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Abstract:

Rapid and precise identification of the penumbra is important for decision-making in acute stroke.
The perfusion weighted imaging/diffusion weighted imaging PWI/DWI mismatch region may exceed
the true penumbral area and is usually much larger than the final size of the infarct. These limitations
led us to investigate the value of an ADC quantitative assessment of early tissue changes, especially
in the mismatch area.

Early detection of decrease in apparent diffusion coefficient (ADC) within infarcted area which
eventually evolve toward infarction may help to identify diffusion/perfusion (DWI/PWI) mismatch.
Perfusion imaging can identify patients who benefit from reperfusion beyond the conventional time
window or in whom time of symptom onset is unknown.

The Aim of The Study:

The aim of this study is to evaluate apparent diffusion coefficient (ADC) value in assessment of
area of penumbra and infarction core in acute cerebral infarction and this may replace using of
brain perfusion study.

Patients and methods:

A prospective study include 30 patients with acute cerebral infarction were examined with MRI 1.5
T. performing perfusion brain study and DWI/ADC concentrating on area of penumbra assessing ADC
value in relation to PW (CBF ,CBV, TTP)

This study carried out in the Middle Euphrates Neuroscience Center in AL-Sadir Medical City from
February 2023 till November 2023 in AL-Najaf AL-Shraf.

Results:

Total of 30patients were included in this study which were divided into subgroups based on age, gender
and BMI groups

Mean age (63.8+8.7 years) and BMI (27.4+£3.5).

The apparent diffusion coefficienttADC) mean value in the central area of infarction was
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(0.47£0.11x10 mm?/s),peripheral area of infarction (0.66+0.15x10° mm?/s), penumbra area
(0.81£0.07 x10° mm?/s) and the normal brain area (0.94+0.16 x10® mm?/s) which was of significant
difference P-value=0.001.

Regarding perfusion, the time to peak (TTP) mean value in the center of infarction was 56.6 +28.6s
and in the periphery of infraction 70.5+36.5 s, 60.2 £31.9s in penumbra and in normal area was
59.9+35.1 s, the difference was insignificant, P-value=0.4 .

The cerebral blood flow (CBF) mean value were different among different regions of infarction
without significance difference P-value=0.9. In the center of infarction was 15.57+ 24.6
mL/100 g/min and in the periphery of infraction 14.1 +£23 mL/100 g/min, 16.8 + 27.2 mL/100 g/min
in penumbra and in normal area was 14.5+ 21.3 mL/100 g/min.

The cerebral blood volume (CBV) mean value in the center of infarction was 24.7 + 34.7 ml/100gm
and in the periphery of infraction 40.5+ 46.5 ml/100gm, 72+ 86.1 ml/100gm in penumbra and in
normal area was 59.5+ 85.7 ml/100gm this difference was significant ( P-value= 0.04 ).

Conclusion:

1) The only CBV perfusion parameter was of significant difference in different areas of infarction.

2) ADC value was rapid and easy to be measured with significant difference among different regions
of infarction.

3) The perfusion parameter TTP was of no significant difference in different areas of infarction.

4) The perfusion parameter CBF was of no significant difference in different areas of infarction.

Key word: acute infarction, MRI perfusion, Apparent diffusion coefficient (ADC).

1.1 Introduction:

Strokes are one of the global leading causes of physical or mental impairment and second leading
cause of death worldwide, associated with focal CNS injury of vascular origin which precipitates
neurological deficit V. Fundamentally, strokes are classified into hemorrhagic and embolic ischemic
strokes (ISs). ISs happen when a thrombus blocks or plugs an artery and interrupts or reduces blood
supply to the brain tissue. Strokes resulting from an acute decline of vascular supply to the brain
comprise a notable portion of 80% of all strokes. Factors such as hypertension increase susceptibility
to hemorrhagic strokes, but also brings about an indirect surge in ischemic strokes that result from
atherosclerosis. Moreover, hyperlipidemia, atrial fibrillation, diabetes and smoking are risk factors for
intracranial and extra cranial vessel atherosclerosis-originated strokes and cardio embolic strokes,
respectively .

Computed tomography scans play a crucial role in diagnosing and evaluating ischemic strokes.
Although other imaging modalities like DWI can offer greater sensitivity and additional information
that is beneficial in later stages, the high availability, cost-effectiveness and rapid image acquisition of
CT scans make them particularly suitable for the early phases of the disease ®*.This is especially
important given that treatment options like thrombolytic therapy are most effective within the first few
hours of stroke onset . It should be noted that differentiation between ischemic and hemorrhagic
strokes through CT is not troublesome due to the fact that hemorrhagic strokes present as hyper dense
collections of blood (V.

1.2 Cerebral MRI
Although MRI is more specific and sensitive than CT, it is not commonly used for the initial
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diagnosis of an acute ischemic stroke. MRI is a less frequently used option as a primary imaging
modality, mostly due to its greater price, extended scan time, lack of availability and more difficult
workflow. The use of MRI in the initial assessment of acute ischemic strokes is limited and reserved
only for unique indications. However, after the emergency setting, brain MRI can give more precise
diagnostic information to improve further care ©.

Specific parts of the brain are visualized using different MRI sequences (). T1- and T2-weighted
imaging (T1WI and T2WI) are the two MRI sequences that are most frequently used ®. These two
conventional MRI sequences, together with non-contrast CT, represent a standard imaging protocol in
the imaging of a stroke and have been used mainly to exclude hemorrhages ). Diffusion-weighted
MR imaging (DWI) is a sequence that recognizes the movement of water molecules 7. It is frequently
used in the diagnosis of acute brain infarctions because of its ability to reveal cytotoxic edema (9.
Ischemic brain tissue appears as a bright area or a spot on the image as a result of restricted water
movement in the cells ®. The apparent diffusion coefficient (ADC) quantitatively expresses the
degrees of diffusion, and its lowered values indicate a restriction in diffusion !> DWI may be, at
times, incapable of identifying small infarcts and can misidentify reversible injuries as irreversible. To
improve image accuracy, DWI is frequently used in conjunction with perfusion-weighted imaging
(PWI). PWI measures perfusions of the cerebrum using the evaluation of hemodynamic parameters
like mean transit time, cerebral blood flow and cerebral blood volume 7. The DWI/PWI mismatch
concept has been used to define the presence of hypoperfused ischemic penumbra in PWI and the
infarct core in DWI *':12) It has been tested as a thrombolysis selection marker and can also provide
a prediction of the final infarct area, which can be used to reduce variability between cases in studying
the treatment outcome (!*. Analyzing the intensities of the signal in different sequences (DWI, ADC
and FLAIR) can help to differentiate between different stages of ischemic strokes (¥,

2. Patients and Methods
2.1 Study design & population:
A prospective cross sectional study carried out in the Middle Euphrates Neuroscience Center in AL-Sadir
Medical City from February 2023 to November
2023 in Al-Najaf Al-Ashraf. Thirty patients with acute stroke were enrolled in this study, after taking their
verbal and written consent. 15 patients were females and 15 males, and their ages ranged between 50 —80 year.
2.2 Inclusion criteria. Patients with clinical acute ischemic stroke, with positive MRI findings.
2.3 Exclusion criteria
1-Patients with hemorrhagic stroke. 2-Patients with brain tumor. 3-Patients with abnormal renal function tests.
4- Small infarction which can’t give clear perfusion images. 5- Inconclusive images due to motion artifacts. 6-
Unconscious patients with large infarction.
2.4 Data collection:

Clinical data: including age, gender, time of insult, presentation, body mass index history of smoking,
hypertension and diabetes mellitus.
History of medicine, past surgical operation,.
renal function tests (blood urea and serum creatinine), lipid profile, hemoglobin level.
2.5 Methods:
All patients were examined by MRI 1.5 TESLA, Philips Achieva Machine, close type, manufactured
in the Netherlands.
All patients were examined according to the following protocol

1- Axial T2 sections. 2- Axial T1. 3- Coronal FLAIR. 4-Diffusion weighted Image
5-ADC. 6-Perfusion weighted (dose of contrast, 0.1 ml/kg of gadolinium + 10 ml of normal saline)
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and waiting for 8 seconds, then the study performed.
2.5.1 Image interpretation:
The examination was reviewed and measured in an expanded workstation.
The Infarcted area is determined by DWI (b1000).
The parameters of perfusion (CBV, CBF and TTP) are determined and calculated by draw ROI at the
center of Infarcted area, its periphery, within the penumbra and in the adjacent normal brain tissue.
The diffusion/perfusion mismatch done by 1) mismatch alignment, 2) mark the seed point.
Then the ADC value measured at same ROI of the perfusion.
All data were collected in paper form then transformed into a Microsoft excel format sheet and sent
for statistical analysis to obtain the results.
3. Results

A total of 30 patients were included in this study, which were divided into subgroups based on age,

gender, and BMI groups which summarized in Table (3.1).

Table 3.1. Descriptive of the demographic characteristics of patients

Variables Frequency Percent%
Age 50-60 years 12 40
61-70 years 11 36.7
71-80 years 7 23.3
Gender Male 15 50
Female 15 50
BMI Normal weight 9 30
Overweight 11 36
Obesity 10 34
Presentation limb weakness 21 70
headache 20 66.6
Dysphasia and slurred speech | 17 56.6
Ophthalmoplegia, ptosis 2 6.3
History of DM Yes 17 59
No 13 41
History of HTN Yes 19 59.4
No 11 39.6
History of medication Aspirin 6 18.8
No aspirin 24 81.3
History of smoking Yes 4 12.5
No 26 87.6
Table 3.2. Mean difference of ADC value and perfusion (TTP, CBV, CBF) among different areas in cerebral tissue.
Variables Means + SD | Lower Upper P-value
bound bound
ADC(in 10°mm?/s) | Center of infracted area 047+0.11 042 0.51 0.001 (S)
Peripheryof infracted area 0.66 £0.15 0.61 0.72
Penumbraarea 0.81 £0.07 0.78 0.84
Normal area 0.94+0.16 0.88 1.0
TTP (in second) Center of infracted area 56.6 +28.6 45.9 67.3 0.4 (NS)
Periphery of infracted area 70.5+36.5 56.9 84.2
PenumbraArea 60.2+31.9 48.2 72.1
Normal area 59.9+35.1 46.8 73.0

1113



Frontiers in Health Informatics www.healthinformaticsjournal.com
ISSN-Online: 2676-7104

CBYV ml/ 100 mg Center of infracted area 24.7 +34.7 11.7 37.7 0.04(S)
Periphery of infracted area 40.5 +46.5 23.1 57.9
Penumbra Area 72 +86.1 39.8 104.2
Normal area 59.5+85.7 27.5 91.6

CBF ml/ 100 mg/min | Center of infracted area 15.5+24.6 6.62 25.0 0.9 (NS)
Periphery of infracted area 14.1+£2393 | 5.2 23.0
Penumbra Area 16.8 +£27.2 6.67 27
Normal area 145+21.3 6.51 22.4
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Figure 3.1. Regression line of distribution of ADC mean value among different cerebral area.
As show in figure above, ADC value gradually increase from center of infracted area to normal area.
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Figure 3.2. Regression line of distribution of TTP mean value among different cerebral
area.
This figure show the periphery of infracted area was the highest TTP among different cerebral area,
and the center of infracted area was the lowest TTP.
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Figure. 3.3. Regression line of distribution of CBV mean value among different cerebral area .As notes
in this figure. penumbra area with the highest value of CBV, while the center of infracted area was the
lowest.

CBF

16.5

16 16
15.5

15 15
14.5

14 14 14
135

13
Normal area Penumbra area  Periphry of infracted Center of infracted
area area

Figure. 3.4. Regression line of distribution of CBF mean value among different cerebral area.

Table. 3.3. Mean differences of ADC and perfusion (TTP, CBV, CBF) among age groups.

Means = SD
Variables Age groups P-value
(50-60) years (61-70) years (71-80) years
ADC 0.50+0.13 0.47+ 0.13 0.42 +0.06 0.2 (NS)
Center of infracted | TTP 63.9+ 275 51.3+344 52.5+ 20.6 0.7 (NS)
area CBV 29.9+32.6 9.8 £10.2 39.2+54.38 0.001 (S)
CBF 12.7+29.2 13.1+17.3 25.2+27.0 0.5 (NS)
ADC 0.70 £ 0.22 0.65+ 0.09 0.62+ 0.06 0.5 (NS)
Periphery of infracted | TTP 66.0 +23.9 80.3+49.2 629+ 32.8 0.3 (NS)
area CBV 52.0+43.0 14.7+17.9 61.2+ 67.5 0.001 (S)
CBF 124+27.3 16.4+23.9 13.3+20.6 0.6 (NS)
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ADC 0.80 +0.04 0.82+ 0.1 0.82+0.08 0.1 (NS)
Penumbra TTP 66.5+32.4 58.4+393 52.1+16.2 0.5 (NS)
Area CBV 97.5+89.5 26.3+21.2 100 + 120 0.008 (S)
CBF 11.7 £17.3 18.5+31.1 22.9+36.2 0.2 (NS)
ADC 0.95+0.18 0.92+ 0.17 0.94+ 0.13 0.7 (NS)
Normal area TTP 60.3 £29.5 60.6 +44.1 58.3+ 33.3 0.4 (NS)
CBV 82.4£112 22.3+25 78.5+85 0.004 (S)
CBF 12.4+19.1 17.8£25.7 12.6 £19.8 0.2 (NS)

ANOVA test was significant at P-value < 0.05.SD: Stander Deviation, S: Significant, NS: Non- Significant.
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Figure 3.5. a. Heatmap chart of the Spearman rank test analysis, white boxes indicate a lack of correlation (p>0.05)
while coloured boxes reported statistically significant direct and indirect correlations, respectively. The intensity of
the colour indicates the following above box.

3.1. Correlation

The Spearman rank test analysis was used to analyze the response relationship between parameters.
The correlation study shows many significant correlations among the measured parameters, (figure
3.5).The correlation coefficient was used for determining linear relationships between ADC of center
of infracted area and TTP, CBV, CBF of center of infracted area in patients with acute cerebral
infraction. The results showed that there was relationship and significant positive correlation between
ADC and CBV of center of infracted area (p=>0.05), there are significant negative association between
ADC of and TTP, as shown in (fig. 3.6.a,b,c).
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Fig.3.6. Simple linear regression of ADC with TTP, CBV, CBF of center of infracted area for
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acute cerebral infraction.

The correlation coefficient was used for determining linear relationships between ADC and TTP,
CBV, CBF of periphery of infracted area in patients with acute cerebral infraction. The results showed
that there were relationship and significant positive correlation between ADC and CBF of periphery
of infracted area (p>0.05), there were no significant association between ADC and TTP, CBV, as
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Fig.3.7. Simple linear regression of ADC with TTP, CBV, CBF of periphery of infracted area
for acute cerebral infraction.

The correlation coefficient was used for determining linear relationships between ADC of penumbra
area in patients with acute cerebral infraction. The results showed that there was no relationship and
no significant correlation between ADC and TTP, CBF, CBV (p>0.05), as shown in (fig. 3.8.a,b,c).
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Fig.3.8. Simple linear regression of ADC of penumbra area with TTP, CBV, CBF of the same
area for acute cerebral infraction.

The correlation coefficient was used for determining linear relationships between ADC and TTP,
CBYV, CBF OF normal area in patients with acute cerebral infraction. The results showed that there
was no relationship and no significant correlation between ADC and TTP of normal area (p>0.05),
there was significant positive association between ADC and CBV, but there was negative association
between ADC and CBF, as shown in (fig. 3.9.a,b,c).
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Figure.3.9. Simple linear regression of ADC of penumbra area with ADC, TTP, CBV, CBF of normal
area for acute cerebral infraction.

4.Discussion

MRI can detect an ischemic stroke within a few hours of its onset. Multimodal imaging provides
information for the diagnosis of ischemic stroke, patient selection for thrombolytic therapy, and
prognosis estimation 1%,
The ADC value is higher when water molecules are rapidly diffusion and vice versa.
This difference in the value of ADC is due to the rapid spread of water molecules in the brain after
infarction, in acute infarction, the speed of propagation of water molecules is low, so the ADC value
is lower at the infarction center !9,
They found that sodium accumulates intracellular while water out produces swelling. This makes the
diffusion of water molecules slower in the center, and gives a lower value to the ADC concentrate 1),
YousufuddinM, et al,. 2019¥ states that aging is the most robust non-modifiable risk factor for
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incident stroke, which doubles every 10 years after age 55 years. Approximately three-quarters of all
strokes occur in persons aged >65 years. As the number of people aged > 65 years is projected to grow,
the number of incident strokes in older adults is expected to rise, presenting major challenges for
clinicians and policy makers in the foreseeable future®”. This is consistent with the current study were
the mean = SD for age (63.8+ 8.7).

The BMI of enrolled patient was 27.4 & (3.5), which considered over weight, this finding comparable
with Shiozawa M.et al,.20211?whom states that overweight and obesity were associated with a greater
incidence of stroke and ischemic stroke in both men and women.

Incidence of hypertension among stroke patients was 59.4 %and diabetes mellitus was 59%, these
finding were comparable with Chekol ,et al,.2023?% states that Diabetes mellitus was a common
comorbidity among stroke patients and that accounted for 86.49%, followed by uncontrolled
hypertension (85.58%). Regarding biomarkers, 69.37%, 78.38%, 66.67%, and 63.96% of stroke
patients had high levels of LDL, triglycerides, HDL, and total cholesterol, respectively. This current
study showed that the cholesterol level was of upper normal limit in most of the patients.

Shah RS ,et al,.2010@studies performed across various ethnicities and populations demonstrate a
strong association between smoking and stroke risk, with current smokers having at least a two- to
fourfold increased risk of stroke compared with lifelong nonsmokers or individuals who had quit
smoking more than 10 years prior. In one study, the risk increased to sixfold when this population was
compared with nonsmokers who had never been exposed to environmental tobacco smoke (i.e.,
second-hand smoke),this study was different from the current study were the percentage of nonsmoker
was 87.6%, and this difference mostly due to small sample volume.

The enrolled patients 81.3% were no aspirin, while 18.7 % using aspirin, many literature mentioned
favorable benefits of aspirin in decreasing occurrence of stroke and decreasing size of stroke,
RyuWS, et al,.2021? states that the pre-stroke aspirin use (vs nonuse) was significantly related to a
reduced infarct volume (by 30%), particularly in large artery atherosclerosis stroke (by 45%). In cardio
embolic stroke, pre-stroke aspirin use was associated with a ~50% lower incidence ofearly
neurological deterioration (END) (adjusted difference = —5.4%, 95% confidence interval [CI] =—8.9
to —1.9). Thus, pre-stroke aspirin use was associated with ~30% higher likelihood of favorable
outcome (3 month modified Rankin Scale score < 3), particularly in large artery atherosclerosis stroke
and cardio embolic stroke.

In the current study the most common clinical presentation was limb weakness 70 % , dysphasia
and slurred speech 56.6 %, headache percentage was 66.6% this is consistent with Fekadu, G. et
al.,2019% that states the most common clinical presentation was headache complained by 87 (75.0%)
patients followed by aphasia 70 (60.3%) and hemiparesis 62 (53.4%).

The current study showed that the mean value of ADC in the central area of infarction was the lowest
=0.47 £ 0.11x10°® mm?/s, while the periphery of infarction = 0.66 + 0.15x10¢ mm?/s, the penumbra
area =0.81 = 0.07x10"® mm?/s and it was the highest value in the normal brain tissue =0.94 +0.16x10
® mm?/s( P =0.001).these findings were consistent with Leigh, R. et a/,.2018!® found that the ADC
value was the lowest in the center, and highest value in the normal area, the ADC values were (center
0.5340.15 - penumbra 0.76+0.1 - normal 0.8440.1).

These finding also consistent with Lopez-Mejia, et al,.2016%their study on 75 patients with acute
brain infarction, their results showed that the mean of ADC gradually increases from the infarction
center to the periphery and then the penumbra until it is the highest value in the normal brain area with
significant difference P <.001.

Regarding perfusion
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Time-to-peak (TTP) is the time at which contrast concentration reaches its maximum. %,

The TTP mean value in the center of infarction was 56.6 = 28.6 s and in the periphery of infraction
70.5+ 36.5 s, 60.2 + 31.9 s in penumbra and in normal area was 59.9+ 35.1s, the difference was
insignificant, P-value = 0.4, this finding was incomparable with Moon W1, et al,.2005?% were mean
value of the TTP showed a significant difference, with the lower value being observed for the less
ischemic area and the higher value being observed for the more ischemic area (p < 0.001).

Cerebral blood flow (CBF) is one of the parameters generated by perfusion techniques.CBF is defined
as the volume of arterial blood delivered to brain tissue per unit of time @’

In this study The CBF mean value were different among different regions of infarction without
significance difference P=0.9. In the center of infarction was 15.57 + 24.6 mL/100 g/min and in the
periphery of infraction 14.1 £23 mL/100 g/min, 16.8 +27.2 mL/100 g/min in penumbra and in normal
area was 14.5+ 21.3 mL/100 g/min, these finding were close to Ma X, et al,. 2022?°), the mean values
of CBF in the infarct core (16.42 mL/100 g/min were lower than those in the ischemic penumbra(21.54
mL/100 g/min).other study done by Seiler,et al,.2019%? disagree with our results, they found different
values of CBF in different regions of infarction with a significant difference. Cerebral blood volume
(CBV) is defined as the volume of blood in a given amount of brain tissue, ¢V,

In this study The CBV mean value in the center of infarction was 24.7 + 34.7 ml/100gm and in the
periphery of infraction 40.5+ 46.5 m1/100gm, 72+ 86.1 ml/100gm in penumbra and in normal area was
59.5+ 85.7 ml/100gm this difference was significant (p = 0.04 ). This agree with Ma X, et al,.2022%),
In the current study there was no significant difference in the ADC value of different regions of
infarction related to the age as well as TTP and CBF p value > 0.05,only the CBV show significant
difference in regions of infarction related to patient age( p value =0.001, ElschotE.P, et al,.2024Vagree
with our findings in all parameters except CBV whom found there is no significant difference in CBV

according to patient age (p = 0.498).

In the current study the relationship between ADC and CBYV is significant with positive correlation in
central area of infarction and in normal brain area while the correlation is negative in peripheral area
and penumbra,

And the relationship between ADC and CBF is significant and positive correlation in peripheral area,
while the correlation is negative in central area of infarction, penumbra and in normal area. these
findings are consistent with Yoshie T, et al,.2020%?, showed that in ischemic core ADC regions, were
associated with more highly abnormal perfusion parameters CBF: Spearman correlation, » = —
0.22, P=.005 ,CBV: r=-0.41, P<.001
Liu J.et al,.2021%Y, found that there is a negative correlation between CBF and ADC and a positive
correlation between ADC and CBV. with a P< 0.001. This result almost matches the results of our
study where the association between ADC and CBF is negative.

Huang, H. T, et al,.20215% have observed that ADC and CBF at the center of the infarction area,
has lower value..

In the current study the relationship between ADC and TTP is insignificant in all brain areas. Moon
Wl,et al, 20059, agree with our study ,found that in the penumbral area the ADC ratios displayed
significant negative correlation with the TTP ratios (p < 0.001).

Our comments ,we found that the parameters of perfusion includes TTP,CBF of no significant
difference in different areas of infarction and only the CBV shows significant difference.

As we know that perfusion study is time consuming, costly with hazards of contrast to the patient
while the ADC measurement is simple with short time, free of hazards, low cost to the patient and
more accurate in determining different regions of infarction.
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