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Translamina Cribrosa Pressure Difference as Potential
Element in the Pathogenesis of Glaucomatous

Optic Neuropathy
Jost B. Jonas, MD,*† Ningli Wang, MD,†‡ and Diya Yang, MD‡

Abstract: Themain proven risk factor for glaucomatous optic neuropathy
(GON) is an intraocular pressure (IOP) higher than the pressure sensibility
of the optic nerve head allows. Fulfilling Koch postulates, numerous stud-
ies have shown that the presence of high IOP leads to GON, that lowering
IOP stops the progression of GON, and that a re-increase in IOP again
causes the progression of GON. There are, however, many patients with
glaucoma who have statistically normal or low IOP, and despite low IOP
values, they develop progressing GON. These observations led to findings
that IOP is only 1 of 2 determinants of the translamina cribrosa pressure
difference (TLCPD), which is the main pressure-related parameter for the
physiology and pathophysiology of the optic nerve head. The second pa-
rameter influencing TLCPD is orbital cerebrospinal fluid pressure (CSFP)
as the counter pressure against IOP across the lamina cribrosa. Recent ex-
perimental and clinical studies have suggested that a low CSFP could be
associated with GON in normal-pressure glaucoma. These investigations
included studies with an experimental long-term reduction in CSFP in
monkeys, population-based studies, and clinical retrospective and prospec-
tive investigations on patients with normal-pressure glaucoma. Besides
TLCPD, other ocular parameters influenced by CSFP may be choroidal
thickness, retinal vein pressure and diameter, occurrence of retinal vein oc-
clusions, and occurrence and severity of diabetic retinopathy.

Key Words: cerebrospinal fluid pressure, glaucoma, open-angle glaucoma,
normal-pressure glaucoma, brain pressure

(Asia Pac J Ophthalmol 2016;5: 5–10)

N umerous studies have shown that elevated intraocular pres-
sure (IOP) leads to glaucomatous damage of the optic nerve

fibers, presumably within the optic nerve head in the region of the
lamina cribrosa. However, the role of orbital cerebrospinal fluid
pressure (CSFP) as physiological counter pressure against IOP
has remained elusive thus far. The optic nerve head, and in particular
the lamina cribrosa, forms the barrier between the intraocular

compartment with IOP and the retrobulbar compartment with or-
bital CSFP. The difference between both pressure parameters
forms the translamina cribrosa pressure difference (TLCPD). The
TLCPD is presumed to be the main parameter for the pressure-
related physiology and pathophysiology of the optic nerve head.
This is in contrast to IOP, which is the transcorneal pressure differ-
ence. However, as glaucomatous optic nerve damage occurs in the
optic nerve head and not at the cornea, it may be assumed that the
TLCPD as compared with the transcorneal pressure difference (ie,
IOP) is of higher importance for the pathogenesis of any pressure-
related disorders originating in the optic nerve head. These diseases
include glaucoma, one of the most frequent causes for visual im-
pairment and blindness worldwide.1 It was the purpose of this re-
port to describe findings of studies that investigated aspects of
CSFP and TLCPD in relationship to IOP and with respect to
glaucomatous optic neuropathy and other ocular parameters.

PHYSIOLOGICAL ASPECTS

Associations With Intraocular Pressure and
Blood Pressure

Under physiologic conditions and in normal body position,
CSFP is lower than IOP, so that the TLCPD is positive in the sag-
ittal direction. Assuming a simple mathematical relationship, it
has been presumed, but not shown, that normal IOP combinedwith
low CSFP may lead to the same pressure differential (TLCPD)
across the lamina cribrosa as elevated IOP in combination with
normal CSFP.2 The TLCPD together with the distance between
the intraocular compartment and the retrobulbar compartment
(ie, the thickness of the lamina cribrosa) forms the translamina
cribrosa pressure gradient.3–6 This gradient is dependent not only
on the thickness of the lamina cribrosa but also on the rigidity
of the extracellular matrix and the thickness and tension of the
peripapillary scleral flange as a bridge between the posterior
sclera and the lamina cribrosa and as the biomechanics of the lam-
ina cribrosa.6 It has been assumed that both the TLCPD and the
translamina cribrosa pressure gradient may be of importance in
pressure-related optic nerve head diseases. Histomorphometric
studies have shown that the lamina cribrosa was thinner in eyes
with advanced glaucomatous optic nerve damage as compared
with normal eyes and that the lamina cribrosa was thinner in axi-
ally highly myopic eyes than in emmetropic eyes.5,7 Similarly,
clinical and population-based studies have revealed an increased
susceptibility for glaucomatous optic nerve damage at a given
IOP in both conditions.8

Under physiologic conditions, CSFP is positively correlated
with arterial blood pressure and with IOP, which is also positively
correlated with arterial blood pressure.9–14 The association be-
tween higher IOP and higher CSFP is paralleled by similarities
in the composition of aqueous humor and cerebrospinal fluid
and similarities in the response of both parameters to changes in
intra-abdominal and intrathoracic pressures.15,16 In rhesus monkeys,
acutely raised CSFP caused an acute increase in IOP, although it
plateaued thereafter.15 The authors of that study explained the
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quick changes in IOP and CSFP by noting a probable alteration of
intraocular and intracranial blood volumes. One of the potential
causes for the association between IOP and CSFP may be that
the episcleral venous pressure directly influences IOP and that
the episcleral venous pressure itself is influenced by CSFP, as
episcleral venous blood drains through the superior ophthalmic
vein into the intracranial cavity. Combining these findings leads
to the assumption of a physiological association among IOP,
CSFP, and blood pressure, potentially with blood pressure (and
the heart) as the driving force.17 In a recent experimental study,
chemical stimulation of the dorsomedial/perifornical hypotha-
lamic region evoked substantial increases in IOP, CSFP, TLCPD,
heart rate, and mean arterial blood pressure in rats, suggesting that
the dorsomedial and perifornical hypothalamic neurons could be a
key effector pathway for circadian regulation of the pressure in all
3 fluid-filled compartments: brain, blood vessels, and eye.18 It has
remained elusive thus far whether a reduction in arterial blood
pressure is accompanied by a decrease in CSFP, along with a de-
crease in IOP in normal individuals and in patients with normal-
pressure glaucoma. Future studies may address that topic.

In addition to static aspects in the relationship among IOP,
CSFP, and blood pressure, dynamic characteristics may need to
be taken into account. Morgan et al found that the pressure wave
starting at the heart at the beginning of systole arrives first in the
brain and orbital cerebrospinal fluid (CSF) space before leading
to a pulse-synchronous increase in IOP.19–22 This indicates that
the TLCPD may not be constant, but rather it fluctuates owing
to the difference in arrival time first of the pressure wave in the or-
bital CSF and then the pressure wave in the intraocular compart-
ment. During a brief, early period of the pulse phase, orbital
CSFP may increase in relation to IOP, so that the TLCPD de-
creases. At the end of the pulse phase, with the pressure wave hav-
ing arrived in the eye and with CSFP already declining, IOP will
increase in relationship to CSFP. The resulting effect would be
an undulating TLCPD. A periodically changing TLCPD may be
physiologically necessary to allow the retrograde axoplasmic flow
to enter the eye. Another situation in which the TLCPD will
change is a change in body position, assuming that the position-
related change in CSFP, due to hydrostatic reasons, occurs faster
than the change in IOP. For example, CSFP may be elevated
shortly after lying down, whereas IOPmay take longer to increase.
This would lead to a decrease in the TLCPD. According to a re-
cent study by Jasien et al, the rise in IOP occurs 1 to 2 minutes af-
ter assuming a head-down position (own data). Similarly, if one
gets up from a supine position, CSFP may drop instantaneously,
whereas IOP may take more time. The difference in reaction time
between the change in IOP and the change in CSFP would lead to
an increase in the TLCPD. The presumed lack of concordance in
time between position-induced changes in IOP and CSFP may be
understood by considering the entire CSF space as a system of
communicating tubes. When compared with IOP, CSFP might
have a lesser capability of homeostasis to counter the change in
the hydrostatic pressure determining TLCPD.

Interestingly, carbonic anhydrase inhibitors reduce the pro-
duction of CSF in the brain and aqueous humor in the eye using
the same basic principle. This may have clinical implications, as
systemic application of carbonic anhydrase inhibitors may thus re-
duce the pressure on both sides of the lamina cribrosa (ie, IOP and
CSFP) so that the TLCPD is less decreased than the carbonic
anhydrase inhibitor–induced reduction in IOP may suggest.23

Associations With Changes in Thoracic Pressure
Changes in thoracic pressure also influence CSFP and IOP.15

Choroidal thickness and IOP increase when playing wind

instruments, potentially due to an elevation of the episcleral ve-
nous pressure, which rises because of an increase in CSFP, which
in turn increases owing to the elevation in jugular venous pressure
and thoracic pressure.23 This study by Schuman et al was partially
contradicted in an investigation by Falcão et al24 who measured
choroidal thickness in 9 healthy volunteers during the Valsalva
maneuver and did not detect a statistically significant difference
between baseline and after the maneuver. Reasons for the discrep-
ancy between these studies may be the relatively small number of
study participants and the differences in the duration of the activ-
ity. An increase in CSFP caused by the increase in thoracic
pressure might have caused thickening of the choroid, as an asso-
ciation between subfoveal choroidal thickness and estimated
CSFP has been found in a recent population-based study.25

Another potentially important aspect in the relationship be-
tween CSFP and IOP is optic disc swelling that occurs in astro-
nauts who spend several months in space. In space, the TLCPD
is decreased owing to the increase in CSFP caused by the zero
gravity–induced lack of a hydrostatic effect. Recent observations
have suggested that most astronauts spending more than 6 months
in space may develop optic disc edema with retinal nerve fiber
layer loss.26

CLINICAL OBSERVATIONS
The CSFP as an important parameter for the TLCPD has

been discussed and explored in many previous reports and inves-
tigations by scientists such as Volkov, Hayreh, Morgan, and
others.4,5,7,11–14,16–22,27–43 These studies focused on the pathogen-
esis of optic nerve head edema in patients with increased brain
pressure and patients with abnormally low IOP or addressed the
role of a low CSFP-induced elevation of TLCPD in the pathogen-
esis of glaucomatous optic neuropathy.

In a retrospective clinical chart analysis of patients who had
undergone lumbar CSFP measurements for a variety of reasons,
Berdahl and colleagues36,37 reported that the lumbar CSFP mea-
surements were significantly lower in the glaucoma group than
in the nonglaucomatous group. As a corollary, patients with ocular
hypertension had significantly higher lumbar CSFP measure-
ments than the control group and the glaucoma group. It was con-
cluded that normal-pressure glaucomamay be associatedwith low
CSFP, whereas ocular hypertension was associated with high
CSFP. In a prospective study, patients with normal-pressure glau-
coma and patients with high-pressure glaucoma underwent a neu-
rological examination including lumbar CSFP measurement.11,12

Patients with normal-pressure glaucoma had significantly lower
lumbar CSFP measurements than those with high-pressure glau-
coma or those in the nonglaucomatous control group. Conse-
quently, the TLCPD was significantly higher in both glaucoma
groups than in the control group. In addition, higher amounts of
glaucomatous loss of the neuroretinal rim and visual field was as-
sociated with lower CSFP and with higher TLCPD. As a corollary,
individuals with ocular hypertension had significantly higher
CSFP than participants in the control group or patients with
normal-pressure glaucoma.40 In the latter study, however, ocular
hypertensive patients showed a significantly higher TLCPD than
nonglaucomatous control individuals. This could be explained
by a preglaucomatous state in which morphological changes had
not yet developed in some patients with ocular hypertension.40

Along with the association of normal-tension glaucomawith
abnormally low lumbar CSFP measurements in the study by Ren
and colleagues, the width of the orbital CSF space as measured by
magnetic resonance imaging in another group of patients was sig-
nificantly narrower in those with normal-pressure glaucoma than
in those with high-pressure glaucoma or normal subjects.44,45
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Other investigations demonstrated that the orbital CSF spacewidth
correlated with lumbar CSFP measurements.45

Applying a formula based on body mass index, age, and ar-
terial blood pressure that estimated CSFP in a normal population,
2 population-based studies from China (Beijing Eye Study, Handan
Eye Study) and 1 study from India (Central India Eye andMedical
Study) showed that, for individuals with open-angle glaucoma,
TLCPD as compared with IOPwas better correlatedwith the pres-
ence and amount of glaucomatous optic nerve damage.46–48 This
was in contrast to patients with angle-closure glaucoma, in whom
IOP as compared with TLCPDwas better correlated with the pres-
ence and degree of glaucomatous optic neuropathy. Interestingly,
ocular hypertensive study participants had significantly higher es-
timated CSFP values than normal individuals.49 Parallel to these
findings, a smaller neuroretinal rim area was associated with
lower body mass index in the Beijing Eye Study and the Central
India Eye and Medical Study.50,51 Considering body mass index
as a surrogate for CSFP, these findings also support the hypoth-
esis of an association between low CSFP and glaucomatous
optic neuropathy.45

When considering the relationship among body mass index,
IOP, and CSFP, the notion of a high body mass index as protective
against glaucomatous optic neuropathy may be challenged by
some systemic disorders such as diabetes mellitus and dysregula-
tion of blood pressure, which are associated with obesity and for
which an association with glaucoma has been discussed. In the
study by Newman-Casey et al,52 those individuals with diabetes
mellitus (hazard ratio, 1.35) or systemic arterial hypertension
(hazard ratio, 1.17) alone or in combination (hazard ratio, 1.48)
had, after adjustment for confounding factors, an increased hazard
of developing open-angle glaucoma relative to persons with nei-
ther of these conditions.52 In contrast, in the study by Pasquale
et al, higher body mass index among women was associated with
a lower risk of primary open-angle glaucoma with an IOP of
21 mm Hg or less at diagnosis.53

The findings of other studies support the influence of low
CSFP in glaucoma. Patients with slowly growing intracranial tu-
mors close to the inner aperture of the optic nerve canal had an ab-
normally high prevalence of glaucomatous appearance of the
optic nerve head.54,55 Assuming that these tumors might have
blocked the access of CSF into the orbit, the patients might have
had an abnormally loworbital CSFP and thus an elevated TLCPD.
The relatively high prevalence of normal-pressure glaucoma in
Japan as compared with the United States may be explained by
the low body mass index of glaucoma patients in Japan, as low
bodymass index correlates with low CSFP.56 This hypothesis also
fits with the observation of normal-pressure glaucoma in patients
with chronic intracranial hypotension.57

EXPERIMENTAL STUDIES
In an experimental investigation, CSFP was surgically and

chronically reduced in monkeys.58 Follow-up examinations re-
vealed that 4 eyes of 2 monkeys with reduced CSFP showed a
continuous loss of retinal nerve fiber layer, and 1 eye of a third
monkey developed a splinter-like optic nerve head disc hemor-
rhage. The other 3 eyes of the study group (altogether 4 monkeys)
and all eyes of the 5 monkeys in the control group remained un-
changed. It can be inferred that the experimental decrease in CSFP
was associated with optic nerve damage in some monkeys with
experimentally decreased CSFP. It remains inconclusive whether
this was a glaucomatous type of optic nerve damage.

Another experimental investigation examined the influence
of a short-term reduction in CSFP compared with a short-term
elevation in IOP on the axonal transport in rats.59 The orthograde

axonal transport was assessed by intravitreally injected rhodamine-
ß-isothiocyanate, and the retrograde axoplasmic flow was examined
by fluorogold injected into the superior colliculi. At 24 hours after
baseline, the rhodamine-ß-isothiocyanate staining intensity of the
optic nerve was lower both in the high-IOP group and the low-
CSFP group than in the control group. The fluorogold fluores-
cence as measured at 6 hours after the fluorogold injection was
significantly lower in the high-IOP group and the low-CSFP
group than in the control group. It was concluded that the short-
term reduction of CSFP and the short-term increase in IOP
were associated with a disturbance of both the orthograde and
retrograde axonal transports. These findings support the hypothe-
sis of an association between abnormally low CSFP and optic
nerve damage.

The axonal morphology and axonal motor proteins in retinal
ganglion cells as influenced by an experimentally reduced CSFP
or elevated IOP were examined in another study.60 In both groups
of rats with high IOP or low CSFP as compared with a control
group of animals, the retinal ganglion cells became abnormally di-
lated and accumulated vesicles, and both groups showed an accu-
mulation of dynein intermediate chain (IC) at the optic nerve head
and retina and a reduction in kinesin heavy chain (HC) immuno-
reactivity in the optic nerve fiber axons. AWestern blot analysis
demonstrated an elevation of dynein IC protein levels in the optic
nerve head and retina and a decrease in kinesin HC protein levels
in the optic nerve. It was concluded that experimental models with
acute high IOP or low CSFP showed similar morphologic changes
in the retinal ganglion cell axons and similar immunohistochemi-
cal changes in the axonal motor proteins kinesin HC and dynein
IC. This supports the notion that experimental models with an
acute reduction in CSFP and an acute rise in IOP show similarities
in the process of optic nerve damage.

CAVEATS
There are many caveats to be considered. It must be acknowl-

edged that it is orbital, not intracranial, CSFP that determines the
TLCPD. It remains inconclusive whether lumbar CSFP is directly
related to orbital CSFP. Killer61 demonstrated that orbital CSF
communicated with intracranial CSF at the site of the chiasmatic
cistern. Any obliteration in that region or in the region of the optic
nerve canal, or any space-occupying lesion in the CSF compart-
ment, could limit the free flow of CSF. Jaggi et al62 reported a pa-
tient with an optic nerve sheath meningioma, unilateral optic disc
swelling, and a difference in CSF composition between the lumbar
CSF and the orbital CSF. They discussed an optic nerve sheath
compartment syndrome with a marked concentration gradient of
albumin, immune globulin G, and beta-trace proteins between
the CSF in the orbital CSF space of the affected optic nerve and
the CSF in the spinal canal. Jaggi et al63 also reported that the di-
ameter of the optic nerve sheath was larger in patients with
normal-pressure glaucoma. This led to the assumption that the in-
creased optic nerve sheath diameter might be due to optic nerve
sheath compartmentation or the thinning of the optic nerve in pa-
tients with normal-pressure glaucoma. It remains unclear whether
optic nerve compartment syndrome, which was also described by
Killer,61 may be associated with a difference in orbital CSFP, intra-
cranial CSFP, or lumbar CSFP. Additionally, the role of atypical
meningeal tissue with lymphoid characteristics at the end of the
orbital CSF space and the role of meningothelial cells with respect
to CSF drainage have not yet been fully explored.64–67

Jaggi et al placed a silicone band around the optic nerve in
each of 7 sheep to compress the subarachnoid space and to block
the flow of CSF without compressing the optic nerve itself.64 After
4 or 21 days, the optic nerves showed a pronounced loss of optic
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nerve fibers, destruction ofmyelin, and swelling ofmeningoepithelial
cells, most pronounced in the proximal optic nerve adjacent to the
globe at the location most distant to the ligature. The authors
noted that segregating CSF in the orbital CSF space by blocking
the circulation of the fluid led to severe optic nerve damagewithin
4 days. It remains unclear whether the optic nerve damage was
due to a simple pressure- or microperfusion-dependent effect, a
change in the fluid composition caused by the interruption of
CSF flow in the orbital subarachnoidal space, or a reduction in
CSFP just behind the globe.

Thus far, it is uncertain whether CSF once in the orbital CSF
space completely returns to the intracranial compartment or
whether it is partially absorbed in the orbit.61,68 In the latter case,
the composition of the CSF could be different in the orbital com-
partment compared with the intracranial compartment or the com-
partment of the spine. Killer and colleagues discussed whether
there may be a reduced CSF exchange between the basal intracra-
nial cisterns and the orbital CSF space in patients with normal-
pressure glaucoma, leading to a reduction of CSF in the CSF
space.69–71 A lower intracranial CSFP in patients with normal-
pressure glaucoma could explain the reduced density of the
contrast-loaded CSF in the orbital CSF space.63

OTHER POTENTIALLY RELATED
OCULAR PARAMETERS

Previous studies suggested that individuals with higher esti-
mated CSFP have a thicker subfoveal choroid; a wider retinal vein
diameter associated with higher retinal venous pressure; a higher
incidence of retinal vein occlusions; and a higher prevalence, inci-
dence, and severity of diabetic retinopathy.25,72–75

CONCLUSIONS
Considering the physiological associations among higher

CSFP, higher blood pressure, and higher IOP, glaucoma may be
deemed a misbalance between IOP, CSFP, and blood pressure. Ei-
ther IOP is elevated, as in the case of angle-closure glaucoma, and
CSFP and blood pressure are normal, so that the cause of the ele-
vated TLCPD is located in the intraocular space; or IOP, blood
pressure, and intracranial CSFP are normal, but the orbital CSFP
is abnormally low, for example, owing to a parasellar meningioma
occluding the inner aperture of the optic nerve canal, an intra-
canalicular ophthalmic artery aneurysm, or circular adhesions in
the optic nerve canal after basal meningitis. In that situation, the
TLCPD is elevated, though IOP, blood pressure, and intracranial
CSFP are normal, or patients have low blood pressure. Owing to
the association of low blood pressure with low CSFP and low
IOP, patients also have low CSFP and low IOP. However, if the
low blood pressure–induced reduction in CSFP is more marked
than the low blood pressure–induced reduction in IOP, the TLCPD
increases, leading to barotraumatic damage to the optic nerve. It
can be hypothesized that the latter situation may be valid in
some patients with low body mass index, low blood pressure,
and normal-pressure glaucoma. This could explain why some
eyes with high-IOP glaucoma and some eyes with normal-IOP
glaucoma have glaucomatous optic nerve heads of a strikingly
similar appearance.
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