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Abstract  

Objective: The high sensitivity of diffusion-weighted magnetic resonance imaging (DWI MRI) has led to 

its frequent use in the diagnosis of acute ischemic stroke (AIS). However, false negative DWI MRI results 

have been obtained for some patients diagnosed with stroke, which led us to initiate this study. Our aim was 

to determine the prevalence of false negative DWI MRI scans and prevent the clinician from making a late 

diagnosis or misdiagnosis by relying on MRI results only. 

Methods: In a retrospective file screening conducted between February 2017- February 2019, after the 

patients hospitalized with a diagnosis of ischemic stroke who couldn't have an MRI or who were diagnosed 

with transient  ischemic attack were excluded, the frequency of patients with a normal initial cranial DW 

MRI scan whose follow up scans revealed acute diffusion restriction was identified, and vascular anatomical 

localization of stroke was classified according to OCSP (Oxfordshire Community Stroke Project). 

Results: Of 235 patients admitted to our clinic with a diagnosis of ischemic stroke, 21 couldn't have a DWI 

MRI, and of 214 stroke patients who had a DWI MRI, 23 were admitted with a transient ischemic stroke 

attack. Of the remaining 191 patients, 14 had initially negative DWI MRI images but their clinical findings 

lasted longer than 24 hrs so they had a follow up MRI, which revealed an ischemic lesion in brain diffusion. 

In our clinic, the percentage of false negative diffusion MR images was 7.3% (14/191). The distribution of 

ischemia in the aforementioned 14 patients was as follows: 6 patients with posterior circulation ischemia 

(POCI), including 4 in brain stem and 2 in cerebellum, 2 patients with lacunar stroke (LACI), 5 patients with 

partial anterior circulation ischemia (PACI) and 1 patient with total anterior circulation ischemia 

(TACI).When the time of symptom onset was questioned, data could be derived from only 8 patients' files, 

and DWI MR images were obtained within the first 6 hours according to the onset of the symptoms. 

Conclusion: In acute stroke patients, if symptoms of the patient are consistent with stroke during physical 

examination, the diagnosis of stroke should not be automatically ruled out even if brain DWI MRI is negative. 

The decision of urgent thrombolytic or endovascular intervention that can be taken for eligible patients should 

not be overlooked based on false negative DWI MRI findings. With this study, we aim to help clinicians 

avoid misdiagnosis or delays in diagnosis. 
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Introduction  

Early and rapid thrombolytic or endovascular 

therapy has been shown to increase recovery in the 

long term. Acute ischemic stroke (AIS) is a clinical 

diagnosis based on sudden focal neurological deficits 

(1, 2). 

Accordingly, the inclusion criteria for the 

landmark 1995 National Institute of Neurological 

Disorders and Stroke study of IV tissue plasminogen 

activator (tPA) for AIS included a neurological deficit 

measurable on NIH Stroke Scale (3). The guide 

published by the American Academy of Neurology 

(AAN) in 2010 says "DWI needs to be done for the 

most accurate diagnosis of acute ischemic stroke"(4). 

Recently, there has been a significant increase in 

the use of brain MRI in the evaluation of patients with 

AIS (5). DWI MRI has a significantly higher 

sensitivity (96.7%) and specificity (93.4%) than CT 

in detecting acute ischemia (6). It's recommended that 

brain CT, one of the imaging methods, is used as soon 

as possible to rule out intracranial hemorrhage, tumor 

or abscess contraindicated to thrombolysis (7-9). 

Non-contrast CT is an easily accessible, versatile and 

rapid procedure, making it a better choice than MRI 

in imaging of acute ischemia when considering 

thrombolytic therapy, and it's also cost-effective (10). 

With increasing DWI MRI use over the years, 

evidence showing that it cannot identify AIS albeit in 

a small group of patients has emerged. Causes of 

diffusion-negative cases are classified into 3 

categories. The first group is posterior circulatory 

system ischemia, the second group is minor ischemia 

(especially in the brain stem), and the third group 

consists of those who present in the hyperacute period 

and may be overlooked in DWI MRI (11-17). 

The conflicts between clinical and radiological 

findings in AIS patients forced us to investigate the 

reasons for such conflicts. We aimed to detect false 

negative DWI MRI prevalence in our clinic, bring to 

the attention of the clinicians that there may also be 

diffusion negative AIS cases and help them avoid 

misdiagnosis or delays in diagnosis by relying on 

MRI results only. 

 

Methods 

After consent of the local ethics committee was 

obtained, the patients admitted with a diagnosis of 

ischemic stroke to the Neurology Clinic of Ahi Evran 

University in Kirsehir between February 2017- 

February 2019 were included in the study by 

retrospective file screening. After the patients who 

couldn't have an MRI or who were diagnosed with 

transient ischemic attack were excluded,   the 

frequency of patients with a normal initial DWI MR 

image whose follow up images revealed acute 

diffusion restriction was identified, and these patients 

were classified according to OCSP (Oxfordshire 

Community Stroke Project). MR images of the study 

patients with a negative DWI MRI were assessed by 

a radiologist who has no knowledge of their clinical 

presentation and 2 neurologists who have knowledge 

of their clinical examinations. In our hospital, DWI 

sequences; a 5-mm thick cross-section area, b value 

1000 s. mm-², 1.5 Tesla MR are used.  

 

Statistical Analysis: Statistical analyzes of the 

study were performed using Statistical Package for 

Social Sciences version 25.0 software for Windows 

(IBM SPSS Statistics for Windows,Version 25.0. 

Armonk, NY: IBM Corp., USA). In the study, 

descriptive statistics are given as mean∓standard 

deviation and n (%). 

 

Results 

Of 235 patients admitted to our clinic with a 

diagnosis of ischemic stroke, 21 couldn't have a DWI 

MRI, and of 214 AIS patients who had a DWI MRI, 

23 were admitted with a transient ischemic stroke 

attack. Of the remaining 191 patients, 14 had initially 

negative DWI MRI images but their clinical findings 

lasted longer than 24 hours, so they had a follow up 

MRI, which revealed an ischemic lesion in brain 

diffusion (Figure 1). 

In our clinic, the percentage of false negative 

diffusion MR images was 7.3% (14/191). The 

distribution of ischemia in the aforementioned 14 

patients was as follows: 6 patients (42.8%) with 

posterior circulation ischemia (POCI), including 4 in 

brain stem and 2 in cerebellum. 2 patients (14.2%) 

with lacunar stroke (LACI), 5 patients (35.7%) with 

partial anterior circulation ischemia (PACI) and 1 

patient (7.1%) with total anterior circulation ischemia 

(TACI) (Figure 2). When the time of symptom onset 

was questioned, data could be derived from only 8 

patients' files, and DWI MRI were obtained within the 

first 6 hours according to the onset of the symptoms. 
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Figure 1. Distribution of Ischemic Stroke Patients 

 

 
Figure 2 Clinical Classification According to OCSP (Oxfordshire Community Stroke Project) 

 

Discussion 

MRI diffusion negativity is an expected finding in 

patients presenting with transient ischemic stroke and 

stroke-like clinical presentation (seizures, migraine, 

vertigo). However, although examination findings of 

such patients were consistent with the clinical 

symptoms of stroke, their DWI MRI at admission 

didn't reveal diffusion restriction.  Their follow up 

DWI MRI revealed diffusion limitation, which forced 

us to investigate the reasons for this observation and 

question the diagnostic criteria again.  

Among stroke and TIA admissions 15.7 % of 

cases had initial DWI-negative scans at the beginning 

of follow-up (18). Edlow et al.'s review reported a 

false negative DWI MRI percentage of 6.8% (1.1-

17.4) (9). We found a similar false negative DWI 

MRI percentage in AIS patients in our clinic (7.4% 

(14/191)).  

Only 2 studies evaluated the percentage of 

negative DWI MRI by comparing the DWI MRI 

scans performed in the first 6 hours of stroke with the 

scans performed 6 hours later (19, 20). In the first 

study, the rate of negative DWI MRI scans performed 

in the first 6 hours of stroke onset was 5.9% (2 of 34 

patients) and 13.7% (16 of 117 patients) performed 6 

hours later (19). In the second study, the rate of 

negative DWI MRI scans performed in the first 6 

hours of stroke onset time was 14.3% (2 of 14 
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patients) and 2.2% (1 of 45 patients) performed 6 

hours after the stroke onset time (20). Some studies 

made comments about DWI MRI time and the rate of 

negativity although they did not use the 6-hour 

threshold value. Chalela et al. found that diffusion 

negativity was strongly associated with DWI MRI 

scan (OR (95% CI) 5.8 (2.3–14.9)) performed in the 

first 3 hours(21). Similarly, Simonsen et al. reported 

that DWI-negative AIS patients underwent DWI MRI 

sooner after symptom onset than DWI-positive AIS 

patients, an average of 109 minutes versus 120 

minutes, respectively (p<0.05) (22). All of our 

patients whose records were accessible presented 

within the first 6 hours and diffusion positivity was 

detected within 24 hours in repeated scans. But data 

about the duration could be obtained from only 8 

patients' files. 

10% of AIS cases are brainstem ischemia and 

observed in pons, medulla oblongata and the 

mesencephalon. The main arterial supply of the brain 

stem is provided by the vertebral artery, anterior 

spinal artery, posterior inferior cerebellar artery and 

posterior cerebral artery. A study by Phillippe et al. 

reported that of 155 brainstem ischemia patients, 

ischemia was localized in mesencephalon in 12 

patients, pons in 115 patients and medulla oblongata 

in 31 patients. Standard axial (5 mm) and thin-section 

coronal (3mm) DWI MRIs were performed for each 

patient. 3 (1.9%) patients had ischemia in the medulla 

oblongata, which could only be viewed in thin-

section coronal (3mm) DWI MRI. In comparison, 35 

(22.6%) patients had ischemic lesions, which were 

more prominent with coronal imaging than axial 

imaging and found to be significantly smaller (0.06 

cm3, p <0.001) (23). If the lesion is small, high-

resolution DWI MRI combining thinner axial and 

coronal sections increases sensitivity in identifying 

these lesions (13, 24). 

In a meta-analysis of 5 studies in the literature, the 

odds ratio (OR) of posterior circulatory ischemia 

relative to the anterior system was found to be 5.1 (9). 

However, in our study, the ratio of posterior system 

to anterior system was 8/6, whereas Bulut et al. found 

an equal ratio (25). 

There's limited number of studies investigating the 

relationship between DWI MRI false negativity and 

small stroke volume. One study reported an average 

infarct size ± standard deviation of 0.19 ± 0.16 cm³ 

(range 0.05–0.5 cm³) (26).  

False negative conditions can occur especially in 

the vertebrobasillary region and in lacunar ischemia 

due to its small size or anisotropic sensitivity artefacts 

(6, 13, 26). 3.0 Tesla MRI is more advantageous due 

to higher signal to noise ratio (SNR) but has larger 

sensitivity artifacts (27, 28). Despite the high SNR of 

3.0 T MRI, DWI contrast was 18% lower compared 

to 1.5 T MRI, which surprisingly led to the finding 

that diffusion changes in acute AIS are less visible in 

3 T MRI, which also has lesser diagnostic power. In 

the diagnosis of AIS, the sensitivity of 1.5 T MR DWI 

was 99.1% and that of 3.0 T MR was 92.5%, and the 

specificity decreased from 97.8% at 1.5 T to 84.1% at 

3.0 T (6). 

In addition, as the magnetic force area increased, 

image distortion artifacts became heavier (27, 29, 30). 

These bright artifacts may mask some early ischemic 

changes, especially in the skull base. This is 

particularly worrisome at the very early stage of 

stroke (in the first 2 hours) when there are certain 

DWI findings. In other words, false negativity 

increases with early imaging and 3 T MRI (6). 

After it was understood that there might be 

negative DWI MRI scans, various techniques were 

tried to increase the sensitivity of MRI. Primary 

approaches included perfusion-weighted MRI (PWI) 

scans incorporating gadolinium-based and arterial-

spin-labeled techniques or increasing the spatial 

resolution of DWI MRI sequences, reducing 

geometric distortion or a second coronal section scan 

from the posterior fossa were applied (9). In another 

study compared imaging methods to help the clinical 

detection of cerebral infarction(DWI was 97% 

(33/34) , DTI was 94% (32/34), SWI was 88% 

(30/34), T2WI was 79% (27/34)) and found that 

combined imaging is better than single imaging (31). 

Addition of a PWI scan may increase DWI 

sensivity from 92% to 97.5% (22). However, its 

disadvantages include time and contrast agent side 

effects.  

To increase the DWI sensitivity, the 'b value', 

which is a value that reflects the strength and duration 

of the diffusion gradients applied to water molecules 

in the brain, can be increased. It is argued that the 

increase in the b value (1000 s. mm-²) in diffusion-

weighted scans may increase the sensitivity to minor 

ischemia (9, 32, 33). 

Currently, neither complementary MRI sequences 

such as PWI nor high b-value DWI techniques have 

gained wide recognition in the clinical evaluation of 

patients with AIS (9). 

The study has some limitations. First, it is 

necessary to validate these findings with a larger 

cohort to reach a more definitive conclusion. Second, 

this study was retrospective. Third, MRI’s were not 

always performed by the same technician. 
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Conclusion 

These results show that in AIS cases, if the 

patient's symptoms are consistent with stroke on 

examination, the diagnosis of stroke should not be 

immediately excluded, even if DWI MRI is negative. 

The decision of urgent thrombolytic or endovascular 

intervention that can be taken for eligible patients 

should not be overlooked based on false negative 

DWI MRI findings. We recommend that the clinician 

should rule out conditions that cause contraindication 

to brain CT in all patients with suspected AIS during 

examination and assess such patients in terms of the 

suitability of IV tissue plasminogen activator 

treatment without delay. 

Future studies should focus on methods to 

increase DWI MRI sensitivity, the hour at which 

diffusion-negative patients develop diffusion 

positivity, and its relationship with the volume of 

ischemia. 
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