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Abstract

Background—High-resolution MRI (HRMRI) is a promising tool for studying intracranial 

atherosclerotic disease (ICAD) in-vivo, but its use to understand the pathophysiology of ICAD has 

been limited by a lack of correlation between MRI signal characteristics and pathology in 

intracranial arteries.

Description of Case—A patient with symptomatic left cavernous carotid stenosis underwent 

3T HRMRI and died 4 days later. In-vivo HRMRI and postmortem histopathology images were 

compared. MRI signal characteristics consistent with atherosclerotic plaque composed of lipid and 

loose matrix, fibrous tissue, and calcium were correlated with pathology findings. Intraplaque 

hemorrhage was not present on HRMRI or pathology.

Conclusions—This report demonstrates correlation between atherosclerotic plaque components 

visualized on 3T HRMRI images obtained in-vivo and pathological specimens of a symptomatic 

ICAD plaque, providing an important step in developing HRMRI as an in-vivo research tool to 

understand ICAD pathology.
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INTRODUCTION

Intracranial atherosclerosis (ICAD) is a common cause of stroke worldwide and has a high 

risk of recurrent stroke, but the in-vivo pathology is not well understood. This is largely 

because ICAD specimens cannot be obtained in living patients and patients rarely die 

immediately after stroke, resulting in few opportunities to study acute ICAD pathology. In 

contrast, the pathology of extracranial carotid atherosclerosis has been extensively studied in 

endarterectomy specimens and has good correlation with high resolution magnetic 

resonance imaging (HRMRI)-defined plaque components 1, suggesting that HRMRI might 

be a useful tool for understanding ICAD pathology in living patients. However, 

extrapolation of extracranial carotid HRMRI signal characteristics may not be directly 

applied to ICAD pathology because intracranial arteries are smaller, have unique 

histological features 2, 3, and are surrounded by cerebrospinal fluid that affects visualization 

of vessel wall edges on imaging 4. While several HRMRI studies have reported visualization 

of signal characteristics consistent with plaque components in ICAD 5, 6, the relationship 

between these in-vivo signal characteristics and actual plaque components has not been 

established due to the impossibility of obtaining surgical specimens from this vasculature. 

Therefore, pathological correlation with HRMRI signal characteristics remains a key step in 

validating HRMRI techniques in ICAD. In this report, we demonstrate the first correlation 

between 3Tesla (3T) HR MRI images obtained in-vivo and pathological specimens of ICAD 

plaque.

CASE REPORT

An 81-year-old woman with a history of vascular risk factors and recent urosepsispresented 

with acute right-sided weakness. MRI of the brain demonstrated multiple ischemic infarcts 

primarily in the left internal carotid artery (ICA) (Figure 1A). CT angiogram demonstrated a 

short-segment stenosis of the proximal cavernous segment of the left ICA (Figure 1B) and 

extracranial right ICA. Echocardiogram and telemetry showed no obvious cardioembolic 

source. The patient underwent an IRB-approved research HRMRI study on a Siemens 3T 

Skyra with 32-channel head coil. Sequences included 3D TOF angiography and single slab 

3D acquisitions of the left ICA and basilar artery including: T1-weighted pre- and post-

contrast (TR/TE 458/16, matrix 320×320, 11 slices, thickness 1.2 mm, FOV 128mm, FA 

180 degrees); T2-weighted (TR/TE 1500/66, matrix 256×256, 11 slices, thickness 1.2mm, 

FOV 104 mm, FA 180 degrees); and fluid attenuated inversion recovery (FLAIR) (TR/TE 

2500/14, inversion time 1069, matrix 256×197, 11 slices, thickness 1.2mm, FOV 100 mm, 

FA 140). T1-weighted post-contrast images were performed, but the images were degraded 

by motion artifact.

Four days later, the patient died from pneumonia and post-mortem examination of her 

intracranial arteries was undertaken. The arteries were prepared for histological processing 
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by perfusion fixation using 4% paraformaldehyde, to maintain the vascular morphology, 

followed by immersion for 48 hours. Tissues were transferred to 30% sucrose in phosphate 

buffered saline. The left cavernous ICA was embedded in paraffin and sectioned at 5 micron 

thickness and serial sections obtained every 0.4mm were prepared for histology. Sections 

were stained with hematoxylin-eosin and Masson trichrome stains. Sections were also 

incubated with anti-CD68 (Abcam 125047, 1:100), anti-IL-6 (Abcam 6672, 1:800), and anti-

TNF-alpha (Abbiotec 250844, 1:00) antibodies and visualized using an avidin-biotin 

immunoperoxidase detection system (Vectastain ABC Kit PK-4000 and DAB Substrate Kit 

SK-4100, Vector). The slides were independently evaluated by a Pathologist, using standard 

histopathological classification for atherosclerotic lesions 7. Histological images were 

captured using a Nikon microscope and prepared for publication using the NIH Image J 

software.

The in-vivo HRMRI images and histopathology slides were compared at similar locations 

for each atherosclerotic plaque. Plaque components were identified on HRMRI images using 

pathologically-verified signal characteristics for extracranial carotid plaque 1. Figure 1 (C-E) 

shows the symptomatic left ICA, which demonstrated signal characteristics consistent with 

atherosclerotic plaque composed of lipid and loose matrix, fibrous tissue, and calcium.

The post-mortem histopathology slides demonstrated various plaque components composed 

of lipid and loose matrix, fibrous tissue, and calcium, as shown in Figure 2. Immunostaining 

confirmed the presence of chronic inflammatory markers commonly seen in atherosclerotic 

plaque 8-10. IL-6 was visualized throughout the vascular wall, within smooth muscle cells 

and within the interstitium of the plaque. Compared to IL-6, TNF-α was expressed at lower 

levels in the smooth muscle cell layers. Interstitial cells in the elastic membrane were also 

immunopositive for TNF-α suggesting a prolonged and extensive inflammatory process 9. 

CD68, an immunomarker used to detect macrophages in vulnerable atherosclerotic 

plaques 8, was seen in macrophages of the connective tissue between the plaque and the 

intima, but not in smooth muscle or fibrous tissue. Interestingly, while the two antibodies for 

pro-inflammatory cytokines (IL-6 and TNF-α) also appeared in fibrous tissue in the intima 

as well as to some extent in the internal and external smooth muscle walls, CD68 

immunoreactivity was sparse within the intima, suggesting little accumulation of CD68-

immunoreactive macrophages in the plaque itself and a denser accumulation of the 

macrophages in connective tissues of the outer layers, but not between fibers of the smooth 

muscle layers.

DISCUSSION

To our knowledge, this is the first correlation study between atherosclerotic plaque 

components visualized on 3T HRMRI images obtained in-vivo and pathological specimens 

of symptomatic ICAD plaque. ICAD HRMRI signal characteristics have been associated 

with stroke symptoms independent of their actual pathological make-up 5. However, while 

potentially helpful from a prognostic standpoint, the use of these signal characteristics 

without pathological correlation does not provide new insight into the pathophysiology of 

ICAD that could ultimately lead to new treatments for this high-risk condition. Indeed, prior 

lack of correlation between HRMRI signal characteristics and pathology of ICAD has been 
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considered a limitation in HRMRI research 5. Therefore, this report provides an important 

step in developing HRMRI as an in-vivo research tool to understand ICAD plaque 

pathology.

One recent study demonstrated ex-vivo correlation of ICAD plaque components and 7T 

HRMRI signal characteristics using a single sequence with mixed contrast of T1 and T2 

weighting, demonstrating visualization of fibrous tissue and calcification on MRI, but 

offering a limited differentiation of tissue type 11. However, ex-vivo imaging is not 

necessarily representative of the signal characteristics of ICAD plaque in living patients, as 

in-vivo acquired images may be affected by blood flow, wrap-around, and motion artifacts 1. 

In addition, formalin fixation of ex-vivo specimens may result in increased wall stiffness 

that may affect MRI appearance 12. While 7T HRMRI may have better image resolution, it 

is not widely available, limiting the clinical utility of correlations between 7T HRMRI 

images and pathology. For these reasons, correlation between in-vivo 3T HRMRI images 

and pathology in ICAD may be most helpful for studying the disease at this time.

This case demonstrates that fibrous tissue, lipid, and calcification can be visualized on 3T 

HRMRI, using definitions extrapolated from extracranial carotid pathology 1. However in 

this case, intraplaque hemorrhage, an important feature of unstable plaque in the extracranial 

carotid arteries 1, was not visualized on either pathology or HRMRI in the symptomatic 

ICA. This may have been because the mechanism of stroke in this patient was possibly due 

to relative hypoperfusion through the stenotic ICA during urosepsis and thus unrelated to 

plaque stability. Further support for the relative stability of this plaque comes from the 

relative paucity of macrophages (represented by CD68 staining) within the plaque. On the 

other hand, recent studies suggest that intraplaque hemorrhage may not be common in 

intracranial atherosclerosis3, 13, 14 and therefore it may not be a reliable marker for unstable 

intracranial plaque. Further pathological correlations will be needed to further verify the 

relationship between HRMRI images and plaque components in patients with stroke due to 

unstable ICAD plaque.

CONCLUSION

This report demonstrates correlation between atherosclerotic plaque components visualized 

on 3T HRMRI images obtained in-vivo and pathological specimens of a symptomatic ICAD 

plaque, providing an important step in developing HRMRI as an in-vivo research tool to 

understand ICAD plaque pathology. Further correlations are needed to define additional 

plaque components, such as intraplaque hemorrhage and fibrous cap thickness.
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Highlights

• In an intracranial stenosis case, we compared in-vivo MRI to post-mortem 

pathology.

• Extracranial carotid MRI signal characteristics were used to identify plaque 

features.

• MRI and pathology showed lipid, fibrous tissue, and calcium in intracranial 

plaque.
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Figure 1. Imaging of symptomatic left intracranial internal carotid (ICA) plaque
A: Brain MRI diffusion-weighted sequences demonstrate acute watershed pattern 

infarctions.

B: CT angiogram of the left ICA (oblique maximum-intensity projection) shows stenosis 

(arrow) along with wall calcification (orange star).

C-E: 3T HRMRI of the left ICA, cross-sectional images of stenosis (top row unmarked, 

bottom row with plaque components marked and vessel wall and lumen outlined): Panel C) 

T1-weighted image; Panel D) T2-weighted image; and Panel E) FLAIR image. Images 

demonstrate signal characteristics consistent with pathologically-verified extracranial carotid 

plaque1 as follows: lipid and loose matrix appears isointense on T1- and hypo- to isointense 

on T2-weighted images (yellow outline), fibrous tissue appears isointense on T1- and T2-

weighted images (green outline), and calcification appears dark on T1- and T2-weighted 

images (orange star). Intraplaque hemorrhage, which appears hyperintense on T1-weighted 

images, is not visualized. Post-contrast images were degraded by motion and are not shown.
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Figure 2. Histopathology of symptomatic left intracranial internal carotid (ICA) plaque
Pathological specimens (2x magnification) at the level of the stenosis stained with 

Hematoxylin & Eosin (a), Trichrome (b), and immunostaining with IL-6 (c), TNF-α (d), and 

CD68 (counterstained with hematoxylin) (e), which demonstrated plaque components: lipid 

and loose matrix (yellow outline), fibrous tissue (green outline), calcium (orange star), and 

post-mortem thrombus (black star).
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