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Abstract

Objective: Although a substantial proportion of ischemic strokes in persons with HIV infection
(PWH) is related to large artery disease, studies evaluating elevated cerebrovascular risk in PWH
have focused primarily on microvascular disease. We compared the burden of intracranial large
artery disease on vessel wall magnetic resonance imaging (VW-MRI) in PWH and HIV-uninfected
individuals.

Design: Cross-sectional study

Methods: We recruited antiretroviral therapy-treated PWH with undetectable plasma viral load
and HIV-uninfected individuals. All participants were >40 years of age and at moderate to high
cardiovascular risk. We used Poisson and mixed effects logistic regression models to compare
the number and associated characteristics of enhancing intracranial arteries on VW-MRI by HIV
status.

Results: Of 46 participants (mean age 59 years), 33 were PWH. PWH had nearly four-fold

as many enhancing intracranial arteries on VW-MRI than HIV-uninfected individuals (rate ratio
3.94, 95% CI 1.57-9.88, p=0.003). The majority of wall enhancement was eccentric (76%)

and short-segment (93%), suggestive of intracranial atherosclerotic disease (ICAD). Sixty-nine
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percent of enhancing arteries were not associated with luminal narrowing on magnetic resonance
angiography. None of these characteristics differed significantly by HIV status.

Conclusion: In persons at moderate to high cardiovascular risk, HIV infection, even when
well-controlled, may be associated with a greater burden of intracranial large artery disease and,
specifically, of ICAD. Studies of the mechanisms underlying higher rates of ischemic stroke in
PWH should include evaluation for intracranial large artery disease. VW-MRI provides added
value as an adjunct to traditional luminal imaging when evaluating cerebrovascular risk in PWH.

Keywords

HIV infection; stroke; cerebrovascular disease; intracranial large artery disease; vessel wall MRI;

MRA

INTRODUCTION

Persons with HIV infection (PWH) are at higher risk of ischemic stroke compared with
age-matched HIV-uninfected individuals.! Studies investigating the distribution of ischemic
stroke subtypes in PWH have found that up to 40% of strokes may be related to large

artery disease.?2 Moreover, large artery disease may be a more common stroke etiology

in PWH than in HIV-uninfected individuals.3 Despite these findings, cerebral small vessel
disease has been the primary focus of neuroimaging studies evaluating cerebrovascular risk
in PWH,% in part due to the association between small vessel disease and HIV-associated
cognitive impairment.® In contrast, the contribution of intracranial large artery disease to
HIV-associated stroke remains poorly defined. Understanding the role that large artery
disease plays in HIV-associated stroke is critical, as intracranial atherosclerotic disease
(ICAD) is considered to be the most common vascular lesion in stroke patients worldwide.®

Vessel wall-magnetic resonance imaging (VW-MRI) is an emerging technique that allows
for high-resolution visualization of the vessel wall where arterial pathology originates.
VW-MRI complements traditional vessel imaging techniques [e.g., computed tomography
angiography (CTA), magnetic resonance angiography (MRA)], which may miss non-stenotic
intracranial atherosclerotic lesions.” In addition, when combined with luminal imaging,
VW-MRI may facilitate differentiation of ICAD from other causes of intracranial arterial
disease based on enhancement characteristics.8

We compared the burden of intracranial arterial wall enhancement and associated
characteristics on VW-MRI and time-of-flight (TOF) MRA between PWH and HIV-
uninfected individuals. We hypothesized that PWH would have a greater burden of
intracranial arterial wall enhancement compared with HIV-uninfected individuals.

METHODS

We recruited participants prior to randomization in a single-center parent trial evaluating
the impact of alirocumab, a PCSK9 inhibitor, on cardiovascular risk in PWH (EPIC-HIV,
NCT03207945). Inclusion criteria for the EPIC-HIV study include age 40 years or older,
on stable antiretroviral therapy (ART) with undetectable plasma viral load, and at moderate
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to high cardiovascular risk, defined as: history of cardiovascular disease or of at least one
cardiometabolic risk factor (e.g., hypertension, hyperlipidemia, diabetes mellitus, current
smoker). Participants with a stroke or central nervous system infection (e.g., meningitis,
encephalitis) within the past 90 days, or who had signs or symptoms of acute stroke at

the time of imaging, were excluded. Age-matched HIV-uninfected individuals, all of whom
met eligibility criteria, were friends and family of PWH or were recruited through flyers.
Participants were enrolled between September 2018 and January 2021. Written informed
consent was obtained from all participants.

Participants underwent an intracranial TOF MRA and 3D high-resolution variable flip
angle black blood post-contrast VW-MRI (CUBE) on a GE 3T Discovery scanner. Two
neuroradiologists (AC and JN) blinded to HIV status reviewed the bilateral internal carotid
arteries; anterior, middle, and posterior cerebral arteries; vertebral arteries; and the basilar
artery and quantified the number of arteries with wall enhancement, which was the
primary outcome. In addition, for each enhancing artery, the following were characterized:
1) eccentric versus concentric pattern and extent (i.e., short versus long-segment) of
enhancement and 2) presence of associated luminal narrowing on MRA.

We compared demographic and clinical characteristics between PWH and HIV-uninfected
individuals using Student’s t, Chi-square or Fisher’s exact test. We used Poisson and logistic
regression models to investigate the unadjusted association of HIV with the number of
enhancing arteries and presence of any arterial wall enhancement. In multivariable Poisson
models of the association between HIV infection and the number of enhancing arteries,

we adjusted for (1) age, natal sex, and race and then for (2) age, natal sex, race, and
individual cardiometabolic risk factors, or any covariates that differed between PWH

and HIV-uninfected individuals. To investigate the association between HIV and specific
characteristics of arterial wall enhancement (e.g., eccentric versus concentric enhancement),
we used mixed effects logistic regression models, which included a random subject effect
to account for within-person correlation, as some participants had more than one enhancing
artery. P values were two-sided with 0.05 considered statistically significant. Statistical
analyses were performed using Stata 12.1 (College Station, TX, USA).

RESULTS

Of 46 participants, 33 were PWH. Age [mean 59 years, standard deviation (SD) 8 years]
and sex (91% assigned male sex at birth) were similar between groups. We observed a

trend toward a greater proportion of HIV-uninfected individuals identifying as Black (31%)
or other race/ethnicity (23%) compared with PWH (15% and 6%, respectively; p=0.073).
Of cardiometabolic risk factors and health-related behaviors, current statin use (79% versus
46%, p=0.030) and any marijuana use (88% versus 23%, p=<0.001) were significantly more
prevalent in PWH compared with HIV-uninfected individuals. The majority of PWH (82%)
were on an integrase strand transfer inhibitor-based regimen. Only 18% of PWH were on
abacavir, and 21% were on a protease inhibitor. Among PWH, mean CD4 count was 547
cells/mm3 (SD 201 cells/mm3).
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PWH had a greater mean number of enhancing intracranial arteries (1.52, SD 1.44)
compared with HIV-uninfected individuals (0.38, SD 0.87), which translated to 3.94 times
as many enhancing arteries in PWH (95% CI 1.57 to 9.88, p=0.003). PWH had 8.66-fold
higher odds (95% CI 1.21 to 61.81, p=0.031) of having one or more enhancing arteries
compared with HIV-uninfected individuals. The greater burden of arterial wall enhancement
in PWH compared with HIV-uninfected individuals remained statistically significant after
adjusting for age, natal sex, race, and individual cardiometabolic factors or covariates that
differed by HIV status (Table). Among PWH, we did not observe a significant association of
abacavir use (rate ratio 1.04, 95% CI 0.49-2.18, p=0.92) or protease inhibitor use (rate ratio
0.68, 95% CI 0.32-1.45, p=0.31) with the burden of arterial wall enhancement.

The pattern of wall enhancement for the majority of enhancing arteries was eccentric (76%)
and short-segment (93%). Over two-thirds (69%) of arteries with wall enhancement did not
have associated luminal narrowing on TOF MRA. In mixed effects models that accounted
for correlations between multiple enhancing arteries within participants, we did not detect

a statistically significant difference in the pattern of enhancement [odds ratio (OR) for
eccentric wall enhancement for PWH compared with HIV-uninfected individuals was 11.25,
95% ClI 0.07-1923.08, p=0.36] or presence of associated luminal narrowing (OR for PWH
compared with HIV-uninfected individuals was 0.40, 95% CI 0.01-14.16, p=0.62) by HIV
status.

DISCUSSION

In this cross-sectional study, persons with ART-treated, virologically suppressed HIV
infection had a greater burden of primarily eccentric, short-segment intracranial arterial
wall enhancement compared with HIV-uninfected individuals, independent of age, natal
sex, race, and cardiometabolic risk factors. Furthermore, luminal imaging with TOF MRA
underestimated intracranial arterial disease in over two-thirds of vessels that demonstrated
arterial wall enhancement on VW-MRI (Figure). This finding is in line with studies from
the general population that have demonstrated superiority of VW-MRI in the detection of
non-stenotic ICAD.”: 9 10 Because MRA and CTA primarily capture luminal deficits, ICAD
may go undetected on these imaging modalities, especially if atherosclerotic vessels have
undergone ‘positive remodeling’ that does not affect the caliber of the vessel.

VW-MRI enhancement characteristics can help to differentiate between etiologies of
intracranial arterial disease. While there is overlap between the patterns of enhancement
observed in different intracranial arterial pathologies, eccentric short-segment vessel wall
enhancement is predominantly seen in ICAD, whereas concentric, relatively homogeneous
long-segment enhancement is more common in intracranial vasculitis. The predominance
of eccentric, short-segment enhancement suggests that ICAD was the prevalent arterial
pathology in this study of participants at moderate to high cardiovascular risk.

Our findings should be interpreted in the context of several limitations. First, few women
were included, which precludes generalization of our findings to women with HIV infection.
Second, the race/ethnicity distribution was dissimilar between groups, with a trend toward
more non-White HIV-uninfected participants. However, as non-White populations have
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higher rates of ICAD,8 this would have biased toward the null hypothesis of no difference
in the burden of arterial wall enhancement by HIV status. Third, although the observed
associations between HIV and arterial wall enhancement persisted after accounting for
group differences in the prevalence of several factors, the modest sample size prohibited us
from adjusting for multiple variables concurrently in our models.

In conclusion, we found a greater burden of intracranial arterial wall enhancement in

PWH with ART-treated, virologically suppressed infection compared with HIV-uninfected
individuals. A comprehensive evaluation of cerebrovascular risk in PWH should incorporate
assessment of intracranial large artery disease, including high-resolution VW-MRI as an
adjunct to traditional luminal imaging when feasible.
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A

Figure:
Intracranial arterial wall enhancement on vessel wall MRI (VW-MRI) in participants with

HIV infection. (A) Coronal (solid black arrow) and (B) sagittal (dashed black arrow) views
of eccentric wall enhancement of the left internal carotid artery of a participant with HIV
infection. (C) Eccentric wall enhancement (solid white arrow) of the left vertebral artery
with preserved caliber of the vessel on VW-MRI in another participant with HIV. This
finding would have gone undetected without VW-MRI, as (D) time-of-flight magnetic
resonance angiography showed normal caliber with no luminal narrowing (dashed white
arrow).
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Burden of intracranial arterial wall enhancement in PWH versus HIV-uninfected individuals
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Estimated fold-effect of HIV infection on number of enhancing intracranial arteries (95% P-value
Model 1: Unadjusted 3.94 (1.57-9.88) 0.003
Model 2: Age, sex, race 3.88 (1.46-10.29) 0.006
Model 2 + hypertension 3.83 (1.43-10.26) 0.007
Model 2 + anti-hypertensive use 4.15 (1.52-11.35) 0.006
Model 2 + dyslipidemia 3.67 (1.36-9.91) 0.010
Model 2 + statin use 3.77 (1.41-10.11) 0.008
Model 2 + diabetes mellitus 3.74 (1.39-10.05) 0.009
Model 2 + CHD 3.83 (1.43-10.28) 0.008
Model 2 + ever smoker 3.86 (1.41-10.52) 0.008
Model 2 + ever marijuana use 3.44 (1.14-10.40) 0.029
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