
EDITORIAL

Blood–ocular barrier leakage
Further evidence for remote effects following ischemic stroke
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Acute stroke has a major effect on the cerebral vasculature with disruption of the neurovascular
unit, leading to vasogenic edema. Breakdown of the blood–brain barrier (BBB) in ischemic
stroke occurs in the early phases of ischemia, and is accentuated by IV treatment with
recombinant tissue plasminogen activator, which increases the risk of hemorrhagic trans-
formation and intracerebral hemorrhage.1,2 In a serendipitous observation using fluid-
attenuated inversion recovery (FLAIR) MRI, gadolinium-DTPA enhancement of the CSF
space overlying the ischemic tissue indicated greater stroke severity, increased age of the
patient, and reperfusion injury. They called this phenomenon hyperintense acute reperfusion
marker (HARM), and now Hitomi et al.3 have extended the original study to show enhance-
ment of the structures in the eye. In addition to the endothelial blood–CNS barriers that
maintain CNS homeostasis, regulate nutrition and detoxification, as well as immune cell traf-
ficking into the brain and CSF, blood–ocular barriers (BOBs) protect the compartments of the
eye.4

Monocular visual symptoms occur infrequently in clinical stroke, but may in acute internal
carotid artery occlusion in the absence of ophthalmic collateral flow. The inner blood–retina
barrier (iBOB) undergoes permeability changes upon acute and chronic ischemia with leakage
readily assessed by fluorescence angiography. Less is known about the ischemic response of the
outer blood–retina barrier, the retinal pigment epithelium, and the blood–aqueous barrier.

In this issue of Neurology®, Hitomi et al.3 describe their analysis of a sample of 167 patients for
the presence of gadolinium enhancement of ocular structures, which they termed gadolinium
leakage into ocular structures (GLOS), as seen at 2 and 24 hours following cerebral ischemia.
Overall, they found GLOS in more than 76% of patients regardless of whether or not they
received recombinant tissue plasminogen activator (79% vs 71%). Most GLOS findings
appeared in both eyes, suggesting a systemic phenomenon. Two patients had complete
asymmetry, with GLOS found in the eye contralateral to the ischemic hemisphere. Early
contrast leakage occurred mostly into the aqueous chamber alone (67%), whereas only 6% of
patients showed vitreous chamber enhancement alone, and 27% demonstrated GLOS in both
chambers. At 24 hours, the pattern essentially reversed, with GLOS involving the vitreous
chamber in 75% and the aqueous chamber in only 6%. Factors associated with increased
permeability of iBOB included increasing age and a higher burden of cerebral white matter
hyperintensities, while larger infarcts and greater BBB permeability associated with diffuse
GLOS involving both chambers at 2 hours.

Degradation of the basal lamina and extracellular matrix, by matrix metalloproteinases (MMPs)
with contributions from free radicals and neuroinflammatory cells, results in BBB opening.
These changes may lead to long-term increases in permeability following ischemia, lasting at
least 3 weeks5 (and may also be impaired in forms of neurodegeneration6). TheMMPs are both
produced endogenously in response to ischemia, and systemically in monocytes. HARM is
associated with a systemic increase inmonocytes, which containMMPs that could contribute to
both the BBB and BOB opening.7
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Barrier biology depends on the neuroendocrine environment
for its function and response to pathology such as ischemia.
The 3 BOBs share cellular, structural, and neuroendocrine
constituents with the BBB and blood–CSF barrier, such as
tight and adherence junctions and many endothelial trans-
porters. The astrocytes in the brain and Müller cells in the
retina serve as the main endocrine source driving specific
barrier development and maturation, and differences in the
number of these cells may account for differences in barrier
function. In ischemic stroke, contrast leakage to the CSF
results in HARM; blood–CSF barrier leakage shares similar-
ities with the blood–aqueous barrier.

Assessing barrier function by postcontrast FLAIR sequences
has its pitfalls. This sequence has high sensitivity for detecting
small amounts of gadolinium leakage into fluids, such as the
CSF, aqueous, and vitreous body; machine adjustments may
control for these, but it requires control for eye movements
and fat saturation in addition to FLAIR. In this study,
gadolinium-contrast agents circulated for 2 hours after the
first baseline scan in order to cross the barriers. Gadolinium
chelates, when entering the brain parenchyma with its di-
minished extracellular space and fluid due to stroke edema,
will have less signal in FLAIR, thus potentially under-
estimating leakage.

The present study demonstrates a widespread effect of focal
cerebral ischemia on all neurovascular barriers, albeit with
variable magnitude. This phenomenon may relate to the ob-
served widespread stroke-induced neurodegeneration, as well
as the neurovascular component observed in vascular cogni-
tive impairment and in Alzheimer disease, especially with
mixed pathology.8,9 Thus, restoration of barrier function after
stroke, especially in those with hypertension, may prove an
important target for preventing long-term sequelae of stroke.

Neurologists have long observed hypertension induced
changes of the retinal vasculature that correlates well with the
hypertensive disease. Fluorescein angiography and ocular
coherence tomography can also show contrast leakage of the
iBOB and retinal edema with the advantage of allowing re-
peated measures. In 2016, ocular coherence tomography an-
giography, based on the variable backscattering of light from
the vascular and neurosensory tissue in the retina, was ap-
proved by the Food and Drug Administration for medical use,
allowing an in-depth view of not only the superficial retinal

vessels but the deep vascular plexus, perhaps more equivalent
to the brain’s microcirculation and BBB.10 While it may prove
impractical to perform multiple FLAIR MRI studies to assess
the leakage of contrast in the eye with the goal of un-
derstanding the changes in the brain, these newer techniques
may provide similar answers.
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