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Abstract: Ventriculoperitoneal shunt placement is the most commonly used treatment of normal-

pressure hydrocephalus (NPH). It has been hypothesized that normal-tension glaucoma (NTG) is 

caused by the treatment of NPH by using the shunt to reduce intracranial pressure (ICP). The aim 

of this study is to review the literature published regarding this hypothesis and to emphasize the 

need for neuro-ophthalmic follow-up for the concerned patients. The source literature was selected 

from the results of an online PubMed search, using the keywords “hydrocephalus glaucoma” and 

“normal-tension glaucoma shunt”. One prospective study on adults, one prospective study on chil-

dren, two retrospective studies on adults and children, two case reports, three review papers in-

cluding medical hypotheses, and one prospective study on monkeys were identified. Hypothesis 

about the association between the treatment of NPH using the shunt to reduce ICP and the devel-

opment of NTG were supported in all reviewed papers. This suggests that a safe lower limit of ICP 

for neurological patients, especially shunt-treated NPH patients, should be kept. Thus, we proposed 

to modify the paradigm of safe upper ICP threshold recommended in neurosurgery and neurology 

into the paradigm of safe ICP corridor applicable in neurology and ophthalmology, especially for 

shunt-treated hydrocephalic and glaucoma patients. 

Keywords: normal-pressure hydrocephalus; normal-tension glaucoma; ventriculoperitoneal shunt; 

intracranial pressure; lamina cribrosa 

 

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 [1–3]. Dilation of ventricles is caused by a disturbance in the cere-

brospinal 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 [5]. However, the name of normal-pressure hydrocephalus is misleading because 

continuous monitoring of ICP shows intermittently raised ICP in association with pres-

sure waves [6]. NPH is generally considered to be a disorder of adult and geriatric pa-

tients. Around 5.5 patients per 100,000 population undergo ventriculoperitoneal (VP) 

shunt placement for the treatment of NPH annually, representing one of the commonly 
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performed neurosurgical interventions [7]. VP shunt placement relieves this life-threaten-

ing disorder [8], but a hypothesis has recently emerged that treatment of NPH is associ-

ated with the development of normal-tension glaucoma (NTG) [9,10]. 

Glaucoma is a chronic, multifactorial optic nerve (ON) disease characterized by pro-

gressive retinal nerve fibers and visual field decline [11]. 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 [11,12]. 

The purpose of this article is to review the literature published regarding the associ-

ation 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. 

1.1. 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 [13,14]. Vascular complication, such as vasospasms, vasosclero-

sis, small vessel disease, and autoregulatory 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 [13,15]. Systemic hypotension, particularly nocturnal arterial hypoten-

sion, is another risk factor that is believed to influence the progression of glaucoma [16,17]. 

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 [16]. Yet other pathogenetic factors, such as autoimmunity 

[18,19], inflammation [20], and accumulation of toxins [21], 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 Fig-

ure 1 for the explanation of this hypothesis. 

 

Figure 1. Schematic representation of the relevant intraocular/retrolaminar space. IOP—intraocu-

lar pressure, ICP—intracranial pressure. 
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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 sur-

rounding 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 [24,25]. 

TCPG is calculated as TCPG = (IOP-ICP)/thickness of the LC. According to this hypothe-

sis, TCPG increases due to increased IOP or decreased ICP, and could be responsible for 

ON damage [26]. In the case of NTG, IOP is within a normal range; therefore, decreases 

in of ICP might be the cause of ON damage. 

The first evidence in favor of this hypothesis appeared in 1979, 3 years after the pub-

lication by Volkov. In an experimental study, Yablonski et al. slightly decreased the ICP 

below the atmospheric pressure by cannulating the cisterna magma in cats [27]. 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 mmHg) 

compared with control subjects (12.7 ± 3.9 mmHg). 

In a prospective study, Ren et al. measured ICP via lumbar puncture on 29 HTG pa-

tients, 14 NTG patients and 71 subjects without glaucoma [29]. The mean ICP was signif-

icantly 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, in-

cluding nine patients with NTG, nine patients with HTG, and nine healthy controls [30]. 

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 [31]. 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, alt-

hough 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 [32]. The unifying glym-

phatic hypothesis of glaucoma, which incorporates vascular, biomechanical, and bio-

chemical factors to explain the pathophysiology of glaucomatous optic neuropathy, has 

also been proposed [25,33]. 

1.2. Association between NPH and NTG 

The possible role of decreased ICP in the development of NTG is relevant to the treat-

ment of NPH. Guidelines for the management of NPH indicate that the most effective 
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treatment is surgical procedures during which either ventriculoperitoneal, ventricu-

loatrial, or lumboperitoneal shunts are implanted [34]. According to structural features, 

the shunt systems are categorized into four groups: fixed differential pressure valves, pro-

grammable valves, gravity-assisted valves, and flow-regulated valves. Currently, there is 

no generally established method for setting the initial valve pressure value. Low pressure 

(0.4–3.7 mmHg) or medium pressure (3.8–8.1 mmHg) fixed differential pressure valves 

have been recommended and used [34]. Reference tables to set the initial pressure value 

of the programmable valves based on the patient’s height and weight have been suggested 

[34,35]. These pressure values range from 2.2 mmHg to 14.7 mmHg for males and females. 

Mean ICP values measured on NTG patients (9.3 ± 3.2 mmHg [28], 9.5 ± 2.2 mmHg [29], 

7.4 ± 2.7 mmHg [30], 10.3 ± 2.7 mmHg [31]) are even higher compared to recommended 

initial pressure values of valves used to treat NPH patients. 

A question can be raised as follows: does the treatment of NPH by using the shunt to 

reduce ICP cause NTG? To find the answer, we have performed an online literature search 

in the database PubMed using the following search terms: “hydrocephalus glaucoma”, 

“normal-tension glaucoma shunt”. The references and citation indices of the selected ar-

ticles were hand-searched for additional relevant articles. Papers have been included in 

this review after first screening the titles and later reading relevant abstracts with whole 

articles. One prospective study on adults, one prospective study on children, two retro-

spective studies on adults and children, two case reports, three review papers, and one 

prospective study on monkeys were found to be relevant to the question of this paper. A 

structured comparative description of the studies is depicted in Table 1. 

Table 1. Summary of those studies analyzing the association between the treatment of normal-pressure hydrocephalus 

using a shunt to reduce intracranial pressure and development of normal-tension glaucoma. Review papers are not in-

cluded in this table. 

Study Method Sample Size Age, Years Study Group 
Control 

Group 
Time Frame 

Glaucomatous 

Damage 

Gallina P, et 

al. [26]  
Prospective study 

12 males, 10 

females 

Range of 68–

87 years 
22 adult - 6 months 9 patients 

Yang D, et 

al. [36]  
Prospective study 

9 male 

Rhesus 

monkeys 

An average 

age of 6 years 

4 Rhesus 

monkeys 

5 Rhesus 

monkeys 
12 months 3 Rhesus monkeys 

Rudolph D, 

et al. [37] 
Prospective study 

32 boys, 24 

girls 

An average 

age of 15 

years 

56 children - 12 months 13 patients  

Chang TC 

and Singh 

K. [38]. 

Retrospective 

study 

67 males, 77 

females 

An average 

age of 75 

years 

72 adult 72 adult 132 months 13 patients  

Heinsberge

n I, et al. 

[39]  

Retrospective 

study 

67 males, 52 

females 

Range of 1–5 

years 
119 children - 96 months N/S 

Chen BH, et 

al. [40]  
Case report 1 female 93 1 adult - 162 months 1 patient 

Yusuf IH, et 

al. [41]  
Case report 1 male 27 1 adult - 300 months 1 patient 

N/S: not specified. 

1.3. Prospective Studies 

The prevalence of NTG in patients with NPH who had implanted VP shunt for the 

treatment was estimated by Gallina et al. [26]. The extent of the ON exposure (time be-

tween the shunt placement and ophthalmic examination) to the change of the pressure 
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difference IOP-ICP in relation to NTG occurrence was also evaluated in this study. Nine 

of 22 patients had NTG, which is 40-fold more compared with the general elderly popu-

lation without NPH. The authors concluded that the main risk factor for the development 

of NTG in shunt-treated NPH patients is the duration of ON exposure to the lowering of 

ICP. According to the authors of this study, the next step should be the determination of 

tolerated times for a given ICP decrease. 

Retinal nerve fiber layer (RNFL) thickness and neuroretinal rim area (NRA) of the 

ON head were examined after reduction of ICP on Rhesus monkeys [36]. Lumbar-perito-

neal CSF shunt was implanted in nine monkeys. The shunt was opened to achieve roughly 

3 mmHg of ICP in four monkeys, while the shunt was left closed in five monkeys. A fol-

low-up of 1 year was done by taking optic coherence tomography and photographic im-

ages of the ON head and RNFL of all monkeys. At the beginning of the study, RNFL 

thickness and NRA did not differ significantly between groups of monkeys with an 

opened shunt and closed shunt. During a follow-up, two monkeys with an opened shunt 

(50%) demonstrated a progressive reduction in RNFL thickness in both of their eyes, fol-

lowed by a significant reduction in the NRA. An optic disc hemorrhage was identified at 

the fourth month after the beginning of the study in the right eye of the third monkey with 

an opened shunt. Mean RNFL thickness was significantly less in the monkeys with 

opened shunt 89.4 ± 15 µm than in the monkeys with closed shunt 100.9 ± 7.4 µm at the 

end of the study. The authors of this study concluded that their findings support the con-

cept that a low ICP might be a risk factor in all forms of optic neuropathy, including glau-

coma. 

Visual field examination has been performed in children with shunt-treated hydro-

cephalus by Rudolph et al. [37]. A total of 56 ophthalmological examinations were per-

formed on 32 boys and 24 girls. Visual field testing was possible in 44 cases. The exami-

nation was incomplete in 12 patients with cognitive deficits or inadequate compliance. 

Visual field deficits were observed in 24 patients which is 54.5% of all completed exami-

nations. There were visual field constrictions between 10 degrees and 50 degrees out of 

the center. The authors concluded that children with shunt-treated hydrocephalus have 

an increased risk of ophthalmological abnormalities and should be more intensively oph-

thalmologically monitored. 

1.4. Retrospective Studies 

Electronic medical records of 72 NPH patients and 72 controls were retrospectively 

analyzed by Chang and Singh to test the hypothesis that the prevalence of glaucoma is 

higher in patients with NPH compared to adult age-matched and race-matched controls 

[38]. These authors estimated that the prevalence of glaucoma in NPH was 18.1% (13 

cases) in contrast to 5.6% (four cases) in controls. Authors of this retrospective study con-

cluded that the three-fold greater likelihood of glaucoma diagnosis in the NPH group is a 

significant finding that deserves further prospective study. However, the number of NTG 

cases was unknown. Thus, the prevalence of NTG in NPH patients was not determined. 

Also, the distinction between shunt-treated and non-shunt treated patients was not per-

formed, which made it impossible to separate cases of glaucoma associated with CSF di-

version. 

Medical records of 137 shunted hydrocephalic children patients were retrospectively 

reviewed by Heinsbergen et al. to identify the main risk factors for outcome [39]. The type 

and prevalence of impairment, including visual function, was also listed. One-hundred-

nineteen patients were included in the analysis. The diagnosis of hydrocephalus was 

made in 90% of the patients before the age of 1 year and in rest after 1 year of age. The 

median age at the assessment of the outcome was 5 years. It was found that 25% of all 

patients were diagnosed with visual function impairment. 
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1.5. Case Reports 

NTG was diagnosed in a 93-year-old white woman in May 2000 [40]. A VP shunt 

with a programmable valve set at 8.8 mmHg had been placed in this patient for the treat-

ment of NPH in September 2011. Two optic disc hemorrhages were detected in the right 

eye and worsening of visual fields in both eyes was noted 1 month after implantation of 

the VP shunt. The pressure value of the programmable valve was increased up to 14.7 

mmHg. After this, ophthalmic examination showed that disc hemorrhages in the right eye 

had disappeared. Pressure setting of the VP shunt was decreased multiple times because 

the patient developed signs of NPH; first, from 14.7 to 13.2 mmHg in November 2011; 

second, from 13.2 to 11.8 mmHg in December 2011; third, from 11.8 to 11.0 mmHg in Jan-

uary 2012; and fourth, from 11.0 to 10.3 mmHg in February 2012. A new optic disc hem-

orrhage was detected in the right eye, and again worsening of visual fields in both eyes 

was noted in August 2012. Optic disc hemorrhage was identified in the left eye in Septem-

ber 2013. At this time, the pressure setting of the VP shunt was increased to 11.0 mmHg. 

No disc hemorrhages were visible in November 2013. The authors concluded that this case 

is the first report of worsening of NTG obviously caused by lowering the ICP after im-

plantation of the VP shunt for the treatment of NPH. 

A 2-year-old boy developed hydrocephalus after the treatment of malignant 

pineoblastoma [41]. VP, ventriculopleural, and ventriculoatrial shunts were placed in suc-

cession for the treatment of hydrocephalus. The patient underwent eight shunt revisions 

in a period of 25 years, during which ICP values below the normal range according to the 

age of the patient have been identified at last six revisions. A diagnosis of juvenile-onset 

NTG was made in his only seeing left eye after detailed ophthalmic examinations. A pro-

grammable shunt has been implanted in the patient at the age of 27 years to relieve head-

aches and reduce the risk of progressive glaucomatous visual loss. Four weeks after the 

implantation, the ICP had stabilized at 6 to 13 mmHg, which approximately falls into the 

normal ICP range at that age (8 to 15 mmHg). The authors concluded that this case de-

scribes a human model of juvenile-onset NTG caused by low ICP, in which all other 

non-IOP-dependent pathophysiological mechanisms have been excluded. 

1.6. Review Papers including Medical Hypotheses 

Bokhari and Baeesa described the clinical and theoretical basis for their hypothesis 

after reviewing literature regarding the increased prevalence of glaucoma among NPH 

patients treated using a CSF diversion procedure [9]. The authors hypothesized that be-

sides the recently included pathophysiologic mechanism of TCPG increase in the patho-

genesis of NTG, inherently fragile neurons in NPH patients could be another possible rea-

son for an increased prevalence of glaucoma. The authors even suggested including TCPG 

into the treatment guidelines of NPH. They expect that recent advances in the imaging of 

the ON head complex might provide an opportunity to detect the mechanical changes of 

an increased TCPG before ON damage happened. 

Wostyna et al. have reviewed the literature and discussed low ICP as a risk factor for 

the development of NTG [42]. As the authors of this paper revealed growing evidence of 

the important role of low ICP in the pathogenesis of glaucoma, including the development 

of NTG after treatment of NPH, they hypothesized that in the future, glaucoma could be 

treated from the intracranial compartment side of the LC. The authors proposed an im-

plantable CSF pump—an invasive system to infuse artificial CSF into the intrathecal space 

surrounding the spinal cord, thus increasing the ICP—as a novel strategy for the treatment 

of glaucoma. 

McCulley et al. summarized the published works regarding relationships between 

ICP and glaucoma and the current evidence supporting or denying ICP as a risk factor for 

glaucoma [24]. Association between NTG and treatment of NPH by the CSF shunting pro-
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cedure that reduces ICP was also discussed. The authors concluded that already pub-

lished data support the notion that low ICP is a risk factor for glaucoma and might be 

responsible for the increased rate of NTG observed in NPH patients. 

2. Results 

The hypothesis about the association between the treatment of NPH using a shunt to 

reduce ICP and development of NTG is supported in all above-reviewed retrospective 

studies, case reports, and review papers. However, these works do not belong to the 

first-level of evidence in evidence-based medicine. Three prospective studies—with 

first-level evidence, although all including relatively small sample size (22 adult humans 

[26], 44 children [37], 9 Rhesus monkeys [36])—also revealed a convincing link between 

the reduction of ICP and development of NTG. Summarizing all of these results, it seems 

that a safe lower limit of ICP for neurological patients, especially shunt-treated NPH pa-

tients, should be retained. If so, the paradigm of a safe upper ICP threshold (as recom-

mended in neurosurgery ICP < 20 mmHg [43,44] or ICP < 22 mmHg [44,45], and neurology 

ICP < 14.7 mmHg [46,47]) should be modified into the paradigm of safe ICP corridor ap-

plicable in neurology and ophthalmology, especially for shunt-treated hydrocephalic and 

glaucoma patients, to avoid progression of NTG. 

Although the ICP upper threshold values used to initiate treatment in neurosurgery 

were recommended many years ago, these are still debatable [44]. Whereas no data are 

available to formulate recommendations of lower ICP thresholds used to minimize or 

eliminate the risk of NTG development. There is no well-established technique to set 

initial postoperative valve pressure value. Reference tables to set the initial pressure value 

of programmable valves based on the patient’s height and weight have been suggested 

without considering the risk of NTG development [34,35]. These pressure values range 

from 2.2 mmHg to 14.7 mmHg, both for males and females. Postoperative measurement 

of ICP using an invasive external ventricular drain or an intraparenchymal monitor is 

undesirable for shunt-treated patients because of a too high risk of infection, restricted 

mobility, and short-term use, among other reasons [48]. Most of the time, anamnesis, 

clinical examination, imaging studies, and the physician’s judgment are used to adjust 

valve settings for proper CSF drainage. However, measurement of ICP would be valuable 

in postoperative shunt complications, shunt occlusion, infection, headache, and subdural 

hematoma, among other scenarios. 

Gallina et al. suggested not searching for a threshold of ICP itself, but a threshold of 

IOP–ICP difference (ΔP) multiplied by exposure time (t) of such a difference, because they 

found that duration of ON exposure to the lowering of ICP is very influential for the 

development of NTG in shunt-treated NPH patients [26]. First-level evidence studies will 

be needed to derive these threshold values. 

While IOP measurement, although indirect, is non-invasive and easily obtained by 

using an applanation tonometer, ICP measurement is complicated because invasive 

procedures, which can be done by a neurosurgeon, are needed to obtain a reliable ICP 

value. ICP measurement by non-invasive means would enable better postoperative 

management of shunt-treated patients and would encourage future studies for the search 

of safe lower ICP or upper ΔP×t threshold values. Plenty of the suggested non-invasive 

ICP assessment approaches, such as measurement of the pulsatility index in the middle 

cerebral artery, fundoscopy, measurement of the optic nerve sheath diameter, magnetic 

resonance imaging and assessment of tympanic membrane displacement, are unable to 

measure absolute ICP value accurately and have not been used in clinical studies for the 

NTG diagnosis [49,50]. We identified only one (recently published) study on glaucoma 

patients in which ICP has been measured in a non-invasive manner [30]. A promising 

two-depth TCD device has been used for the non-invasive measurement of ICP in this 

prospective pilot study. The accuracy, precision, diagnostic sensitivity, and specificity of 

this non-invasive ICP technology have been independently tested on neurological 

patients by various groups [51–53]. Although, the results showed fair agreement to 
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invasively measured ICP with normal, high, or slightly elevated ICP in neurological 

patients, there is no accurate validation of this technology in a lower range of ICP (0–8 

mmHg) tested in NTG patients. 

Future advances in two-depth TCD non-invasive ICP measurement technology or 

other should allow searching for safe lower ICP thresholds which would enable NPH 

treatment without or with minimal risk of NTG development and would put the 

paradigm of a safe ICP corridor into clinical practice. 

While ICP has recently been considered to influence the development of glaucoma, 

yet another physiological mechanism also from the intracranial compartment, 

cerebrovascular autoregulation (CA), started to emerge as a factor that might play a role 

in the pathogenesis of glaucomatous optic neuropathy [54,55]. 

3. Conclusions 

The available data suggest that there is a link between the treatment of NPH using a 

shunt to reduce ICP and the development of NTG. Unfortunately, there are no published 

data on a safe lower ICP patient-specific threshold, which would help to improve NPH 

patients while the risk of NTG development would be minimal. Definitively validated 

non-invasive measurement of ICP would encourage searching for such threshold values. 

A limited amount of data also suggests that CA might play a role in the pathogenesis 

of glaucomatous optic neuropathy. Prospective CA monitoring studies on NPH patients 

who have a risk of NTG development are now needed. 
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