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ABSTRACT 

To determine the relationship between functional changes in perfusion computed tomography (PCT) and structural 
changes detected in diffusion-weighted MRI (DWI-MRI) in patients with acute cerebral ischemia. The results of a survey of 
48 primary patients (14 women and 34 men aged 25 to 75 years, mean age 47.4±8.1 years) with ischemic stroke were 
analyzed (on average, 14 hours passed from the moment of stroke to PCT), which was confirmed by the results of DWI-
MRI. The studies were carried out on a magnetic resonance tomograph (MRI) Signa Hdxet 1.5 Tesla and a wide detector 
640 slice multislice computed tomography Aquilion One - 640 Genesis version (Toshiba Medical Systems, Japan).  All 48 
cases showed signs of cerebral infarction. The weighting factor was b=1000, the median area of the identified ischemic 
areas was 1125.7±431.8 mm2 (from 544.0 to 2214.0 mm2). When evaluating the correlation between the size of the focus 
of increased signal intensity on DWI-MRI and the area of the lesions on perfusion maps, i.e. when studying the relationship 
of initial structural changes with functional ones. The highest closeness of the correlation was noted for the cerebral blood 
volume (CBV) (r=0.752, p<0.01). Patients with a discrepancy between the size of the ischemic focus on PCT and the areas 
of the ischemic focus on DWI-MRI were identified. Also identified were 70.8% (34 of 48) of cases with penumbra on cerebral 
blood flow (CBF) and mean transit time (MTT), and no signal change on DWI-MRI. At the same time, cases with altered 
areas of CBF, CBV and MTT, and areas of change in diffusion on DWI-MRI were more among patients with penumbra 
(p<0.001). In patients with ischemic stroke, there is a comparison of cerebral perfusion parameters measured on PCT with 
MRI signs. 
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INTRODUCTION 
Despite the decline in the frequency of ischemic strokes over the past few decades, they remain the leading 
cause of death and disability worldwide [1-3]. The decrease in the incidence of ischemic stroke is directly 
related to both an improved understanding of prevention methods and optimization of methods of 
radiation diagnostics [4-6]. 
Stroke can be diagnosed using a number of methods, including neurological examination, computed 
tomography (CT), magnetic resonance imaging (MRI), ultrasound Dopplerography and arteriography. And 
despite the fact that various types of imaging methods have significantly advanced since their introduction, 
CT remains the most common and effectively used imaging method for both the diagnosis of acute ischemic 
stroke and for differentiation from hemorrhagic stroke due to lower cost, wide availability, fast speed, and 
accuracy compared to other basic methods visualizations [4, 5].  
Perfusion computed tomography (PCT) is another useful imaging technique that can provide important 
information about the hemodynamics of the brain parenchyma at the capillary level [5, 6, 7].  
MRI scanning allows doctors to obtain images of diffusion and perfusion, and it has been shown to be very 
useful for diagnosing acute ischemic stroke, while at the same time differentiating it from hemorrhagic 
strokes [8]. Diffusion-weighted imaging (DWI) is a method used on the basis of MRI, which has a higher 
sensitivity and accuracy for acute ischemic stroke, which became clear when compared with other imaging 
methods. DWI-MRI is sensitive to acute cellular damage in cerebral ischemia and can be used to assess 
ischemic lesions in the first few hours [8].  
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Despite the large amount of literature that analyzes various aspects of detection and treatment by various 
imaging methods, there is no comprehensive information about the diagnostic value of each of them and 
the correlation analysis of the obtained parameters. 
The present study was aimed at comparing and establishing the relationship of diagnostic findings during 
CT and MRI in the diagnosis of acute ischemic stroke. 
 
MATERIAL AND METHODS 
The article presents the results of the examination of 48 primary patients (average age – 47.4±8.1 years) 
with ischemic stroke with an already formed ischemic focus (on average, 14 hours passed from the moment 
of stroke development to PCT), which was confirmed by the results of DWI-MRI. 
Thus, the study was aimed at determining the ratio of functional changes in PCT with structural changes 
detected by diffusion-weighted MRI (DWI-mode-MRI) of the brain. 
All patients were examined in the State Institution "Republican Specialized Scientific and Practical Medical 
Center for Surgery named after academician V.Vakhidov" for the period from 2017-2022. The studies were 
carried out on a 1.5 tesla Signa Hdxet MR tomograph and a wide–detector 640 slice MSCT "Aquilion One - 
640" version of Genesis (Toshiba Medical Systems, Japan). 
The severity of the stroke was assessed on the stroke scale of the National Institutes of Health (NIHSS) and 
the Glasgow Coma Scale. The criteria of mild stroke severity were met by 32 (66.7%) patients without 
impaired consciousness, without a clinic of brain edema, with focal neurological symptoms (NIHSS score 
on day 1. <8 points). The average severity of the clinical course of stroke with impaired consciousness 
(score on the NIHSS scale of 8-16 points, on the Glasgow scale of 11-14 points) was diagnosed in 18.8% (9 
out of 48) cases. Severe stroke (NIHSS score on day 1. More than 16 points with impaired consciousness in 
the form of a sopor (9-10 points on the Glasgow scale) Coma (3-8 points on the Glasgow scale) was detected 
in the remaining 7 (14.6%) patients. On average, the severity of neurological deficit at admission was 11.5 
points on the NIHSS scale (7.3–16.0 points). 
CT perfusion was used to obtain information about the totality of the following parameters: cerebral blood 
volume (CBV) – the total volume of blood in the selected area of brain tissue; cerebral blood flow (CBF) – 
the rate of passage of a certain volume of blood through a given volume of brain tissue per unit of time; 
average transit time (mean transit time (MTT) is the average time for which blood passes through the 
vascular bed of the selected area of brain tissue, measured in seconds (s). According to the principle of 
central volume, which is common to all methods of evaluating tissue perfusion, these parameters are 
related by the ratio CBV = CBF x MTT. 

Multimodal CT protocol in acute stroke conditions included: 
- contrast-free CT of the brain, 
- CT angiography (CT) of the vessels of the head and neck, 
- CT perfusion. 
The multimodal MRI protocol for acute stroke included: 
- DWI (foci of acute and acute ischemia), 
- FLAIR (assessment of brain parenchyma, foci of ischemia >6 hours old), 
- gradient sequences SWI/SWAN or T2*-GRE (detection of microhemorrhagia and venous 

pathology), 
- MR perfusion, 
- MR angiography in 3D TOF mode. 

 
RESULTS 
Analysis of the obtained MRI results in DWI mode revealed signs of a cerebral infarction, i.e. areas with 
increased signaling intensity. The weighting factor was b=1000, the median area of the identified ischemia 
sites was 1125.7±431.8 mm2 (from 544.0 to 2214.0 mm2). DWI-MRI data showed that cases of medium-
sized infarcts prevailed among patients (45.8%; 22 out of 48), a smaller proportion were small (5 out of 
48; 10.4%) and large (18.8%; 9 out of 48) infarcts, and in a quarter of patients the focus of ischemia was 
extensive (25%; 12 of 48) (fig. 1). 
By the time of PCT in the ischemic area, we observed a decrease in CBF and CBV along with an increase in 
MTT, which indicated a breakdown in autoregulation of cerebral circulation as a result of occlusion of the 
fetal vessel. Thus, the picture of perfusion changes observed by us corresponded to the existing ideas about 
the pathophysiological processes characteristic of the acute period of cerebral ischemia. 
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Fig. 1. Distribution of patients with ischemic stroke by the size of the foci of infarction 

 
When assessing the correlation between the size of the focus of increased signal intensity on DWI-MRI and 
the area of the foci on perfusion maps (Fig. 2, 3 and 4), i.e., when studying the relationship of the initial 
structural changes with functional ones, the highest closeness of the correlation was noted for the CBV 
parameter (r=0.752, p<0.01). 
 

 
Fig. 2. Diagram of linear correlation between the size of ischemic foci on DWI-MRI and the area of 

foci on the CBV perfusion map 
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Fig. 3. Diagram of linear correlation between the size of ischemia foci on DWI-MRI and the area of 

foci on the CBF perfusion map 
 

Also, a positive and noticeable closeness of the correlation with the size of the zone of altered diffusion was 
noted for both CBF (r=0.575, p<0.05) and MTT perfusion cards (r=0.671, p<0.05). 

 
Fig. 4. Diagram of linear correlation between the size of ischemic foci on DWI-MRI and the area of 

foci on the MTT perfusion map 
The analysis of the data of the initial examination of patients allowed us to identify patients with a mismatch 
of the size of the ischemic focus detected on perfusion maps CBV, CBF and MTT, with the areas of the 
ischemic focus (structural changes) on DWI-MRI. Also, 70.8% (34 out of 48) of cases with reversible 
perfusion changes on CBF and MTT cards, and without signal changes on DWI-MRI, i.e. patients with 
penumbra zone, were identified. 
Further analysis of the distinctive characteristics of the results of radiation diagnostics of patients with 
ischemic stroke with and without the penumbra zone allowed us to identify some features. Thus, the areas 
of ischemic foci differed between PCT maps and DWI-MRI data. At the same time, there were more cases 
with altered CBF, CBV and MTT zones and areas of diffusion change on DWI-MRI among patients with 
penumbra (p<0.001). The clinical characteristics of patients with and without penumbra had no 
statistically significant difference, both at the initial examination and on the 12th day of the disease. 
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CBF 

 

CBV MTT 

DWI-MRI 
Fig. 5. Absence of zones of discrepancy between the size of the ischemic focus on DWI-MRI with the 

areas of perfusion cards CBV, CBF and MTT 
Figure 5 shows MRI images and perfusion cards of PCT performed 9 hours after the start of the stroke clinic 
in patient A., 64 years old. It can be seen that the zone of the disturbed MR signal in the parietal and 
temporal regions of the left hemisphere of the brain visually coincides with the zone of perfusion disorders 
in all three CBV, CBF and MTT maps. 

 

CBF 
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CBV 

DWI-MRI 

MTT 
Fig. 6. Presence of areas of mismatch of the size of the focus on DWI-MRI with the areas of 

perfusion cards CBV, CBF and MTT 
Figure 6 shows images of DWI-MRI and perfusion cards of PCT performed 7.5 hours after the start 

of the stroke clinic in patient B., 62 years old. It can be seen that the zone of the disturbed MR signal in the 
temporal region, subcortical structures and the upper frontal gyrus of the right hemisphere of the brain 
visually coincides with the zone of perfusion reduction on the CBV map. CBF and MTT. At the same time, 
we can immediately see how the areas of CBF reduction and increased MTT, where the frontal, temporal 
lobes, subcortical structures and partially occipital lobe of the right hemisphere of the brain are also 
covered, exceed the area of the focus on DWI-MRI. 
Patients with penumbra on the PCT maps of the CBF decrease and MTT increase zones in their area 
exceeded with a statistical difference (p<0.01) the zones of altered diffusion, and the CBV decrease maps 
do not have a significant difference in the area of the ischemic focus with the zones of impaired diffusion 
detected on DWI-MRI. 
 
DISCUSSION 
Unlike MRI, PCT visualizes a brain infarction indirectly based on perfusion changes. Therefore, small 
subcortical infarcts are more difficult to detect, and CTP is more prone to errors [9, 10]. Validation of PCT 
parameters and threshold values for the identification of the ischemic nucleus is based on the final volume 
of infarction on control MRI in patients with complete reperfusion. The variability of the optimal parameter 
or perfusion threshold is explained by differences in image acquisition (mainly brain volume coverage, 
image acquisition speed and scan duration), reference visualization and data processing methods (among 
others, placement of the input arterial function, deconvolution method and delay and variance correction) 
[11, 12]. 
A decrease in CBF compared to normal brain tissue (rCBF) most consistently and accurately identifies the 
ischemic nucleus. Since only a few studies have used MRI to check the thresholds of the ischemic nucleus, 
and since an increase in infarction may occur between the receipt of PCT data and reperfusion, confirmed 
CBF thresholds may overestimate the ischemic nucleus if perfusion imaging is obtained very early after the 
onset of symptoms [13-15]. Similarly, the ischemic nucleus may be overestimated if rapid reperfusion is 
achieved [13].  
Lacunar or small subcortical infarcts are usually not detected using PCT thresholds, but visual examination, 
in particular, MTT and time-to-peak (TTP) maps have high specificity, but moderate sensitivity for 
detecting these infarcts [9, 16, 17].  
Within a few minutes after the onset of a stroke, cytotoxic edema develops in the infarct tissue, 
characterized by restriction of the movement of water molecules. This is visualized as a decrease in the 
apparent diffusion coefficient and hyperintensivity on DWI-MRI [18]. The threshold of the apparent 
diffusion coefficient is a sufficiently reliable parameter for determining the nucleus of ischemia [19]. 
Reversibility of acute lesions on DWI-MRI is observed on average in 24% of cases and is associated with a 
shorter duration of ischemia and reperfusion [20]. Significant and permanent reversal of DWI in patients 
with acute stroke undergoing reperfusion treatment, however, is rare and probably has no clinical 
significance [21]. 
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Penumbra is obtained by subtracting the ischemic nucleus from perfusion deficiency (the total volume of 
brain tissue with critical hypoperfusion). PCT and MRI can successfully distinguish perfusion deficiency 
from normal brain tissue or benign oligemia. Optimal perfusion parameters are mainly confirmed by 
comparison with the final MRI infarction in the absence of reperfusion. The differences in the optimal 
parameter and threshold are partially explained by the deconvolution method and other postprocessing 
algorithms. Although deconvolution perfusion parameters are commonly used, maps without 
deconvolution can be just as accurate [22, 23].  
A feature of the data obtained in patients without a penumbra zone is the lack of differences between the 
areas of zones with reduced CBF, CBV and increased MTT and the area of altered diffusion on DWI-MRI. 
In particular, our study was also aimed at obtaining data on the relationship between the results of PCT 
and MRI in patients with acute cerebral ischemia. DWI-MRI revealed areas with increased signaling 
intensity with an area of 1125.7±431.8 mm2 (from 544.0 to 2214.0 mm2) in all patients. Cases of medium-
sized heart attacks prevailed among patients (45.8%; 22 out of 48). A high correlation was revealed 
between the size of the focus of increased signal intensity on DWI-MRI and the area of foci on the CBV 
perfusion map (r=0.752, p<0.01), and a noticeable closeness of correlation with the areas of ischemic foci 
on CBF maps (r=0.575, p<0.05) and MTT (r=0.671, p<0.05). Patients with the presence of a penumbra zone 
were distinguished by a higher frequency of cases with areas of diffusion change on DWI-MRI (p<0.001). 
Moreover, in cases of penumbra, CBF reduction and MTT increase maps had areas of ischemia zones 
exceeding (p<0.01) zones of altered diffusion, and CBV reduction maps corresponded to zones of impaired 
diffusion on DWI-MRI. The absence of penumbra suggested that there were no differences between the 
areas of the ischemic zone with impaired CBF, CBV, MTT and the area of diffusion changes on DWI-MRI.  
Thus, the combination of PCT and CT provides important diagnostic information regarding the degree of 
infarction and perfusion deficiency. The characteristics of lesions on PCT-CBV maps do not differ from 
lesions on DWI-MRI, as well as lesions on the original CT-angiography images do not differ from lesions on 
DWI-MRI. In cases where DWI-MRI is not available or a combination of CT without contrast enhancement 
cannot be performed, PCT and CT angiography provides comprehensive information within less than 20 
minutes and facilitates therapeutic decision-making. 
Despite the fact that there were no significant differences (in a number of clinical and imaging signs) 
between patients with restored blood flow and patients with persistent perfusion deficiency, it is necessary 
to note the tendency to large areas of reduced CBF and increased MTT in the group of patients with 
persistent areas of perfusion impairment. In this connection, the disappearance of the foci of altered 
perfusion reflected the regression of neurological deficit. 
 
CONCLUSION 
In patients with ischemic stroke, there is a high correlation between the parameters of cerebral perfusion 
measured on PCT and MRI signs. Visualization of ischemic stroke using modern methods of PCT and MRI 
with quantitative assessment of blood flow through the parenchyma of the brain increases the accuracy of 
diagnosis, allows you to determine the goals of treatment and can provide prognostic information about 
the functional outcome of the patient. 
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