11/50) 

CBF (color-coded CT Perfusion 4D) 42% (21/50) 14% (7/50) 44% (22/50) 

CBF1(color-coded Rapid) 60% (30/50) 8% (4/50) 32% (16/50) 

Tmax1 (color-coded Rapid) 22% (11/50) 38% (19/50) 40% (20/50) 

    

Statistical test  p<0.001 * (Q) 

NCCT **, p<0.05 (Sh) 

MTT ***, p<0.05 (Sh) 

Tmax1***, p<0.05 (Sh)  

p<0.001 * (Q) 

MTT **, p<0.05 (Sh) 

Tmax1 **, p<0.05 (Sh) 

 

p<0.001 * (Q) 

NCCT***, p<0.05 (Sh) 

* = significant test, ** = most frequent, *** = less frequent, Q = Cochran's Q test, Sh = Sheskin’s procedure 
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4. DISCUSSION 

 

4.1 Ischemic lesion detection 

Improving the detection rate of posterior circulation strokes is important as every 5th ischemic stroke 

affects posterior circulation territories. In addition, clinical detection of posterior circulation strokes 

is challenging because clinical signs of anterior and posterior circulation stroke do not have any 

obvious distinction [41].  Concordant to other studies, our findings confirmed that CTP in posterior 

circulation allows to detect significantly more ischemic strokes than NCCT [4,5,41]. As NCCT 

presented low SE and ACC values, the addiction of CTP in the diagnostic work-up in our patients 

suspected of an ischemic posterior circulation stroke significantly increased diagnostic ACC. 

 

4.2 MTT and Tmax 

Perfusion disturbance in the posterior circulation have previously been reported to be most frequent 

on MTT and Tmax maps [4,5,26]. In agreement with other studies, MTT and Tmax visually assessed 

on color-coded maps (respectively generated by CTP4D and RAPID software) in our study were the 

most significant sensitive and accurate parameters in the detection of posterior circulation ischemic 

lesions [5]; furthermore, they showed no significant differences of SE (88.6%<90.9%, p>0.05) and 

ACC (88%> 84%, p>0.05) despite a superiority of Tmax as described in literature [32].  

Automatic quantitative assessment of Tmax2 (provided by RAPID perfusion mismatch maps) 

presented significant lower SE and ACC compared with qualitative visual evaluation of Tmax1 maps; 

in particular, automatic Tmax2 evaluation overlooked 11 ischemic lesions which mostly (8/11) were 

lacunar infarcts involving thalamus (4/8) or brainstem (4/8) while the remaining were larger lesions 

involving occipital lobe an cerebellum (3/11) (Figure 7). Visual qualitative evaluation of MTT 

overlooked ischemic changes in 5 patients located in pc-ASPECT pons-midbrain region in 5 cases 
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associated to thalamus involvement in 2 cases; visual qualitative evaluation of Tmax1 overlooked 

ischemic changes in 4 patients located in pc-ASPECT pons-midbrain regions in 3 cases and thalamus 

in 1 case (Figure 8). 

Despite potential shortcomings due to beam hardening artifacts, preceding studies 

investigating the SP of CTP in the detection on posterior circulation infarcts demonstrated SP values 

higher than 90% [5,17]. In our study, CTP parameters presented different SP values (ranging from 

50% up to 100%) but post-hoc test revealed no significant differences of SP among all assessed CTP 

parameters considering all pairwise comparison and this result was probably due to small number of 

control patients considered in this study. As previously described in literature, we found that 

qualitatively evaluated MTT and Tmax1 had low SP for perfusion deficits [12].  

 

4.3 CBV and CBF 

The detection of the ischemic core is most relevant for the prediction of the functional outcome of 

patients and core extent is described to be better delineated on CBF compared with CBV maps 

because CBV parameter may underestimate core extent [21,26]. 

In agreement with these evidences, in our study qualitative evaluation of CTP4D maps showed lower 

SE and ACC of CBV parameter compared with CBF ones although without significant difference 

(63.6 < 81.8%, p>0.05).  

As expected CBF resulted more specific than MTT for stroke because MTT values can be 

prolonged in transitory ischemic attack as well as stroke [46]. CTP maps, especially CBF 

abnormalities, are described to significantly differ among commercial software even when using 

identical source data [37]; however, we found that visually evaluated CBF and CBF1 maps - 

respectively generated both by CTP4D and RAPID software - presented no significant different SE 

(81.8% > 61.4%, p>0.05) and ACC (6.8% < 18%, p>0.05).  Instead, the automatic quantitative 

assessment of CBF2 (provided by RAPID perfusion mismatch maps) presented significant lower SE 
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and ACC as compared with qualitative visual evaluation of both CTP4D and RAPID color-coded 

CBF maps. 

Despite previous reports using the mismatch concept have suggested that visual assessment is 

unreliable and that automatic processing of CTP can provide an objective mismatch classification 

improving standardization and reproducibility of interpretation, in our study RAPID perfusion 

mismatch maps failed to adequately reveal the ischemic core extent in the major part of the patients 

(41/44) as compared with the qualitative analysis [30].Out of 41 overlooked ischemic lesions, 20 

were lacunar infarcts involving thalamus (15/20) and brainstem (5/20). 

A relevant result of our study was that CBF2 evaluation (rCBF automatically provided by 

RAPID quantitative perfusion mismatch map) was characterized by significant low SE and ACC 

value resulting less adequate even than NCCT for detecting ischemic lesions in posterior circulation 

regions. Indeed, automatic RAPID assessment did not identify ischemic lesions visually recognised 

on NCCT in 10 patients (thalamic lacunar infarct in 5 patients and small cerebellar infarct in 3 

patients) (Figure 9). Only in 1 patient automatic RAPID mismatch map depicted an ischemic core (in 

the left cerebellar hemisphere) not identified on NCCT.  

 

4.4 PC-ASPECTS 

The determination of pc-ASPECTs on color-coded perfusion maps does not require any volumetric 

software and can be applied to NCCT as well to color-coded perfusion maps [25]. 

In our study, the pc-ASPECTs assessed by NCCT were mainly higher and significantly different from 

the corresponding final pc-ASPECTs evaluated on control CT/MRI scan and NCCT presented the 

lowest rate of scores equal to the final ones. These findings are clearly related to the low SE of NCCT 

which can depict only the ischemic core and not perfusion changes at risk of infarction. 

We found no significant differences among the scores assessed on control CT/MRI scan, 

color-coded MTT and Tmax1 maps resulting MTT and Tmax1 the most efficient parameters to 
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evaluate the patients’ status. This finding can be interpreted as the result of the progression of 

ischemic hypoperfusion to necrosis in most of our patients. Moreover, MTT and Tmax1 maps led to 

assign lower ASPECTS significantly more (32%, p<0.05; 38%, p<0.05, respectively) and higher 

ASPECT significantly less (24%, p<0.05; 22%, p<0.05, respectively) frequently than the other 

parameters; a lower score than final one reflected the presence of hypoperfusion not progressed to 

necrosis while a higher score than final one can be interpreted as a worsening of ischemic damage 

and/or as an overlooked ischemic change. In 4 patients with midbrain infarct all perfusion color-coded 

maps were scored 10 and also the automatic quantitative assessment did not identify these lesions.  

Interesting was that no significant differences were found between the scores assessed on 

color-coded MTT and Tmax1 maps neither between the scores assessed on color-coded CBV and 

CBF1 maps; according to this, in our study the mismatch models MTT-CBV and Tmax1-CBF could 

be considered comparable being not different the determination of hypoperfusion by MTT and Tmax1 

neither different the assessment of core extent by CBV and CBF1.   

 

4.5 Limits 

A possible limitation of this study is the retrospective design. FP results ay have been caused by 

intravenous thrombolytic therapy and endovascular thrombectomy as tissue at risk may not have 

progressed to definite infarctions. Intravenous thrombolysis and thrombectomy may also have 

influenced SE an SP of perfusion maps because they can lead to temporarily reperfusion in the 

potentially salvageable penumbra. Furthermore, the use of 64-slice CT did not allow the study of the 

whole parenchyma and a careful positioning of the slab was necessary although resulting not always 

adequate. This could have influenced the SE of CTP maps. 
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Figure 7 

Left thalamic lacunar infarct: a) ASPECTS 10 on initial NCCT , b) RAPID color-coded Tmax map shows perfusion 

alteration at left thalamic level but not displayed on RAPID automatic mismatch map (c); the lesion is confirmed on DWI 

(d) and also visible on follow-up CT (e). 
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Figure 8 

Mesencephalic lacunar infarct not clearly identified on initial NCCT (a), neither on color-coded MTT (b) map and RAPID 

automatic mismatch map (c) but detected by DWI (d) and confirmed on follow-up CT (e). 
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Figure 9 

Left small cerebellar ischemic lesion visible on initial NCCT (a) as hypodensity, not recognised as ischemic core by the 

automatic RAPID mismatch map (b) but confirmed on follow-up CT (c) and DWI (d). 
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5. CONCLUSIONS 

 

In this study, CTP showed good diagnostic ACC in the identification of acute vascular ischemic 

lesions of the posterior circulation and the infarct detection of CTP was significantly higher than 

NCCT [12,41]. The most sensitive perfusion parameters were MTT and Tmax. However, SE 

increases with infarct size being the draw-back of CTP in detection of small-volume infarctions [5]. 

Indeed, detection of ischemic lesion in the brainstem remains challenging due to beam hardening 

artifacts [5,25]. 

Independently to the software employed, qualitative analysis of color-coded maps resulted 

more sensitive in the detection of ischemic changes than automatic quantitative analysis. RAPID 

software generated mismatch maps overlooked and underestimated the extent of the ischemic core in 

the major part of the patients as compared with the qualitative analysis [12]. In our study, the limits 

of identification of the lesions by automatic quantitative mismatch maps mainly lied in the thalamus 

and brainstem. Visual assessment of CTP pc-ASPECTS on color-coded perfusion maps revealed 

comparable scores between MTT and Tmax1 as well as between CBV and CBF1 suggesting the 

equivalence of both mismatch models (MTT-CBV and Tmax-CBF) commonly applied in acute 

setting with implications for treatment decision-making.  

Given the advantages of a more rapid and operator-independence elaboration of perfusion 

maps and their easier interpretation, this opens the potential for automatic software implementation 

and optimization of perfusion parameters’ thresholds for the evaluation of posterior circulation 

ischemia [12,38]. 

 

 

 

 

 



31 
 

6. REFERENCES 

1) Nouh A, Remke J, Ruland S. Ischemic posterior circulation stroke: a review of anatomy, clinical 

presentations, diagnosis, and current management. Front Neurol. 2014 Apr 7;5:30. doi: 

10.3389/fneur.2014.00030. eCollection 2014. Review. PMID: 24778625 

2) Merwick Á, Werring D. Posterior circulation ischaemic stroke. BMJ. 2014 May 19;348:g3175. 

doi: 10.1136/bmj.g3175. Review. No abstract available. Erratum in: BMJ. 2014;348:g3773. 

PMID: 24842277 

3) van der Hoeven EJ, Dankbaar JW, Algra A, Vos JA, Niesten JM, van Seeters T, van der Schaaf 

IC, Schonewille WJ, Kappelle LJ, Velthuis BK; DUST Investigators. Stroke. Additional 

diagnostic value of computed tomography perfusion for detection of acute ischemic stroke in 

the posterior circulation. 2015 Apr;46(4):1113-5. doi: 0.1161/STROKEAHA.115.008718. Epub 

2015 Mar 5. PMID: 25744516 

4) Pallesen LP, Lambrou D, Eskandari A, Barlinn J, Barlinn K, Reichmann H, Dunet V, Maeder 

P, Puetz V, Michel P.Perfusion computed tomography in posterior circulation stroke: predictors 

and prognostic implications of focal hypoperfusion. Eur J Neurol. 2018 May;25(5):725-731. 

doi: 10.1111/ene.13578. Epub 2018 Mar 13. PMID: 29350878 

5) Bollwein C, Plate A, Sommer WH, Thierfelder KM, Janssen H, Reiser MF, Straube A, von 

Baumgarten L. Diagnostic accuracy of whole-brain CT perfusion in the detection of acute 

infratentorial infarctions. Neuroradiology. 2016 Nov;58(11):1077-1085. Epub 2016 Sep 20. 

PMID: 27651328 

6) Sparaco M, Ciolli L, Zini A.Posterior circulation ischaemic stroke-a review part I: anatomy, 

aetiology and clinical presentations. Neurol Sci. 2019 Oct;40(10):1995-2006. doi: 

10.1007/s10072-019-03977-2. Epub 2019 Jun 20. PMID: 31222544 



32 
 

7) Sparaco M, Ciolli L, Zini A. Posterior circulation ischemic stroke-a review part II: imaging and 

acute treatment. Neurol Sci. 2019 Oct;40(10):2007-2015. doi: 10.1007/s10072-019-03936-x. 

Epub 2019 May 24. Review. PMID: 31127426 

8) Helseth EK, Lutsep HL. Posterior Cerebral Artery Stroke. Updated: Jul 30, 2018. https:// 

emedicine.medscape.com/article/2128100-overview 

9) Siniscalchi A, Sztajzel R, Malferrari G, Gallelli L. The National Institutes of Health Stroke 

Scale: Its Role in Patients with Posterior Circulation Stroke. Hosp Top. 2017 Oct-Dec;95(4):79-

81. doi: 10.1080/00185868.2017.1322888. Epub 2017 May 23. PMID: 28535100 

10) Pezzella FR, Pozzessere C, Siniscalchi A, Gallelli L, Anticoli S. The cloud stroke unit: 24-hour 

acute stroke expertise-on-demand. Hosp Top. 2013 Oct-Dec;91(4):81-6. doi: 

10.1080/00185868.2013.848160. PMID: 24255936 

11) Meyer BC, Hemmen TM, Jackson CM, Lyden PD. Modified National Institutes of Health Stroke 

Scale for use in stroke clinical trials: prospective reliability and validity. Stroke. 2002 

May;33(5):1261-6. PMID: 11988601 

12) Ukmar M, Degrassi F, Pozzi Mucelli RA, Neri F, Mucelli FP, Cova MA. Perfusion CT in acute 

stroke: effectiveness of automatically-generated colour maps. Br J Radiol. 2017 

Apr;90(1072):20150472. doi: 10.1259/bjr.20150472. PMID: 28328241 

13) Koenig M, Klotz E, Luka B, Venderink DJ, Spittler JF, Heuser L. Perfusion CT of the brain: 

diagnostic approach for early detection of ischemic stroke. Radiology. 1998 Oct;209(1):85-93. 

PMID: 9769817 

14) Nabavi DG, Cenic A, Craen RA, Gelb AW, Bennett JD, Kozak R, Lee TY. CT assessment of 

cerebral perfusion: experimental validation and initial clinical experience. Radiology. 1999 

Oct;213(1):141-9. PMID: 10540654 

15) Cianfoni A, Colosimo C, Basile M, Wintermark M, Bonomo L. Brain perfusion CT: principles, 

technique and clinical applications. Radiol Med. 2007 Dec;112(8):1225-43. Epub 2007 Dec 13. 

Review. English, Italian. PMID: 18074193 



33 
 

16) Böck JC, Henrikson O, Götze AH, Wlodarczyk W, Sander B, Felix R. Magnetic resonance 

perfusion imaging with gadolinium-DTPA. A quantitative approach for the kinetic analysis of 

first-pass residue curves. Invest Radiol. 1995 Dec;30(12):693-9. PMID: 8748181 

17) Lee IH, You JH, Lee JY, Whang K, Kim MS, Kim YJ, Lee MS; Brain Research Group. 

Accuracy of the detection of infratentorial stroke lesions using perfusion CT: an experimenter-

blinded study. Neuroradiology. 2010 Dec;52(12):1095-100. doi: 10.1007/s00234-010-0689-2. 

Epub 2010 Apr 13. DOI: 10.1007/s00234-010-0689-2. PMID: 20386891 

18) Campbell BC, Christensen S, Levi CR, Desmond PM, Donnan GA, Davis SM, Parsons MW. 

Comparison of computed tomography perfusion and magnetic resonance imaging perfusion-

diffusion mismatch in ischemic stroke. Stroke. 2012 Oct;43(10):2648-53. Epub 2012 Aug 2. 

PMID: 22858726 

19) Wintermark M, Flanders AE, Velthuis B, Meuli R, van Leeuwen M, Goldsher D, Pineda C, 

Serena J, van der Schaaf I, Waaijer A, Anderson J, Nesbit G, Gabriely I, Medina V, Quiles A, 

Pohlman S, Quist M, Schnyder P, Bogousslavsky J, Dillon WP, Pedraza S. Perfusion-CT 

assessment of infarct core and penumbra: receiver operating characteristic curve analysis in 130 

patients suspected of acute hemispheric stroke. Stroke. 2006 Apr;37(4):979-85. Epub 2006 Mar 

2. PMID: 16514093 

20) Lui YW, Tang ER, Allmendinger AM, Spektor V. Evaluation of CT perfusion in the setting of 

cerebral ischemia: patterns and pitfalls. AJNR Am J Neuroradiol. 2010 Oct;31(9):1552-63. doi: 

10.3174/ajnr.A2026. Epub 2010 Feb 25. Review.PMID: 20190208 

21) d'Esterre CD, Roversi G, Padroni M, Bernardoni A, Tamborino C, De Vito A, Azzini C, 

Marcello O, Saletti A, Ceruti S, Lee TY, Fainardi E. CT perfusion cerebral blood volume does 

not always predict infarct core in acute ischemic stroke. Neurol Sci. 2015 Oct;36(10):1777-83. 

doi: 10.1007/s10072-015-2244-8. Epub 2015 May 16. PMID: 25981225 

22) Campbell BC, Christensen S, Levi CR, Desmond PM, Donnan GA, Davis SM, Parsons MW. 

Cerebral blood flow is the optimal CT perfusion parameter for assessing infarct core. 



34 
 

Stroke. 2011 Dec;42(12):3435-40. doi: 10.1161/STROKEAHA.111.618355. Epub 2011 Oct 6. 

PMID: 21980202 

23) Dehkharghani S, Bammer R, Straka M, Albin LS, Kass-Hout O, Allen JW, Rangaraju S, Qiu D, 

Winningham MJ, Nahab F. Performance and Predictive Value of a User-Independent Platform 

for CT Perfusion Analysis: Threshold-Derived Automated Systems Outperform Examiner-

Driven Approaches in Outcome Prediction of Acute Ischemic Stroke. AJNR Am J Neuroradiol. 

2015 Aug;36(8):1419-25. doi: 10.3174/ajnr.A4363. Epub 2015 May 21. PMID: 25999410 

24) Aviv RI, Mandelcorn J, Chakraborty S, et al. Alberta Stroke Program Early CT Scoring of CT 

perfusion in early stroke visualization and assessment. AJNR Am J Neuroradiol 2007; 28:1975–

80. PMID: 17921237 

25) Alemseged F, Shah DG, Bivard A, Kleinig TJ, Yassi N, Diomedi M, Di Giuliano F, Sharma G, 

Drew R, Yan B, Dowling RJ, Bush S, Sallustio F, Caltagirone C, Mercuri NB, Floris R, Parsons 

MW, Levi CR, Mitchell PJ, Davis SM, Campbell BC. Cerebral blood volume lesion extent 

predicts functional outcome in patients with vertebral and basilar artery occlusion. Int J Stroke. 

2019 Jul;14(5):540-547. doi: 10.1177/1747493017744465. Epub 2017 Nov 21. PMID: 

29160168 

26) Pallesen LP, Gerber J, Dzialowski I, van der Hoeven EJ, Michel P, Pfefferkorn T, Ozdoba C, 

Kappelle LJ, Wiedemann B, Khomenko A, Algra A, Hill MD, von Kummer R, Demchuk AM, 

Schonewille WJ, Puetz V; BASICS Study Group. Diagnostic and Prognostic Impact of pc-

ASPECTS Applied to Perfusion CT in the Basilar Artery International Cooperation Study. J 

Neuroimaging. 2015 May-Jun;25(3):384-9. doi: 10.1111/jon.12130. Epub 2014 Jun 18. PMID: 

24942473 

27) de Lucas EM, Sanchez E, Gutierrez A, et al. CT protocol for acute stroke: tips and tricks for 

general radiologists. Radiographics 2008; 28: 1673– 87 

28) Wintermark M, Albers GW, Alexandrov AV, et al. Acute stroke imaging research roadmap. 

Stroke 2008; 39: 1621– 28 



35 
 

29) Eastwood JD, Lev MH, Azhari T, et al. CT perfusion scanning with deconvolution analysis: 

pilot study in patients with acute middle cerebral artery stroke. Radiology 2002; 222: 227– 36 

30) Miles KA, Griffiths MR. Perfusion CT: a worthwhile enhancement? Br J Radiol 2003; 76: 220– 

31 

31) Lansberg MG, Straka M, Kemp S, Mlynash M, Wechsler LR, Jovin TG, et al. MRI profile and 

response to endovascular reperfusion after stroke (DEFUSE 2): a prospective cohort study. 

Lancet Neurol (2012) 11:860–7. doi:10.1016/ S1474-4422(12)70203-X3 

32) Olivot J-M, Mlynash M, Thijs VN, Kemp S, Lansberg MG, Wechsler L, et al. Optimal Tmax 

threshold for predicting penumbral tissue in acute stroke. Stroke (2009) 40:469–

75.doi:10.1161/STROKEAHA.108.526954 

33) Wheeler HM, Mlynash M, Inoue M, Tipirneni A, Liggins J, Zaharchuk G, et  al. Early diffusion-

weighted imaging and perfusion-weighted imaging lesion volumes forecast final infarct size in 

DEFUSE 2. Stroke (2013) 44:681–5 doi:10.1161 /STROKEAHA. 111.0001355 

34) Shih LC, Saver JL, Alger JR, Starkman S, Leary MC, Vinuela F, et  al. Perfusion-weighted 

magnetic resonance imaging thresholds identifying core, irreversibly infarcted tissue. Stroke 

(2003) 34:1425–30. doi:10.1161/01. STR.0000072998.70087.E9 

35) Kidwell CS, Jahan R, Gornbein J, Alger JR, Nenov V, Ajani Z, et al. A trial of imaging selection 

and endovascular treatment for ischemic stroke. N Engl J Med (2013) 368:914–23 

doi:10.1056/NEJMoa1212793 

36) Mokin M, Levy EI, Saver JL, Siddiqui AH, Goyal M, Bonafé A, Cognard C, Jahan R, Albers 

GW; SWIFT PRIME Investigators. Predictive Value of RAPID Assessed Perfusion Thresholds 

on Final Infarct Volume in SWIFT PRIME (Solitaire With the Intention for Thrombectomy as 

Primary Endovascular Treatment). Stroke. 2017 Apr;48(4):932-938. doi: 

10.1161/STROKEAHA.116.015472. Epub 2017 Mar 10. PMID: 28283606 

37) Kudo K, Sasaki M, Yamada K, Momoshima S, Utsunomiya H, Shirato H, Ogasawara K. 

Differences in CT perfusion maps generated by different commercial software: quantitative 



36 
 

analysis by using identical source data of acute stroke patients. Radiology. 2010 Jan;254(1):200-

9. doi: 10.1148/radiol.254082000. PMID: 20032153 

38) Campbell BC, Yassi N, Ma H, Sharma G, Salinas S, Churilov L, Meretoja A, Parsons MW, 

Desmond PM, Lansberg MG, Donnan GA, Davis SM. Imaging selection in ischemic stroke: 

feasibility of automated CT-perfusion analysis. Int J Stroke. 2015 Jan;10(1):51-4. doi: 

10.1111/ijs.12381. Epub 2014 Oct 16. PMID: 25319251 

39) Vyas D, Bohra V, Karan V, Huded V. Rapid Processing of Perfusion and Diffusion for Ischemic 

Strokes in the Extended Time Window: An Indian Experience. Ann Indian Acad Neurol. 2019 

Jan-Mar;22(1):96-99. doi: 10.4103/aian.AIAN_142_18. PMID: 30692767 

40) Straka M, Albers GW, Bammer R. Real-time diffusion-perfusion mismatch analysis in acute 

stroke. J Magn Reson Imaging. 2010;32:1024–37 

41) Sporns P, Schmidt R, Minnerup J, Dziewas R, Kemmling A, Dittrich R, Zoubi T, Heermann P, 

Cnyrim C, Schwindt W, Heindel W, Niederstadt T, Hanning U. Computed Tomography 

Perfusion Improves Diagnostic Accuracy in Acute Posterior Circulation Stroke. Cerebrovasc 

Dis. 2016;41(5-6):242-7. doi: 10.1159/000443618. Epub 2016 Jan 29. PMID: 26820989 

42) Sharon et al. The predictive value of a targeted posterior fossa multimodal stroke protocol for 

the diagnosis of acute posterior ischemic stroke. Neurovascular Imaging (2016) 2:3. DOI 

10.1186/s40809-016-0013-6 

43) Bamford J, Sandercock P, Dennis M, Burn J, Warlow C. Classification and natural history of 

clinically identifiable subtypes of cerebral infarction. Lancet. 1991 Jun 22;337(8756):1521-6. 

PMID: 1675378 

44) Pexman JH, Barber PA, Hill MD, Sevick RJ, Demchuk AM, Hudon ME, Hu WY, Buchan AM: 

Use of the alberta stroke program early CT score (ASPECTS) for assessing CT scans in patients 

with acute stroke. AJNR Am J Neuroradiol 2001, 22:1534–1542. 

45) Puetz V, Dzialowski I, Hill MD, Demchuk AM: The alberta stroke program early CT score in 

clinical practice: what have we learned? Int J Stroke 2009, 4:354–364. 



37 
 

46) Wintermark M, Flanders AE, Velthuis B, Meuli R, van Leeuwen M, Goldsher D, Pineda C, 

Serena J, van der Schaaf I, Waaijer A, Anderson J, Nesbit G, Gabriely I, Medina V, Quiles A, 

Pohlman S, Quist M, Schnyder P, Bogousslavsky J, Dillon WP, Pedraza S. Perfusion-CT 

assessment of infarct core and penumbra: receiver operating characteristic curve analysis in 130 

patients suspected of acute hemispheric stroke. Stroke. 2006 Apr;37(4):979-85. Epub 2006 Mar 

2. PMID: 16514093 

47) Kauw F, Heit JJ, Martin BW, van Ommen F, Kappelle LJ, Velthuis BK, de Jong HWAM, 

Dankbaar JW, Wintermark M. Computed Tomography Perfusion Data for Acute Ischemic 

Stroke Evaluation Using Rapid Software: Pitfalls of Automated Postprocessing. J Comput 

Assist Tomogr. 2019 Nov 26. doi: 10.1097/RCT.0000000000000946. [Epub ahead of print] 

PMID: 31804241 

 

 

 

 

 

 

 


