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SUMMARY: Intracranial artery stenosis (ICAS) was one of the main causes of ischemic stroke onset and recurrence. About 30 % of

strokes were caused by intracranial artery stenosis. Intracranial artery stenosis had a high incidence in China and festeof adtgrrence for

a long time. It affected patient safety and quality of life seriously. At the same time, it caused a heavy financial binelatient’s family.
Therefore, early detection and accuracy of intracranial artery stenosis evaluation were extremely important. High-regplatiomesanance

imaging (HR-MRI) had been widely used in clinical examinations, making up for the shortcomings of traditional vasculanisihgidg that

could only show the degree of luminal stenosis, making it possible to perform lumens, tube wall and plaque featureslefatbéntoscranial

arteries at the same time. There were still some controversies about the credibility of this technique in assessingutiad artexgrlumen

stenosis. This article reviewed the application efficacy of HR-MRI technology in evaluating the degree of intracranideattierssmosis.
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INTRODUCTION

The incidence of stroke in China had exceeded 379  Technical overview of high-resolution magnetic
per 100,000, ranking first in the world. About 1.9 millionresonance imaging (HR-MRI). HR-MRI was a vascular
people die from stroke each year. Stroke featured with higtack blood assessment technology developed in recent
mortality, incidence and disability had surpassed tumors apéars. It was a safe, non-invasive, economical and reprodu-
coronary heart disease, becoming the first cause of degthle inspection method with godd vivo andin vitro
among Chinese residents (Waegal, 2020a). Ischemic consistency. "Black blood" technology, also known as pre-
stroke was the most common type of stroke, accounting f&turation technology, used saturated radio frequency pul-
about 60 %-80 % of all strokes. Intracranial artery stenosi€s to suppress the blood flow signal in the lumen, and the
played an important role in the occurrence and developmédneod was pre-saturated to produce low signals, which could
of ischemic stroke and was also an independent risk factigtter observe the vascular plaques (Shucgaad), 2019).
for recurrence. With the increasing severity of vasculdt used a small FOV and a large matrix to achieve a
stenosis, the chance of vascular occlusion and incidencewilimeter-level spatial resolution. HR-MRI usually
stroke enhanced. Thus, early detection of stenosis apivided a resolution of less than 1 mm, while allowing
judgment of stenosis were essential to reduce the inciden@sious multi-contrast imaging techniques, including T1

of ischemic stroke which was also the most clinicallyveighted imaging, T2 weighted imaging, proton density
concerned issue at the moment. imaging, contrast-enhanced T1 weighted imaging and
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magnetic sensitivity weighted (Dielema al., 2014). standard DSA, the results showed that HR-MRI and DSA
Hence, HR-MRI could show the structure of the arterial walhad strong correlation between the measurement of
the lumen and the wall of the blood vessel, and the shap@racranial artery stenosis, which was consistent with other
length and wall condition of the occluded blood vesseesearch results (Jehal, 2017; Denglinget al, 2021). As
clearly, which effectively complemented the shortcomingthe scanning sequence, the resolution and the signal-to-noise
of traditional imaging techniques. At present, a multiratio of the 3D HR-MRI developed, its advantages in clinical
sequence method was often adopted when using HR-MiRsearch and tube wall imaging applications were more
to identify intracranial artery stenosis to improve th@rominent (Kimet al, 2020). HR-MRI as a new imaging
detection rate of stenosis, and the application of HR-MRI method had certain value in the diagnosis of middle cere-
the field of extracranial carotid artery was relatively maturdaral artery stenosis (Liet al, 2021), it could evaluate narrow
tube walls and plaques and had good consistency with DSA
Clinical application of HR-MRI technology diagnosis. Subsequently, the comparative study of HR-MRI
with DSA as the gold standard and CTA as the reference to
The value of HR-MRI in intracranial atheroscleroticassess the degree of MCA stenosis gradually attracted
stenosis. In recent years, a host of studies had shown thaéntion. The study suggested that high-resolution HR-MRI
HR-MRI could assess the vascular wall of the intracraniabuld measure the degree of stenosis accurately (Figs.1 and
atherosclerotic stenosis, identify vulnerable plaques, provi@¢ and was more sensitive than CTA in high-risk,
information on the occurrence of the ischemisymptomatic patient samples. The sensitivity and specificity
cerebrovascular events in the future, and be of great helpirtHR-MRI in evaluating MCA moderate to severe stenosis
preventing stroke. In clinical practice, digital subtractiorf50 %~99 %) and occlusive lesions were higher than CTA,
angiography (DSA), CT angiography (CTA) and otheand there was also a good correlation between HR-MRI and
measurement methods were commonly used to comparéd8A measurement results (letial, 2013). At present, DSA
order to clarify the clinical reliability of HR-MRI in was still considered as the "gold standard" for evaluating
measuring lumen stenosis. Klahal (2005) demonstrated the middle cerebral artery stenosis, but it had a certain high
that HR-MRI was better than TOF-MRA in measuring theisk and traumatic nature. It was recommended to use it as
middle cerebral artery stenosis, and the plaque could tiee final diagnosis or interventional treatment, not
displayed more clearly, but there were fewer samples, orpyeliminary diagnosis.
6 cases. Subsequently, Kim(Y. S. Katral, 2012) confirmed
similar conclusions when measuring the basilar artery plaquehe reliability and reproducibility of HR-MRI in the
He insisted that the measurement results of the two meth@dsamination of intracranial atherosclerotic. The
of HR-MRI and TOF-MRA had a strong correlation and th@rerequisite for the stability of HR-MRI assessment to obtain
difference between HR-MRI and MRA was more obviousccurate results was the basis for the wide application of
especially in the measurement of mild stenosis. Accordingtiiis technology in clinical practice. Compared with DSA,
the prominent advantage of HR-MRI in judging intracranidgHR-MRI quantified the intracranial artery stenosis with
stenosis was that it could non-invasively display the structuaecuracy and repeatability, and it could detect more non-
of the tube wall and the plague compositionvivo. stenotic plaques (Tiaat al, 2021). When examining 12
Compared HR-MRI, TOF-MRA, and CE-MA with the gold major arteries including the entire circle of Willis, HR-MRI

Fig. 1. Different degrees of intracranial arterial stenosis identified by HR-MRI. A -Mild stenosis of middle cerebral dfierVIBR;
B-Moderate stenosis of middle cerebral artery by HR-MRI; C- Severe stenosis of middle cerebral artery by HR-MRI.
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showed better diagnostic accuracy, diagnostic sensitivity akaluation of HR-MRI to identify plaque. Atherosclerotic
reliability than DSA, and It could advance the diagnostiplagues consisted of a fibrous cap and a lipid necrotic core that
performance of non-stenotic intracranial atherosclerosis (Pddkmed a hypoxic microenvironment and stimulates
et al, 2017). This may be due to the fact that HR-MRI waangiogenesis (Guet al, 2018). In the process of atherosclerosis,
more sensitive than luminal imaging methods (such as MRAome plaques were easy to fall off and blocked blood vessels in
CTA or DSA) in detecting changes in intracranial large short time. Such plaques were called vulnerable plaques. The
arteriosclerosis (Kinet al, 2012). HR-MRI may be used asdistribution of atherosclerotic plague played a crucial role in
a supplement to conventional methods to assess ttihe occurrence of cerebral ischemic events (&yal, 2014).
atherosclerotic burden of the entire circle of Willis. Thdlaque location distribution had unique characteristics and was
repeatability of HR-MRI in the study of atheroscleroticrelated to clinical symptoms. Atherosclerotic plagues were
plague in the brain indicated that there was a excellemiainly located in the dorsal and lateral walls in symptomatic
consistency between intra observer and inter observer on fraients, and plagues in asymptomatic patients may be located
irregularity of plague surface and bleeding in plaque, and the abdominal wall (Yet al, 2017). Studies had shown that
the total repeatability was almost excellent for théhe distribution of plaque tissue in the blood vessel could affect
identification of plaque position (Fig. 3). In addition, the intrathe distal branches. If plaque existed at this location, the
observer and inter-observer reproducibility was good for tteeetachment of the plaque could cause the risk of blockage, and
measurement of the blood vessel area and lumen area ofttladitional imaging cannot determine the relationship between
reference site (Yangt al, 2014; Zhacet al, 2019). The the plaque and the opening of the perforating arterye{ha,
reproducibility study of HR-MRI examination presented tha2015).0On the contrary, HR-MRI could not only visualize the
the evaluation of plaque enhancement level within antbmponents of intracranial atherosclerosis, but also determine
between observers had a high consistency (Kappa>0.7&%)e opening of branch vessels, clarify the relationship between
Moreover, the reproducibility of HR-MRI evaluation of plaque and arterial opening, and provide more comprehensive
intracranial atherosclerotic plague enhancement was go@ihque characteristics for clinical diagnosis and treatment (Wang
and plague enhancement was more common in responsiéteal, 2014). Hence, HR-MRI was considered to be an ideal
plaques which may be an important risk factor for ischemtool for evaluating plague characteristics and displaying plaque
stroke (Xuegqiret al, 2018). There were also other researcmorphology, which could provide a reference for the clinical
suggested that the recurrence of ischemic stroke was relatiaynosis and treatmentiofracranial atherosclerosis. HR-MRI

to higher plaque burden (Rahal, 2020). HR-MRI could had important value in evaluating the distribution and thickness
provide plague characteristic information because of its goadintracranial atherosclerotic plaque, and could measure the risk
repeatability and credibility visualization, and could be useaf cerebral infarction in patients with intracranial atherosclerosis
as a reliable method to evaluate the intracraniab a certain extent (Zhigiareg al, 2020).

atherosclerotic stenosis comprehensively.

Fig. 2. Severe stenosis of left middle cerebral artery arfg. 3. Atherosclerotic plaque in the Middle cerebral artery by HR-
moderate stenosis of right middle cerebral artery by HR-MRURI
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Diagnosis and identification. The treatment plan and clinical value had remarkable values. HR-MRI vascular wall
secondary prevention of ischemic stroke were closely relatadaging had the advantages of high reproducibility and non-
to the classification of the cause, and the treatment of thevasiveness, making it the first choice for accurate
cause directly affected the prognosis. Therefore, accuragsessment of intracranial artery stenosis, which was helpful
diagnosis and identification of the cause were extremelyr accurate stroke classification and guided stroke treatment
important. Moyamoya's disease (MMD) was a rarand prognostic evaluation although HR-MRI still has certain
cerebrovascular disease that was characterized blyortcomings.

progressive stenosis and occlusion of the main artery of the

brain, accompanied by the development of collateral
branches called moyamoya disease (Wengl, 2020b). CHENG, Y. F.; CHEN, C.; LIU, H. & WU, J . Evaluacion de
However, MRA, CTA, and DSA examinations of smokda resonancia magnética tridimensional de alta resolucion en el
vessels were not typical, and could easily be confused wHiRgnostico de la estenosis aterosclerética intracratmeal.

the diagnosis of intracranial atherosclerotic stenosis (JiaMgrphol., 40(5)1344-1348, 2022.

et al, 2013). Especially young patients with risk factors for
atherosclerosis, whose cerebral angiography shows t{?ce,AS)
typical features of MMD, it is not easy to distinguish MMD

RESUMEN: La estenosis de arterias intracraneales
es una de las principales causas del ictus isquémico, como

from movamova disease-like arterial diseases such as IC i también de su recurrencia. Alrededor del 30 % de los ataques
4 y erebrovasculares son causados por estenosis de la arteria

Studies _ha_ve presented that the HR'MRI IMaging,acraneal. La estenosis de arterias intracraneales tiene una alta
characteristics of MMD and ICAD were different. Thej,cigencia en China y enfrenta un alto riesgo de recurrencia, afec-

characteristics of the vascular wall of MMD stenosisiando gravemente la seguridad y la calidad de vida de los pa-
uniform signal intensity, concentric thickening, irregulagientes. Al mismo tiempo, supone una importante carga finan-
narrowing of the lumen and significant reduction of outefiera para la familia de los pacientes. Por lo tanto, la deteccién
diameter, and the stenosis pattern of IAS was prone to magenprana y la precision de la evaluacion de la estenosis de arte-
eccentricity and heterogeneous wall thickening. HR-MRias intracraneales es extremadamente importante. La resonan-
could clarify the vascular wall imaging results of differentia magnética de alta resolucion (HR-MRI, por sus siglas en in-
causes of intracranial artery stenosis, helped distingui§l¢s) es utilizada ampliamente en los examenes clinicos, com-
MMD from other intracranial artery stenosis occlusivéensando las deficiencias de los métodos tradicionales de ima-
diseases, especially ICAD, and evaluate the pathologi(gﬂnes vasculares que solo pueden mostrar el grado de estenosis

changes of the vessel wall (gtial, 2015; Yeet al, 2020). luminal, haciendo posible el estudio de las caracteristicas del

. S . umen, pared vascular y la placa ateroesclerética, de las arterias
Kim et al (2013) also drew similar conclusions, but thé P yla plac . L
. o .Intracraneales afectadas, al mismo tiempo. Aun existen algunas
sample size was small, and larger longitudinal prospecti

tudies i ving hist thological vsi d dX‘cnﬁntroversias sobre la credibilidad de esta técnica en la evalua-
studies involving histopathological analysis were needed ik, e |5 estenosis del lumen de arterias intracraneales. En este

the future. High-resolution magnetic resonance imaging Mayicyio se revisé la eficacia de la aplicacion de la tecnologia

help to further classify smoke_ vesse_ls (@al, 2021). _At HR-MRI para evaluar el grado de estenosis aterosclerdtica
present, the gdistandard for diagnosing moyamoya diseasS@tracraneal.

was DSA, but DSA still has several limitations. DSA cannot

fully display the condition of the vessel wall, and the accuracy PALABRAS CLAVE: Resonancia magnética de alta
of the diagnosis of vascular stenosis will be reduced. HResolucion; Aterosclerosis; Ataque cerebrovascular; Esteno-
MRI was of great significance in displaying the structure dfis de arterias intracraniales.

the intracranial artery wall and identifying the cause of arterial

st_e|j95|s (Turaret a_l., 20_14), which prowde_d a plan for EFERENCES

clinicians to determine, diagnose and treat diseases, and also

helped improve the prognosis of patients.
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