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Abstract 

Background: Stroke is the second-leading global cause of death behind heart disease in 

2013 and is a major cause of permanent disability. The burden of stroke in terms of mortality, 

morbidity and disability are increasing across the world. Hence the present study was done to identify DWI and 

FLAIR mismatch in acute ischemic stroke 

Methodology: A hospital based observational study was carried out over a period of 12 months among 108 

Acute ischemic stroke patients confirmed by MRI, attending the neurology department of Ramesh Cardiac and 

Multispecialty Pvt Ltd. 

Results: A total of 108 participants were included in the study. The mean age was 60.29 ± 

14.27 years. Males (61.11%) were predominant. Around 75% of the study population had history of 

Hypertension,50.93% had Diabetes and 17.59% had hypercholesterolemia as history. 

Majority (71.30%) of the participants had middle cerebral artery occlusion. Around 79.63% of eligible 

participants were thrombolysed. The loading doses of anti-platelets and stains were administered in 20.37% of 

the participants. In Around 95.29% of the patients, the time from the onset of symptom to Emergency Room 

time was <4.5 hours were flair negative, and 4.71% of participants were flair positive. Around 38.46% of the 

patients the time from the onset of symptom to Emergency Room (ER) time was between 4.51 to 9 hours and 

were flair negative whereas 61.54% of participants were flair positive. The time from the onset of symptom to 

Emergency Room (ER) time was > 9 hours. 

Conclusion: It was observed that most of the patients with acute ischemic stroke were having flair positivity 

outside the 4.5-hour window. 

 

Keywords: Acute Ischemic Stroke (AIS), DWI (Diffusion-weighted imaging), FLAIR (Fluid-attenuated 

inversion recovery), WUS (Wake- up stroke), CT (Computerized tomography), MRI (Magnetic resonance 

imaging), Emergency Room (ER), Neurological Disorders and Stroke (NINDS) and European Cooperative 

Acute Stroke Study 3 (ECASS3). 
 

Introduction 

Worldwide, stroke is the second leading cause of 

death .
1
 Stroke is defined as a neurological deficit 

attributed to an acute focal injury of the central 

nervous system by a vascular cause including 

cerebral infarction, intracerebral haemorrhage, and 

about:blank
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subarachnoid hemorrhage.
2
 Among all cases of 

stroke, 87% are of ischemic stroke.
3
 

Acute ischemic stroke occurs when a blood vessel is 

obstructed, leading to an irreversible brain damage 

and subsequent focal neurological deficits.
4
 The 

strongest risk factors for the early onset of ischemic 

stroke are atrial fibrillation, cardiovascular diseases, 

and Diabetes Mellitus.
5
  

Thrombolytic therapy is based on the hypothesis that 

recanalization of the occluded vessels is required for 

salvageable of ischemic penumbra. Hence, in the 

treatment of AIS, recanalization is an important 

indicator of efficacy. An ischemic stroke develops 

when there is interrupted cerebral blood flow to an 

area of the brain. It accounts for approximately 80% 

to 88% of all stroke. Ischemic stroke may result from 

large-artery atherosclerotic disease resulting in 

stenosis or occlusion, small vessel or penetrating 

artery disease (lacunes), cardiogenic or, non-

atherosclerotic vasculopathies, hypercoagulable 

disorders and infarcts of undetermined causes. If the 

patient meets appropriate criteria, intravenous 

administration of recombinant tissue plasminogen 

activator (rtPA) remains the only proven intervention 

for emergency management of acute ischemic stroke 

and the only approved therapy for acute ischemic 

stroke by the FDA. A strong correlation has been 

shown between arterial recanalization and 

neurological improvement in acute cerebral ischemia. 

Understanding how baseline clinical, biological, and 

imaging variables impact outcome is critical for the 

subsequent management of patients with acute 

ischemic stroke. Intravenous thrombolytic therapy 

rtPA (alteplase) is recommended within 4.5 hours 

from onset of ischemic symptoms, adhering to the 

eligibility criteria and therapeutic regimen provided 

by the National Institute of Neurological Disorders 

and Stroke (NINDS) and European Cooperative 

Acute Stroke Study 3 (ECASS3). There are different 

imaging modalities for the selection of patients for 

reperfusion therapy [unknown time because of sleep 

and aphasia and no eye witness].  

The onset time of the ischemic event can be 

indirectly estimated through diffusion-weighted 

imaging-fluid attenuated inversion recovery [DWI - 

FLAIR] mismatch concept.
6
 

The only evidence-based therapeutic option for 

improving the outcomes of patients with acute 

ischemic stroke is the intravenous tissue plasminogen 

activator.
7
 There is a clear benefit when the ischemic 

stroke patients are treated with intravenous 

thrombolysis within 4.5 hours of symptom onset.
8,9

 

An estimated 25% of ischemic strokes occur during 

sleep, which means that this large group of patients 

are precluded from thrombolysis in earlier trials. The 

risk of harm exceeds potential benefit if intravenous 

thrombolysis is administered later than 4.5 hours 

after the onset of symptoms.
10

 The DWI-FLAIR 

mismatch concept is mostly used to identify the 

patients presenting within 4.5 hours of the ischemic 

event with a high positive predictive value of 83-

87%.
11

The major complication associated with 

thrombolysis is the intracranial haemorrhage.
12

 

Advanced age, high blood pressure, diabetes mellitus 

and stroke severity are the factors influencing the risk 

of haemorrhage.
13

 The practical challenge for the 

physicians is to understand which imaging technique 

is to implement and how to optimally use them.  

The time urgency for evaluation of patients and the 

complexity of acute stroke are the factors that 

influence the choice of imaging techniques.
14

The 

exact time of symptoms onset is unknown in a large 

population of patients with ischemic stroke. Around 

25% of patients wake from sleep with a neurological 

deficit and is called wake upstroke,
15

 and a patient 

who are aphasic and no eye witness. According to the 

present guidelines, the last documented time, the 

patient was known to be asymptomatic is defined as 

the symptom onset.
16

 As a result, intravenous 

thrombolysis treatment is precluded in wake-up 

stroke patients.
17

 Selection of optimal treatment, 

improved survival rate and reduced disability rate can 

be achieved through an accurate assessment of the 

progress of ischemic stroke.
18–20

The present study 

was conducted to study the mismatch of DWI and 

FLAIR in Acute Ischemic Stroke in various time 

windows. 

Objectives: 

To study the risk factors of acute ischemic stroke. 

To study for mismatch in DWI and FLAIR IN MRI 

in all patients with Acute Ischemic Stroke 

To estimate the possible time of thrombolysis in 

wake-up stroke patients within 9 

hours of onset. 
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Methodology: 

Study Design: Hospital based Observational study 

Study setting: Department of Neurology, Ramesh 

Cardiac Multispecialty Hospital Pvt Ltd, 

Study population: Acute ischemic stroke patients 

confirmed by MRI, attending the 

Neurology department of Ramesh Cardiac and 

Multispecialty Pvt Ltd. 

Sample size: A total of 108 patients admitted with 

acute ischemic stroke In Ramesh hospital 

for 1 year (January 2019 to December 2019 for a 

period of 1 year.) 

Sampling method: All the eligible subjects were 

recruited into the study consecutively by 

convenient sampling till the sample size is reached. 

Study duration: The data collection for the study 

was done between January 2021 to 

December 2021 for a period of 1 year. 

Inclusion Criteria: 

1. All Acute Ischemic stroke patients with age 

above 18 years. This will include both 

2. wake-up strokes and stroke with unknown time of 

onset. 

3. Patients who gave consent and willing to 

participate in the study 

4. Both in patients and out patients were enrolled 

Exclusion criteria: 

Patients below 18 years of age 

Ethical considerations: Study was approved by 

institutional human ethics committee. 

Informed written consent was obtained from all the 

study participants.The risks and benefits involved in 

the study and the voluntary nature of participation 

were explained to the participants before obtaining 

consent. Confidentiality of the study participants was 

maintained. 

Data collection tools: All the relevant parameters 

were documented in a structured study proforma. 

Methodology: 

This is a hospital based observational study, carried 

out in Department of Neurology of a tertiary care 

hospital in Andhra Pradesh over a period of 12 

months. The study subjects were enrolled after 

informed consent. 

DWI-FLAIR mismatch: 

Description: 

The diffusion-weighted imaging and fluid attenuated 

inversion recovery mismatch is a magnetic resonance 

imaging technique in which the time of the ischemic 

event is indirectly estimated. The DWI-FLAIR 

mismatch concept is mostly used to identify the 

patients presenting within 4-5 hours of the ischemic 

event with a high positive predictive value of 83-

87%.
6,11

 

The patients with acute ischemic lesions that are 

visible on DWI but not in FLAIR images i.e 

DWI_FLAIR mismatch is likely to be within the 

therapeutic window (3- 4.5 hours from stroke onset) 

for thrombolysis.
21

 There is a decrease in DWI-

FLAIR mismatch as time passes after the stroke 

onset.
22,23

 

The FLAIR signal intensity can be correlated with 

the time from stroke onset and MRI. 

In clear onset stroke patients (COS), the time of 

stroke occurrence is known. Therefore, the serial 

changes of DWI-FLAIR mismatch in clear onset 

stroke patients may be used as a time scale for 

estimating the stroke onset in unclear stroke onset 

patients (UnCOS). 

Rationale for TIME DURATION 9 HOURS: Most 

of the stroke patients will get DWI and FLAIR 

Positivity by this time so there is a chance for 

mismatch within this time. [Mismatch can be seen up 

to 24 hours in a very few numbers of patients]. These 

was based on two studies by Thomalla G, et al
6,24

 

study. But in the present study it was extended up to 

9 hours {Based on EXTEND Trial}. 

Thrombolysed were considered as primary outcome 

variable. Difference time (symptom to ER time) (in 

hours), Combination of DWI positive, flair negative 

and duration were considered as Secondary outcome 

variables. 

Statistical Analysis: 

Descriptive analysis was carried out by mean and 

standard deviation for quantitative variables, 

frequency, and proportion for categorical variables. 
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Non normally distributed quantitative variables were 

summarized by median and interquartile range (IQR). 

Categorical outcomes were compared between study 

groups using Mann-Whitney test. P value < 0.05 and 

<0.001 was considered statistically significant.  

Data was entered into MS Excel spread sheet and 

analysed using IBM SPSS version 22 

Results: 

A total of 108 subjects were included in the final 

analysis. 

The mean age was 60.29+14.27 years, Minimum age 

was 22 years, and the maximum was 87 years in the 

study population. 

Among the study population, 9(8.33%) participants 

were aged up to 49 years, 45(41.67%) were aged 

between 41 to 60 years, 49(45.37%) were aged 

between 61 to 80 years and remaining 5(4.63%) were 

aged more than 80 years. 

Among the study population, 66(61.11%) participants 

were male and remaining 42(38.49%) participants 

were female. 

Among the study population, 81(75%) participants 

had a past history of hypertension, 55(50.93%) had 

diabetes, 19(17.59%) had hypercholesterolemia, 

20(18.69%) had an old stroke, and 13(12.04%) had 

Atrial Fibrillation. Among the study population, 45 

(41.67%) participants had a combination of 

hypertension Vs diabetes. 

Among the study population 89(82.41%) participants 

had DWI Positive, Flair Negative and 19(17.59%) 

participants had DWI Positive, Flair Positive. 

Among the study population, 4(3.7 %) participants 

had Internal carotid artery occlusion,7(6.48%) had 

anterior cerebral artery occlusion, 77(71.30%) had 

middle cerebral artery occlusion, 17(15.74%) had 

Posterior cerebral artery occlusion and 8)7.41%) had 

extracranial occlusion.  

Among the study population, 2(1.85%) participants 

reason for onset time was night time sleep, and 

98.15% onset time  was not known [Altered 

sensorium]. 

Among the study population, 86(79.6%) were 

thrombolysed whereas thrombolysis not possible 

among 20.4%. 

The mean NIHSS score at the time of admission was 

8.78 + 5.34. The minimum score was 2 and 

maximum was 21 in the study population. 

Among the people with symptom to ER time, 85 

91.80%) participants were up to 4.5 hours, 8(8.64 %) 

participants were 4.51 to 6 hours, and 5 (5.4%) 

participants were 6.1 to 9 hours and 10 [10.8 %] 

above 9 hours. 

Among people with symptom to ER time <4.5 hours, 

81 (95.29%) participants had flair negative and 4 

(4.71%) participants had flair positive. Among 

people with symptom to ER time 4.51 to 6 hours, 3 

(37.5%) participants had flair negative, and 5 

(62.5%) participants had flair positive. Among 

people with symptom to ER time 6.01 to 9 hours, 2 

(40%) participants had flair negative, and 3 (60%) 

participants had flair positive. Among people with 

symptom to ER time > 9 hours, 3 (30%) participants 

had flair negative, and 7 (70%) participants had flair 

positive.  

Among people with lesion volume<=20, 73 (82.02%) 

participants had flair negative and 16 (17.98%) 

participants had flair positive. 

Among the people with thrombolysed, the median 

MRS score at 3
rd

 month was 1 (IQR 1, 2) and 2 (IQR 

1.50, 3) it was people without thrombolysed. The 

difference between two groups was statistically 

significant (P value 0.045). Around 84 patients have 

no significant disability; able to carry out all pre-

stroke activities. Remaining 24 patients has slight 

disability; unable to carry out all pre-stroke activities 

but able to look after self without daily help.  

In this comparative table age group is comparable in 

both groups and predominantly males in both groups. 

Risk factors in the Flair negative group was 

hypertension 66(81.48%), Diabetes mellitus in 

43(78.80%). The combination of hypertension and 

diabetes was observed in 34(74.56%), old ischemic 

stroke 16(80%) whereas in flair positive group was 

hypertension in 15 (18.52%), Diabetes mellitus in 

12(21.82%) The combination of hypertension and 

diabetes was observed in 11(24.44%) old ischemic 

stroke 4(20%).  

NIHSS score was comparable in both groups and 

commonly occluded vessel is middle cerebral artery 

in both groups and MRS at 3 months is better in flair 

negative group who were Thrombolysed. Among 
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people with symptom to ER time <4.5 hours, 95.3% 

participants had flair negativity and 4.71% 

participants had flair positivity. Among people with 

symptom to ER time 4.5 to 9 hours, 38.46% 

participants had flair negativity and 61.5% 

participants had flair positivity. Among patients with 

symptom to ER time > 9 hours, 30% participants had 

flair negativity and 70% participants had flair 

positivity. The difference in the proportion of all 

DWI positive across symptom to ER time was 

statistically significant (P value <0.001).

 

Table 1 : Comparison of symptom to ER time between DWI positive, flair negative (N=108) 

 

Symptoms to ER_Time_4 Groups 

All DWI Positive 

Flair Negative Flair Positive 

<=4.5 (N=85) 81 (95.29%) 4 (4.71%) 

4.51 To 6 (N=8) 3 (37.5%) 5 (62.5%) 

6.01 To 9 (N=5) 2 (40%) 3 (60%) 

>9 (N=10) 3 (30%) 7 (70%) 

Comparison of lesion volume between all DWI positive (N=108) 

Lesion volume Flair Negative Flair Positive 

<=20 (N=89) 73 (82.02%) 16 (17.98%) 

>20 (N=19) 16 (84.21%) 3 (15.79%) 

 

Table 2 : Comparison of median Modified Rankin Score (mRS) at 3 months between thrombolysed 

among flair negative (N=108) 

Thrombolysed MRS score at 3 months 

Median (IQR) 

Mann Whitney 

(P value) 

Yes (N=84) 1 (1, 2)  

0.045 No (N=24) 2 (1.50, 3) 

 

Table 3 : Comparison of parameter between flair negative and flair positive 

PARAMETER FLAIR 

NEGATIVE 

FLAIR 

POSITIVE 

P VALUE 

AGE(MEAN) 60.26 60.42 0.964 

MALE 54(81.82%) 12(18.8%) 0.840 

SYSTEMIC HYPERTENSION 66(81.48%) 15(18.52%) 0.777 

DIABETES MELLITUS 43(78.80%) 12(21.82%) 0.240 

HYPERTENSION WITH DIABETES 34(74.56%) 11(24.44%) 0.114 
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OLD ISCHEMIC STROKE 16(80%) 4(20%) 0.752 

NIHSS AT ADMISSION 7 6 0.160 

VESSELS OCCULDED ON MRI -ICA 1(25%) 3(75%) 0.017 

VESSLES OCCULDED ON MRI-ACA 3(42.86%) 4(57.14%) 0.018 

VESSLES OCCULDED ON MRI-MCA 69(89.61%) 8(10.39%) 0.002 

VESSLES OCCULDED ON MRI-PCA 15(88.24%) 2(11.76%) 0.732 

VESSLES OCCULDED ON MRI- OTHERS 

[EXTRA CRAINAL] 

4(50%) 4(50%) 0.031 

DWI VOLUME 15 15 0.470 

MRS SCORE AT THREE MONTHS 1 2 0.012 

SYMPTOMS TO ER TIME < 4.5 HRS 95.3% 4.7% <0.001 

SYMPTOMS TO ER TIME 4.5 HRS TO 9 

HRS 

38.4% 61.5% <0.001 

SYMPTOMS TO ER TIME >9 HRS 30% 70% <0.001 

 

Figure 1 : Distribution of study population based on type of occlusion (N=108) 
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Figure 2 :  Distribution of study population based on of thrombolysis(N=108) 

 

Discussion: 

Stroke is the second-leading global cause of death 

behind heart disease and is a major cause of 

permanent disability. The burden of stroke in terms 

of mortality, morbidity and disability is increasing 

across the world. The present study was conducted to 

identify DWI and FLAIR mismatch in acute ischemic 

stroke. A total of 108 participants were enrolled for 

the final analysis. 

In the present study, the mean age was 60.29 ± 14.27 

years. Whereas the mean age of study population 

was68.78 ± 13.62 years in a study done by Yue Y et 

al
25

 and 64.4 ± 13.2 years in a study done by Song 

Let al
26

. 

In the present study, 8.33% of the participants were 

aged up to 40 years, 41.67% were aged between 41 to 

60 years, 45.37% were aged between 61 to 80 years, 

and 4.63% were aged more than 80 years. Minimum 

age was 22 years and maximum age was 87 years. 

Raghuvanshi S et al
69

, conducted an observational 

non-interventional study in 175 participants in which 

18.28% of the patients were aged between 20 to 40 

years, 52.5% were aged between 41- 60 years, 28% 

were aged between 61 to 80 years, and 1.15% were 

aged above 80 years. 

In the present study, majority of the participants were 

males with 61.11% and remaining females with 

38.49%. Similar findings were observed in a study 

done by Thomalla G et al
21

 where 56.7% were 

males and 43.3% were females. and in Fang et al 

54.1% were males and 45.9% were females
27

. 

In the present study, history of hypertension, diabetes 

mellitus, hypercholesterolemia, old stroke, and Atrial 

Fibrillation was seen in 75%, 50.93%,17.59%, 

18.69% and12.04% respectively. In a study done by 

Raghuvanshi S et al
28

, hypertension, diabetes 

mellitus, hypercholesterolemia, old stroke, and Atrial 

Fibrillation were seen among 52.52%, 29.14%, 

62.86%, 13.71% and 3.43% of the study population 

respectively. In a study done by Aoki, J et al
11

 it was 

found that significantly less incidence of 

hypertension, atrial fibrillation, hyperlipidemia, 

diabetes mellitus and smoking seen in 18% patients, 

14 %patients, 7% patients, 6% patients and 6 % 

patients respectively. 

In a study done by Jeong JY et al.
29

, hypertension, 

diabetes mellitus, hypercholesterolemia, old stroke, 

and Atrial Fibrillation were seen among 31%, 11%, 

32% 10% and 13% of the study population 

respectively. 
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In the present study, up to 4.5-hour group had flair 

negative in 95.3%, the 4.5 to 6-hour Group Flair 

Negative was seen in 37.5% and the 6 to 9-hour flair 

Negative was 40%. Thomalla G et al
21

, performed a 

study in 120 participants in which 4.5 hours to 6 

hours, flair negative is 56.60%. In a study done by 

Emeriau, S et al.
30

 the 3to 4.5-hour flair Negative 

was 63.40%. 

The types of occlusions in the study population were 

the Internal carotid artery occlusion or stenosis 

(atherosclerosis), anterior cerebral artery occlusion or 

stenosis (atherosclerosis), 

middle cerebral artery occlusion or stenosis 

[atherosclerosis], Posterior cerebral artery occlusion 

or stenosis (atherosclerosis) and extra cranial 

occlusion or stenosis (atherosclerosis) with 3.7%, 

6.48%, 71.30%, 15.74% and 7.41% respectively. 

Jeong JY, et al
31

, conducted a study in 50 

participants in which the location of occlusion was 

anterior in 70%, posterior in 26% whereas, both 

anterior and posterior were observed in 4% of the 

participants. kaul et al
32

, done a study in south India 

on risk factors and vascular lesion involvement in 

stroke showing MCA lesions were common in 

anterior circulation (53/142, 37.3%) followed by ICA 

(21/142, 14.8%) and ACA (6/142, 4.2%). In posterior 

circulation PCA (24/142, 16.9%) was frequently 

involved, followed by VA (18/142, 12.7%) and BA 

(6/142, 4.2%). Mixed arterial lesions were noted in 

14/142 patients. 

The mean NIHSS score in the present study was 8.78 

± 5.34. Prasad J et al
33

, performed a prospective 

observational study in 26 patients in which 13.5 was 

the mean NIHSS score. In a population of 364 

participants Fink, JN et al
34

, performed a study in 

which the mean NIHSS score in patients with known 

stroke onset was 7 whereas in those who woke with 

stroke was 5. Thomalla, G et al
35

, conducted a 

randomized, double-bind study in which the mean 

NIHSS score was 6 in the study participants. 

Risk factor in the study Population was hypertension 

75%, Diabetes mellitus 50.9 % The combination of 

hypertension and diabetes was observed in 41.67% of 

the participants. Hypercholesterolemia 17.6%, old 

ischemic stroke 18.7% and atrial fibrillation 12%. 

Kaul et al 32done a study in south India on risk 

factors and vascular lesion involvement in stroke 

showing Hypertension (HTN), diabetes, alcohol, 

smoking, hyperlipidemia, and hyper 

homocysteinemia was present in 82%, 52%, 34%, 

33%, 28%, and 23%, respectively. 

In the present study, among people with onset of 

symptom to Emergency Room time <4.5 

hours,95.29% of the participants had flair negative 

while 4.71% participants had flair positive. Among 

people with symptom to ER time 4.51 to 9 hours, 

38.46% of participants had flair negative and 

remaining 61.54% participants had flair positive. 

Among people with symptom to ER time > 9 hours, 

30% participants had flair negative and 70% 

participants had flair positive. In our study DWI 

FLAIR mismatch observed in [38.46%], the number 

is comparable to G Thomalla
36

 study stroke with 

unknown time of symptom onset]. 

Conclusion: 

In the present study, the group with symptom to ER 

time of up to 4.5 hours, 95.29% had flair negativity 

and 4.71% participants had flair positivity. Among 

people with symptom to ER time 4.51 to 9 hours, 

38.46% of participants had flair negativity and 

61.54% of participants had flair positivity. Whereas, 

among people with symptom to ER time > 9 hours, 

30% of participants had flair negativity, and 70% of 

participants had flair positivity. Hence there is a 

possibility of extending the thrombolysis window 

beyond the present 4.5 hours based on MRI 

morphology. 
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