Get Clarity On Generics =) messvs

WATCH VIDEO

Dynamic Contrast-Enhanced MRI Reveals

Unique Blood-Brain Barrier Permeability
Characteristicsin the Hippocampusin the
Normal Brain

J. lvanidze, M. Mackay, A. Hoang, J.M. Chi, K. Cheng, C.

Aranow, B. Volpe, B. Diamond and P.C. Sanelli

Thisinformation is current as _
of August 11, 2025. AINR Am J Neuroradiol 2019, 40 (3) 408-411
doi: https.//doi.org/10.3174/gjnr.A5962

http://www.ajnr.org/content/40/3/408


http://www.ajnr.org/cgi/adclick/?ad=57975&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_august2025
https://doi.org/10.3174/ajnr.A5962
http://www.ajnr.org/content/40/3/408

BRIEF/TECHNICAL REPORT
ADULT BRAIN

Dynamic Contrast-Enhanced MRI Reveals Unique Blood-Brain
Barrier Permeability Characteristics in the Hippocampus in the

). Ivanidze, ““M. Mackay, ““’A. Hoang, ““').M. Chi,

ABSTRACT

K. Cheng,

Normal Brain

P.C. Sanelli
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C. Aranow, ““B. Volpe, ““'B. Diamond, and

SUMMARY: We report a prospective dynamic contrast-enhanced MR imaging analysis of region-specific blood-brain barrier permeability

in 5 healthy subjects. By means of standardized postprocessing and ROl sampling methods, the hippocampi revealed significantly elevated

area under the dynamic contrast-enhanced curve and significantly increased blood-brain barrier permeability metrics (volume transfer

constant and volume in the extravascular extracellular space) from model-based quantitation. These findings suggest unique blood-brain

barrier permeability characteristics in the hippocampus, which are concordant with previous animal studies, potentially laying the ground-

work for future studies assessing patient populations in which hippocampal pathology plays a role.

ABBREVIATIONS: BBBP = blood-brain barrier permeability; DCE = dynamic contrast-enhanced; K" = volume transfer constant; SLE = systemic lupus erythem-

atosus; VE = volume in the extravascular extracellular space

he utility of in vivo BBB permeability (BBBP) assessment using

dynamic contrast-enhanced MR imaging has been demon-
strated in a wide range of diseases, including cerebrovascular isch-
emia and Alzheimer disease. The extended Tofts algorithm describes
awell-perfused 2-compartment model, allowing bidirectional trans-
port of contrast between the intravascular space and extravascular
extracellular space and quantitative assessment of BBBP parameters,
including volume transfer constant (K"™") or intravascular space-
to-extravascular extracellular space flux per tissue volume, and vol-
ume in the extravascular extracellular space (VE).

In humans, region-specific BBBP data are limited and hetero-
geneous, given region-specific differences in microvascular archi-
tecture and in BBB-related protein expression profiles."* The
hippocampus exhibits unique anatomic and physiologic proper-
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ties” and unique perfusion characteristics with dual arterial blood
supply from the anterior and posterior circulation.* Recent hu-
man studies in systemic lupus erythematosus correlated cognitive
decline with region-specific abnormal findings in the hippocam-
pus with FDG-PET.” Additionally, animal studies have revealed
increased protein expression of CD36, matrix metalloproteinase-13,
and osteopontin correlated with increased hippocampal BBBP,® and
dynamic contrast-enhanced (DCE)-MR imaging—derived baseline
contrast enhancement curves were highest in the hippocampi in con-
trol subjects.” The purpose of our study was to evaluate region-spe-
cific BBBP metrics in healthy human subjects.

MATERIALS AND METHODS

Subject Cohort

In this prospective institutional review board (Department of Radi-
ology, Northwell Health)—approved study, 6 subjects underwent
DCE-MR imaging and clinical and neuropsychological evaluations
under an ongoing National Institutes of Health/National Institute of
Allergy and Infectious Diseases protocol, 1IPO1A1073693. Exclusion
criteria were active or prior neuropsychiatric symptoms; use of anti-
depressant, antipsychotic, or anxiolytic drugs; or a history of exces-
sive alcohol or illicit drug use.

Data Acquisition

All subjects underwent DCE-MR imaging on a 3T magnet (Siemens
Prisma, Erlangen, Germany). MR imaging sequences included 3D-
TIWI (0.9 X 0.9X 0.9 mm resolution, 256 X 256 X 240 matrix size,
and 0.9-mm slice thickness), axial T2ZWTI, FLAIR, and susceptibility-
and diffusion-weighted imaging according to standard departmental
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FIG 1. Illustration of ROI placement in a representative subject. ROls were placed onto coregistered axial TI-weighted images in the following
regions: hippocampus (A), orbitofrontal (), prefrontal (C), and anterior putamen/caudate and posterior putamen/thalamus (D). Mirror ROIs
were placed for bilateral sampling. Region-specific DCE curves were generated.
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pus, orbitofrontal and prefrontal regions,
anterior putamen/caudate (including the
globus pallidus and anterior limb of the
internal capsule), and posterior putamen/
thalamus (including the globus pallidus
and posterior limb of the internal capsule)
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) (Fig 1), and meticulous care was taken not
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to include vascular structures, the choroid
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el with CBF values of >100 mL/100 g/min
were excluded from the statistical analysis
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Putamen/GP/Thalamus structures.® Mirror ROIs were placed, and

s ATHEHEE PULEIER region-specific DCE curves were gener-
ated. The average size of the ROIs sam-
pling each brain region was the following:
hippocampus, 45 mm?; orbitofrontal, 454
mm?; prefrontal, 654 mm?; anterior puta-

men/caudate, 280 mm?; and posterior pu-

tamen/thalamus, 530 mm?.

FIG 2. DCE curves in healthy control subjects, stratified by brain region. The hippocampi dem-
onstrate statistically significantly higher areas under the curve compared with all other regions,

indicating higher BBB permeability under normal conditions.

protocols. Whole-brain permeability imaging was performed using a
DCE technique with 22-slice axial 3D spoiled gradient-recalled TIWI
sequences at 0.5 X 0.5 X 5 mm resolution and 80 cine phases using
TR = 25 ms, TE = 3.8 ms, FOV = 24 mm.

Data Analysis
Postprocessing into K**** (mL/100 g/min), VE (mL/100 g), and
CBF (mL/100 g/min) parametric maps was performed using Olea
Sphere (Olea Medical, La Ciotat, France) with the Tofts extended-
permeability model by trained research personnel. The postpro-
cessing technique was standardized with the arterial input func-
tion placed at the center of the cavernous internal carotid artery.
A standardized method was used for selective ROI placement by
trained research personnel directly supervised by a board-certified
neuroradiologist (with 19 years of experience). ROIs were placed
onto coregistered axial T1-weighted images sampling the hippocam-

Statistical Analysis

For statistical analysis, region-specific
K™ VE, and CBF means and SDs were
computed. ANOVA was performed to
determine statistical differences. The mean DCE curves for each
brain region were generated. The area under the curve was com-
puted in reference to the baseline before contrast arrival. The
mean area under the curve was compared among brain regions
using pair-wise t test statistics. P values <.05 were considered
statistically significant.

RESULTS
Five subjects were included in the statistical analysis, with a total
of 50 region-specific ROIs. One subject was excluded from statis-
tical analysis due to motion degradation precluding postprocess-
ing. The average age was 34.2 * 10.5 years. All neuropsychological
screening scores were within the normal range.

When we compared the generated mean DCE curves for each
brain region across all subjects, the hippocampus demonstrated
increased BBBP compared with all other regions (Fig 2). The mul-
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tiple pair-wise ¢ test comparisons revealed statistically significant
higher areas under the curve for the hippocampus compared with
the orbitofrontal (P < .001) and prefrontal (P < .001) regions,
anterior putamen/caudate (P < .002), and posterior putamen/
thalamus (P < .001). This pattern was also observed across the
individual subject data and was maintained even when brain re-
gions were separated by right and left sides.

The model-based quantitative data in the hippocampus region
yielded a mean K™ 0£0.019 * 0.049 and a mean VE of 0.008 +
0.016, respectively. In contrast, the other sampled brain regions
demonstrated a mean K™ of 0 + 0 and mean VE of 0 * 0 for
both K™ and VE. ANOVA revealed a significantly increased
BBBP in the hippocampal region compared with all other brain
regions (P = .03). Additionally, the hippocampi demonstrated
the highest variability in quantitative data.

DISCUSSION

The BBB plays a critical role in limiting the entry of blood-derived
toxins, pathogens, and cells into the brain. Our study investigated
region-specific BBB permeability in healthy subjects, suggesting
unique characteristics in the hippocampal region derived from
the model-based quantitative analysis and area under the DCE
curve. The DCE curve comprises 4 phases: 1) the initial rapid rise
of the curve, depending on tissue perfusion flow rate; 2) the early
peak, depending on tissue blood volume; 3) the downslope, de-
pending on leakage into the interstitium; and 4) the later plateau
phase, depending on the interstitial volume after return of the
contrast agent into the blood compartment.” Most important, the
area under the DCE curve is affected by both perfusion (CBV,
CBF) and permeability (K", VE) characteristics.

A review of the literature revealed that increased BBBP in the
hippocampus has been previously demonstrated with DCE-MR
imaging in control subjects in a mouse model of BBB disruption,
in which histologic assessment of BBB integrity served as the ref-
erence standard.” Because the hippocampal microvasculature is
supplied from both the anterior and posterior circulation,* hypo-
thetic explanations have related the increased susceptibility of the
hippocampus to cerebrovascular autoregulatory dysfunction that
has been similarly described in the sympathetic vascular innerva-
tion of the posterior circulation.'® Most important, there is mo-
lecular evidence for elevated expression of biomarkers of BBB
disruption in the hippocampus.®

Another potential contributory factor is the concept of selec-
tive neuronal vulnerability of hippocampal neurons, which de-
scribes hippocampal neurons in the cornu ammonis 1 region as
most sensitive to neurodegeneration cascades occurring in Alz-
heimer disease'' and demonstrating heightened sensitivity to ox-
idative stress,'? cerebral ischemia,'” and toxic-metabolic and in-
flammatory processes.'* This selective neuronal vulnerability can
manifest in deficient DNA repair, calcium dysregulation, and glu-
tamate hyperactivity in hippocampal neurons.'” Age-related hip-
pocampal BBB breakdown has been demonstrated in individuals
with mild cognitive impairment as well.'® In a mouse model of
Alzheimer disease, microvascular impairment was found as a con-
sequence of increased B amyloid deposition.'” In patients with
systemic lupus erythematosus, anti-DNA and anti-N-methyl-D-
aspartate—receptor antibodies crossing the BBB were associated
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with abnormal findings on hippocampal imaging and memory
dysfunction. '8 Furthermore, there is evidence that these antibod-
ies were found to contribute to hippocampal neuronal apoptosis
in patients with neuropsychiatric systemic lupus erythemato-
sus.”'? However, BBBP characteristics in the hippocampus com-
pared with other distinct brain regions have not been previously
described in healthy individuals, to our knowledge.

Even though our pilot study was adequately powered for the
primary analysis, caution should be exercised not to overinterpret
these results, given the small sample size demonstrating unique
BBBP characteristics in the hippocampus. Given the challenge in
avoiding choroid plexus contamination to obtain absolute ROI
sampling of the hippocampal region, meticulous attention or in-
novative methods or both are warranted in further studies evalu-
ating BBBP characteristics of the hippocampus in healthy and
diseased subjects. Our findings are concordant with previous an-
imal and human studies assessing hippocampal BBBP in neuro-
degenerative and neuroinflammatory diseases because increased
baseline hippocampal vulnerability suggests that BBB disruption
in the hippocampus may potentially contribute to early patho-
physiologic disease manifestations. Most important, larger cohort
studies in healthy individuals are needed to further substantiate
these findings.

CONCLUSIONS

We evaluated region-specific DCE-MR imaging— derived BBBP in
healthy subjects, which suggests unique BBBP characteristics in
the hippocampus, concordant with prior animal studies. This
work may help further our understanding of specific brain re-
gions susceptible to neurologic diseases affecting the BBB. Larger
scale prospective studies evaluating hippocampal BBBP charac-
teristics are needed to confirm these findings and potentially in-
corporate them into diagnostic and therapeutic strategies.
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