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Intracranial atherosclerotic disease (ICAD) is a dynamic process that leads to ischemic
stroke. Symptomatic ICAD patients still suffer a high recurrent rate even under standard
treatment. In this case report, to better understand the response of intracranial
atherosclerotic plaques to medication, serial MR imaging was added to standard clinical
workup in a 47-year-old male patient with acute occipital lobe infarction at baseline,
3-month, 6-month, and 12-month post index stroke to directly visualize the morphology
and signal change of plagues. We noticed that one of the plagues showed dramatic
worsening at 3-month imaging follow-up despite a decrease in low-density lipoprotein
level. Early identification of patients who do not respond well to medication is critical to
prevent the recurrence of cardiovascular events in ICAD patients.
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INTRODUCTION

Intracranial atherosclerotic disease (ICAD) represents a significant risk factor for ischemic stroke
worldwide, and patients with symptomatic ICAD experience a high rate of recurrent stroke
(Holmstedt et al., 2013). Therefore, active monitoring of intracranial atherosclerotic lesions has
been crucial for the secondary prevention of stroke. Current clinical practice relies on physical
examinations, laboratory tests, and conventional imaging modalities like CT angiography or MR
angiography (MRA), which mainly focus on the assessment of luminal stenosis. In recent years,
the value of magnetic resonance vessel wall imaging (MR-VWI) in directly characterizing the
morphological features of intracranial atherosclerotic plaques has been explored (Song et al., 2021).
In this case report, we used MR-VWT to directly probe atherosclerotic lesions in an effort to reveal
lesion-level response to medical treatment.

CASE DESCRIPTION

A 47-year-old man presented with headache and vertigo. Before the index stroke event, the patient
had been diagnosed with hyperlipidemia for more than 10 years without being regularly monitored
or taking lipid-lowering medications. He had no history of hypertension, diabetes, or smoking.
CT angiography reported a thrombosed right vertebral artery (VA) V4 segment with luminal
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FIGURE 1 | (A) Baseline MR scan showed two plaques in the proximal (blue arrow) and middle (yellow arrow) of the right vertebral artery (VA) V4 segment. (B) The
patient underwent the 1st MR follow-up scan 3 months after index stroke. MRA and MR-VWI showed a new plaque (red arrow) in the distal right VA V4 segment with
severe stenosis and high enhancement ratio (ER). (C) Most of plaque features showed slightly regression at the 2nd follow-up MR scan 6 months after index stroke.
(D) The 3rd follow-up MR scan 12 months after index stroke showed that the degree of stenosis, plague-wall contrast ratio (CR) and ER of the plaque in the distal
right VA V4 segment were back to baseline and slightly improved in the other two plaques. MRA, MR angiography; MR-VWI, MR vessel wall imaging; MPR,
multiplanar reconstruction; Pre-, pre-contrast MR-VWI; Post-, post-contrast MR-VWI.

irregularities, with concerns for focal dissection, atherosclerosis,
or both. This prompted initiation of intravenous heparin.
Routine brain MR revealed an acute occipital lobe infarction and
a slight increase in pre-contrast T1-weighted signal within the
right VA V4 segment. Other laboratory findings included low-
density lipoprotein (LDL) of 123 mg/dL and hemoglobin Alc
of 5.7%.

Due to the uncertainty involved with the lesion on the
right V4 segment, further neurovascular imaging including 3D
time-of-flight MRA and pre- and post-contrast MR-VWI (Fan
et al., 2017; Yang et al., 2017) was pursued. MRA revealed
two stenotic lesions in the right VA (Figure 1 yellow and blue
arrows). Eccentric wall thickening, presence of hyper-intensity
on pre-contrast MR-VWI and strong contrast enhancement on
post-contrast MR-VWT highly suggested atherosclerotic disease
rather than dissection. We quantified the degree of stenosis,
pre-contrast plaque-wall contrast ratio (CR), and post-contrast
plaque enhancement ratio (ER) at individual lesions using
previously published methods (Wu et al., 2018). Specifically,
3D MR-VWI images were reformatted to cross-sectional views,
and mean signal intensity was quantified with manually drawn
regions of interest. Plaque-wall CR was calculated as the signal
intensity ratio between the brightest region within the plaque
and the adjacent normal-looking vessel wall. Plaque ER was
calculated as the normalized signal intensity ratio between the
post-contrast plaque and pre-contrast plaque. Reliability of these
quantitative measurements was excellent in patients with ICAD
as shown in a recent paper (Zhang et al., 2021). In the meantime,
an asymptomatic plaque was also observed in the proximal V4

segment of the left vertebral artery. While in this patient, the left
vertebral artery did not converge with the right vertebral artery to
form the basilar artery. Quantitative analyses were not performed
on this plaque because no significant changes were visualized.

High dose statin (atorvastatin 80mg daily) and dual
antiplatelet therapy (aspirin 325mg daily and clopidogrel
75mg daily) was initiated. The patient was hospitalized for
5 days. He was discharged with a minor headache and a
National Institutes of Health Stroke Scale score of 0. Two
months later, direct LDL level showed a decrease to 95
mg/dL at clinical follow-up. There were no adverse effects
from the statin therapy noted. At this point, ezetimibe
10mg daily was initiated by his cardiologist for further
lowering the LDL level. However, statin therapy was stopped
thereafter due to miscommunication between the patient
and cardiologist.

At 3 months after the index stroke, a follow-up MR
scan was performed. Despite the moderate regression of
LDL and an appreciable drop in plaque-wall CR and/or
plaque ER in the two originally identified lesions, a new
lesion in the distal right VA with a diffusive and severe
lumen narrowing and strong vessel wall enhancement was
observed (Figurel red arrow). The degree of stenosis of
the distal lesion increased from 24.42 to 80.11% and ER
increased from 2.20 to 2.59. Therefore, high dose statin
was resumed.

At 6 months after the index stroke, the patient was unable to
tolerate ezetimibe due to a persistent skin rash, thus was placed

Frontiers in Neuroscience | www.frontiersin.org

October 2021 | Volume 15 | Article 739178


https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/neuroscience#articles

Xiao et al.

Serial MR Assists in Decision-Making

—&@— Distal VA-V4 === Proximal VA-V4

Degree of stenosis

100.00%
80.00%
60.00% / \

40.00%

Mid VA-V4

N

AN

20.00%

CR
34

3

26

22

\/

ER
27

\
24 /r ‘

21

R

15! MR follow-up  2"¢ MR follow-up 3" MR follow-up

1.8

Baseline

FIGURE 2 | Quantitative measurement results of plaque features. MRA, MR
angiography; MR-VWI, MR vessel wall imaging; VA, vertebral artery; CR,
plaque-wall contrast ratio; ER, plague enhancement ratio.

on the PCSK-9 inhibitor evolocumab (140 mg subcutaneously
every 2 weeks), which led to a drastic reduction in LDL from 67
mg/dL at 6 months to 18 mg/dL at 11 months.

MRA and MR-VWI scans were performed at 6- and 12-
month post index stroke. Compared with the 3-month scan,
patient’s 6-month MRA showed a slight regression of lumen at
the plaque in the distal right VA, but plaque ER measured on
MR-VWI substantially reduced. Twelve months after the index
stroke, both degree of stenosis measured on MRA and plaque
ER measured on MR-VWI regressed to the baseline level at
the plaque in the distal right VA. CR and ER of the other two
plaques slightly improved while the degree of stenosis remained
unchanged. During this period, the patient’s condition has been
stable without any new symptoms.

The quantitative measurement results of plaque features are
shown in Figure 2. A schematic diagram showing the time course
of clinical management and MR examinations is presented in
Figure 3.

DISCUSSION

Serum lipid biomarkers are widely accepted to monitor
ICAD patients’ responses to treatment; however, these are
systemic rather than lesion-specific markers. MR-VWI can
more specifically interrogate each atherosclerotic lesion and
provide information beyond the severity of stenosis. Previous
studies (Chen et al, 2018; Chung et al, 2020) focused on

investigating the treatment effect of specific medical therapies
using MR-VWI before and after 6-month treatment. In contrast,
we performed serial MR-VWI at multiple time points (from
1 week after symptom onset through 1 year), with a focus
on demonstrating that serial MR-VWI may reveal lesion-level
response or resistance during medical treatment, which may not
be adequately captured by routine assessments such as laboratory
test. Another noteworthy novelty in our study is that we used
a 3D whole-brain rather than 2D MR-VWI approach, which
allowed for the detection of new plaques at other locations
and the quantification of the signal contrast between plaque
and normal vessel wall. As seen in the baseline and 3 months
follow-up MR scans, the subsequently identified lesion in the
distal VA, although not recognized in MRA, showed considerably
high plaque-wall CR and plaque ER in MR-VWI and rapidly
developed severe stenosis, indicating its active atherosclerotic
activities (Wu et al., 2018).

In our case, we monitored the patients LDL level and
reinforced lifestyle modifications as standard of care.
Additionally, we monitored imaging features including the
degree of stenosis, plaque-wall CR (which might be related
to intraplaque hemorrhage), and plaque ER (a marker of
inflammation) (Mandell et al., 2017). Despite a decrease in serum
LDL, this patient’s plaque showed dramatic worsening based on
these imaging features at 3 months. The underlying reasons for
this mismatch of controlled LDL and plaque-worsening remain
unclear. A probable reason could be due to the fact that they
probe the response or resistance from different aspects, i.e., one
at a systematic level and the other at a lesion level. However,
there might be other confounding factors that we are not aware
of given the drastic deterioration in such a short time period.
A large-scale prospective study is warranted to explore the
incidence of mismatches between systemic blood biomarkers
and plaque features, and the added value of MR-VWI in the
management of symptomatic ICAD patients.

The LDL reduction and plaque rapid progression observed
in this case illustrate how serial imaging examinations can
complement systemic biomarkers and assist in the management
of secondary stroke prevention. Due to miscommunication,
atorvastatin was discontinued for 1 month, during which time,
only ezetimibe was used for lipid-lowering. The discontinuation
of atorvastatin could be found out and corrected by the
treating physician at the 3-month clinical visit. However, the 3-
month MR-VWTI results did propel the physician to prescribe
a more intensive therapy and target an LDL level <20 mg/dL
as a recent study has shown that further lowering of LDL
beyond the current target (100 mg/dL) would further reduce
cardiovascular risk (Sabatine et al., 2018). This case involved
a non-standard therapy. However, it is not uncommon to
see in clinical practice that an originally prescribed standard
treatment plan can be compromised due to miscommunication
or poor compliance. In this representative case, our findings
highly suggest that serial MR-VWI may early detect lesion-
level response or resistance during medical treatment, and this
information can be supplemental to routine assessments such as
laboratory test in guiding treatment plans. A treatment plan may
be modified in a timely manner to better achieve secondary stroke
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prevention (Xiao et al., 2021). Of course, large-scale clinical trials
are warranted to validate this hypothesis.

Since treatment responses may differ in individuals due
to different pharmacodynamics and treatment compliance,
longitudinal assessment is necessary for ICAD. However, there
is not enough evidence about the best follow-up interval.
The patient underwent his follow-up imaging at 3, 6, and 12
months following our ongoing research protocol. Physicians
typically follow up with stroke patients and make decisions
on medical management at 3 months. Therefore, we chose to
repeat imaging at 3 months to provide more information to
clinical practice. In this case report, given the notable plaque
progression seen on the first follow-up scan, we postulate that
repeat MR-VWI as soon as 3 months post ischemic stroke may
be reasonable.

Additionally, PSCK-9 inhibitor effect on ICAD plaques
should be explored further, as there may be an underlying
mechanism beyond plummeting serum LDL level. Further,
the expected temporal concordance between LDL levels
and MR-VWI features will need to be elucidated, if any
are present.

In this work, plaque composition and its change process
were not investigated. This is because we used an MR-VWI
protocol that involves a T1-weighted sequence only. This
protocol features relatively short scan time and capability
of quantifying temporal changes associated with intraplaque
hemorrhage and inflammation. However, certain important
plaque components, such as fibrous cap and lipid core,
cannot be detected because several reasons: (1) the small size
of intracranial vessels, (2) the limited spatial resolution,
(3) the lack of additional contrast weighting such as
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