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ABSTRACT

Correlation of magnetic angiography with 
relative cerebral blood flow on arterial spin 

labeling using magnetic resonance imaging in 
acute ischemic stroke patients

Utami Ambarsari1*, Arif Faisal1, Hari Basuki Notobroto2, Erna Furaidah3, 
Yunita Lestari Indrianto4, Naura Anindya Candini4

Introduction: Acute ischemic stroke is one of the three main causes of death in developed countries. RISKESDAS data of 
2013 depicted the fact that the prevalence rate of stroke was 12.1 per 1,000 population. CT protocol and magnetic resonance 
imaging (MRI) are excellent evaluations of acute ischemic stroke. Magnetic resonance angiography (MRA) is an MRI technique 
to delineate arteries and evaluate stenosis and occlusion. Arterial Spin Labeling (ASL) MRI is quantitative and non-invasive, 
does not require Gadolinium contrast, measures cerebral blood flow, is useful for performing perfusion-based functional MRI 
(fMRI), and is able to be reevaluated. The study aimed to analyze the correlation between MRA and the relative Cerebral Blood 
Flow on ASL in patients with acute ischemic stroke.
Methods: The study aimed to analyze the correlation between MRA and the relative Cerebral Blood Flow on ASL in patients 
with acute ischemic stroke.
Results: The patients with acute ischemic stroke were in the age category of 40 years or more (92.3%) with the average 
age of the patients was 56.96 years  14.05. The youngest patient was 8 years old and the oldest one was 79 years old. Most 
of them were women (56.5%) with the most comorbid hypertension (45.7%) and diabetes mellitus (34.8%). The results of 
the evaluation after agreeing the consent portrayed that MRA was normal in 10 patients (21.7%) and there was stenosis 
or occlusion in 36 patients (78.3%). ASL examination showed that 20 patients (43.5%) were normal, whereas 26 patients 
(56.5%) were decreased.
Conclusion: Phi value was 0.601 (p < 0.05), meaning that there was a strong relationship between the results of MRA 
examination and ASL.
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INTRODUCTION
Acute ischemic stroke is one of the three 
leading causes of death in developed 
countries, i.e., one death for every 15-
18 total deaths. The major causes of 
acute ischemic strokes encompass 
thromboembolism due to atherosclerosis 
of large arteries, cardiac embolism, and 
small vessel occlusion. Other causes 
include intracerebral hemorrhage (∼12%) 
and subarachnoid hemorrhage (9%). 
The death rate associated with stroke has 
decreased over the past few years due to 
better general clinical care and stroke-
specific treatment.1

With an incidence of about 17 million 
people worldwide suffering from a stroke 

every year, acute ischemic stroke is the 
second leading cause of global death, 
following coronary artery disease. In 
connection with the data of Health Acute 
Ischemic Stroke in the United States of 
America, acute ischemic stroke has been 
the fifth leading cause of death with an 
incidence of 795,000 people per year.2 
Kisela et al., (2012) found that the incidence 
of stroke increases dramatically with age, 
especially those whose age was 55 years 
and more. In coping with similar cases in 
Asia, the incidence of stroke ranges from 
116 to 483 per 100,000 population per 
year. Specifically, in Indonesia, based on 
RISKESDAS data of 2013, the prevalence 
of stroke was 12.1 per 1,000 population, 
covering ischemic (87%), hemorrhagic 

(10%), and subarachnoid hemorrhage 
(3%).3

Neuroimaging is indeed vital for stroke 
assessment. CT and magnetic resonance 
imaging (MRI) protocols are excellent for 
the evaluation of acute ischemic stroke. 
In the CT protocol, the main goals of 
acute ischemic stroke imaging are to 
exclude bleeding and stroke-like lesions 
and to approach the management of 
choice for IV or IA for infarct expansion 
(core) and arterial occlusion. Magnetic 
resonance angiography (MRA) is a 
group of techniques based on magnetic 
resonance imaging (MRI) to image blood 
vessels. MRA is used to produce images 
of arteries and veins to evaluate stenosis 
(abnormal narrowing) and occlusion.4 
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injury.9 Many studies have been carried 
out in connection with TOF-MRA 
development. Although it has limitations, 
among others, it tends to overestimate, 
as well as length as stenosis, because it is 
influenced by turbulence and slow blood 
flow. Consequently, the distal side of the 
blood vessels is less accurate. However, 
the sensitivity of TOF-MRA has been 
accepted in the imaging of intracranial 
steno-occlusive lesions compared to 
digital subtraction angiography (DSA) 
and computed tomography angiography 
(CTA). Whereas contrast-enhanced 
MRA is used less frequently but provides 
additional information in terms of blood 
flow velocity and direction of flow.10

Problem formulation is a limitation 
in visualization on MRA that tends to be 
overestimated, as well as length as stenosis, 
because it is influenced by turbulence and 
slow blood flow. Consequently, the distal 
side of the blood vessels is less accurate. 
Moreover, the limitations of ASL in 
describing perfusion in ischemic areas are 
caused by several factors such as motion 
artifacts and low signal to noise.  Therefore, 
the present study aimed to investigate the 
relationship between the results of MRA 
examination and the results of the relative 
examination of cerebral blood flow on 
ASL in acute ischemic stroke patients.

METHODS
Patients 
The population of the study were all 
patients with acute ischemic stroke who 
were hospitalized or outpatient at PHC 
Surabaya Hospital in January 2019 to 
April 2021. A total of 46 patients with the 
diagnosis of acute ischemic stroke had a 
head MRI examination at PHC Surabaya 
Hospital in January 2019 to April 2021. 
The patient has met the inclusion and 
exclusion criteria. The inclusion criteria 
involved inpatients and outpatients at 
PHC Surabaya Hospital from January 
2019 to April 2021, patients with acute 
ischemic stroke, and patients who had 
a head MRI examination (DWI, ADC, 
FLAIR, ASL, and MRA). The exclusion 
criteria included patients with a diagnosis 
of subacute and chronic ischemic stroke, 
incomplete medical record data, and 
patients with poor image quality due to 

patient artifacts/movements. 

Data and Data Sources, Data Collection 
Techniques, and Instruments
The secondary data were obtained from 
electronic medical records of acute 
ischemic stroke patients treated at PHC 
Hospital. The main data used in this study 
were collected through documentation. 
In this study, electronic medical records 
were used to obtain data on acute ischemic 
stroke patients who were treated at PHC 
Surabaya Hospital during January 2019 to 
April 2021 and at the MRI work station 
in Radiology division of PHC Surabaya 
Hospital.

Imaging Protocol 
In this study, the instrument was a 
workstation, 1.5 T MRI (Discovery MR 
750; GE Healthcare, Milwaukee, WI) at 
PHC Surabaya Hospital undertaken during 
January 2019 to April 2021. Standard 
stroke MRI protocols performed at the 
hospital included Diffusion Weighted 
Image (DWI), T2*-weighted image (T2*-
WI), T2 FLAIR, T1WI, T2*GRE, time of 
flight magnetic resonance angiography 
(TOF – MRA), and 3D ASL non-contrast 
on 1.5 Tesla MRI of all cases obtained from 
electronic medical records. The imaging 
sequence and parameters covered:
- DWI (FOV: 22 cm, matrix: 128 x 

160 TR: 5449.0 ms, TE: 65 ms, slice 
thickness: 5 mm, spacing: 1.0 mm, 
number of slices: 22, b-factor: 1000, 
NEX = 2, and acceleration factor: 2)

- FLAIR (FOV: 22 cm, matrix: 288 × 192, 
TR: 6200 ms, TE: 120 ms, turning angle: 
28°, slice thickness: 5 mm, spacing: 1.0 
mm, and number of slices: 22)

- 3D ASL non contrast (FOV: 24.0, slice 
thickness: 4.0 mm, #of scan locs: 36, 
TR: 4843.0, max # slices: 106, TE(s) 
scan: 1.0, TE: 10,5)

- 3D TOF MRA (FOV: 22.0, phase FOV: 
0.81, slice thickness 1.2 mm, slabs: 5, 
locs per slab: 38, minimum TR, TE(s) 
scan: 1.0, flip angle: 20, max slices: 256)
Evaluation of acute ischemic stroke 

lesions was identified through the 
assessment of the results of MRI-MRA 
imaging in stroke patients by a radiologist 
covering DWI and FLAIR imaging, 3D 
ASL, and 3D TOF MRA. Existing DWI 
results were confirmed with ADC.

Flow-related phenomena are recognized 
earlier in the development of MR before 
the imaging techniques are designed. 
Understanding the mechanisms of flow 
sensitivity and the appearance of flowing 
fluids is important for several reasons, 
including but not limited to low sensitivity 
used to provide diagnostic information. 
Diffusion Weighted Imaging and Apparent 
Diffusion Coefficient (ADC) are the most 
sensitive MRI modalities for imaging 
brain ischemia, with sensitivity up to 73-
92% in the first 3 hours and up to 95–100% 
in the first 6 hours and necrosis. Perfusion 
imaging in adults with acute stroke often 
exhibits hypoperfusion in the ischemic 
core and around areas of non-diffusion-
restricted penumbral tissue.5

Arterial Spin Labeling (ASL) is a non-
invasive procedure in MRI technique 
to measure cerebral blood flow and has 
the ability to determine cerebral artery 
territory. It does not require Gadolinium 
contrast and is bale to eliminate the risk 
of developing nephrogenic systemic 
fibrosis in patients with renal dysfunction. 
Moreover, it is advantageous for the 
pediatric people since it avoids the 
technical difficulties and problems of using 
contrast agents and reduces radiation 
exposure when performed with CT and 
nuclear medicine techniques. In addition, 
the technique of ASL is easy to repeat 
and useful for performing perfusion-
based functional MRI (fMRI), where it 
can be reevaluated since it can change 
over time.6 However, there are still several 
ASL’s incapacitations such as low noise 
signal and artifacts compared to Dynamic 
Contrast Enhancement (DSC).7

The use of ASL has increased due to 
improvements and faster acquisition times 
and ease of post-processing. This has 
been reported in a retrospective cohort 
study conducted by Belani et al. (2020), of 
which the study aimed to report potential 
additional findings obtained for adding 
ASL to routine brain MRI examinations 
in patients with neurological indications.8 
In patients presenting to the emergency 
department beyond the golden period of 
plasminogen-intravenous-type, MRI has 
been recommended as a tool to identify 
individuals with salvageable brain tissue 
by detecting whether tissue hypoperfusion 
has progressed to irreversible ischemic 
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Image Interpretation
Identifying the condition of the blood 
vessels was undertaken using the 3D TOF 
MRA sequence. If there was a blockage 
in the blood vessel, it showed a picture of 
stenosis in the blood vessel and occurred 
in only one location or in several locations.

ASL was identified based on imaging 
results where, in 3D ASL, it could be 
revealed as normal perfusion and a 
decrease in perfusion (hyperfusion). 
The results of ASL examination were 
interpreted by two assessors who were 
Radiology Specialists. The assessors had 
experienced in reading MRI results for 
at least 5 years.  If the assessors’ results 
showed a large difference and a low 
reliability, then an agreement test (Kappa 
coefficient) was carried out. The statistical 
analysis was conducted using Mc Nemar 
test and Kappa Coefficient test.

Interpretation of MRA Examination 
Results
Obtaining normal results or stenosis.

Interpretation of ASL Examination 
Results
The cerebral blood flow value referred to a 
value resulting from qualitative perfusion 
of blood flow in brain tissue. ASL 
Acquisition was a non-invasive one-click 
application that allowed measurement 
of whole-brain CBF. This contrast-free 
acquisition technique was ideal for patients 
who were contraindicated. The CBF map 
was automatically displayed when 3D ASL 
series were selected and Ready View was 
launched.

RESULTS
The patients with acute ischemic stroke 
were in the age category of 40 years or 
more (92.3%), with the average age of 
the patients was 56.96 years ± 14.05. The 
youngest patient was 8 years old and 
the oldest one was 79 years old. Most of 
them were women (56.5%) with the most 
comorbid hypertension (45.7%) and 
diabetes mellitus (34.8%). The results of 
the evaluation after agreeing the consent 
portrayed that MRA was normal in 10 
patients (21.7%) and there was stenosis 
or occlusion in 36 patients (78.3%). ASL 
examination showed that 20 patients 
(43.5%) were normal, whereas 26 patients 

Figure 1. Overview of Normal MRA.

Figure 2.  Overview of changes in color gradation in ASL showing a relatively normal 
cerebral blood flow.

Table 1. MRA examination results.

Assessor  1
Assessor  2

Total
Normal Stenosis

Normal 7 (15.2%) 3 (6.5%) 10 (21.7%)
Stenosis 12 (26.1%) 24 (52.2%) 36 (78.3%)

Total 19 (41.3%) 27 (58.7%) 46 (100.0%)
Mc Nemar test p = 0.035
Kappa = 0.277 p = 0.037

(56.5%) were decreased.

MRA Examination Results
Table 1 shows the evaluation results of 
MRA examination carried out by two 
assessors.

ASL Examination Results
Table 2 depicts the evaluation results 
of ASL examination carried out by 2 
assessors.

Relationship between MRA and ASL
The results of the evaluation conducted 
by two assessors on MRA and ASL 
examinations showed low or moderate 
reliability, therefore, an agreement was 
made between the two assessors due to 
the different examination results. After 
the agreement was taken, the results of 
MRA examination were normal in 10 
patients (21.7%) and stenosis or occlusion 
in 36 patients (78.3%). In regard to ASL 
examination results, 20 patients (43.5%) 
were normal and 26 patients (56.5%) 
experienced decreased. Table 3 explains 
the the relationship between the results of 
MRA and ASL.

The results showed that p = 0.601 (p < 
0.05), which indicated a strong relationship 
between MRA and ASL examinations.

DISCUSSION
a.  By age
 In accordance with the results above, 

most patients at PHC Surabaya 
Hospital were in the age category of 
40 years or more (92.3%) with the 
average age of the patients was 56.96 
years ± 14.05. The youngest patient 
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Table 2. ASL examination results.

Assessor  1
Assessor  2

Total
Normal Decreased

Normal 15 (32.6%) 6 (13.0%) 21 (45.7%)
Decreased 6 (13.0%) 19 (41.3%) 25 (54.3%)

Total 21 (45.7%) 25 (54.3%) 46 (100.0%)
Mc Nemar test p = 1.000
Kappa=0.474   p = 0.001

Table 3.  Relationship between MRA and ASL.

MRA
ASL

Total
Normal Decreased

Normal 10 (21.7%) 0 (0.0%) 10 (21.7%)
Stenosis 10 (21.7%) 26 (56.5%) 36 (78.3%)

Total 20 (43.5%) 26 (56.5%) 46 (100.0%)
p = 0.601; p = 0.000

Table 4. Characteristics of acute infarct stroke cases at PHC Surabaya Hospital.

Characteristics Category Frequency (%) `x ± SD
(Min.-Max.)

Age < 20 y.o 1 (2.2%) 56,96 ± 14,05
(8 – 79) y.o20 - <40 y.o 3 (6.5%)

40 - <60 y.o 20 (43.5%)
> 60 y.o 22 (47.8%)

Gender Male 20 (43.5%)
Female 26 (56.5%)

Comorbid Diabetes mellitus 16 (34.8%)
Hypertension 21 (45.7%)

Coronary disease 3 (6.5%)
Dyslipidaemia 2 (4.3%)

CVA 4 (8.7%)
SAH/SDH/ICH 3 (6.5%)

Malignancy 3 (6.5%)
Others 4 (8.7%)

was 8 years old and the oldest one was 
79 years old. Similarly, Fauziah et al. 
(2012) examined the characteristics 
of Ischemic Stroke sufferers at Haji 
Adam Malik Hospital, Medan, and 
the incidence of stroke infarcts was 
highest in the age category of 55-
64 years old with the prevalence of 
stroke in Indonesia reaching 8.3/1,000 
population, aged over 40 years. The 
results of the present study were in 
accordance with the theory that stated 
that stroke occurred in productive ages 
and increased in the elderly.11

 b.  By gender
      The majority of the stroke patients with 

infarction was female (56.5%) and the 
rest was male. Similarly, Fauziah et 
al. (2012) found that ischemic stroke 
patients at Haji Adam Malik Hospital, 
Medan, were female (57.3%) and the 

rest was male. This number, however, 
was only a variation of characteristics 
in each hospital.11

c.  By comorbid
 Patients with acute infarct stroke 

had the comorbid diseases, such as 
Hypertension (45.7%) and Diabetes 
Mellitus (34.8%). This result was in 
accordance with the theory that the 
incidence of acute infarct stroke was 
followed by metabolic syndrome as a 
comorbid disease. Similarly, Fauziah 
et al. (2012) found that the highest risk 
factor was hypertension (38.5%) and 
the lowest was smoking habit (3.4%).11

ASL overview
ASL sequences differed from each other 
regarding the changes in tagging segments, 
inflows, and reading sequences. The 
purpose of the tagging segment was to label 

the incoming blood flow and the possible 
presence of blood closed to the brain. 
Initially, ASL was seen as an unsuitable 
technique for describing acute ischemic 
stroke. Its signal was disproportionate 
to cerebral blood flow (CBF), which was 
decreased in major vascular ischemic 
stroke. Furthermore, the remaining CBF 
was supplied by collateral flow that led to 
a longer arterial arrival time. The results 
of the present study were the fact that, 21 
people’s ASL picture was relatively normal. 
Such phenomena happened because there 
was stenosis of small blood vessels that 
became branches of large blood vessels. 
It could also be caused by stenosis that 
was categorized as mild and could also 
be caused by reperfusion of acute stroke 
lesions, of which the condition occurred 
either spontaneously or after successful 
intravenous or endovascular treatment.

This was in relevance to Zacharchuck 
(2014) that there were other artifacts to be 
aware of in the overall slow arterial flow 
to the brain, sometimes found in older 
patients or patients with poor cardiac 
output. In this case, ASL signal was seen 
only in the large arterial structures. As 
many as 25 people (54.3%) involved in the 
present study experienced a decrease in 
cerebral blood flow in ASL because stenosis 
occurred in large blood vessels. Moreover, 
stenosis occurred in several places, called 
multiple stenosis. Patients with acute 
ischemic stroke usually presented with a 
perfusion deficit (i.e., low to non-existent 
ASL CBF signal) in the affected area.7 
Chalela et al. (2000) conducted the first 
significant clinical study of the use of 
ASL in acute stroke. The investigators 
demonstrated the feasibility of using ASL 
and found an expected reduction in CBF 
in the affected area and demonstrated that 
CBF deficits correlated with the National 
Institutes of Health Stroke Scale.12

In coping with the present study, there 
was a pediatric patient aged 8 years (2.2%). 
This suggested that, although ischemic 
stroke was primarily an elderly’s common 
disease, it might occur in children. Due to 
its rarity, a proper diagnosis was necessary 
to be undertaken. ASL was a promising 
technique in this patient population 
because of its higher baseline CBF and 
shorter arterial arrival time. Chen et 
al. (2009) described in their experience 
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evaluating pediatric ischemic stroke 
patients with ASL and demonstrating 
the concordance of the location and 
character of the perfusion deficit with 
clinical findings and diffusion-weighted 
imaging.13 Particular interest was the 
possibility that ASL might be sensitive to 
preclinical episodes of ischemia in children 
with mitochondrial disease. Ikawa et 
al. (2013) demonstrated an abnormally 
high ASL signal in patients with MELAS 
syndrome (myopathy, encephalopathy, 
lactic acidosis, and stroke-like episodes) 
months before the clinical appearance of 
diffusion-positive stroke-like episodes.14 
This emphasized that ASL could be used 
for the management.

Limitations of Pit Fall ASL in Acute 
Stroke
Despite the high enthusiasm of the 
research community regarding ASL in 
acute stroke, there were limitations that 
should be reported. Although ASL had 
various interesting properties, it was a 
signal to noise ratio (SNR) technique that 
was lower than dynamic susceptibility 
contrast (DSC). There were several typical 
failures in ASL, one of which was an 
artifact that appeared as a decrease in CBF 
in a vascular territory that did not reflect 
a true decrease in flow, but a decrease in 
water labeling efficiency in a specific artery 
in the labeling area of neck.

This artifact was specific for continuous 
and pseudo continuous ASL. Although 
it was less familiar, it might present 
confusion in acute stroke since territorial 
infarcts could present similar findings. 
Movement artifacts also affected ASL on 
MRI where recent ASL sequences were 
more sensitive to movement within a 
certain range. Several methods could be 
used to deal with movement artifacts in 
ASL. One of them was by removing raw 
images that had movement before signal 
averaging. This could be done, however, 
could reduce the SNR of the final perfusion 
image. Another approach was the use 
of prospective movement correction, 
where the navigator’s image followed the 
head directly and was used to follow the 
movement of the head during shooting 
process.7

Advantages of ASL
In 2012, three extensive studies compared 
ASL perfusion with DSC, a gadolinium-
based technique that became the standard 
for measuring cerebral perfusion. These 
studies had mostly concordant findings 
and suggested that ASL could be used 
instead of DSC without any change in 
interpretation or subsequent clinical 
change. It was, therefore, important to 
understand the MRI features of acute 
stroke.7

MRA Overview
The results of the present study showed 
10 people (21.7%) were normal and the 
rests (78.3%) had stenosis. This could be 
due to mild stenosis or stenosis in the 
distal arteries. Moreover, TOF MRA had 
limitations in visualization because the 
vascular signal depended on the direction 
of flow and velocity through the imaging 
field. Therefore, distal veins might not be 
accurately displayed.

Ischemic stroke was caused by a 
decrease in cerebral blood flow. This 
was because most of them (more than 
80%) experienced atherosclerosis of large 
arteries or cardiac embolism (stroke 
thromboembolism). In regard to the 
present study, MRA images with mild 
stenosis or stenosis of small vessels were 
obtained in 28 out of 46 patients. Moderate 
to severe stenosis or occlusion of the great 
vessels was obtained in 8 patients and 
appeared normally in 10 patients. This 
was in connection with the theory that 
the most common cause of acute ischemic 
stroke was small vessel occlusion.

Advantages of MRA
36 patients (78.3%) from 46 samples, the 
results of MRA examination appeared 
to be stenosis due to the visual imaging 
that showed the presence of stenosis, the 
presence of mild stenosis, or severe or 
occlusion. Barlinn et al. (2011) stated that 
one of the advantages of TOF-MRA was 
that it did not require injection of contrast 
media and was an alternative for patients 
who were unable to receive contrast. In a 
comparative analysis with CE MRA, it was 
stated that the spatial resolution of TOF-
MRA was superior to that of CE-MRA 

(especially 3-order TOF dimensions). The 
volume covered was limited by vascular 
saturation artifacts, so TOF MRA was a 
more suitable technique for evaluating 
intracranial blood vessels in cases of 
cerebrovascular disease.10

Limitations of MRA
The present study found that 10 patients’ 
(21.7%) MRA results were considered 
normal because the vascular signal in 
the MRA technique depended on the 
direction of blood flow and velocity 
through the imaging plane. Moreover, 
the mild stenosis in small blood vessels 
quickly got help from the surrounding 
blood vessels (collateral flow) so that visual 
imaging was not very visible because they 
were repercussed. TOF-MRA tended to 
overestimate the degree, as well as the 
length of the stenosis (especially in the 
presence of turbulence, slow blood flow, 
or reverse circulation). Therefore, distal 
veins might not be accurately displayed. 
Nevertheless, TOF-MRA had an acceptable 
standard of sensitivity for steno-occlusive 
imaging of intracranial lesions compared 
to digital subtraction angiography (DSA) 
and computed tomographic angiography 
(CTA).

Research Limitations
In connection with the present study, 
the measurement of the results of MRA 
and ASL examinations was qualitative, 
therefore, an assessment was carried out 
by 2 Radiology Specialists. The statistical 
tests were carried out if there were a big 
difference and a low reliability.

CONCLUSION
There is a strong relationship between the 
results of magnetic resonance angiography 
examination with the results of the relative 
examination of cerebral blood flow on 
ASL in cases of acute ischemic stroke 
based on the results of the analysis with 
the p value. Further research is suggested 
to analyze blood vessels on MRI-MRA 
examination and quantitatively determine 
cerebral blood flow on ASL, especially in 
acute ischemic stroke patients with small 
infarct size and visually (qualitatively) 
relative normal.
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