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Diagnostics Accuracy of Magnetic
Resonance Imaging in Detection of

Atherosclerotic Plaque Characteristics in
Carotid Arteries Compared to Histology:

A Systematic Review
David Pakizer, MSc,1 Jiří Kozel, MSc,1 Jolanda Elmers, MSc,2 Janusz Feber, MD,1,3

Patrik Michel, MD,4 David Školoudík, MD, PhD,1 and Gaia Sirimarco, MD, PhD4,5*

Carotid plaque composition represents one of the main risk factors of future ischemic stroke. MRI provides excellent soft
tissue contrast that can distinguish plaque characteristics. Our objective was to analyze the diagnostic accuracy of MRI
imaging in the detection of carotid plaque characteristics compared to histology in patients with symptomatic and asymp-
tomatic carotid atherosclerosis through a systematic review. After prospective registration in PROSPERO
(ID CRD42022329690), Medline Ovid, Embase.com, Cochrane Library, and Web of Science Core were searched without
any search limitation up to May 27, 2022 to identify eligible articles. Of the 8168 studies, 53 (37 � 1.5 T MRI, 17 � 3 T MRI)
evaluated MRI accuracy in the detection of 13 specific carotid plaque characteristics in 169 comparisons. MRI demonstrated
high diagnostic accuracy for detection of calcification (3 T MRI: mean sensitivity 92%/mean specificity 90%; 1.5 T MRI: mean
sensitivity 81%/mean specificity 91%), fibrous cap (1.5 T: 89%/87%), unstable plaque (1.5 T: 89%/87%), intraplaque hemor-
rhage (1.5 T: 86%/88%), and lipid-rich necrotic core (1.5 T: 89%/79%). MRI also proved to have a high level of tissue dis-
crimination for the carotid plaque characteristics investigated, allowing potentially for a better risk assessment and follow-
up of patients who may benefit from more aggressive treatments. These results emphasize the role of MRI as the first-line
imaging modality for comprehensive assessment of carotid plaque morphology, particularly for unstable plaque.
Evidence Level: 2
Technical Efficacy: Stage 2
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Carotid atherosclerosis constitutes an important cause of
ischemic stroke, mainly of thromboembolic origin.1,2 A

growing plaque narrows the artery and causes a perfusion
defect.3 However, thrombosis is associated with rupture or
erosion of a complicated lesion, highlighting that the plaque
composition can play a key role in developing future ischemic
stroke.2,4

The development of magnetic resonance imaging
(MRI) allowed the detection of the carotid plaque composi-
tion due to the relatively large vessel size and its superficial
location5 and became another noninvasive modality that is
feasible to reveal the plaque content in addition to ultrasound
(US) and computed tomography (CT).6 Furthermore, MRI
provides excellent soft tissue contrast that differentiates plaque
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characteristics based on biophysical and biochemical parame-
ters (diffusion, concentration, chemical composition, physical
state) and became the first noninvasive modality that allows
discrimination of lipid-rich necrotic core (LRNC),
intraplaque hemorrhage (IPH), fibrous cap, and other carotid
plaque characteristics.7

Several meta-analyses confirmed a strong association
between stroke risk and MRI-detected LRNC (hazard ratio
[HR] 3.00), thin/ruptured fibrous cap (HR 5.93),8 high-risk
plaque characteristics in asymptomatic stenosis (odds ratio
[OR] 3.00)9 and most importantly IPH in asymptomatic
(HR 7.9) and symptomatic patients (HR 10.2).10 To use
information on plaque morphology and stroke prediction for
patient monitoring, risk stratification, evaluation of treatment
effect, and other purposes, solid evidence on accurate detec-
tion of such characteristics by MRI is needed. However, to
our knowledge, a comprehensive study evaluating available
evidence on MRI diagnostic accuracy is lacking. Therefore,
our objective was to analyze the diagnostic accuracy of MRI
imaging in the detection of carotid plaque characteristics
compared to histology in patients with symptomatic and
asymptomatic carotid atherosclerosis through a systematic
review.

Materials and Methods
Our study was prospectively registered on the International Prospective
Register of Systematic Reviews (PROSPERO; ID CRD42022329690).
Preferred Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA)11 and Standards for Reporting of Diagnostic Accuracy Stud-
ies (STARD) 201512 guidelines were used to report the results.

We included original prospective or retrospective studies of
adult patients (≥18 years) with symptomatic or asymptomatic extra-
cranial carotid atherosclerosis detected by MRI (index test) to evaluate
carotid plaque composition compared to true (nonvirtual) histological
plaque evaluation (reference standard). For data extraction, studies
had to report diagnostic accuracy (sensitivity and specificity) of MRI
in the detection of specific plaque features or clearly stated data that
allowed calculating sensitivity and specificity (true positive [TP], true
negative [TN], false positive [FP], and false negative [FN]). Non-
original studies without presenting new results including systematic
reviews, studies that used virtual histology or visual plaque evaluation
as a reference standard, and studies that published the same compari-
sons repeatedly (duplicate results) were excluded (Fig. 1).

A medical librarian (J.E.) prepared a comprehensive search
strategy based on a combination of controlled keywords and free-text
terms related to the aim of our study for search in four major data-
bases: Medline Ovid ALL, Embase.com, Central—Cochrane Library
Wiley, and Web of Science Core collection. A supplemental search
was conducted in Google Scholar (with an adjusted search strategy,
screening of the first 500 results) and citations of key studies were
searched. Designed equations were used for search without any sea-
rch limitation (eg, language or publication year) up to May
27, 2022 and are available online.13 All duplicates were removed
manually in EndNote and results were imported to the Rayyan web
application (Qatar Computing Research Institute, Doha, Qatar;

https://rayyan.ai/) for screening. Two independent reviewers (D.P.,
J.K.) manually screened all identified studies in three phases (title/
abstract, full manuscript, and during data extraction) in blind mode
and resolved all disagreements by consensus or independent decision

of the senior team member (P.M, D.Š.).
Data extraction which focused mainly on collecting the neces-

sary data to calculate the diagnostic accuracy (specificity, sensitivity,
TP, TF, FP, FN) of the various outcomes (specific plaque character-
istics), was carried out manually by two reviewers (D.P., J.K.)
blinded to each other. Plaque characteristics retrieved from included
studies were divided into groups by histological plaque feature. If
only one study evaluated a specific characteristic, the study was
included in the group “other characteristics.” If a study described a
characteristic such as IPH and/or LRNC by histology (combined),
the study was included in the unstable plaque group. In general,
13 plaque groups were established: IPH, LRNC, calcification,
fibrous plaque, fibrous cap, ulceration, neovascularization, inflamma-
tion, loose matrix, unstable plaque, and other characteristics.

All signal intensities (hyperintense, isointense, hypointense) of
specific carotid plaque characteristics described in the manuscript
were compared to the intensity of adjacent sternocleidomastoid mus-
cle (used as a reference).

Results
Of the 8168 studies, 53 evaluated the diagnostic accuracy of
MRI in the detection of 13 carotid plaque characteristics and
were included in the systematic review (Tables 1–11). The
authors of 53 retrieved studies often investigated several char-
acteristics or sequences in a single study. Therefore, a final
169 comparisons of diagnostic accuracy were extracted and
reviewed, as presented in Table S1 in the Supplemental
Material.

Of the studies published from 1996 to 2022, 17 studies
used 3 T magnetic field (63 comparisons of diagnostic accu-
racy) and 37 studies 1.5 T magnetic field (106 comparisons).
Despite the wide range of publications, diagnostic accuracy
did not change significantly over time, but a slight increase
(<10%) in sensitivity and a decrease in specificity over time
was observed for both 1.5 T MRI and 3 T MRI (Figs. S1
and S2 in the Supplemental Material). Only one study was
published in the last century.14

Sequence Parameters
Receive-only phased array surface coils (usually 4- or 8-chan-
nel), usually dedicated bilateral carotid type, were used to
obtain a good signal-to-noise ratio and a higher spatial resolu-
tion in all studies retrieved. T1w, T2w, PDw, and TOF were
used most frequently in 0.5–3 mm thickness for the basic
evaluation of carotid plaque composition. Advanced
sequences were used for the detection of specific plaque char-
acteristics (eg, magnetization-prepared rapid gradient-echo
[MPRAGE]15–20 or simultaneous non-contrast angiography
and intraplaque hemorrhage [SNAP]18,21,22 containing 3D
MPRAGE for detection of IPH) or complex plaque
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structure (eg, multi-contrast atherosclerosis characterization
[MATCH]17,23). Besides the standard signal intensity mea-
surement, tools for quantification of tissue alternations voxel
by voxel were used, such as diffusion-weighted imaging
(DWI),24 T1w mapping (eg, SNAP with 3D golden angle
radial k-space sampling [GOAL-SNAP]22) or T2w mapping
(eg, delay alternating with nutation for tailored excitation
multi-echo spin echo [DANTE-MESE]25). For imaging of
blood flow in the stenotic part of the carotid artery, various
magnetic resonance angiography techniques such as TOF
(2D SNAP, 3D, or multiple overlapping thin slab angiogra-
phy [MOTSA]26) or contrast-enhanced angiography were
used. Detailed information on the technical setting of all
sequences used in retrieved studies is provided in Table S1 in
the Supplemental Material.

Contrast-Enhanced Examinations
33% of all included studies (18/54) used contrast agent
(CA) for contrast-enhanced MRI (CE-MRI) to detect specific
carotid plaque characteristics, mainly inflammation,
neovascularization, IPH, LRNC, ulceration, and fibrous cap.
Only one study24 used CA based on superparamagnetic parti-
cles of iron oxide (SPIO) usually used to detect liver tumors,
among the rest used CA based on gadolinium. Precisely, gado-
linium diethylenetriamine pentaacetic acid (Gd-DTPA),19,28–
34 gadopentetate dimeglumine,6,35,36 gadobenate dim-
eglumine,37 gadopentetate glucosamine,38 gadodiamide,36,39,40

and nonspecified Gd CA41,42 were used. The dose of Gd CA
given to the patients was 0.1–0.2 mmol/kg administered at a
speed of 2–3 mL/s. All details on CA used in CE-MRI studies
are provided in Table S2 in the Supplemental Material.

FIGURE 1: PRISMA11
flow diagram of study selection.
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Diagnostic Accuracy and Specific Plaque
Characteristics

INTRAPLAQUE HEMORRHAGE. For the most common
plaque characteristic investigated in the retrieved studies,
29 comparisons were found in 1.5 T MRI and 31 compari-
sons in 3 T MRI. Among all sequences, MPRAGE (3D T1w
GRE) was used primarily to identify the presence of methe-
moglobin in the extracellular matrix,15 where IPH shows a
hyperintense signal, followed by multi-contrast MRI. Further-
more, multi-contrast MRI (T1w, T2w, PDw, TOF) can stage
IPH in fresh (<1 week), recent (1–6 weeks), and old
(>6 weeks) based on red blood cell content and hemoglobin
oxygenation.34,43 Imaging parameters for IPH were uniform
in the retrieved studies (Table 1). 1.5 T machines showed a
higher sensitivity 66.67%–100% (mean 86%) and specificity
53.33%–100% for IPH detection compared to 3 T
machines, which showed a sensitivity 35.05%–100% and
specificity 66.67%–100%. The 3D T1w sequence was found
to be more accurate than 2D T1w,44 but T1w 2D-CSE
(chemical shift-encoded MRI) proved to be the most accurate
in direct comparison with T1w 2D-FSE (fast spin echo) and
T1w 3D-FSE.45 The hyperintense signal on TOF41 and T1w
2D-CSE45 showed the highest sensitivity and specificity (both
100%). Regarding the area of IPH, larger areas (>2 mm2)
were detected by 1.5 T MRI with higher accuracy compared
to all areas.46 On 3 T MRI, the SNAP sequence uses phase-
sensitive detection of IPH by generating three sets of images
(IPH—strong positive signal, carotid lumen—strong negative
signal, other tissue—near zero signal).21 However, SNAP
imaging showed mainly only good sensitivity 61%–85% with
excellent specificity 88%–96%.18,21 Compared to MPRAGE
on 3 T MRI, SNAP18 showed higher sensitivity and specific-
ity, and MATCH showed higher sensitivity with the same
specificity.17 The T2 mapping technique25 showed much bet-
ter accuracy compared to the T1 mapping22 and in direct
comparison of CE-MRI with non-contrast TOF, CE-MRI
proved to be more accurate. Detailed information on studies,
sequences, and diagnostic accuracy of IPH can be found in
Table 1.

LIPID-RICH NECROTIC CORE. Thirty-five comparisons of
diagnostic accuracy were found for the detection of LRNC
(23 on 1.5 T MRI; 12 on 3 T MRI). Sensitivity and specific-
ity were found to be 61.54%–100% (mean 89%) and 40%–

100% (mean 79%) for 1.5 T, respectively; and only
22.22%–86.67% (mean 66%) and 48.1%–100% (mean
78%) for 3 T, respectively. A single sequence (3D T1w) with
a cutoff score of 180 was found to be the most accurate (sen-
sitivity 92%, specificity 87%) compared to other scores and
multi-sequence imaging.47 However, LRNC identification as
hyper/isointense (T1w/TOF) and hypo/isointense (PDw/
T2w) were mainly used in all retrieved studies and found to

be the most accurate on multi-sequence 1.5 T MRI (sensitiv-
ity 97.78%–100% and specificity 92.86%–100%).48,49 Con-
trarily, 3 T showed mostly limited sensitivity and good
specificity. T1 mapping22 showed low accuracy, however,
T2w mapping25 showed similar good accuracy compared to
MATCH23 and compressed sensing motion-sensitizing driven
equilibrium rapid gradient echo (CS-3DMERGE)28

sequence. CE-MRI did not positively affect the accu-
racy.19,30,31,33,42 Detailed information on LRNC is shown in
Table 2.

CALCIFICATION. Calcification was investigated in seven
1.5 T MRI comparisons and revealed a high and consistent
sensitivity 76.42%–85.71% (mean 81%) and specificity
85.71%–100% (mean 91%). Six 3 T MRI comparisons
resulted in a sensitivity 81.25%–100% (mean 92%) and a
specificity of 75%–100% (mean 90%). The MRI definitions
of calcification were uniform in the retrieved studies. Multi-
contrast imaging showing calcification as hypointense on all
sequences proved to be the most accurate. In 3 T, the T2
mapping (DANTE-MESE) showed perfect sensitivity and
specificity (both 100%),25 the same as the CS-3DMERGE
sequence.28 The studies that investigated calcification are
shown in Table 3.

FIBROUS PLAQUE. Seven comparisons were found in the
detection of fibrous plaque, including two in 3 T MRI.
The 3 T studies showed better sensitivity (75%–100%) and
lower specificity (79%–95.45%) compared to the 1.5 studies
(50%–78.5% and 83.3%–100%, respectively). The MRI def-
initions of fibrous plaque were not uniform as shown in
Table 4. The T2 mapping (3 T MRI) showed the most accu-
rate results (sensitivity 100%, specificity 95.45%).

FIBROUS CAP. The accuracy of fibrous cap detection was
investigated in nine comparisons (three on 3 T MRI), all
listed in Table 5. Sensitivity 75%–100% (mean 89%;
80.65%–100% for ruptured fibrous cap) and specificity
68.75%–100% (mean 87%; 68.75%–96.3% for ruptured
fibrous cap) were found in 1.5 T, and specificity 69%–90%
and specificity 82%–85% for ruptured fibrous cap in 3 T.
Uniform evaluation as a hypointense band on TOF and CE-
MRI showed all studies. 3D MOTSA26 on 1.5 T and CE-
MRI38 on 3 T showed the highest accuracy. CE-MRI showed
better performance in detecting plaque rupture with higher
sensitivity (90%) and specificity (83.3%) than digital subtrac-
tion angiography (DSA; 40% and 66.7%, respectively).38

ULCERATION. Surface ulceration of carotid plaque and MRI
accuracy were tested in 11 studies (a single study on 3 T
MRI with moderate accuracy42; Table 6). Ulceration was
defined uniformly as surface disruption (usually ulcers with
depth >1 mm). The 1.5 T MRI detected ulceration with
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sensitivity 23.81%–100% (mean 71%) and specificity
64.29%–100% (mean 88%). TOF and CE-MRI41 were
found to be the most accurate (accuracy 100%).

NEOVASCULARIZATION. Two 1.5 T and one 3 T studies
investigated neovascularization (Table 7). All studies used
CE-MRI with a uniform definition of neovascularization
within the plaque (contrast enhancement) and 1.5 T stud-
ies35,40 showed better sensitivity and specificity (76%–

85.71% and 79.2%–100%, respectively) compared to the
3 T study30 (sensitivity 77.78%, specificity 69.57%).

INFLAMMATION. Three studies showed diagnostic accuracy
for plaque inflammation, including one in 3 T (Table 8). All
studies used CE-MRI and the same definition (plaque con-
trast enhancement). Although one study27 used SPIO for
CE-MRI and reached a sensitivity of 62.5% and 100% speci-
ficity, Gd-based CA in the second study37 revealed a better
sensitivity (77.78%) and a lower specificity (84.62%). The
3 T study30 showed similar sensitivity (69.5%) but signifi-
cantly lower specificity (60%).

LOOSE MATRIX. Four comparisons in 3 T MRI and two
comparisons in 1.5 T MRI were found for the detection of
carotid plaque loose matrix (Table 9). A similar MR defini-
tion of the plaque characteristic was used in all studies
(hyperintense: T2w/PDw, iso/hyperintense: T1w, isointense:
TOF). Larger areas were detected with better accuracy (sensi-
tivity 78.79%, specificity 77.03%) on 1.5 T MRI,46 but 3 T
MRI showed better results, mostly in terms of sensitivity
(79.2%–90.9%; specificity 42.9%–93.1%). Although T1w
mapping showed the lowest specificity (42.9%),22 multi-
sequence imaging showed the most accurate
results (sensitivity 81.8%, specificity 93.1%), when also com-
pared to the MATCH sequence in the same study.23

UNSTABLE PLAQUE. The diagnostic accuracy of unstable or
soft or vulnerable plaque (by authors’ definition mentioned in
retrieved studies) was assessed in 19 comparisons (two 3 T
MRI comparisons with sensitivity 79.49%–80% and specific-
ity 55.88%–80% included).30 A range of 44.44%–100% was
found for both sensitivity and specificity in 1.5 T MRI stud-
ies. A study50 compared all single sequences and found that
T2w and TOF provided the most accurate information (both
100% accuracy). However, another study45 investigated dif-
ferent types of T1w and found that 2D-CSE and 3D-FSE
showed the best results (both sensitivity 95.7% and specificity
100%). Mean sensitivity (89%) and specificity (87%) values
showed very good diagnostic accuracy of 1.5 T MRI for the
detection of unstable plaque. Detailed information is listed in
Table 10.

OTHER CHARACTERISTICS. The last category included only
characteristics investigated by a single study (comparison) on TA
B
LE
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1.5 T MRI listed in Table 11—AHA plaque type I–II, AHA
plaque type III, and hard plaque. The first two characteristics
represent fatty streak and pre-atheromatous lesions with extra-
cellular lipid pools and show near-normal wall thickness, chal-
lenging to detect by MRI. However, it was detected in one
study with good sensitivity (66.67%–81.08%) and very high
specificity (98.14%–100%).51 Hard plaque was detected with
high sensitivity (92.86%) and specificity (100%).52

Finally, an overview of proposed imaging criteria for
MRI detection of specific characteristics according to the
highest accuracy results in retrieved studies is provided in
Table 12.

Discussion
The results of our diagnostic test accuracy systematic review
showed that MRI detected carotid plaque composition with a
high level of tissue discrimination allowing the differentiation
between 13 specific plaque characteristics. MRI proved to
have high diagnostic accuracy for detection of calcification
(3 T MRI: mean sensitivity 92%/mean specificity 90%;
1.5 T MRI: mean sensitivity 81%/mean specificity 91%),
fibrous cap (1.5 T: 89%/87%), unstable plaque (1.5 T: 89%/
87%), IPH (1.5 T: 86%/88%), and LRNC (1.5 T:
89%/79%).

Regarding calcification, CT is considered the superior
modality for its detection.53,54 A direct comparison of MRI
and CT showed that the calcification volume based on
MRI is smaller than those obtained with CT.55 However, in
our systematic review we found that MRI had a high diagnos-
tic accuracy for the calcification imaging in 1.5 T and 3 T
MRI among all other characteristics recovered. Therefore,
MRI could represent a reliable test to detect calcifications. To
notice, calcification is considered a protective risk factor for
stroke,56 but its impact on plaque rupture has also been
described.57

The fibrous cap, which typically covers a large LRNC
and provides essential protection against clinical consequences
of atherosclerosis,58 was accurately detected by MRI with the
capability of distinguishing intact/thick fibrous cap from
intact thin and ruptured cap.26 In particular, the ruptured
cap is strongly related to a recent stroke,8 23 times more
likely compared to thick fibrous caps.59

High-risk unstable plaque, common in asymptomatic
patients and closely associated with stroke, typically consists
of IPH, LRNC, ulceration or thin/ruptured fibrous cap,9,45,60

was also detected by 1.5 T MRI with high diagnostic accu-
racy. In direct comparison to US and CT, MRI showed the
highest diagnostic accuracy compared to US and CT.6,61

Regarding IPH detection, MPRAGE imaging remains
the most reliable and accurate technique in 1.5 T based on
extracted accuracies, where several sequences showed similar
diagnostic accuracy in 3 T, proving not to be a superior
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technique based on accuracy. Furthermore, the MATCH
sequence provided a significantly higher signal-contrast ratio
for IPH compared to the conventional multi-contrast proto-
col.23,62 IPH represents not only the characteristic most asso-
ciated with stroke but also a factor accelerating plaque
progression,63 whose higher frequency is associated with use
of antithrombotic treatment.64 MRI is the imaging modality
of choice for IPH detection based on the magnetic properties
of hemoglobin and the ability to stage IPH as fresh, recent,
and old.43,44

Regarding LRNC, which tends to be present in plaques
associated with thrombotic complications65 and a high risk of
stroke recurrence (HR 2.73),66 the same high sensitivity was
found in 1.5 T MRI as for the detection of the fibrous cap,
usually covering the LRNC. Whereas CT struggles in the dif-
ferentiation of LRNC from IPH because both exhibit similar
CT attenuation,67 MRI proved to be the optimal imaging
modality for the identification and quantification of LRNC.
Importantly, LRNC represents together with IPH the best
indicators of lesion severity currently visualized by carotid
MRI.68 Regarding IPH and LRNC detection, 3 T studies
showed lower accuracy compared to 1.5 T machines. A previ-
ous study has shown a good agreement between the two field
strengths for calcification and LRNC. However, the agree-
ment for IPH was slightly different with better performance
at 1.5 T than 3 T,69 confirmed by another study.70 At higher
field strengths, the increased susceptibility of calcification and
paramagnetic ferric iron in IPH may alter the quantification
and detection of such characteristics. Moreover, motion, local
fat-saturation failure, and flow artifacts had a higher impact
on the degradation of 3 T image quality compared to
1.5 T.69,70 Also, improved coils and new sequences at 3 T
have been developed over the last few years to increase the
detection of IPH and LRNC.22,25,28,71,72 Thus, another
explanation could be the heterogeneous use of advanced tech-
niques and sequences (T2w and T1w mapping, CS-3D
MERGE, SNAP, etc.) in the included studies despite their
good accuracy. Further studies are needed to directly compare
the diagnostic accuracy of 1.5 T to 3 T advanced sequences
with histological evaluation as the reference standard.

Regarding other characteristics detected by MRI with
good accuracy, fibrous plaque represents plaque stability
with no thromboembolic protentional73 and in particular
T2w mapping more accurately detected fibrous plaque and
quantified LRNC.25 For detection of ulceration which repre-
sents an important risk factor of stroke,74 CT is considered
the first-line noninvasive modality with the highest accuracy
confirmed in direct comparison with MRI and US.6 How-
ever, CE-MRI has the advantage of ulceration detection also
in calcified plaques, which remains one of the CT
limitations.75

Intraplaque neovascularization is considered to be cru-
cial in the genesis of IPH caused by ruptured neovessels.76TA
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Neovascularization and inflammation represent structural
changes in intraplaque content that are not conclusively asso-
ciated with stroke and CE-US remains the modality of choice
for their detection followed by CE-MRI.77 In contrast, loose
matrix, considered as plaque healing or fibrosis loose revealing
prone to rupture plaque, can only be detected by MRI.30

Finally, we found a mean sensitivity of 89% and speci-
ficity of 87% values showing very good diagnostic accuracy of
1.5 T MRI for the detection of unstable plaque (80% sensi-
tivity for 3 T). Given that unstable plaques play a key role in
the risk for major cardiovascular events,9 the purpose of our
study was to determine the diagnostic accuracy (sensitivity
and specificity) of MRI for detection of such unstable carotid
plaques compared to histology. Our results assessed the
highest sensitivity and specificity of MRI for detection of
unstable carotid plaques and their histological components
providing shreds of evidence that consolidate its place in the
patient’s workup. The strength of our analysis is the large
number of included studies and to the best of our knowledge,
this is the first comprehensive study investigating the diagnos-
tic accuracy of MRI in the detection of carotid plaques mor-
phology. Calcification, LRNC, and IPH are the most
prevalent plaque characteristics in a population >70 years78

and current guidelines suggest that the composition of carotid
plaque is crucial for future stroke risk and for determining
possible surgical intervention benefits based on plaque insta-
bility.79 MRI has been shown to be a cost-effective tool for
identifying those patients,80 which confirmed the need
for accurate plaque imaging and the usefulness of systematic
follow-up of patients at risk who can benefit from different
therapeutic strategies or interventional treatments.

The limitations of our systematic review included: 1)
The lack of standardization for MRI imaging of specific
plaque characteristics that resulted in a large heterogeneity in
the definitions of MRI characteristics in the retrieved studies.
The heterogeneity of definitions (eg, fibrous plaque, loose
matrix, or unstable plaque) implies that a subset of these
studies would not be likely to provide valuable information
and might have negatively affected the estimation of the diag-
nostic accuracy; 2) A long period of study publications, but
no significant changes in sensitivity and specificity were found
over time for both 1.5 T and 3 T studies (Figs. S1 and S2 in
the Supplemental Material); 3) A small number of studies or
a limited number of patients in included studies that investi-
gated some characteristics by MRI should be taken into
account.

In future directions, deep learning might play a key role
in improving the diagnostic accuracy of MRI in the detection
of plaque features and helping assess stroke risk.81 An
improvement of specific sequences by increasing resolution
and decreasing time is needed using dedicated coils and novel
sequences such as MATCH, MERGE, or DANTE, and tech-
niques such as T1w and T2w mapping.

In conclusion, we showed a high diagnostic accuracy of
MRI that was able to detect a high number of plaque charac-
teristics regardless of the strength of the magnets (1.5 T or
3 T). These results emphasize the role of MRI as the first-line
imaging modality for complex assessment of carotid plaque
morphology, particularly regarding high-risk characteristics of
instability. MRI of plaques is therefore likely to be useful for
patient risk stratification to guide management and follow-up
of the drugs’ effect on carotid plaque composition, particu-
larly in clinical trials and prospective longitudinal studies
investigating plaque progression and regression.
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