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May Selim Safwat Elgendy = Background: Ischemic stroke causes serious long-term disability
Neurology Department- and a great number of economic losses. Thrombolytic therapy is
Faculty of Medicine -Zagazig used only if the time of stroke onset was <4.5 hours. However, new
University,Zagazig, Egypt categories such as wake-up and day un-witnessed strokes, patients
maii.selim@yahoo.com unable to tell exact time of last seen well. The importance of study
is to use diffusion weighted/Fluid attenuated inversion recovery
(DWI/FLAIR) mismatch as a radiological marker which can help to
identify patients with lacunar and non-lacunar stroke within 4.5
hours of onset and use it to determine whether patients with
unknown onset stroke qualify for thrombolytic therapy or not.
Patients and methods: prospective cohort study was conducted on
72 patients with known time of symptoms onset, imaged within 24
hours from stroke onset. Patients underwent the admission
Computed tomography CT and magnetic resonance scans (DWI
and FLAIR only) with time gap was no longer than one hour. The
presences of lesions in the neuroradiological modalities were
assessed in correlation with the duration of the stroke.
Results: The time from stroke onset to neuroimaging was
significantly shorter with ischemic lesions visible in DWI/FLAIR
mismatch group when compared to other modalities. The
DWI/FLAIR was characterized by global specificity 100%,
sensitivity 91.9%, PPV 100% and NPV 92.1%. It succeeded to
diagnose 12 patients with lacunar stroke before 4.5 hours from the
stroke onset.
Conclusion: The presence of acute ischemic lesions only in
DWI/FLAIR mismatch group can help to identify both lacunar and
non-lacunar stroke patients who are within 4.5 hours' time window
for intravenous thrombolysis.
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INTRODUCTION
Acute ischemic stroke (AIS) is highly
prevalent disorder. Annually, >795,000
people in the United States experience AlS,
16% have a fatal outcome ™. It causes a
serious long -term disability, with 26% of
ischemic stroke patients left dependent on
caretakers for activities of daily living .It
causes a great number of economic losses as
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the stroke related healthcare costs were
estimated to exceed 38.6 billion dollars
annually in the United States. From mortality,
morbidity and economic stand-points; AIS
prevention, early diagnosis and appropriate
treatment are the keys to improve the
outcomes . Frequently, the exact time of
stroke onset cannot be determined by
reviewing the patient's history of last seen
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well only especially in new categories such as
wake-up and daytime-un-witnessed strokes
which account 30% 2. The goal of imaging
evaluation is establishing the diagnosis as
early as possible to obtain accurate
information about the intracranial vasculature
and brain perfusion for selecting the
appropriate therapeutic interventions .. DWI
provides potentially unique information on
the viability of brain tissue. It provides image
contrast which depends on the molecular
motion of water which substantially altered
by disease®™. DWI is sensitive to shifts in
water that occur between extracellular and
intracellular compartments, this technique can
demonstrate regions of brain that are
undergoing ischemic injury during the first
few minutes of focal neurological symptoms.
In AIS, intracellular swelling occurs due to
shifting the water from extracellular
compartment causes initial increase in signal
intensity. Other factors that contribute to
increase in signal intensity are increasing
tortuosity of extracellular and intracellular
spaces and increase intracellular viscosity,
these changes are caused by cytotoxic edema
of the «cell deprived of Adenosine
Triphosphate . Moreover, there is increasing
evidence that the signal intensity of
corresponding region in FLAIR images
increases with time but may not be changed in
the first 3-4 hours from the stroke's onset .
This leads to an interesting hypothesis that is
called "DWI/FLAIR mismatch”, i.e. the
presence of abnormalities in DWI with a
coinciding lack of relevant changes in FLAIR,
may help to determine which patients'
symptoms have persisted for <4 hours and
making them suitable for reperfusion
treatment!®. DWI is superior in detecting very
small ischemic lesions due to the high signal
intensity-to-noise ratio . DWI uses fast
echo-planner imaging technology, it's highly
resistant to patient motion and imaging time
ranges from a few seconds to two minutes, so
it's considered as a sensitive method for
detection of transient ischemic events™,

Aim of the work: is to evaluate DWI/FLAIR
mismatch as a potential radiological marker
which can help to identify patient with both
lacunar and non-lacunar AIS within 4.5 hours
of onset of neurological symptoms and
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determine whether patients with unknown
time of onset are qualified for thrombolytic
treatment or not.

Subject and methods: Cohort prospective
study was conducted on 72 patients as
comprehensive sample carried out at
emergency room, MRI unit, stroke unit and
intensive care unit of Neurology Department,
Zagazig University Hospitals.  Written
informed consent was obtained from all
participants and the study was approved by
the research ethical committee of Faculty of
Medicine, Zagazig University. The work was
carried out in accordance with The Code of
Ethics of the World Medical
Association (Declaration of Helsinki) for
studies involving humans.

Inclusion criteria:

o All Patients with suspected AIS with
focal neurological symptoms with known
exact time between the onset of their
neurological symptoms and the performance
of neuroimagings and that time was <24
hours.

. CT and MRI on admission with time
gap was <1 hour.
o National Institute of Health and Stroke

scale (NIHSS) >3.
Exclusion criteria:

e Patients with head trauma.

e CT showing intracerebral hematoma or
sub arachnoid hemorrhage.

e Lack of availability of MRI at admission.

e MRI contraindications such as pace-maker,
titanium screw and intrauterine device.

All patients were subjected to:

1. Full history taking, stressing on exact
time of neuroogical symptoms' onset,
recording exact time between the onset of
focal neurological symptoms and the
performance of neuroimagings, an estimated
time of stroke onset was clearly outlined in
the patient data file and was based on
interview with the patients if possible, their
family members and the emergency team and
door to needle time in patients were treated
with thrombolytic therapy.

2. Detailed medical history stressing on
risk factors of AlS.

3. Thorough general and Neurological
examination.
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4. Clinical and neurological scales
encompassing:

] Glasgow Coma Scale (GCS):
to assess level of consciousness

° NIHSS: to assess the severity
of stroke.

Investigations:

A. Laboratory investigations: were
done at Clinical Pathology Department,
Zagazig university hospitals, including
complete blood count, random blood sugar,
electrocardiography,PT, PTT, INR, Kidney
function test, liver function test, lipid profile
and serum uric acid.

B. Radiological investigations: including
CT and MRI (FLAIR& DWI Only) were
performed consecutively upon the patient
admission to emergency room with time gab
<1 hour.

° CT: Using GE Pro Speed Dual Slice
F 11 CT with MX135 Tube.

° MR Imaging (We did only FLAIR
and DWI films): was done by using 1.5 Tesla
super conducting MR imager (Achiva, Philibs
Medical system). FLAIR was done first then
DWI. Apparent diffusion coefficient (ADC)
maps were automatically calculated by MRI
machine software and included in the
sequences.

First, we looked for lesions in DWI then we
checked for presence of corresponding lesions
in FLAIR.Lacunar strokes included and
diagnosed by clinical and neuroradiological
features(subcortical round DWI and FLAIR
hyperintense lesions located deep in cerebral
hemispheres or in the brain stem with total
diameter <20 mm ™! Dimension of non-
lacunar infarcts were not measured in this
study. FLAIR (positive) results were ruled for
subtle hyperintense lesion corresponding to
DWI lesion, if there were any interpretations
between neurologist and a rater radiologist, a
senior radiologist made the final decision.

We classified our patients into 3 groups
based on the presence of acute ischemic
parenchymal infarctions in the three
radiological modalities:
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° Group (1): Lesions were visible in
DWI, FLAIR and CT.

° Group (2): Lesions were visible in
both FLAIR and DWI only.

° Group (3): Lesions were visible only
in  DWI without corresponding changes
neither in FLAIR nor in CT (DWI/FLAIR
mismatch).

Secondly, we classified our patients
according to the exact known onset of their
focal neurological deficits into 3 groups:

° . Group <4.5 hours of onset: this
group contained 37 patients.
° Group >4.5<12 hours of onset: this

group contained 20 patients.

° Group >12-24 hours of onset: this
group contained 15 patients.

Lastly, we classified our patients in study
according to infarct size into:

o Lacunar strokes group.

° Non-lacunar stoke group.
All patients were treated according to our
department protocol of acute ischemic stroke

management:

° Thirty seven patients came before 4.5
hours and only ten patients were eligible to
receive thrombolytic therapy according to its
protocol of management.

° Sixty two patients were ineligible for
rt.PA protocol of treatment so, we initiated
stroke-blood pressure management protocol.
Statistical Analysis: Data were analyzed
using IBM Statistical Package for Social
Sciences (SPSS) advanced statistics, version
22 (SPSS Inc., Chicago, IL). Numerical data
was described as mean and standard
deviation. Comparisons between categorical
variable performed using chi square test and
fissure exact test when assumption of chi
square not fulfilled. Independent sample t test
was used to compare numerical variable
between groups All tests were two sided. P-
value < 0.05 was considered statistically
significant(S), P-value<0.001 was considered
highly statistically significant (HS), and p-
value>0.05 was considered statistically
insignificant (NS) 2,
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Table 1 Descriptive demographic and clinical data of studied patients (N=72).

Variables N=72 | %

Groups Group 1 6 8.3%
Group 2 32 44.44%
Group 3 34 47.22%

Sex Male 33 45.8%
Female 2 54.2%

Age

Mean + SD 62.14+12.02

Range (26.0-85.0)

GCS

Mean + SD 13.18+2.07

Range (9.0-15.0)

NIHSS

Mean + SD 15.14+5.78

Range (4.0-26.0)

Receiving rt.PA No 62 86.1%
Yes 10 13.9%

Onset <4.5 hour 37 51.4%
>4.5-12 hour 20 27.8%
>12-24 hour 15 20.8%

Onset / Hour 8.069+7.76

(1-24)

Table 2 Detailed descriptive data, clinical data and classifications of studied patients among groups of
radiological modalities (N=72).

Variables Group 1 Group 2 Group 3
N=6 | % N=32 | % N=34 | %
Sex Male 3 50.0% 11 34.4% 19 55.9%
Female 3 50.0% 21 65.6% 15 44.1%
Age (Years)
Mean £SD 69.67+8.48 61.00+11.95 62.43+12.68
Range (55.0-79.0) (26.0-25.0) (40.0-85.0)
GCS
Mean +SD 11.33+£1.97 13.00+2.06 14.10£1.73
Range (9.0-15.0) (9.0-15.0) (9.0-15.0)
NIHSS
Mean +SD 21.0+£7.13 15.02+5.86 13.71+4.22
Range (7.0-26.0) (4.0-25.0) (5.0-24.0)
Receiving rt. PA No 6 100.0% | 32 100.0% | 24 70.6%
Yes 0 0.0% 0 0.0% 10 29.41%
Time from onset <4.5 hour 0 0.0% 3 9.37% 34 100.0%
>4.5-12 hour |0 0.0% 20 62.5% 0 0.0%
>12-24 hour |6 100.0% |9 28.12% |0 0.0%
Mean time from 22.50+1.64 11.36%6.79 2.15£1.0
Onset /hours (20.0-24.0) (4.0-24.0) (1.0-4.0)
Infract size Lacunar 0 0.0% 2 6.25 % 12 35.29%
Non lacunar | 6 100.0% |30 93.75% | 22 64.70%
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Table 3 Risk factors of studied patients (N=72).

Risk Factors No | %
Hypertension 47 65.27
Obesity 30 41.67
Diabetes mellitus 42 58.33
Old age 39 54.16
Pervious strokes 8 11.11
HCV positive patients treated with Sofosbuvir 26 36.11
Myocardial infarction 2 2.77
Atrial fibrillation 27 37.5
Ischemic Heart Disease 6 8.33
Rheumatic heart Disease 2 2.77
Smoking 40 55.55
Dyslipidemia 44 61.11

NB: more than one risk factor may be present in the same patient.

Table 4 Association between different radiological modalities groups and time of stroke onset (N=72).

Time of onset Group 1 Group 2 Group 3 X2 P value
N=6 | % N=32 | % N=34 | %
< 4.5 hour 0 0.0% 3 9.37% 34 100.0% | 80.23 | <0.001
> 4.5-12hour 0 0.0% 20 62.5% 0 0.0% (HS)
> 12-24 hour 6 100.0% |9 28.12% |0 0.0%
Table 5 The association between different radiological modalities and of size of infarction
Total No of Group X2 P value
cases (N=72) Group 1 Group 2 Group 3
N % N % N =34 | %
=6 =32
Lacunar (N=14) 0 0.0% 2 6.25% |12 35.3% [9.25 0.005
©)
Non lacunar 6 100.0% | 30 93.75% | 22 64.7%
(N=58)

Table 6 Association between age, GCS, NIHSS and onset of focal neurological symptoms and
diagnosis of acute ischemic stroke among radiological modalities groups.

Factors sharing different letters are statistically different from each other

Variables Group 1 Group?2 Group 3 F P value
Mean £SD Mean +SD Mean £SD
Age 69.67+8.48 61.00+11.95 62.43+12.68 1.401 0.253
(NS)
GCS 11.33+1.97 a 13.00+2.06 ab 14.10+1.73 bb 5.14 0.008
S
NIHSS 21.0£7.13 a 15.02+5.86 b 13.71+4.22 b 4,059 0.022
(S
Time of onset/ | 22.50+1.64a 11.36+6.79b 2.15+1.0c 62.745 <0.001
hour (20.0-24.0) (4.0-12.0) (1.0-4.0) (HS)
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Table 7 The evaluation of (group2) and (group 3) in diagnosing acute ischemic stroke within <4.5 hours
of onset of their focal neurological symptoms and signs.

Sensitivity | Specificity PPV NPV
Group 2 8.1% 77.1% 27.3% 44.3%
Group 3 91.9% 100.0% 100.0% | 92.1%
(DWI/FLAIR mismatch)

DISCUSSION

Age is most important non-modifiable risk
factor for AIS. Overall the risk of stroke is >
doubles with each decade of increased age
after 60 years of age at least up to age 84 [,
In this study we found that 39 out of 72
patients (54.16%) were older than 60 years
and these results were similar to the results of
Abdel Ghani et al., 2011*%, Hirano et al.,
201214,

Regarding gender difference as a stroke
risk, In our study we found that the stroke risk
was slightly higher among females than males
in patient and represents 54.2% % and 45.8%
respectively and these were in agreement with
Somay et al, 2006,

In our study hypertension was the most
important risk factor in AIS with the highest
population-attributable risk at 65.27%.This
was in agreement with Yang et al., 201427,

In this study dyslipidemia was the second
most common risk factor among our patients
as we found 44 patients (61%) were
dyslipidemic and these results were in
accordance with Grace et al., 2016™%. On the
other hand most of epidemiological studies
failed to find a direct association between
total cholesterol and stroke risk Giang et al.,
201319

In our study we observed that 26 out of 72
patients (36.11%) gave history of they were
still under treatment with Sofosbuvir or just
finished this treatment one month before
acute focal neurological symptoms. This
finding raises the question of whether
hepatitis C virus (HCV) infection itself or the
treatment with the Sofosbuvir was responsible
for this high percentage,considering that the
HCV prevalence reached 13% among the
Egyptian population Kamal and
Abdelhakim 2018,

In our current study we assumed that the
mean time between the acute focal
neurological symptoms' onset and the

June 2019 Volume 25 Issue 3

neuroimaging was highly significantly shorter
in patients from group 3 when compared to the
mean time for patients from group 2 and group
1. In group 3 (the presence of acute ischemic
lesions which presented only in the DWI and
there were no relevant changes in the
crossponding  FLAIR and CT), ie.
"DWI/FLAIR mismatch™ the mean time (xSD)
of 2.15(x1.0) from symptoms' onset and
neuroimaging and ranged between 1-4 hours.
However, in patients from group 2 (the
presence of acute FLAIR hyperintensities
crossponding with the changes found in DWI)
the mean time (xSD) of 11.36(+6.79) from the
neurological symptoms' onset and the
neuroimaging and ranged between 4.0-24.0
hours. In group 1 (the present of lesions in CT
in crossponding to lesions in found in the DWI
and in the FLAIR) the mean time (xSD) of
22.50(x1.64) from the neurological symptoms'
onset and neuroimaging and ranged between
20-24 hours and it was the longest among
neuroimaging modalities groups. These results
were in agreement with the results of
Thomalla et al., 2011 and Grezegorz et al.,
201421,

Alejandro et al., 2013™! evaluated the
accuracy of DWI in the diagnosis of AIS and
reported that DWI demonstrated a sensitivity
of 90% and specificity of 97% in detection of
AIS and exclusion of patients with stroke
mimics. The current study evaluated the
accuracy of DWI/FLAIR mismatch in the
diagnosis of AIS within 4.5 hours. The
DWI/FLAIR mismatch group was very
effective in diagnosis of 34 patients out of 37
patients came and imaged <4.5 hour of onset
of their focal neurological symptoms with
specificity 100%, sensitivity 91.9%, PPV
100% and NPV 92.1%. The slight decrease in
sensitivity was due to the presence of early
FLAIR hyperintensities crossponding to
lesions in DWI in 3 patients out of 37 who
were imaged <4.5 hours from stroke onset.
Previous studies reported a specificity and
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sensitivity of DWI/FLAIR mismatch of 97 %
and 94 % (Petkova et al., 2010) *?, 78% and
62 % (Thomalla et al., 2011) !, 98% and
58% (Grezegorz et al., 2014) 1 respectively.
These variations among results may be due to
different sample size, type of study and using
different MRI protocols. Among this group
only 10 patients treated by thrombolytic
therapy while the remaining patients were
illegible regarding the guidelines protocol of
thrombolytic therapy.

Regarding the 32 patients of group 2(FLAIR
shows hyper-intestines in corresponding to
lesions in DWI without relevant changes in
CT), 9 out of these 32 patients (28.12%) were
imaged within 12-24 hours, 20 patients (62.5
%) were imaged within >4.5- 12 hours and
there were 3 patients (9.37%) were imaged
before 4.5 hours. This may be caused mainly
by the pathomechanism of hyperintense signal
in T2- image sequences. The net increase in
tissue water, an element of vasogenic edema,
become detectable in FLAIR and T2 sequences
3 hours after onset of ischemic events®®]. This
slight decrease in sensitivity of DWI/FLAIR
mismatch may suggest that if this modality
was to be considered as a "tissue clock™, only
patients with a positive DWI result and
negative FLAIR result should be considered
viable for thrombolytic therapy, this however,
may result in disregarding a group of patients
who may also remain within the time window
for thrombolytic treatment, but in whom some
acute lesions are found in FLAIRPY,

In fact, DWI/FLAIR mismatch's performance
has shown dependence on the variability in
magnetic susceptibility effect which is based
on different magnet field strength or MRI
sequence parameters, which can significantly
diminish the sensitivity of DWI/FLAIR
mismatch when FLAIR images are acquired on
3.0 Tesla scanners. Despite these variabilites,
DWI/FLAIR mismatch's ability to narrow
stroke onset to the first 3 to 4.5 hours which
allows a subset of stroke of unknown onset
such as wake up stroke or day un witnessed
stroke to be considered for
thrombolysis®!.Most ~ researches  have
attempted to address this problem by assuming
that subtle FLAIR hyper intestines
corresponding to acute DWI changes should
not disqualify from thrombolytic treatment and
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they suggested many methods to improve the
accuracy of FLAIR hyper intensity
assessments e.g. calculation of relative signal
intensity™™  combined  with  advanced
quantitative image analysis applied to
FLAIRP? or T2-weighted images, but all of
these methods applied only for research
purpose as they were too complicated if
applied in an emergency settings?®:

In our study DWI/FLAIR mismatch
succeeded to identify small and deep ischemic
lesions which cause lacunar syndromes as
lacunar strokes were diagnosed in 14 patients
out of 72 patients of acute ischemic lesions
with a percentage of 19.4%, 12 patients out of
14  patients were imaged <4.5 hours and
diagnosed via group 3( DWI/FLAIR
mismatch) and only 2 cases diagnosed within
>4.5 <12 hours within group 2( FLAIR shows
lesions in corresponding to DWI) and this were
nearly similar to Grezegorz et al., 2014%Y. In
most studies regarding the role of DWI/FLAIR
mismatch; lacunar strokes were to some extent
but not always represented 27122122,

CT brain positive results corresponding to
DWI and FLAIR lesions (group 1) were found
in 6 out of 72 patients imaged within 20 -24
hours and all were non-lacunar lesions. The
visibility of lesions in CT depended
significantly on the time of the stroke onset
with mean time (xSD) of 22.50(x1.64), infarct
size, severity of stroke with a mean admission
NIHSS (£SD) of 21.0(x7.13) and decreased
conscious level with GCS mean (£SD) of
11.33(x1.97) in comparison to group 2 and
group 3. Our result regarding this group were
in disagreement with results of Grezegorz et
al., 2014?Y who reported that CT has detected
lacunar lesions. On the other hand, our current
study agreed with them in considering CT as
the first line imaging modality in emergency
room. However, its result was frustrating
because it was less useful as a lesion
identification tool and instead it was used to
exclude intracerebral hemorrhage and sub-
arachnoid hemorrhage.

The main limitation of our study was the
relatively small sample size, which prevented
the acquisition of more reliable statistical
estimation regarding lacunar strokes. The
FLAIR analysis against DWI may have an
impact on the assessment of acute ischemic
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changes; it has been suggested that for

increased reliability, researches examining

FLAIR images should be blinded to results of

DwI 81 121 However, our study procedure

reflected the way of thinking in emergency

settings, where it was more efficient to us to
analyze FLAIR after DWI scans, also because

FLAIR frequently reveals prior vascular

abnormalities.

CONCLUSION

The result of our study support the utility and

efficacy of DWI/FLAIR mismatch in

detection the onset time of strokes in hyper
acute phase not only limited to large territorial
infarcts, but also including lacunar syndromes
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