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Abstract
Normal tension glaucoma (NTG) is an exception in the “glaucoma family” where the major risk factor, increased intraocular
pressure, is missing. If not increased intraocular pressure, then what other causes can then lead to glaucomatous optic disc
change and visual field loss in NTG? Several possibilities will be discussed. Among them a higher sensitivity to normal
pressure, vascular dysregulation, an abnormally high translaminar pressure gradient and a neurodegenerative process due to
impaired cerebrospinal fluid dynamics in the optic nerve sheath compartment. There are many excellent review papers
published on normal tension glaucoma (NTG). The aim of this paper is therefore not to add another extensive review on
NTG but rather to focus on and to discuss some possible mechanisms that are thought to be involved in the pathophysiology
of NTG and to discuss the stronger and weaker aspects of each concept. The fact that several concepts exist suggests that
NTG is still not very well understood and that no single mechanism on its own might adequately explain NTG.

Introduction

The term “normal tension glaucoma“, to begin with, is
somehow an unhappy one, as historically the term glau-
coma is strongly associated with elevated intraocular pres-
sure (IOP). Elevated IOP is considered to be the mechanical
force causing optic disc cupping and visual field loss due to
pressure-induced damage to retinal ganglion cells and ret-
inal axons. Therefore, whenever the term glaucoma is
involved, one tends to associate it with the mechanical force
pressure. But the concept of NTG is neither understood nor
is it solved by looking at pressure as a sole cause [1–4].
Trying to do this means to oversimplifying the problem.
Several reasons will explain why.

Pressure is a scalar force and therefore unlike a vector, it
is not directed. Visual field damage caused by a scalar force
would therefore be expected to be rather homogenous over
the whole visual field, as the shape of the eye is spherical
and the scalar force is the same at every point in the sphere.
Visual field loss in glaucoma, however, does not present as

a generalized homogenous defect but it rather starts at
focal points from where it enlarges [5–7]. Caprioli
and Späth [8] found visual field defects in NTG to be sig-
nificantly deeper and closer to fixation than in other
types of glaucoma. To explain such focal defects,
some authors argue that certain populations of ganglion
cells and axons react more sensitively to pressure than
others [9]. But even if this is the case, such “more sensitive
regions” seem to vary between patients. Further, if the IOP
is indeed the sole cause for glaucomatous damage in NTG,
progression of damage would be expected to stop when the
pressure is maximally lowered. This, however, is not the
case. Given that there are no data on what the lowest
pressure should look like and how it could be achieved,
remains an unsolved problem. Further controlled studies
may however answer this question about the ideal target
pressure in the future.

Glaucoma is the most frequent disease of the optic nerve
and the second leading cause for blindness [10, 11]. It is in
fact the most common «neuro-ophthalmological entity».
Glaucoma has been known since Antiquity when it first was
described as “hardness of the eyeball”. In 1862, Donders
discovered that high IOP can lead to blindness and he
named the disease “Glaukoma simplex” [12]. In the 1850s,
Von Graefe described for the first time a condition that is
now referred to as normal or low-tension glaucoma [13]. In
the early 1900s, applying tonometry and ophthalmoscopy
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NTG was recognized as a new clinical entity [12]. Due to
the lack of understanding of the underlying pathophysiol-
ogy of NTG a variety of terms, such as pseudoglaucoma,
paraglaucoma, low-tension glaucoma or glaucoma without
high pressure and arteriosclerotic optic atrophy have been
coined. Intriguingly, we know today that glaucomatous
optic disc excavation and visual field loss is found, varying
with age, in 30–90% [14, 15], of patients with IOP within a
normal range, a condition that is now named NTG. Given
the complexity of the pathophysiology of NTG, probably a
term like “normal tension glaucomatous optic neuropathy“
would be more fitting.

This observation raises some intriguing questions. If
glaucoma is considered to be a disease of the optic nerve
caused by elevated IOP leading to damage of retinal axons,
ganglion cells and optic disc excavation, then how is it
possible that disc cupping and visual field loss also develop
without statistically elevated IOP, presenting with the same
morphological appearance of the optic disc as seen in high
pressure-induced glaucoma?

What other pathophysiological pathways, if not
elevated IOP, might be involved in the damage
observed in NTG cases. Where is the primary site of
damage? Could it be in the preganglion axon, the retinal
ganglion cell or the postganglion axon? Does optic atrophy
in NTG follow an anteriograde or a retrograde direction or
both?

In order to answer these questions, several concepts have
been developed over time. They can be summarized basi-
cally in the following groups.

● Some people are more sensitive than others to IOP?
Thus, in NTG normal IOP leads to mechanical damage
and to stress on the axons in the lamina cribrosa.

● NTG is caused by local or generalized vascular
dysregulation.

● NTG is caused by a higher than normal pressure
gradient across the lamina cribrosa.

● NTG is caused by impaired CSF circulation in the
subarachnoid space of the optic nerve and this results in
a toxic damage to the nerve.

The fact that none of these theories is able to render an all
conclusive and unanimous explanation for NTG, demon-
strates that the pathophysiology of NTG might be multi-
factorial. In fact, the main common factor in all these
theories is contradiction. Additionally, in most studies the
statistical power is missing. This is of importance as the
interpretation of most theories is based on correlations
rather than on causations.

Obviously, a change in statistical power will change the
results of such studies quite drastically.

Mechanisms of the pathophysiology of
normal tension glaucoma

Lower tolerance of normal IOP causes mechanical
damage

As the effect of IOP might have a different impact in dif-
ferent populations and in different individuals, the amount
of tolerated pressure may differ between groups and indi-
viduals [16, 17]. Compared with Caucasians, NTG is more
frequent in Asia. Some studies report 52–92% of all glau-
coma cases, depending on the country and the methodology
of the study [15]. In a study of a Zulu population in South
Africa [18], normal IOP was reported in 57.1% of all pri-
mary open angle glaucoma (POAG) cases. The incidence in
white populations was found to be 30–39% in studies per-
formed in the United states [14], the Netherlands [19] and
Italy [20]. This demographic difference seems to point
toward a genetic component of NTG and/or a variable
susceptibility to IOP in different populations.

In order to determine the role of IOP in NTG, the
“Collaborative Normal-Tension Glaucoma Study” [16] was
initiated. One eligible eye of 145 subjects with NTG was
randomized either to no treatment (control) or to a 30% IOP
reduction from baseline. After 3 years, an overall analysis
showed a survival of 80% in the treated arm and 60% in the
control arm. The 5-year survival figures were 80% in the
treated arm and 40% in the controls. The Kaplan–Meier
curves were significantly different (P= 0.0018). Visual
field loss appeared in both groups, 22/66 in the treated and
31/79 in the untreated group. Although the difference was
statistically significant the clinical relevance seemed less
impressive. It became evident that although pressure low-
ering of 30% can be beneficial in some patients, it did not
stop the progression in all patients. Therefore, pressure
alone can not explain the optic nerve degeneration in NTG
as a sole factor.

Certain authors have argued that there might be a slightly
different morphology of the NTG optic nerve head [21, 22].
Applying new diagnostic tools, such as Heidelberg retina
tomography (HRT) some studies suggest that the discs may
be larger and the cups deeper in NTG patients than in
patients with high pressure-induced POAG [23, 24]. Whe-
ther or not this is true in all populations is still a matter of
debate.

Another “mechanical” concept in the pathophysiology of
glaucoma is focused on the lamina cribrosa [25, 26]. The
lamina cribrosa is a crucial structure on the pathway of the
intraocular axons to the intraorbital portion of the optic
nerve. The nutrition of the axons within the lamina cribrosa
is considered to be dependent on oxygen and nutrition from
the capillaries within the lamina cribrosa. Damage to axons,
capillaries and astrocytes in the biomechanical paradigm is
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thought to be caused by lamina cribrosa deformation and
IOP-related stress and strain onto axons, capillaries and
astrocytes within the lamina cribrosa [25]. Experiments in
animals showed that the optic nerve head rim tissue thin-
ning exceeds peripapillary retinal nerve fiber thinning [27].
The appealing part of this concept is that it could explain the
pattern of visual field loss in glaucoma. The obvious
question however is, if vascular damage is considered in
this concept why does the optic nerve head not show cotton
wool spots?

Further, central corneal thickness has been discussed as a
clinical risk factor in NTG. Several studies [28–30] showed
a thinner mean central corneal thickness in NTG patients
compared with patients with ocular hypertension (OHT),
high-tension POAG and normal eyes while other studies
[31–33] did not find a difference. While a Japanese study
[34] found an association between central corneal thickness
and the mean deviation of visual field defects in NTG
patients, another study did not find a relationship between
central corneal thickness and the visual field loss or visual
field progression [35].

Although IOP lowering has some beneficial effect on the
progression of NTG in some patients while progression
continues in others, (different thresholds?) there is, how-
ever, no known mechanism that could explain what causes a
lower threshold for pressure-induced damage in some
patients. This of course should not prevent ophthalmologists
from lowering IOP in their patients.

Perfusion deficit and vascular dysregulation

Another theory to consider for the pathogenesis of glau-
coma and in particular of NTG is the vascular theory. In
1858, von Jaeger suggested that optic nerve damage due to
elevated IOP was mediated by ischemia instead of
mechanical compression of the optic nerve fibers [36].
Indeed, several studies revealed that insufficient blood
supply leads to retinal ganglion cell loss [37–39]. Chronic
ischemia and reperfusion (vascular dysregulation) damage
were thought to be involved [40].

Insufficient blood supply might be due to either increased
IOP or due to other systemic and local factors that reduce
the ocular blood flow [41].

Low systemic blood pressure, particularly nocturnal low
blood pressure has been reported to occur more commonly
in patients with NTG [42, 43]. Other studies found that low
blood pressure as well as circadian fluctuations of the mean
ocular perfusion pressure were major risk factors for the
progression of visual field defects in NTG [44–47]. Low
systemic blood pressure will lead to a decrease in ocular
perfusion pressure with reduced ocular blood flow that
consequently result in decreased blood supply to the optic

nerve fibers. This is especially true for blood pressure
„dippers“ during the night.

Vascular dysregulation is suggested to be a main factor
in the vascular pathophysiology of glaucomatous optic
neuropathy, particularly in NTG [41]. Vascular dysregula-
tion is defined as the inability of a tissue to maintain a
constant blood supply despite changes in perfusion pres-
sure. Vascular abnormalities and abnormal vascular reaction
to local vasospastic and vasodilating agents were discussed.
This includes vascular and endothelial diseases [48],
vasospasm syndrome [49, 50] and migraine. All of these
were reported as risk factors for optic nerve damage as seen
in glaucoma without elevated IOP [51–53]. The collabora-
tive NTG study group [51] and other studies [54] identified
that a history of migraine and the appearance of optic disc
hemorrhages were associated with a faster progression of
visual field loss. This points towards a vascular component
in NTG. The fact that disc hemorrhages can persist for a
longer time may indicate that the bleeding may not be a one
time effect, but has a more continuous character (private
communication with Josef Flammer). It is suggested that
vascular dysregulation leads due to an unstable ocular blood
flow, resulting in ischemia and to optic nerve damage [55].

There is further indirect evidence of altered blood flow in
NTG patients: A much higher prevalence of sleep
apnoea–hypopnea syndrome in NTG patients [56, 57],
compromised peripheral endothelial cell function [48, 58]
and increased plasma levels of endothelin-1 (ET-1) [59–61].
Although upregulated ET-1 levels are considered a risk
factor for NTG, there are data in a Japanese study that show
no difference of ET-1 levels between NTG, POAG and
normal adults under 60 years of age [62].

In summary, several experimental and clinical studies
have shown impaired ocular blood flow in NTG. However,
it is still not clear whether reduced blood flow is a primary
cause or consequence of glaucomatous optic nerve changes.

Translaminar pressure gradient

Intraocular pressure is not the only pressure that might be
involved in the pathophysiology of glaucoma. While IOP
exercises a force from within the eye (anteriograde) onto the
lamina cribrosa, cerebrospinal fluid is the counterforce at
the back side of the lamina cribrosa.

A crucial anatomical site for glaucomatous damage
might be the lamina cribrosa [63, 64]. Here the non-
myelinated axons cross from intraocular to the retrolaminar
site through a sieve-like collagen structure, where the axons
are located within the subarachnoid space, which is filled
with cerebrospinal fluid. The lamina cribrosa and the optic
nerve axons are, therefore, located between two pressure
zones, intraocular pressure (IOP) and intracranial pressure
(ICP). The difference between these two pressures is
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expressed as translaminar pressure (IOP – ICP) [65]. For a
more accurate description, the intraorbital pressure should
be considered as well, as it influences the pressure in the
subarachnoid space of the optic nerve that is referred to as
intracranial pressure [66]. As measurements of the intraor-
bital pressure, however, are invasive, they are not applied in
a clinical setting.

Cerebrospinal fluid pressure as a potential contributor to
glaucoma was first considered in 1908 by K.I. Noishevsky,
a Russian ophthalmologist in a dog model and found its
renaissance in the 1970s [67]. Two more recent studies [68,
69] using lumbar puncture, one performed in an Asian and
the other in an American population demonstrated in a
small study population a significantly lower ICP in patients
with NTG compared to high-tension glaucoma and normals.
However, in two other studies, a homogeneous group of 39
Caucasian NTG patients from Switzerland [70] as well as in
13 NTG patients from Sweden [71],the ICP was within a
normal range. Ren et al. [68]. found a positive correlation
between the translaminar pressure and the neuroretinal rim
area and mean visual field defects in Chinese patients with
POAG (including 13 patients with NTG) and in patients
with OHT. Other studies performed in 39, respectively, 11
NTG patients did not find any significant correlation
between the mean visual field defects and the translaminar
pressure [70, 69]. A recently published prospective case
control study [71] on 13 NTG patients showed neither an
elevated ICP, TLP nor a correlation between visual field
defects and ICP and TLP in patients with NTG.

The concept of the translaminar pressure gradient as a
risk factor is interesting but there are some methodological
problems that need to be solved in order to get more
accurate measurements. First, cerebrospinal fluid pressure is
not measured behind the lamina cribrosa but in the lumbar
spine. Given an open CSF pathway, this may render reliable
results, but there are good reasons to believe that the system
is not necessarily fully communicating. Secondly, IOP and
CSF pressure fluctuate. In order to have phase synchrome
data they need to be measured simultaneously. This might
be achieved with noninvasive CSF pressure measurements.
However, if more research is done on the translaminar
pressure concept, more accurate methods need to be
developed: local CSF pressure measurements and proper
calculation of the area under pressure.

Impaired cerebrospinal fluid circulation
(compartment syndrome)

Blood is not the only fluid that is important for a healthy
optic nerve. Unlike other cranial nerves the optic nerve is
surrounded completely by CSF and therefore exposed both
to CSF pressure and content. The functions of CSF include
protection against mechanical damage to the brain and the

optic nerve, nutrition of neurons, axons and glial cells as
well as a removal for biological debris [72].

Reduced turnover of CSF with consecutively elevated
ABeta- and Tauprotein levels has been suggested to be one
of the risk factors for Alzheimers disease [73, 74]. A
decrease in CSF dynamics can cause a rise in such toxic
protein concentrations [74–76]. Recent research demon-
strated an age-dependent overlap of glaucoma and Alzhei-
mers disease [77–79].

In order to maintain the homeostatic micro environment
for the neural tissue, CSF is recycled up to 5 times a day
[72]. Stagnation of CSF and impaired CSF dynamics are
considered to be part of the pathophysiology of neurode-
generative diseases such as Alzheimers disease[76, 80, 81].
There is in fact an overlap of patients with Alzheimers and
NTG [82, 83]. Studies in patients with NTG applying
computertomographic-assisted cisternogaphy demonstrated
largely reduced concentrations of contrast-loaded CSF in
the subarachnoid space of the optic nerve [84]. Further, a
study [85] on optic canal diameter demonstrated more
narrow optic canals in NTG patients than in normal con-
trols, thus suggesting an anatomical predisposition for a
bottle neck situation for CSF dynamics from intracranial to
the orbital SAS of the optic nerve. In addition, a large
concentration gradient of betatrace protein was found
between the lumbar CSF and the CSF in the orbital SAS of
the optic nerve [86]. Interestingly, a difference in protein
content was also found in the anterior chamber of glaucoma
patients compared to a non-glaucoma group [87, 88]. In an
experimental study [89] in sheep, the optic nerve was
slightly ligated close to the optic canal to create an optic
nerve sheath compartment. The animals were killed after
several months and the optic nerves were examined. Loss of
axons and a proliferation of meningothelial cells were found
on the arachnoid mater. The most impressive damage was
found close to the lamina cribrosa and not at the site of the
ligature. Right behind the lamina cribrosa, the axons lack a
myelin sheath and at the same location, the highest con-
centration of mitochondria is found [90]. It is feasible that
the compartmentalization leads to highly impaired CSF
turnover and to a toxic damage at that vulnerable site [91].

A genetic predisposition is suggested to be involved in
NTG as well and more than 20 loci have been linked to
POAG [92]. Among these genes, mutations in optineurin
(OPTN) and copy-number variations of TANK binding
kinase 1 (TBK1) were identified as causative genes for NTG
[93–95]. Interestingly, both proteins are involved in
autophagy processes, processes in which intracellular
accumulated proteins, organelles or pathogens are elimi-
nated [96, 97].

The concept of impaired CSF dynamics leading to a
change in pressure, velocity and content of stagnated CSF
brings NTG closer to neurodegenerative disorders such as
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Alzheimers disease [77, 98, 99]. A recent study found dif-
fuse brain damage in patients with NTG [100] while another
study [77] describes NTG as a non memory associated
variant of Alzheimers disease. NTG might in fact be the first
manifestation of Alzheimers disease in a compartmentalized
CSF within the cul de sac like subarachnoid space of the
optic nerve.

Conclusion

Normal tension glaucoma (NTG) is an optic nerve neuro-
pathy that presents with optic disc excavation, visual field
loss in spite of intraocular pressure <21 mm Hg. Progressive
visual field loss and disc excavation can continue despite of
pressure lowering of 30% of IOP. There are however, also a
substantial number of patients who do not progress even
without treatment. A substantial number of older NTG
patients also suffer from Alzheimers disease, a finding that
raises the question whether or not NTG is an early mani-
festation of a more generalized neurodegenerative disease.
At the same time, some NTG patients share features of
vascular dysregulation, which raises the question whether
NTG is an optic nerve disease in a diseased body. In ana-
logy therefore NTG might be a diseased optic nerve in a
toxic CSF environment.

None of the current pathophysiological concepts can
explain this intriguing condition on its own. It is most likely
that NTG is a complex syndrome consisting of a variety of
pathological pathways that may differ between populations
and individuals. Further research should focus on transla-
tional research that will lead to a more individualized
therapeutic approach.
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