
Neuro-Cell Mol Res 2024;1(3):89-94             89 

Neuro-Cell Molecular Research 

Research Article 

Neuro-Cell Mol Res 2024;1(3):89-94 

Diagnostic accuracy of computed tomography in acute ischemic stroke: A 

retrospective evaluation of sensitivity, specificity, and time-dependent performance 

İsmail Taşkent 

Department of Radiology, Faculty of Medicine, Kastamonu Univesity, Kastamonu, Turkiye 

 

Abstract 

Computed tomography (CT) is a widely accessible and rapid imaging modality for 

acute ischemic stroke diagnosis, but its sensitivity in early stages remains suboptimal 

compared to diffusion-weighted MRI (DWI-MRI). This study aimed to evaluate the 

diagnostic performance of CT in comparison with DWI-MRI in acute ischemic stroke. 

A retrospective, single-center study was conducted, including 80 patients with 

suspected acute ischemic stroke and 30 controls who underwent both CT and DWI-MRI 

within 24 hours of presentation. Gray-white matter density differences and the 

hyperdense middle cerebral artery (HD-MCA) sign were analyzed to enhance CT’s 

diagnostic accuracy. Sensitivity, specificity, and the Area Under the Curve (AUC) were 

calculated for CT across four time intervals (0-6h, 6-12h, 12-24h, 24-48h). 

The overall diagnostic accuracy of CT (AUC=0.717) was moderate, with sensitivity 

and specificity values of 69.6% and 50% in the 0-6-hour interval. CT performance 

improved in the 12-24-hour interval, with sensitivity and specificity reaching 68.8% and 

66.7%, respectively. The HD-MCA sign was observed in 18.8% of patients and showed 

100% specificity but low sensitivity (30%). Gray-white matter density measurements 

significantly improved the diagnostic objectivity of CT, particularly in early stages. 

CT remains a crucial tool for the early evaluation of stroke due to its accessibility 

and rapid imaging capabilities. However, integrating objective measurements such as 

gray-white matter density ratios and complementary imaging modalities like DWI-MRI 

can enhance its diagnostic performance. Future studies should focus on prospective, 

multi-center designs with larger patient cohorts, potentially integrating artificial 

intelligence, to refine these strategies. 
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Introduction 

Acute ischemic stroke is one of the leading causes of death 

in developed countries and is also a significant contributor to 

long-term disability and loss of function. Stroke, caused by the 

blockage of cerebral vessels, requires urgent medical 

intervention and is a condition that can be effectively treated 

with prompt diagnosis [1]. Significant advancements have 

been made over time in the development of standard 

procedures for treating acute ischemic stroke. Alongside these 

advancements, the need for reliable imaging methods to enable 

accurate early diagnosis has become increasingly important 

[2]. 

Computed tomography (CT) and diffusion-weighted 

magnetic resonance imaging (DWI-MRI) are two widely used 

and essential diagnostic methods in the imaging of acute stroke 

cases [3,4]. CT is the preferred method for the initial 

evaluation of stroke patients due to its rapid imaging capability 

and widespread accessibility. CT is particularly effective in 

excluding other pathologies, such as haemorrhage, with a high 

success rate. Its ability to provide quick results and the 

availability of CT scanners in nearly all hospitals are 

significant advantages [5]. However, the sensitivity of CT in 

detecting ischemic areas can be limited; early ischemic 

findings may not always be clearly visible, leading to delays 

in diagnosis for some patients [6,7]. Previous studies have 

highlighted the diagnostic specificity of the hyperdense middle 

cerebral artery sign but noted its limited sensitivity [8]. 

Furthermore, time-dependent changes in CT’s diagnostic 

accuracy remain underexplored in large cohorts [9].  

While CT is invaluable for ruling out haemorrhage and 

other pathologies, its limitations in detecting subtle ischemic 

changes necessitate complementary modalities like DWI-

MRI, particularly in the early stages of stroke [10]. On the 

other hand, DWI-MRI is a method capable of detecting early 

changes in intracellular and extracellular water movement, 

allowing the identification of ischemia in brain tissue at an 

early stage. The high diagnostic accuracy of DWI-MRI in 

cases of acute ischemic stroke makes it particularly valuable 

during critical intervention periods [11]. Studies have shown 

that DWI-MRI is more sensitive than CT in detecting small 

and early-stage infarcts [12,13]. However, the use of DWI-

MRI has certain limitations; it requires a longer imaging time, 

has limited accessibility, and may be contraindicated in certain 

patient groups, making it challenging to be the first-choice 

method in all cases [5]. 

This study aims to retrospectively evaluate the diagnostic 

effectiveness of CT by comparing it with DWI-MRI in patients 

presenting to the emergency department with suspected acute 

ischemic stroke. 

 

Materials and Methods 

Patient Selection 

This retrospective, single-centre study includes patients 

who presented to our emergency department with suspected 

acute ischemic stroke between 2022 and 2024 and underwent 

both CT and DWI-MRI imaging. Inclusion criteria were as 

follows: patients aged 18 years or older with a diagnosis of 

acute ischemic stroke who had undergone both CT and DWI-

MRI imaging within the first 24 hours of presentation and 

those whose demographic and clinical data were fully 

accessible. Patients were excluded if CT or DWI-MRI data 

were unavailable, imaging was performed at a different centre, 

other brain pathologies such as haemorrhage were identified, 

or artefacts were detected in CT or MRI images. 

 

Imaging and Measurements 

All patients underwent initial evaluation with CT followed 

by DWI-MRI in accordance with the acute stroke protocol. 

Brain CT scans were performed using a Toshiba (Alexion) 16-

slice Helical CT scanner with axial images acquired at a slice 

thickness of 5 mm. DWI-MRI scans were conducted using 

GE Signa Explorer 1.5 of the Tesla system employing 

diffusion-weighted sequences (b=1000 s/mm²) with axial 

slices of 3-5 mm thickness. 

To enhance the objectivity of acute ischemic stroke 

diagnosis using computed tomography (CT), gray-white 

matter density ratios were utilised. Hounsfield Unit (HU) 

values were compared in specific grey and white matter 

regions in affected and unaffected hemispheres (Figure 1). All 

images were evaluated using the Advantage Windows 

workstation (ADW 4.7 Ext. 16 Software, GE Company, 

U.S.A.). Gray-white matter density ratios were calculated by 

measuring HU values in the insular cortex and lentiform 

nucleus of both hemispheres; bilateral differences were 

compared, and if a significant difference was detected in the 

affected hemisphere, the existing CT findings were considered 

positive for ischemia. This approach aims to move beyond 

subjective evaluations, thereby improving the reliability and 

diagnostic efficacy of CT in stroke diagnosis [14]. 

 

Data Collection and Statistical Analysis 

The demographic characteristics of the patients (age, 

gender) and the time of presentation were obtained 

retrospectively from patient records. CT and DWI-MRI 

images were evaluated by a radiology specialist with 

approximately 7 years of experience, and the presence, 
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location, and extent of ischemic areas detected by both 

methods were recorded. Ischemic areas identified by DWI-

MRI were considered the gold standard. Time intervals (0-6h, 

6-12h, 12-24h, and 24-48h) were chosen based on clinical 

relevance and previous studies emphasizing the dynamic 

nature of ischemic changes [15]. 

The collected data were analysed using SPSS version 23.0 

(SPSS Inc., Chicago, IL). Continuous variables were presented 

as mean ± standard deviation, while categorical variables were 

expressed as percentages (%). The agreement between CT and 

DWI-MRI results was evaluated using kappa statistics, with a 

significance threshold set at p<0.05. Receiver Operating 

Characteristic (ROC) curve analysis was performed to assess 

the diagnostic performance of CT compared to DWI-MRI, and 

the Area Under the Curve (AUC) was calculated. 

 

Results 

The demographic characteristics of the 80 patients 

included in the study and the 30 individuals in the control 

group were similar. The mean age of the patient group was 

calculated as 58,43±11,19 years (range 40-79), and that of the 

control group as 58,42±12,55 years (range 40-79). Gender 

 
 

Figure 1. Multimodal Imaging of Acute Ischemic Stroke in a 63-Year-Old Male Patient: CT, DWI-MRI, and ADC Map Showing Ischemic 

Changes in the Right Frontoparietal Region. Figure 1A: Brain CT image showing a loss of gray-white matter differentiation and decreased 

Hounsfield Unit (HU) density values in the affected hemisphere compared to the contralateral side. Figure 1B: DWI-MRI image of the 

same patient, demonstrating hyperintense areas in the right frontoparietal region indicative of diffusion restriction, consistent with early 

ischemic changes. Figure 1C: ADC (Apparent Diffusion Coefficient) map of the patient showing reduced ADC values in the right 

frontoparietal region, corroborating the findings on DWI-MRI and confirming the presence of ischemia. 

 

 
 

 
 

 

 

 



CT Diagnostic Accuracy in Acute Ischemic Stroke 

Neuro-Cell Mol Res 2024;1(3):89-94                                                                                                                                                                                                          92 
                                                                                                                            

distribution in the patient group was 39 females and 41 males, 

while the control group had 16 females and 14 males (Table 

1). 

The proportion of CT-positive cases was 60% (n=48) in the 

patient group, compared to 16.7% (n=5) in the control group. 

The hyperdense MCA (middle cerebral artery) sign was 

observed exclusively in the patient group, with a prevalence of 

18.8% (n=15). The low CT-positive rate in the control group 

supports the test's ability to differentiate stroke cases (Table 

1). 

In this study, the diagnostic accuracy of CT and the 

hyperdense MCA (HD_MCA) sign in detecting acute 

ischemic stroke was evaluated using ROC analysis. The AUC 

value for CT was found to be 0.717, indicating a moderate 

level of diagnostic accuracy. In contrast, the AUC value for 

HD_MCA was calculated as 0.594, demonstrating low 

performance in distinguishing between positive and negative 

cases (Figure 2).  

The diagnostic performance of CT was evaluated across 

different time intervals in the study. In the initial 0-6-hour time 

frame, the positivity rate for CT was 69.6% (16/23), with a 

sensitivity of 69.6% and a specificity of 50%. In the 6-12-hour 

interval, the positivity rate dropped to 42.1% (8/19), with 

sensitivity and specificity calculated as 42.1% and 60%, 

respectively. For the 12-24-hour interval, the positivity rate 

increased to 68.8% (11/16), with a sensitivity of 68.8% and a 

specificity of 66.7%. Finally, in the 24-48-hour interval, the 

positivity rate was 59.1% (13/22), with sensitivity and 

specificity values of 59.1% and 70%, respectively (Table 2). 

 

Discussion 

In this study, the diagnostic performance of CT and the HD 

MCA sign in acute ischemic stroke was retrospectively 

evaluated. CT demonstrated moderate diagnostic accuracy 

(AUC=0.717), whereas HD MCA exhibited a lower diagnostic 

performance (AUC=0.594). 

Acute ischemic stroke is one of the leading causes of death 

and a significant contributor to long-term disability and loss of 

function [16]. Stroke, caused by the blockage of cerebral 

vessels, requires urgent medical intervention and is a condition 

that can be effectively treated with prompt diagnosis [17]. 

Significant advancements have been made over time in the 

development of standard treatment procedures for acute 

ischemic stroke, highlighting the increasing need for 

reliable imaging methods to enable accurate early 

diagnosis [18]. Early CT findings, such as the HD MCA 

sign, can be valuable indicators of the presence of 

vessel occlusion [19]. In the literature, the HD MCA 

sign is reported to have 100% specificity but only 30% 

sensitivity; it is typically observed in large cortical and 

deep MCA infarcts, with a limited association with poor 

prognosis [20]. This study highlights the potential 

benefits of early imaging methods in the diagnosis of 

acute ischemic stroke and demonstrates that the 

diagnostic efficacy of CT can be enhanced through 

objective measurements. The imbalance between 

positive (80) and negative (30) cases, along with the 

presence of ties in the dataset, may have limited the 

discriminative power of the results, particularly for 

HD_MCA. In conclusion, while CT demonstrated 

acceptable diagnostic accuracy, HD_MCA alone was 

insufficient for a definitive diagnosis but may serve as 

a supportive finding. 

The diagnosis of acute ischemic stroke using CT and 

DWI-MRI varies depending on the time window and 

the imaging modality employed. The literature 

emphasises the use of objective criteria, such as grey-white 

matter density ratios, to enhance the sensitivity of CT in the 

early stages [9]. In our study, the evaluation of CT across 

different time intervals revealed that sensitivity was highest 

(69.6%) during the 0-6-hour window, while specificity was 

lower (50%) compared to other time periods. This indicates 

that CT is effective in excluding other pathologies, such as 

 
Figure 2. ROC Curve Analysis Comparing BT and HD_MCA for 

Diagnostic Performance in Stroke Detection. 
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haemorrhages, during the early phase but may have limitations 

in identifying ischemic areas. As time progressed, the 

diagnostic accuracy of CT improved, with sensitivity and 

specificity reaching 68.8% and 66.7%, respectively, in the 12-

24-hour window. This suggests that CT becomes more 

effective in distinguishing ischemic regions over time. 

However, the lower sensitivity observed in the 6-12-hour 

window (42.1%) highlights the diagnostic limitations of CT 

during this specific period. 

The hyperdense MCA sign on CT is an important indicator 

for detecting early ischemic changes, with a reported 

specificity of 100%. However, its sensitivity remains low, at 

around 30%. This suggests that while the HD MCA sign can 

serve as a specific marker in the early phase, it may not 

comprehensively assess all stroke cases [21]. In our study, the 

HD MCA sign was identified in 15 patients (18.75%) and was 

absent in the control group, consistent with findings in the 

literature. 

Our study utilised density differences in grey and white 

matter between the affected region and the contralateral 

hemisphere to enhance the objective assessment capability of 

CT in stroke diagnosis. The literature highlights these methods 

as effective tools for detecting early ischemic changes and 

valuable complements to subjective evaluations [21,22]. In our 

study, grey-white matter density measurements improved the 

diagnostic accuracy and objectivity of CT in identifying 

ischemic areas. Particularly in the early stages, this approach 

is considered a method that can enhance the limited diagnostic 

capacity of CT. 

Our findings align with those of previous studies in the 

literature; however, the study has certain limitations. Firstly, 

the retrospective design may have restricted the robustness of 

the analysis. Additionally, the single-centre nature of the study 

resulted in a limited sample size for both the patient and 

control groups. The small number of patients in some time 

intervals may have introduced bias, particularly in calculating 

sensitivity and specificity. Furthermore, HU measurements 

were performed by a single radiologist, which introduces the 

potential for observer bias and underscores the need for 

validation through multi-observer analysis in future studies. 

Nevertheless, our results support the reliability and potential 

utility of CT in diagnosing acute stroke. 

 

Conclusion 

CT remains an essential diagnostic tool in the early 

evaluation of stroke due to its rapid accessibility and 

widespread availability. However, its limitations in identifying 

ischemic areas underline the need for further advancements. 

Future research should explore integrating CT with 

complementary imaging modalities, such as MRI or objective 

measures like grey-white matter density measurement, and 

applying artificial intelligence to enhance diagnostic accuracy. 

Additionally, prospective studies involving larger and more 

diverse patient populations are necessary to validate these 

findings and refine diagnostic strategies. 
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