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Normal-pressure hydrocephalus (NPH) is a neurological disease characterized by enlarged cerebral ventricles and

clinical features of gait disturbance, urinary incontinence, and cognitive decline.
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| 1. Introduction

Normal-pressure hydrocephalus (NPH) is a neurological disease characterized by enlarged cerebral ventricles and
clinical features of gait disturbance, urinary incontinence, and cognitive decline RI2IEl Dilation of ventricles is
caused by a disturbance in the cerebrospinal fluid (CSF) pathway from production to absorption locations 4. As the
name of this disease suggests, intracranial pressure (ICP) remains in the normal range most of the time [,
However, the name of normal-pressure hydrocephalus is misleading because continuous monitoring of ICP shows
intermittently raised ICP in association with pressure waves 8. NPH is generally considered to be a disorder of
adult and geriatric patients. Around 5.5 patients per 100,000 population undergo ventriculoperitoneal (VP) shunt
placement for the treatment of NPH annually, representing one of the commonly performed neurosurgical
interventions . VP shunt placement relieves this life-threatening disorder &, but a hypothesis has recently

emerged that treatment of NPH is associated with the development of normal-tension glaucoma (NTG) 2120,

Glaucoma is a chronic, multifactorial optic nerve (ON) disease characterized by progressive retinal nerve fibers and
visual field decline 111, NTG is a subset of open-angle glaucoma in which intraocular pressure (IOP) is normal (IOP
< 21 mmHg), in contrast to high-tension glaucoma (HTG) in which IOP is above 21 mmHg (11112,

The purpose of this article is to review the literature published regarding the association between the treatment of
NPH and the development of NTG, to emphasize the need for neuro-ophthalmic follow-up for patients with shunt-
treated NPH.

| 2. Pathophysiologic Mechanism of ON Damage in NTG

The pathology of glaucoma may worsen progressively and irreversibly even in cases where IOP, the main risk

factor for glaucoma, does not exceed the normal range. Thus, the cause of ON damage in NTG remains a mystery.

It has been suggested that disturbances in ocular blood flow are a major risk factor in the pathogenesis of NTG 13

(241 vascular complication, such as vasospasms, vasosclerosis, small vessel disease, and autoregulatory
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dysfunction, leading to perfusion deficits of the ON head, the retina, the choroid or the retrobulbar vessels, might
influence the loss of retinal nerve fibers 23I13]1, Systemic hypotension, particularly nocturnal arterial hypotension, is
another risk factor that is believed to influence the progression of glaucoma 287 Ocular perfusion pressure is
defined as the difference between arterial blood pressure (ABP) and IOP. Thus, low ABP causes low ocular
perfusion pressure, and this results in ischemic damage to the ON 28, Yet other pathogenetic factors, such as
autoimmunity 189 inflammation 29, and accumulation of toxins [ are believed to contribute to the

development of NTG.

Currently, attention has been focused on the idea formulated by Volkov back in 1976 that a low ICP may be
involved in the pathogenesis of glaucomatous optic neuropathy, because the ON immediately beyond the lamina
cribrosa (LC) is surrounded by CSF [22. Schematic representation of the relevant intraocular/retrolaminar space is

depicted in Figure 1 for the explanation of this hypothesis.

Figure 1. Schematic representation of the relevant intraocular/retrolaminar space. IOP—intraocular pressure, ICP

—intracranial pressure.

The LC is a sieve-like structure, through which the retinal ganglion cell axons pass before forming the ON [23], The
retrolaminar space is a CSF-filled compartment surrounding the ON immediately posterior to the LC 24, The LC

separates the intraocular and retrolaminar spaces and is the possible location of axonal injury.

The pressure change across the LC, called translaminar cribrosa pressure gradient (TCPG), has been proposed to
be the primary factor responsible for axonal injury 24231, TCPG is calculated as TCPG = (IOP-ICP)/thickness of the
LC. According to this hypothesis, TCPG increases due to increased IOP or decreased ICP, and could be
responsible for ON damage 28], In the case of NTG, IOP is within a normal range; therefore, decreases in of ICP

might be the cause of ON damage.
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The first evidence in favor of this hypothesis appeared in 1979, 3 years after the publication by Volkov. In an
experimental study, Yablonski et al. slightly decreased the ICP below the atmospheric pressure by cannulating the
cisterna magma in cats 24, The IOP in one eye was decreased to slightly exceed atmospheric pressure by
cannulation of the anterior chamber, whereas the remaining eye was left untouched. After 3 weeks, the optic disc of
the eye in which IOP was unchanged showed glaucomatous optic neuropathy; in contrast, no sign of glaucoma
was identified in the eye that had reduced IOP. Since then, little attention has been focused on the role of ICP in

the development of glaucoma until recent years.

In a retrospective study, Berdahl et al. reviewed the medical records of 62,468 patients who had lumbar puncture
readings [28. These authors selected 57 open-angle glaucoma patients (including 11 NTG patients) and 105 age-
matched control subjects (patients with no signs of glaucoma) for the comparison of ICP. The mean ICP was
significantly lower in open-angle glaucoma patients (9.6 £ 3.1 mmHg) and NTG patients (9.3 £ 3.2 mmHQ)

compared with control subjects (12.7 + 3.9 mmHg).

In a prospective study, Ren et al. measured ICP via lumbar puncture on 29 HTG patients, 14 NTG patients and 71
subjects without glaucoma 29, The mean ICP was significantly lower in NTG patients (9.5 + 2.2 mmHg) than in the
control subjects (12.9 £ 1.9 mmHg) and HTG group (11.7 £ 2.7 mmHg).

In a prospective pilot study, Siaudvytyte and colleagues measured ICP using a novel two-depth transcranial
Doppler (TCD) based non-invasive ICP measurement device, including nine patients with NTG, nine patients with
HTG, and nine healthy controls BY. The mean ICP was found to be lower in NTG patients (7.4 + 2.7 mmHg) than
healthy controls (10.5 = 3.0 mmHg) and the HTG group (8.9 = 1.9 mmHg), although differences between the

groups were not statistically significant.

In a most recent prospective study, conducted by Linden and colleagues, ICP was measured via lumbar puncture
by using the Likvor CELDA system on 13 NTG patients and 51 healthy volunteers B, The mean ICP measured in
a supine body position was lower in the NTG patients (10.3 = 2.7 mmHg) than healthy volunteers (11.3 + 2.2

mmHg). However, differences between the groups were not statistically significant.

Although all four studies showed lower mean ICP values measured on NTG patients compared with control
subjects, a final conclusion in favor of the proposed hypothesis cannot yet be stated. The largest study was
retrospective, and the remaining three, although prospective, did not enroll a large group of NTG patients and
could be titled pilot studies.

Dysfunction of an occlusion mechanism of the ON sheath around the ON has been proposed recently as a
pathophysiologic component in NTG 2. The unifying glymphatic hypothesis of glaucoma, which incorporates
vascular, biomechanical, and biochemical factors to explain the pathophysiology of glaucomatous optic neuropathy,
has also been proposed [23(33],
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