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Abstract

Glaucomatous damage has been described as a slowly progressive neuronal degenerative process
along the visual pathway. Decreased cerebral and ocular blood flow as well as impaired vascular
autoregulation has been identified in glaucoma and have been shown to correlate with visual field
loss. In low-tension glaucoma patients, diffuse cerebral ischemic changes have been detected
through magnetic resonance imaging. Given these findings, it seems that for some patients,
glaucomatous damage may be the ocular manifestation of a more widespread vascular abnormality
involving the brain rather than a separate process isolated only to the eye and its immediate
vasculature.

Within the central visual pathway, the majority of retinal ganglion cells (RGC) extend axons
through the optic nerve, cross at the chiasm, and follow as optic tracts into the cerebral
cortex to terminate in the lateral geniculate nucleus (LGN) in the thalamus. From here
neuronal projections extend to the primary visual cortex in the occipital lobe via the optic
radiations.

The blood supply to the central visual system is derived from branches of the internal carotid
artery (ICA), including the ophthalmic artery (OA), anterior choroidal artery, anterior
cerebral artery (ACA), and middle cerebral artery (MCA). The posterior cerebral arteries
(PCA) arise off the vertebrobasilar arteries. The OA is the main blood supply to the orbit
and gives rise to ciliary arteries that supply the choroid and optic nerve head and the central
retinal artery that supplies the retina. The ACA goes above the optic chiasm to the medial
surface of the cerebral hemispheres while the MCA provides blood to the entire lateral
aspect of each hemisphere. The anterior choroidal artery runs posteriorly with the optic
tracts and supplies the optic tracts, LGN and optic radiations. The lateral temporal and
occipital lobes are primarily supplied by the PCA off of the vertebrobasilar system where
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changes in blood flow create classic visual field defects, e.g., hemianopsia and visual
agnosia.

It is important to realize that the blood supply to the globe is dependent upon these branches,
the short posterior ciliary and central retinal artery branching off the OA. The short posterior
ciliary arteries in particular supply the choroid and optic nerve head and are vulnerable to
changes in systemic blood pressure, perfusion pressure and vascular dysregulation. Doppler
imaging has demonstrated increased blood flow resistance and decreased blood flow
velocities in the OA and PCAs of patients with primary open angle glaucoma (POAG),
exfoliative glaucoma (XFG) and normal tension glaucoma (NTG) thus suggesting a role that
changes in blood supply can contribute and or correlate with optic nerve head pathology.12

GLAUCOMA AND DEGENERATIVE CHANGES WITHIN THE CENTRAL
VISUAL PATHWAY

In glaucoma, structural RGC loss such as thinning of the retinal nerve fiber layer and optic
nerve head ‘cupping’ can be observed and quantified. Glaucomatous structural damage has
been described further along the central visual pathway, with atrophic changes observed in
the LGN and visual cortex in experimental primate glaucoma models as well as in a human
case study. Functional loss manifesting as visual field deficits have been correlated with
structural neural degenerative changes in the central visual pathway. 3-8 Recently, magnetic
resonance imaging (MRI) of the LGN has been performed in human glaucoma patients in an
attempt to link LGN degenerative changes seen in these previous primate studies to those
observed through human LGN neuroimaging in vivo.” However, given the small sample
sizes it is difficult to determine whether the decreased LGN size visualized in glaucoma
patients is a meaningful measurement of degenerative change or attributable to other disease
processes, aging and or human variation, thus further studies are needed.

VASCULAR INSUFFICIENCY IN GLAUCOMA

In addition to degeneration within the central visual pathway, MRI has demonstrated a
higher prevalence of cerebral white matter lesions and small vessel ischemic changes in both
XFG and NTG when compared to controls. 8- Corpus callosum atrophy has been identified
via MRI in NTG patients in conjunction with cerebral infarcts.1? These findings along with
evidence for coexisting vascular risk factors in the setting of glaucomatous optic nerve
damage may suggest that ischemia is a contributor to glaucoma progression.911.12 |t is
unclear whether altered blood flow in the progression of glaucoma results from a localized
retrobulbar vascular insufficiency or a more extensive central neurologic process involving
the entire cerebral circulation.13

Transcranial Doppler (TCD) measurements of MCA mean and peak systolic blood flow
velocities provide evidence for cerebral vascular insufficiency in the setting of glaucoma.
Harris et al. has described decreased MCA mean and peak systolic blood flow velocities as
well as impaired autoregulation in POAG patients versus normal controls (Fig. 1).14
Additionally, such alterations in cerebral blood flow have also been identified in other types
of glaucoma, with reduced MCA blood flow velocity measurements and impaired cerebral
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autoregulation observed in the setting of both NTG and XFG when compared to healthy
controls. 1516

DECREASED CEREBRAL BLOOD FLOW CORRELATES WITH
GLAUCOMATOUS DAMAGE

Decreased cerebral blood flow has been associated with glaucomatous damage and visual
field deficits. NTG patients with an Alzheimer’s Disease-like (AD) perfusion pattern on
single photon emission computed tomography scan were found to have more rapidly
progressing visual field defects than NTG patients with normal cerebral perfusion patterns.1’
Furthermore, recent research has shown that early structural changes such as loss of nerve
fiber layer tissue in the retina and optic nerve may be an early biomarker of AD. These
deficits in the nerve fiber layer of the retina and optic nerve may be the earliest sign of
AD.18 Thus ‘glaucoma like” changes to the optic nerve may occur earlier in AD before
damage to the hippocampal region that impacts memory. Patients with NTG and
characteristic ischemic changes on brain MRI were found to have deeper depression in the
inferior pericentral visual field as compared to those with NTG and nonischemic brain
MRIs.19

Focal cone electroretinography (ERG) is a useful tool for quantifying central visual function
in the setting of POAG because it examines photoreceptors and bipolar cells. These cells
should be unaffected by glaucomatous damage within the inner retina and optic nerve, and
variations in ERG amplitude may detect ischemic damage to components of the outer retina
which are supplied by the ciliary arteries and choroid.20:21 In patients with POAG,
measurements of MCA mean flow velocity by TCD demonstrated significant correlation
with ERG amplitude, mean sensitivity, mean defect, and contrast sensitivity loss.13 This
study by Harris et al. suggested that reductions in cerebral blood flow are associated with
decreased ERG amplitude.13

CONCLUSION

Data taken from various prospective studies suggest that glaucoma may represent ‘a sick eye
in a sick body.” We propose that, in certain patients, glaucomatous damage may be a
specific organ manifestation of global vascular insufficiency and dysfunction rather than a
separate disease process isolated only to the eye and its immediate vasculature. This may be
especially true in glaucoma patients of African descent who experience both
disproportionate systemic vascular complications and glaucoma pathology. A recent
analysis found significantly lower blood flow values were identified in all retrobulbar blood
vessels in African descent compared to European descent glaucoma patients (Siesky B,
Harris A. Differences in ocular blood flow in glaucoma between patients of African and
European descent. Paper submitted to J Glaucoma). Although the findings discussed here do
not establish a causative relationship between decreased cerebral blood flow and progression
of visual field deficits, they do provide support for this hypothesis and warrant further
investigation. Understanding the relationship between decreased cerebral blood flow and
glaucoma may be relevant in the development of new screening techniques and treatment
strategies to preserve vision in glaucoma patients.
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FIGURE 1.

Mean blood flow velocities in the middle cerebral artery (MCA) in patients with glaucoma
and in those with normal eyes. MCA mean velocity was statistically significantly lower in
glaucoma patients than in controls. Adapted from Harris A, Zarfati D, Zalish M, et al. AmJ
Ophthalmol 2003;135:144-147.
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