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Abstract

Background: Prompt detection of acute ischemic stroke is essential for effective treatment and improved clinical outcomes.

Diffusion-weighted imaging (DWI) and non-contrast computed tomography (NCCT) are commonly used imaging tools;

however, their relative diagnostic accuracy within the hyperacute phase (≤ 6 hours) requires further clarification.

Objectives: This study aimed to evaluate the diagnostic accuracy of NCCT compared with DWI magnetic resonance imaging

(MRI) as the reference standard in patients presenting within 6 hours of symptom onset.

Methods: This prospective diagnostic accuracy study included 84 consecutive eligible cases presenting with symptoms

suggestive of acute ischemic stroke within 6 hours of onset. All patients underwent NCCT followed by DWI MRI. The DWI MRI

was predefined as the sole reference standard. Neuroimaging was evaluated by an independent radiologist blinded to clinical

data and to the findings of the alternate imaging modality. Diagnostic performance of NCCT was calculated using sensitivity,

specificity, positive predictive value (PPV), negative predictive value (NPV), overall accuracy, and 95% confidence intervals (CIs).

Results: Among the 84 patients, DWI identified 53 patients as positive for acute ischemic stroke. NCCT correctly identified 45

of these 53 DWI-positive cases, yielding a sensitivity of 84.9% (95% CI: 72.4% - 92.1%). It also correctly identified 24 of 31 DWI-

negative cases, resulting in a specificity of 77.4% (95% CI: 59.8% - 89.4%). There were 8 false-negative cases (15.1%) and 7 false-positive

cases (22.6%). Overall diagnostic accuracy of NCCT was 82.1% (69/84).

Conclusions: Diffusion-weighted imaging demonstrated higher sensitivity than NCCT for detecting hyperacute ischemic

stroke. While NCCT remains essential for rapid exclusion of intracranial hemorrhage, DWI may provide complementary

diagnostic value when available. These findings should be interpreted cautiously and require confirmation in larger

multicenter studies.
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1. Background

Timely identification of acute cerebral ischemia has

become critically important with the emergence of

therapies that require rapid and accurate evaluation

and intervention within hours of symptom onset (1).

Thrombolysis, the most commonly used reperfusion
therapy, carries a risk of hemorrhagic complications,

underscoring the importance of rapidly identifying

appropriate candidates (2). During the European

Cooperative Acute Stroke Study II (ECASS II), 17% of

patients treated with thrombolysis were later

determined not to have suffered a stroke. Subsequent

studies have similarly reported a substantial rate of

thrombolytic administration in patients with so-called

“stroke mimics” (3). This highlights the inadequacy of
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clinical assessment alone for diagnosing ischemic

stroke or determining therapy contraindications. Thus,

reliable imaging techniques must be employed to
quickly and accurately identify the most appropriate

treatment (4).

Stroke affects 700,000 Americans yearly, causing

death and disability, which accounts for 4% of hospital

admissions and 2% of emergency department visits (5).

In-hospital mortality is 15%, while 30-day mortality

ranges from 20% to 25%. In-hospital mortality reaches

15%, 30-day mortality 20 - 25%, with $41 billion annual

costs; over half develop permanent disabilities, many

needing assistance. The brain depends on continuous

nutrients without energy storage; normal cerebral

blood flow is 50 - 60 mL/100 g/min, with 50% reduction

halting synaptic transmission (6). However, decreased

cerebral blood flow disrupts ionic gradients, leading to

neuronal death. The ischemic penumbra (25 - 50%

cerebral blood flow) remains viable for hours, while the

core (< 25% cerebral blood flow) undergoes necrosis,

requiring urgent reperfusion (7).

Thrombolysis as a therapeutic approach originated

in the 1950s; however, early trials employing

intravenous streptokinase were discontinued because

of increased mortality and hemorrhagic complications

(8). While later studies like ECASS II evaluated the
efficacy of tissue plasminogen activator (tPA)

administration beyond three hours post-symptom

onset, they did not show improved outcomes (9). Intra-

arterial recombinant pro-urokinase (r-pro-UK) improved

outcomes but increased early hemorrhage (10, 11).
Currently, intravenous tPA remains the standard

therapy for acute ischemic stroke within 3 - 6 hours of

symptom onset, provided there is no intracranial

hemorrhage (ICH) or extensive ischemic damage (12).

In the assessment of acute stroke, non-contrast

computed tomography (NCCT) is the most frequently
used imaging modality (13). It helps identify infarcts and

ICH. Non-contrast computed tomography is

advantageous for its widespread availability, cost-

effectiveness, and ability to detect ICH (14). Initial

ischemic changes on NCCT involve parenchymal
hypodensity and cerebral edema, indicative of increased

intra- and extracellular water. However, these signs may
be absent or subtle in early ischemia, often requiring

expert interpretation (15). Studies estimate NCCT

sensitivity at approximately 50%, with inter-reader
reliability showing kappa values between 0.51 and 0.72

(16). While NCCT remains a cornerstone of initial stroke
assessment, its sensitivity may be insufficient for the

growing demand for fast and reliable ischemia

detection (17, 18).

By assessing the Brownian motion of water protons

within tissue, magnetic resonance diffusion-weighted

imaging (DWI MRI) provides greater accuracy in stroke
imaging (19, 20). During ischemia, decreased ATP levels

impair the sodium-potassium pump, causing water to
move into the intracellular space. This limited motion

reduces signal loss on DWI, causing lesions to appear

bright (21). The DWI offers a 20-fold higher contrast-to-
noise ratio, enhancing the distinction between ischemic

and normal tissue compared to NCCT. Consequently,
DWI sensitivity for early stroke detection surpasses that

of NCCT, as supported by comparative studies within six

hours of stroke onset (22).

2. Objectives

In our study, we aim to investigate the sensitivity and

specificity of NCCT in the diagnosis of ischemic stroke,

using DWI MRI as the gold standard method. This would

specifically focus on patients presenting within the

hyperacute window (≤ 6 hours), a clinically critical

decision-making period.

3. Methods

This prospective diagnostic accuracy study has been

approved by an ethical committee to use the data for

research. A convenient sampling technique was

employed to enroll 84 cases during the study period,

maintaining a 95% confidence interval and 8% absolute

precision. This study was designed as a prospective

diagnostic accuracy study in accordance with STARD

reporting principles, with DWI MRI serving as the sole

reference standard. The study included patients aged 30

to 65 years who presented with acute ischemic stroke

within 6 hours of symptom onset, had a National

Institutes of Health Stroke Scale (NIHSS) score of ≥ 3, and

underwent imaging within ≤ 90 minutes between

modalities. Exclusion criteria were a history of

myocardial infarction (MI), liver dysfunction (alanine

aminotransferase [ALT] > 40 IU/L, aspartate

aminotransferase [AST] > 40 IU/L), renal insufficiency

(serum creatinine > 1.2 mg/dL), rheumatic diseases,

urinary tract infection (UTI), positive urine dipstick

findings for hemoglobin, glucose, leukocytes, or nitrites,

use of lipid-lowering therapy, or prior thrombolytic

therapy. Patients with ICH, other intracranial

pathologies (e.g., tumors or infections), or

contraindications to imaging were also excluded. All

enrolled patients underwent both NCCT and DWI MRI;

no cases were excluded after imaging acquisition.

3.1. Imaging Protocol
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3.1.1. Non-contrast Computed Tomography Imaging

The NCCT scans were performed with a slice

thickness of 4 mm for the posterior fossa and 8 mm for
the cerebrum, using either the Marconi PQ 2000 system

(formerly Picker) or the Siemens Volume Zoom Scanner.
MRI studies were conducted on a 1.5-T scanner with

advanced gradient hardware (Edge, Marconi) for high-

quality imaging. All MRI sequences were acquired on
the same 1.5-T platform as described below.

3.1.2. Diffusion-Weighted Imaging

Diffusion-weighted imaging was performed for all

patients presenting with focal neurological deficits
using a 1.5-Tesla Signa Magnet system. Imaging was

acquired with a single-shot echo-planar imaging (EPI)
sequence using the following parameters: Repetition

time of 6000 ms, echo time of 118 ms, field of view of 40

× 20 cm, acquisition matrix of 256 × 128, slice thickness
of 6 mm with a 1-mm interslice gap, gradient strength of

14 mT/m, b-values of 4 and 1221 s/mm² applied in six
diffusion directions, and three signal averages. The total

acquisition time was 126 seconds. Acute ischemic lesions

were defined as areas demonstrating hyperintensity on
DWI with corresponding hypointensity on apparent

diffusion coefficient (ADC) maps. An independent
radiologist (BB), blinded to clinical data, assessed the

scans for ischemic changes, restricted diffusion

(DWI/ADC signals), and additional findings such as
hemorrhagic transformation or recovery, and without

reviewing patients’ diagnostic reports or the findings of
the alternate imaging modality. This imaging protocol,

integrating high-resolution computed tomography and

advanced MRI, was designed for accurate and timely

ischemic stroke diagnosis. Moreover, reference-standard

classification was based on DWI/ADC criteria.

3.2. Statistical Analysis

All data were recorded using a predefined Performa.

Patient demographics and clinical histories were

documented. The data were analyzed using SPSS version

25.0. Quantitative variables were presented as mean ±

standard deviation (SD), and qualitative variables were

reported as frequency percentages. The diagnostic

accuracy of NCCT scans was assessed against DWI MRI,

which served as the gold standard for detecting acute

ischemic stroke using sensitivity and specificity with

predictive values and overall accuracy. Diagnostic

performance measures were calculated using exact

binomial methods to derive 95% confidence intervals.

4. Results

The study involved 84 patients, with a mean age of

48.58 ± 10.62 years. The majority of participants were

male, representing 71.4% (60/84) of the sample, while

females made up 28.6% (24/84). Regarding the site of

ischemic stroke, the most frequently affected region was
the middle cerebral artery (MCA), observed in 83.3%

(70/84) of patients, followed by posterior cerebral artery

(PCA), which was involved in 16.7% (14/84) of cases (Table

1). No other vascular territories were affected in this

cohort.

Table 1. Patient Profile and History

Variables Values

Age (mean ± SD) 48.58 ± 10.62

Gender; No. (%)

Male 60 (71.4)

Female 24 (28.6)

Site of ischemic stroke; No. (%)

Middle Cerebral Artery 70 (83.3)

Posterior Cerebral Artery 14 (16.7)

Abbreviation: SD, standard deviation.

The diagnostic accuracy of NCCT was evaluated using

DWI MRI as the gold standard (Figures 1 - 3). Among the

84 patients, NCCT correctly identified 45 out of 53
positive cases, yielding a sensitivity of 84.9% (95% CI:

72.4% - 92.1%). It also correctly identified 24 out of 31

negative cases, resulting in a specificity of 77.4% (95% CI:

59.8% - 89.4%) (Table 2, Figure 4). False-negative NCCT

cases primarily involved subtle cortical or small
territorial infarcts identified only on DWI, whereas false-

positive NCCT cases were mainly attributed to early

parenchymal hypoattenuation or imaging artifact.

Table 2. Evaluating the Diagnostic Accuracy of Non-contrast Computed Tomography
with Diffusion-Weighted Imaging MRI as the Gold Standard

NCCT Findings
DWI MRI Findings; No. (%)

Total; No. (%)
Positive Negative

Positive 45 (84.9) 7 (22.6) 52 (61.9)

Negative 8 (15.1) 24 (77.4) 32 (38.1)

Total 53 31 84

Abbreviations: NCCT, non-contrast computed topography; DWI-MRI, diffusion

weight magnetic resonance imaging.

5. Discussion

Current strategies for managing acute ischemic
stroke play a key role in the diagnosis of patients so that

they can benefit from reperfusion therapies. Given the
time-sensitive nature of thrombolytic treatments and
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Figure 1. 43-year-old patient with large right middle cerebral artery ischemic infarction involving the basal ganglia, frontal, parietal, and insular lobes, with subsequent mass
effect with subfalcine herniation. The infarcted area (arrows) is clearly visualized in four scan modalities (flair, diffusion-weighted imaging, apparent diffusion coefficient, and
non-contrast computed tomography).

the limited early sensitivity of NCCT, it is common to

administer thrombolytics even when NCCT results are

unremarkable (23, 24). Studies indicate that up to 20% of

patients initially diagnosed with stroke are later

identified as having stroke mimics, many of whom
receive unnecessary thrombolytic therapy. The higher

sensitivity of DWI during the early stages of ischemia

not only minimizes unnecessary thrombolytic

administration but also supports the development of

protocols requiring radiographic confirmation of
ischemia before treatment (1).

sing DWI MRI as the reference standard, NCCT

correctly identified 45 of 53 positive cases (sensitivity

84.9%) and 24 of 31 negative cases (specificity 77.4%).

Overall, 69 of 84 cases were accurately classified,

reflecting the diagnostic performance of NCCT

compared with DWI MRI. These findings are consistent

with prior comparative work and support the

interpretation of our observed diagnostic performance

in the hyperacute window. The superior sensitivity is

attributable to its ability to detect restricted water

diffusion in ischemic tissues, a hallmark of acute
ischemia, which manifests within minutes of stroke

onset. This rapid detection is critical for initiating timely

therapeutic interventions, such as thrombolysis or

mechanical thrombectomy (24).

The NCCT’s inability to accurately measure ischemic

volume in the early stages of stroke often results in low

inter-rater reliability, particularly among less

experienced clinicians who frequently make therapeutic

decisions (25). Conversely, DWI’s superior ability to

delineate infarct size, even early in the disease process,

has the potential to enhance stroke volume assessment

and reduce hemorrhagic complications, although this

https://brieflands.com/journals/ans/articles/169230
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Figure 2. A and B, 65-year-old patient with an ischemic infarct in the inferior division of right middle cerebral artery territory involving the lateral temporal lobe and inferior
parietal lobe (arrows); C and D, 61-year-old patient with an ischemic infarct affecting the opercular branches of right middle cerebral artery and involving frontal and orbital
opercula. The infarcted area is clearly visualized in diffusion-weighted imaging and non-contrast computed tomography scan (arrows).

benefit remains theoretical. Additionally, DWI can

differentiate the age of infarcts and reveal multiple

ischemic areas in up to 17% of acute stroke cases, a

finding that correlates with an elevated risk of

hemorrhagic transformation when thrombolytic

therapy is used (26).

Interestingly, specificity was relatively comparable

between the two modalities, with DWI achieving 92.1%

and NCCT achieving 90.3%. This finding indicates that

while NCCT is less sensitive, it remains a reliable tool for

ruling out non-ischemic causes, such as ICH. Thus, NCCT

retains value in the initial triage of stroke patients,

particularly in settings where DWI is not immediately

available (27, 28).

A major strength of NCCT lies in its capacity to

identify acute ICH, which constitutes an absolute

contraindication to thrombolytic therapy. Although MRI

was historically considered limited in detecting ICH,

advances in imaging techniques—such as gradient-echo

sequences, DWI, and perfusion-weighted imaging (PWI)

—have markedly enhanced its sensitivity for acute

hemorrhage (29). During ICH, hemoglobin transitions

into the brain parenchyma, leading to red blood cell

stagnation and reduced oxygenation, which alters the

MRI signal. Studies have shown that MRI can detect ICH

as early as 23 minutes after symptom onset, with

findings visible on DWI and T2-weighted sequences

within hours (30-32). Although additional studies are

https://brieflands.com/journals/ans/articles/169230
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Figure 3. 55-year-old patient with left posterior cerebral artery ischemic infarction. The infarcted area is clearly seen (arrows) in both scan modalities (diffusion-weighted
imaging and non-contrast computed tomography).

Figure 4. The diagnostic accuracy of non-contrast computed tomography with diffusion-weighted imaging MRI as the gold standard.

needed to confirm its standalone efficacy, MRI’s ability

to exclude ICH and detect ischemic changes with DWI

makes it a compelling alternative for stroke imaging

(33).

Concerns about MRI have historically included

acquisition time, limited availability, higher costs, and

challenges in imaging uncooperative or claustrophobic

patients. However, advancements in echo-planar

imaging have significantly reduced scan times, enabling

the entire brain to be imaged in under two minutes (34).

Despite these improvements, the widespread adoption

of MRI as the standard of care for acute stroke remains

constrained by its cost and availability. A recent study

demonstrated that 24/7 MRI access is feasible and offers

diagnostic and therapeutic advantages, with improved

efficiency over time. As MRI technology becomes more

accessible and affordable, its role in acute stroke

management is likely to expand (35).

While DWI is invaluable for acute stroke imaging,

other MRI modalities can also provide critical

information within short acquisition times (36).

Combined with DWI, PWI can distinguish between

irreversibly damaged tissue and salvageable ischemic

penumbra, potentially guiding decisions about the risks

and benefits of reperfusion therapy beyond the

traditional six-hour treatment window (37). Although

https://brieflands.com/journals/ans/articles/169230
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computed tomography perfusion offers similar

sensitivity to DWI and PWI, its limited brain coverage

restricts its utility compared to MRI, which provides

comprehensive cerebral imaging. Advances in imaging

protocols and interventional radiology techniques will

likely extend the therapeutic window for acute ischemic

stroke, enhancing patient outcomes.

Our findings have profound implications for clinical

workflows in stroke management. While NCCT remains

indispensable for its widespread availability, cost-

effectiveness, and ability to exclude hemorrhage, the

incorporation of DWI into routine protocols could

significantly enhance diagnostic accuracy. Hospitals

equipped with advanced imaging capabilities should

prioritize DWI for patients presenting within the

hyperacute phase, especially when thrombolytic

therapy is being considered (38).

Despite its advantages, DWI is not without

limitations. The reliance on high-field MRI scanners and

the longer acquisition time compared to NCCT may pose

logistical challenges in emergency settings.

Additionally, contraindications to MRI, such as metallic

implants or severe claustrophobia, may preclude its use

in certain patients. Addressing these challenges will

require continued investment in MRI accessibility and

the development of faster imaging protocols. Future

research should explore the integration of artificial

intelligence (AI) to enhance the diagnostic performance

of both modalities. AI-driven algorithms could improve

the sensitivity and specificity of NCCT by identifying

subtle early ischemic changes with greater accuracy.

5.1. Limitation

This study has several limitations. It was conducted

at a single center with a modest sample size (n = 84),

which may limit generalizability. The sample size was

based on consecutive patient enrollment during the

study period rather than a formal diagnostic accuracy

sample size calculation, which may limit statistical

precision. Detailed NIHSS stratification and exact time-

to-imaging intervals were not analyzed. External

validation was not performed. Additionally,

characterization of false-positive and false-negative

cases was limited. These factors should be considered

when interpreting the findings.

5.2. Conclusion

In this study, NCCT demonstrated a sensitivity of

84.9% and a specificity of 77.4% when compared with

DWI MRI as the reference standard. These findings

reinforce the higher sensitivity of DWI in detecting early

ischemic stroke, particularly within the hyperacute

phase (≤ 6 hours). Nevertheless, NCCT remains an

essential first-line imaging modality due to its rapid

availability and reliability in excluding ICH. Our results

support the complementary role of DWI when

accessible, rather than advocating replacement of NCCT

in routine emergency settings. Given the single-center

design and modest sample size, larger multicenter

studies are necessary to further validate these findings

before influencing clinical imaging guidelines.
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