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Abstract:

Background: Spontaneous intracerebral hemorrhage (ICH) is a
critical condition that still requires early detection, precise
staging & comprehensive evaluation of its secondary effects on
the cerebral tissue to better guide the clinical & surgical
manipulation by using the Up-to-date MRI techniques.
Objectives: aiming to evaluate the additional benefits of
incorporating susceptibility & diffusion-weighted imaging (SWI
& DWI) alongside conventional T1, T2 WIs in identifying recent
ICH by verifying the degree of correlation in detection and stage
evaluation, focusing on the hyper-acute and acute phases, thereby
enhancing ICH diagnosis confidence using MRI. Methods: a
clinically suspected 50 patients to have recent ICH within three
days of symptom-onset referred to the radiology department at
Al-Hussein Hospital for an urgent CT scan, followed by a
comprehensive MRI evaluation that included axial T1, T2,
Diffusion, and ADC-map & SWI sequences to better assess the
hematoma's condition. The study was conducted from March-
2022 to June-2023. Results: Our investigation revealed that SWI
exhibits higher sensitivity compared to DWI, while combined
both techniques enhances sensitivity and accuracy for early ICH
detection more effectively than using DWI or SWI in isolation.
Additionally, there is no significant statistical disparity in
positive predictive value among the three methods. SWI
independently proves advantageous in identifying CAA micro
bleeds and small cortical hematomas, areas where CT's

capabilities usually surpassed. Conclusion: The detection rates of ICH were comparable to
those of CT scans when SWI and DWI were used together, but the diagnostic value of the
combination was higher than that of SWI and DWI used alone.
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Introduction

Spontaneous intracerebral hemorrhage
(ICH) occurs when blood extravasates to
the brain parenchyma without any external
injury. Nausea, vomiting, tingling or
paralysis in the limbs, and a rise in
intracranial pressure are all neurological
symptoms that can result from this
accumulation @ Ischemic cholecystitis
(ICH) is the second- most common kind of
stroke, and its prevalence is on the rise,
with an incidence rate of 1-27 instances
per 100,000 persons each year. There has
been a significant uptick in cases among
younger people, and the disorder has a
high fatality rate @ .

There are serious health risks, severe
impairment, and death associated with this
disorder, which places a heavy emotional
and financial strain on families and
communities. Hence, to improve the
prognosis of patients with early ICH, it is
crucial to recognize hemorrhagic lesions
promptly and administer symptomatic
treatment appropriately ©4.

For ICH, CT scans are the way to go. In
addition to quickly and accurately
pinpointing the location of a hematoma, it
can also help evaluate the amount of
bleeding, how it has spread inside the
ventricles or ventricular membrane, how it
has affected surrounding brain regions,
and whether any damage has been caused.
Nevertheless, there are drawbacks
associated with it, including the risk of
radiation exposure and the potential for an
indistinct visualization of the brainstem
and posterior fossa lesions ©.

MRI may provide three-dimensional
pictures of the brain, offering several
benefits including superior quality, no
radiation exposure, and the lack of skull
aberrations ©.

An effective and noninvasive magnetic
resonance imaging (MRI) technique called
diffusion-weighted imaging (DWI) can
analyze the movement of water molecules
in brain regions to potentially detect
hemorrhagic lesions in individuals with
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early ICH ). Clinical studies have shown
that DWI has a high potential for
misdiagnosis, especially in individuals
with neurovascular diseases such vascular
brain tumors and cerebral infarction ©.
SWI is an innovative MRI method that
relies on the variations in magnetic
susceptibilities among different tissues.
MRI exhibits a high level of sensitivity
towards paramagnetic chemicals, such as
deoxyhemoglobin, hemosiderin deposits,
and calcium, and possesses a superior
ability to detect hemorrhagic & other
abnormalities in individuals with early
ICH @19,

We set out to find hemorrhagic insult
signals and determine their stage using
both T1 & T2 weighted imaging (WI)
signals. Consequently, we planned to
confirm the level of agreement in ICH
stage assessment using both SWI and
DWI. This method examined the efficacy
of SWI, DWI, and their combination in
verifying the condition during the hyper-
acute and acute stages, which had already
been diagnosed using conventional CT
scans.

Patients and Methods

In our prospective cohort study, we
targeted 50 patients suspected of having a
recent cerebral hematoma within 3 days of
symptom onset, referred to the Al-Hussein
Hospital radiology department between
March 2022 and June 2023. The diagnosis
was made using urgent CT scans,
interpreted by three expert radiologists.
They defined hyper-acute intracerebral
hematoma as a collection of blood within
the first 24 hours and acute hematoma as
one found within 2-3 days. The exclusion
criteria were as follows: patients with
trauma, hemorrhagic neoplasms,
intracerebral hemorrhage (ICH) occurring
more than 3 days after symptom onset,
ischemic stroke, contraindications for



MRI, recent brain surgery, and other
complicated cases.

Examination Methods: Each patient
underwent a conventional MRI using a
1.5-T MR scanner (Philips Ingenia, Philips
Healthcare) equipped with a phased-array
head coil. The MRI protocol included axial
T1, T2, FLAIR, Diffusion, and ADC map
sequences, as well as additional SWI
sequences in both magnitude and phase
contrast images to evaluate the status of
the ICH.

The detailed parameters for DWI were as
follows: a field of view (FOV) of 20 x 24,
a slice thickness of 5.0 mm, slice spacing
of 1.0 mm, a repetition time (TR) of 6000
ms, an echo time (TE) of 100 ms, and a b
value of 1000 s/mm2. For the SWI
sequence, the parameters included a slice
thickness of 1.2 mm, a matrix size of 256
x 512, a TR of 36 ms, and a TE of 20 ms.
Specifically, SWI's parameters were: The
following parameters were used: 5 mm
slice thickness, no gap, 230 mm FOV, 35
ms repetition time, 50 ms echo time, 256 x
512 matrix size, 5.15 minutes acquisition
time, 15 degrees flip angle, and a head
coil.

We aim to highlight the T1 and T2
weighted imaging (WI) signals in the
setting of intracerebral hemorrhage (ICH)
as our major target. Then, we will assess
the hyper-acute and acute stages of ICH
using diffusion-weighted imaging (DWI)
and  susceptibility-weighted  imaging
(SWI), respectively, to confirm the degree
of alignment.

The different signals indicative of a
suspected hematoma was identified, and
data were collected by three expert
radiologists using T1, T2, DWI, ADC, and
SWI sequences, then we organized three
distinct groups of data sets. Group A
consisted of assessments performed by the
first radiologist using T1, T2, and DWI
sequences for all cases. Group B was
established with a different radiologist
evaluating all cases using T1, T2, and SWI
sequences. Group C included a third
radiologist who analyzed the complete
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protocol, incorporating DWI, SWI, T1,
and T2 sequences. The findings from these
groups were subsequently compared to the
CT results, which acted as the control
group.

Informed consent forms were signed by
the relatives of all patients. The study
received approval from the medical ethics
committee at Al-Azhar University (code =
00000043).

Statistical analysis

Statistics were analyzed using SPSS 27 for
Windows (IBM SPSS, Inc., Chicago, IL).
Parametric quantitative variables were
described using mean, SD, and range,
while non-parametric variables utilized
median and interquartile range. Qualitative
variables were reported as No. and %. The
independent samples t-test compared
continuous variables between groups,
while the Chi-square test compared
categorical variables. Three groups were
compared to the standard CT using a ROC
curve. Results were judged non-significant
if P-values exceeded 0.05.

Results

The patients ranged in age range from 46
to 71 years, with a mean age of 61.74 +
SD 4.37. Of the patients, 80% were male
and 20% were female. Additionally, 40%
of patients were smokers, 90% had
hypertension, and 74% had chronic
diabetes (Table 1). Of these patients, 40
had ICH and 9 were negative & one case
with false negative on CT while positive
findings on MRI; positive instances
showed a single lesion with an ICH of
varying size.

On the first day following the neurological
insult, 14% of the cases were received, On
the second day, this percentage increased
to 20%, while on the third day, 66% of the
total number of cases were received (as
shown in Table 2).

In an initial study of 50 cases, computed
tomography scans revealed hyperacute and
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acute hemorrhage in 40 of the cases, with
only 1 showing atypical findings attributed

to anemia. The remaining 9 cases showed
no signs of hemorrhage.

Table (1): Distributions of demographic data & risk factors in the studied group.

Parameters Studied group (N=50)
Age (years) Mean £ SD: 61.86 + 4.92
Gender Male: 80% & Female:20%
Smoking Negative:60%, Positive: 40%
Hypertension Negative:10%, Positive: 90%
Diabetes Negative:26%, Positive: 74%

Table (2): Distribution of hemorrhagic lesions among days of scan in the studied group.

Parameters

Studied group(N=50)

First-day cases: N (%0)
Second-day cases: N (%)

Third -day cases: N (%0)

-
(14%)
10
(20%)
33
(66%)

The examination of the independence of
hypertension, diabetes, and smoking in
relation to the outcomes of CT exams for
hematoma detection was conducted using
the chi-square test (Table 3). The results
indicated a positive association between
hypertension and diabetes and the presence
of hematoma on CT scans. On the other
hand, a higher p-value was observed in the
case of smoking, suggesting the lowest
affection of smoking as a risk factor
among the examined parameters in our
study.

There were additional observations made
during the assessment and validated
through Susceptibility-weighted imaging
(SWI), such as white matter abnormalities
in the form of patchy abnormal peri-
ventricular foci of small vessel disease,
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scattered signal void foci with blooming in
SWI representing microbleeds, and a
combination of both. The study aimed to
illustrate the distribution of these findings
among the examined cases. It is
noteworthy that 16% of cases displayed
changes related to small vessel disease,
while 10% had microbleeds only and 10%
exhibited a combination of both. The
remaining 60% of cases showed no
associated findings. Two cases in our
study, representing 4% of the examined
cases, had an atypical finding of a
hypodense area on CT, while also
displaying evidence of hemorrhage signals
in both Diffusion-weighted imaging
(DWIs) and SWI, and were linked to
anemia.
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Table (3): Use of the chi-square test in detecting the relationship between hypertension and

the presence of hemorrhage in CT.

Parameters

Studied group(N=50)

Hypertension
Diabetes
Smoking

P-value=0.001
P-value=0.002
P-value=0.087

Table (4): the distribution of the incidental findings noted in the examined cases.

Parameters

Studied group(N=50)
(frequency/ percent)

Small vessel disease
Microbleeds of amyloid A
Combination of both

No incidental findings

Isodense lesion in anemia

8
16%
5
10%
5
10%
31
62%
1
2%

Out of fifty patients who were scanned,
initial CT scans revealed hyperdense
bleeding in forty cases and no hemorrhage
in ten. Groups A, B, and C had their
bleeding detection rates evaluated with CT
as a reference. Negative predictive values
varied, becoming high in group C and low
in group A, whereas positive predictive
values were not significantly different
among the three groups. In addition, group
C had a higher sensitivity (up to 100) than
groups B (95%), A (90%), and C (99%),
but all three groups showed good
specificity (up to 90%), and there was

hardly any difference in specificity
between them in this study (Table 5).

The Receiver Operating Characteristic
(ROC) Curve was employed to establish
correlations between the three groups and
the CT findings. It revealed a
comparatively greater area under the curve
for group C (0.950), a relatively lower area
for group B (0.925), and the smallest area
for group A (0.900), while also extracting
measures  of  sensitivity, specificity,
positive predictive value, and negative
predictive value.

Table (5): Identification of early ICH based on 1.5 Tesla MRI parameters.

Parameter Frequency Sensitiv  Specificity  Sensitivity +PV -PV
S ity 95% CI

Group A Positive =37 90 % 90 % 76.3-97.2 97.3% 69.2

DWiI Negative = 12

Group B Positive =39 95% 90% 83.1-994 97.4% 81.8

SWi Negative = 10

Group C Positive =40 100 % 90% 91.2-100.0 976 100.0

Combined  Negative =9

DWI&SWI

CT Findings: Positive = 40, Negative = 9 cases, Excluded false Negative =1.
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ROC Curve
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Figure (1): ROC curve showing the three groups plotted over the reference line compared to
the CT results.

Within the initial 24 hours following the
onset of neurological insult, the imaging
features observed in diffusion-weighted
imaging (DWI) and susceptibility-
weighted imaging (SWI) reveal distinctive
patterns. In early cases, isointense signals
on T1-weighted images (T1 WIs) are
noted, accompanied by T2 signals ranging
from intermediate to faintly high, and a
hyperintense rim, alongside a mildly
hyperintense center on DW!Is, with
corresponding low values on the apparent
diffusion  coefficient (ADC)  maps.
Concurrently, SWI exhibits intermediate to
bright signals at the center and low signals
at the periphery, while a combination of
signals becomes more apparent later in the
first day, aligning with the transition from
hyperacute to acute stages. Notably, a thin
hyperintense rim is discernible in the DWI
and ADC map images, particularly evident
in high B values, which widens in acute
cases (refer to Figure 2).

On the subsequent day of cases, the
manifestations evolved into an acute phase
characterized by consistent isointense
signals on  Tl-weighted imaging,
intermediate to low signals on T2-
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weighted imaging with a hyperintense rim,
results on diffusion-weighted imaging
(DWI) and lower apparent diffusion
coefficient (ADC) maps are typically
indicative of poor signals. It was also clear
that there was a prominent ring of brilliant
signals around the periphery. In addition,
the susceptibility-weighted imaging (SW1)
magnitude pictures showed a hyperintense
ring and significantly reduced signals at
the center of the lesion, along with
blooming artifact.

By the third day of
comparable signal patterns persisted,
characterized initially by  ongoing
isointense signals on T1-weighted images
(T1 WIs), along with diminished signals
on diffusion-weighted imaging (DWI) and
lower values on the apparent diffusion
coefficient (ADC) map. Moreover,
susceptibility-weighted imaging (SWI)
signals remained markedly diminished,
with a distinct peripheral hyperintense rim
evident (see Figure 3). Additionally, T2-
weighted images (T2 WIs) increasingly
trended towards lower signal intensities.

observation,



SWI value/DWI in recent spontaneous ICH ,2025

Figure (2): Demonstrates hyperacute left frontal parasagittal hematoma with image (a) points to T1 with
isointense signals, (b)T2 WI image with bright signals (c) bright signal at DWI with low rim as well (f)the
corresponding low signals at ADC map, (d) the SWI images with bright center & low signals and blooming at

margin while (e) the corresponding phase contrast image.

The findings of our study revealed a
heightened sensitivity of susceptibility-
weighted imaging (SWI) in contrast to
diffusion-weighted imaging (DWI) for the
detection and staging of intracerebral
hemorrhage (ICH), with further enhanced
sensitivity observed upon combining both
imaging modalities and correlating their
findings with those of T1 and T2
sequences. Additionally, we observed a
consistently high specificity across all
three imaging groups, with negligible
disparities among them. Although no
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statistically significant variance was noted
in the positive predictive values among the
three groups, they all demonstrated high
levels. Notably, substantial disparities
were observed in the negative predictive
values. Our observations underscore the
superior sensitivity and accuracy achieved
through the concurrent utilization of DWI
and SWI, surpassing the diagnostic
efficacy of either modality alone in the
early detection of ICH.
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e

Figure (3) demonstrates acute right front-parietal subcortical & deep hematoma with image (a) points to CT hyperdense
appearance (b) marked low signal at DWI with bright rim as well (c)the corresponding low signals at ADC map, (d) T1 with
isointense signals (e)T2 image with low signal center and bright rim, finally (f) the SWI images with marked low signals and

blooming.

Discussion

The use of SWI sequences in routine
medical practice is on the rise. As an
adjunct to more conventional magnetic
resonance imaging (MRI) procedures, it
may provide useful information. When it
comes to detecting intracranial blood
products, SWI is more sensitive than T2*
methods ' 2. The ability of SWI can
detect microbleeds and other advanced-
stage blood products with great sensitivity
and resolution is largely responsible for its
popularity. Microbleeds and advanced-
stage blood products are the main
indications for SWI's wuse. This is
especially true in trauma patients or those
with amyloid angiopathy, microbleeds,
and superficial siderosis. A common
misconception is that all bleeds appear
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black on SWI. This is since microbleeds
and late-stage blood products do appear
black. Different phases of ICH can be
identified by the shifting levels of signal
intensity on T1- and T2-weighted MR
images 3%,

The identical mechanisms that result in
these alterations in signals also give rise to
the inconsistent manifestations of aging
blood on SWI @, These factors can result
in  ambiguity, misrepresentation, and
eventually an incorrect diagnosis. For
example, the specific features of
hyperacute bleeding might be perplexing,
particularly when there is no clinical
suspicion of hemorrhage. In addition, there
are additional pathological conditions that



might resemble ICH because they can look
partially or completely dark on SWI.

In both venous and arterial hemorrhages,
oxyhemoglobin is the main contributor to
the MRI signal during the hyperacute
phase. Due to its diamagnetic nature and
absence of unpaired electrons,
oxyhemoglobin has negligible T2* effects
and a little reduction in the T1 relaxation
period. Therefore, a medium to strong
signal on SWI is produced by these
diamagnetic qualities and the lack of
paramagnetic effects 2.

Clot formation diminishes the extracellular
space, leading to restricted diffusion that is
most evident at the clot's core @7,
Conversely, deoxyhemoglobin formation
occurs at the periphery of the intracerebral
hemorrhage (ICH) shortly after onset,
producing a low signal rim on
susceptibility-weighted imaging (SWI).
Furthermore, clot formation decreases free
water content, which in turn reduces T1
and T2 relaxation times, ultimately
resulting in isointense T1 signals 2.

In the acute phase, the hematoma is
surrounded by paramagnetic
deoxyhemoglobin as the continuous
conversion of oxyhemoglobin continues.
As a result, on susceptibility-weighted
imaging (SWI), the signal is consistently
weak throughout the hematoma. Also, on
both the b1000 and the apparent diffusion
coefficient (ADC) images, diffusion-
weighted imaging (DWI) shows that the
hematoma has a low signal. Because
paramagnetic deoxyhemoglobin causes a
very weak T2 signal on BO pictures, this
phenomenon—called the  T2-blackout
effect—occurs 7.

Rather than reflecting actual diffusion
restriction, the weak signal seen on ADC
images is a consequence of signal
attenuation caused by susceptibility
effects. Similar to the hyperacute stage, the
decreased free water content within the
ICH is shown by the isointense T1 signal.
The strong paramagnetic effects of
deoxyhemoglobin, on the other hand,
considerably reduce the T2 signal ™.
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Our findings corroborated the study
conducted by Song et al. ®®, which sought
to examine the diagnostic efficacy of
combining SWI with DWI for early ICH.
Their dataset consists of 61 individuals
who were diagnosed with early ICH using
CTscans. Out of the total cases, 44
exhibited a single hemorrhagic lesion, and
17 cases had two lesions, resulting in a
total of 78 detected lesions. The sensitivity
of DWI was found to be 92.30%, with a
positive predictive value (PPV) of 100%.
SWI demonstrated a sensitivity of 94.87%
and a PPV of 100%. When combining
both techniques, the sensitivity and PPV
achieved 100%. However, there is a
discrepancy in the interpretation of SWI
signals during the hyperacute stage.
Contrary to prior descriptions indicating a
very low signal intensity in the first 6
hours at the center of the hematoma, our
findings are consistent with those of
Weerink LBM et al. “, who observed that
SWI signals in the hyperacute stage range
from intermediate to high intensity very
early on the insult & subsequently
decreasing over time.

Ling et al. ®Y conducted a study to
determine the pattern of signal changes in
intracerebral hemorrhage using SWI at
different phases, in comparison to T1-
weighted imaging (T1WI) & T2-weighted
imaging  (T2WI1). The researchers
conducted a retrospective evaluation of a
group of 365 patients who received T1WI,
T2WI, & SWI examinations either at the
same time or one after the other from 2015
to 2017, concluded a varied appearance of
the SWI correlated with T1 and T2 WIs
signals with strong relation and moderate
consistency between the signal intensity of
intracerebral hemorrhage on T2 and SWI.
We found no statistically significant
difference between the three groups in
terms of their positive predictive value.
Our results show that when comparing
DWI and SWI for early ICH detection, the
combined results are more accurate,
specific, and sensitive than either method
alone.
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Song et al. ® demonstrated that the
combination of SWI & DWI confirms a
higher diagnostic value & accuracy for
early ICH diagnosis in  Chinese
cases compared to SWI & DWI alone
while achieving comparable detection
rates to CT scans. Our findings corroborate
these results.

In addition, Li et al. ®® determined that
SWI may be utilized to provide guidance
for personalized thrombolytic treatments
and aid doctors in making much more
informed  judgments by  carefully
considering the advantages and
disadvantages. Nevertheless, there are still
ongoing debates regarding the correlation
between symptoms on SWI &
thrombolytic treatment.

Numerous investigations have
demonstrated that SWI outperforms T2-
weighted sequences in the detection of
cerebral microbleeds CMB ©* %),

One of the significant advantages of high-
resolution SWI is its exceptional
sensitivity to intracranial hemorrhages,
including micro-hemorrhagic foci. This
sensitivity, coupled with superior image
quality, makes it highly effective in the
early diagnosis of cerebral amyloid
angiopathy  (CAA) accompanied by
cerebral microbleeds (CMB), which may
be linked to intracerebral hemorrhage
(ICH).  Consequently, SWI  holds
substantial diagnostic value and has the
potential to become the preferred modality
for the early detection of CAA #©.
Furthermore, the combination of SWI and
DWI not only achieves a high rate of
detection, but also effectively addresses
the drawbacks of CT scans, such as the
potential for radiation exposure and the
presence of skull artifacts. Additionally,
research has demonstrated that SWI MRI
sequences have the potential to enhance
the identification of smaller lesions in
certain cases, beyond the capabilities of
CT scans. This improvement in detection
might be particularly useful in the early
stages of ICH ©¢"29),
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We recommend incorporating SWI
alongside DWI in the routine evaluation of
neurological diseases, particularly in cases
where hemorrhage is suspected and in
older, diabetic, and hypertensive patients
at risk of cerebral amyloid angiopathy
(CAA) for the detection of microbleeds.
Further research is required to explore and
expand the potential applications of SWI
in both clinical practice and research
within the field of neuroradiology.

Conclusion

We concluded that SWI offers numerous
advantages for making more informed
clinical decisions by enhancing the
detection and staging of recent ICH,
demonstrating  higher sensitivity and
specificity compared to DWI alone. When
both techniques are correlated with T1 and
T2-weighted imaging signals, they can
achieve results comparable to CT, with
high sensitivity and specificity. SWI alone
is particularly valuable for confirming the
hyperacute blood differing it from other
neoplastic possibility & also detecting the
frequently associated microbleeds of CAA.
In combination with DWI, it effectively
depicts small vessel disease, surpassing the
capabilities of CT. Additionally, patients
who are contraindicated for CT, such as
expected pregnant women and individuals
with minor early lesions, may benefit from
a combined examination utilizing SWI and
DWI.

Limitations

Among the potential limitations of our
study is the small sample size, as well the
MRI scan time that presents a significant
limitation in emergency cases, particularly
regarding motion artifacts in unconscious
patients, other risk factors couldn’t be
assessed.
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