TRANSLAMINAR GRADIENT
AND GLAUCOMA

SUMMARY

Objective: The cribriform plate is a threshold of the intraocular pressure (VOT) and of the
intracranial pressure (IKT). The difference between the VOT and IKT is referred to as transla-
minar gradient (TLG). The goal was to evaluate the Glaucoma progression (visual field, fundus
examination, HRT) with / without topical anti-glaucomatous therapy) in relation to the TLG.
Patients and methods: the significance of TLG has been studied in two groups. I. Group: 57 pati-
ents diagnosed and treatment of Primary Open-Angle Glaucoma (PGOU), 10 patients with Ocu-
lar hypertension (OH), 7 patients with Normal-Tension Glaucoma (NTG), and 75 healthy without
glaucoma. The examinations of TLG were carried out once and retrospectively. In Il. group the-
re were prospectively studied 14 patients with OH and 24 patients with newly detected PGOU
without local therapy. The examinations were performed 4 times at intervals of 10 to 11 months.
All tests included a basic eye examination, ORA tonometry, HRT examination, gonioscopy, Color
Doppler sonography of blood vessels of the eye and orbit. Venous pulsation pressure (VPT) has
been recorded by the Ophthalmodynamometer Meditron (D-ODM). In case of spontaneous reti-
nal venous pulsation, VPT was considered as the same pressure as the VOT. The TLG was calcula-
ted with formula of Querfurth: ICT = 0.29 + 0.74 (VOT / PI (AO)). [PI(AO) — Pulsatility index of the
Ophthalmic artery (AO)]. Results: . group: TLG was in the control group without Glaucoma: 12.2 +
2.0torr. The NTG group: 9.0+ 1.70 mm Hg. PGOU: 11.1 + 1.91 mm Hg. OH: 12.6 + 0.85 mm Hg. IKT
alone does not show a significant relationship to the presence of glaucoma, ocular hypertension.
1. Group: The average TLG in Ocular Hypertension (14 patients) has been 3.8 + 1.2 torr. 2 pa-
tients (OH) had TLG 10 torr. and 15 torr. After 4 years in one of them (TLG = 15 torr.) there was
recorded Glaucoma progression. In the PGOU group before antiglaucoma therapy, TLG was
15.0 + 4.8 torr for all patients. After setting up local anti-glaucoma therapy and decreasing
VOT, the TLG in 20 patients reduced to 3.6 + 1.3 mm Hg.

Conclusion: TLG showed a significant relationship to the Glaucoma progression. The risk of
glaucomatous damage increases proportionally with increasing Translaminar gradient. Tran-
slaminar gradient can be use to refine the so-called. “Target VOT”. TLG has a role in ocular
damage (ocular hypertension, glaucoma, vascular occlusion, optic neuropathy), intracranial
damage, orbitopathy, selection of appropriate antiglaucomatous therapy.

Key words: color Doppler ultrasonography, glaucoma, ocular hypertension, ophthalmodyna-
mometry, translaminar gradient, venous pulsation pressure, venous pulsation.
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Glaucoma is the most common cause of blindness world-
wide. It is characterised by a progressive degeneration of the
optic neurons in the optic nerve and in the brain. At present
the most significant risk factor is intraocular pressure (IOP).
With regard to the fact that glaucomatous changes occur also
in patients with “physiological” intraocular pressure, it is evi-
dent that other risk factors also play a role. One of these is the
difference in the region of the lamina cribriformis (LC). The
lamina cribriformis is the threshold of 2 pressure spaces: the
intraocular space, with its IOP, and the subarachnoid space,
with intracranial pressure (ICP). The difference between IOP
and ICP is referred to as the translaminar gradient (TLG).

The objective was to observe signs of glaucoma progre-
ssion in the visual field, fundus examination and HRT exa-
mination with / without local anti-glaucomatous therapy in
relation to TLG.

Patients and methodology

Evaluation of the significance of the translaminar gradient
in glaucoma was examined in two groups.
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e Retrospective evaluation of 57 patients with already dia-
gnosed and treated open-angle glaucoma, 10 patients
with ocular hypertension, 7 patients with normal-tension
glaucoma and 75 probands without symptoms of glauco-
matous damage.

e In group | the examination was performed once

Group Il:

e Prospective observation of 14 patients with ocular
hypertension and 24 patients with newly detected
primary open-angle glaucoma (POAG) without any
applied local therapy. Patients with endocrine orbito-
pathy or lesion in the intracranial space were exclu-
ded from the groups. Due to potential changes of the
biochemical properties of the lamina cribriformis, pig-
ment and pseudoexfoliative glaucoma were excluded
from the observation.

e In group Il a total of four examinations were conducted
at an interval of 10-11 months. The examinations were
conducted in the period of 2009-2015.

All the examinations contained: central vision; contrast
sensitivity; visual field 30-2 threshold: index PSD — pattern
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standard deviation, or accepted falsely (+) errors > 5% and
false (-) errors > 20%; intraocular pressure (applanation with
conversion of pachymetry, ORA system); gonioscopy; bio-
microscopic examination of anterior and posterior segment;
HRT examination (C/D: area ratio, rim area: mm2, rim volu-
me: mm3); examination of through-flow parameters (arteria
/ vena centralis retinae, arteriae ciliares posteriores, arteria
ophthalmica, vena orbitalis superior) with the aid of colour
Doppler sonography. Pulsating venous pressure (PVP) was
recorded by a digital ophthalmodynamometer Meditron
(D-ODM). In the case of spontaneous venous pulsation of
the vena centralis retinae, PVP was considered to represent
pressure equal to IOP. TLG was calculated according to the
Querfurth formula: ICP = 0.29 + 0.74 (IOP / PI (AQ)). The
pulsatility index (Pl) was recorded from the through-flow
parameters in the arteria ophthalmica (AO).

RESULTS

Group I:

The average approximate values of intracranial pressure in
the individual sub-groups is illustrated by table 1. ICP alone
does not manifest a significant relationship to the presen-
ce of glaucoma or ocular hypertension. Significant changes
in relation to the individual sub-groups were demonstrated
only by the translaminar gradient (table 2).

Group Il:

In the patients in whom ocular hypertension was demon-
strated after 36-45 months of observation, in 12 cases TLG
was on average 3.8 + 1.2 torr, 2 patients from the original
group of assumed ocular hypertension had TLG 10 torr and
15 torr. In one of these (TLG = 15 torr), glaucoma progressi-
on was recorded after 4 years.

In the POAG group (24 patients), TLG was 15.0 * 4.8 torr
in all patients. After the application of local anti-glaucoma-
tous therapy and the adjustment of 10P, TLG was reduced
in 20 patients to 3.6 £ 1.3 torr. In 4 patients progression of
glaucoma was recorded, even though IOP was reduced to
the values of 16-18 torr. TLG was 11-13 torr. After a further
reduction of IOP to values of 10-12 torr with TLG of 4-7 torr
at aninterval of 12 months, further progression of glaucoma
was not observed.

DISCUSSION
At present a wide spectrum of precise diagnostic instru-

ments, methods and sophisticated diagnostic procedures
are available for the diagnosis of glaucomatous damage

Table 1

(1,2,3,6,7,8,10, 14, 15, 17). Despite this, there are still
patients in whom it is difficult to determine early glau-
coma progression. The translaminar gradient has shown
itself to be a further piece of the mosaic of glaucoma
diagnosis. A number of experimental and clinical studies
unequivocally confirm the relationship between intracra-
nial pressure and the progression of glaucoma (4, 12, 16,
18). For example, Yablonsky (21) experimentally reduced
intracranial pressure in cats, and at the same time redu-
ced intraocular pressure in only one eye. After 3 months
he observed a deterioration of the optic nerve where the
intraocular pressure was not reduced.

Intraocular pressure is a variable quantity. According
to the experience of the author, examination by D-ODM
should be performed primarily before other examina-
tions with pressure acting on the eyeball: applanation
tonometry, gonioscopy, direct panfundoscopy, as well
as e.g. massage of the eyeball. If pressure is exerted on
the eyeball directly before examination by D-ODM, the
subsequent D-ODM values show a lower SVP value. This
applies less often and less pronouncedly upon examina-
tion by D-ODM in the other eye. This could be explained
by the wide range of TLG values in healthy individuals,
or by ocular hypertension. It appears that increased
intracranial pressure acts as a partial protective factor
against the occurrence of glaucoma. For assessment of
the progression of glaucoma, of fundamental importan-
ce is the difference between IOP and ICT = TLG (tran-
slaminar gradient). The calculation of TLG is possible
by a number of methods (table 3).Spontaneous venous
pulsation (SVP) is also considered a risk factor in glauco-
ma. At the same time, however, the absence of SVP has
a low prevalence in glaucoma patients in comparison
with people without glaucomatous damage (13). In the
case of spontaneous venous pulsation of the vena cen-
tralis retinae it is possible to consider PVP to be equal
to I0P (12).

Glaucoma involves not only affliction of the optic
nerve, but the entire ocular system — changes in coll-
agen of the LC, the cornea, sclera, changes in the reti-
na and choroidea, and in the brain tissue. With regard
to the topography of the lamina cribriformis and the
surrounding tissue, it shall be necessary in future to
take into account not only TLG but also the biomecha-
nical prodperties of the lamina cribriformis (LC), ma-
ter pia and subarachnoid space (11). A relationship
has been demonstrated experimentally between the
pressure in the subarachnoid space and intracranial
pressure. Lower pressure than the actual intracranial

Average values of intracranial pressure

Control group — without glaucoma
Normal-tension glaucoma
Primary open-angle glaucoma

Ocular hypertension
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12.2 + 2.0 torr
9.0+ 1.70 torr
11.1 £ 1.91 torr
12.6 + 0.85 torr
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Table 2

Translaminar gradient TLG = 10P - ICP
Control group — without glaucoma
Primary open-angle glaucoma

Ocular hypertension

2.5+ 2.1 torr
12.5 +4.1 torr
2.1+1.7 torr

TLG: Translaminar gradient, IOP: intraocular pressure, ICT: intracranial pressure

pressure has been measured in the subarachnoid spa-
ce. However, when ICP decreased, pressure in the su-
barachnoid space decreased to an equal extent. This
equal reduction was only up to a certain value — the
“critical point”. After this point pressure in the suba-
rachnoid space no longer decreased, even despite a
further reduction of ICP (5).

It is assumed that ICP does not only have a biome-
chanical relationship to the progression of glaucoma.
Biochemical changes of the coeliolymph have also been
demonstrated. Upon higher ICP there is faster produ-
ction of the coeliolymph, and thus also faster renewal
thereof. This leads to better removal of metabolic toxic
products (e.g. B-amyloid). B-amyloid is a metabolic toxic
product which is located both in the ganglion cells of
the retina (experimentally induced glaucoma in animals)
and for example in plaques in the case of Alzheimer's
disease. For these reasons some authors understand
glaucoma as an imbalance between the production and
washing out of neurotoxins, similarly as in the case of
Alzheimer's disease. The hypothesis of the biomechani-
cal and biochemical mechanism of origin of glaucoma is
supported by statistical data: the relatively higher per-
centage of glaucoma in patients with Alzheimer's disea-
se (AD) in comparison with the population without AD,
and at the same time the absence of ocular hypertensi-
on in patients with AD. These observations uncover new
possibilities in the treatment of glaucoma, for example
by means of substances which increase through-flow/
renew coeliolymph (18).

TLG may also be significant in the selection of anti-
glaucomatous agents. While prostaglandin analogues
reduce I0P, b-adrenergic antagonists reduce IOP + wor-
sen perfusion during the night through a reduction of
blood pressure, and a2-adrenergic antagonists reduce
IOP and neuroprotective action. The production of co-
eliolymph is also influenced by carboanhydrase. As a
result, carboanhydrase inhibitors not only reduce I0P,
but also reduce ICP. This is suitable for use in conditions
with increased ICP and also intraorbital pressure (obe-
sity, endocrine orbitopathy, certain brain tumours, ane-
urysms etc.).

CONCLUSION

I. The risk of glaucomatous damage increases in direct
proportion to the increasing value of the translaminar
gradient.

e High intraocular pressure (ocular hypertension, glaucoma)
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e Low intracranial pressure (physiological, blockade of co-
eliolymph etc.)

e The higher the TLG, the greater the probability of glauco-
ma progression

Il. The translaminar gradient serves for specifying the “tar-

get” intraocular pressure for the individual patient.

IIl. Evaluation of TLG is significant upon:

e QOcular changes (ocular hypertension, glaucoma, vascular
occlusion, venostasis, neuropathy of optic nerve).

e Intracranial processes (brain tumours, pseudotumour ce-
rebri, hydrocephalus etc.)

e Intraorbital changes (endocrine orbitopathy, endophthal-
mos, tumours)

e Selection of suitable anti-glaucomatous agent.

Abbreviations

AD — Alzheimer's disease

D-ODM - digital ophthalmodynamometry
CDU — colour Doppler ultrasonography
ICP —intracranial pressure

LC — lamina cribriformis

POAG — primary open-angle glaucoma
SVP — spontaneous venous pulsation

TLG — translaminar gradient

IOP —intraocular pressure

PVP — pulsating venous pressure (venous outflow pressure —
retinal venous pressure).

Table 3 Calculation of translaminar gradient

e Measurement of ICP:

o Direct neurosurgical approach:
= Transcranial.
= |LLumbar puncture.

o Indirect ophthalmological approach:
= Digital ophthalmodynamometry.
= Transcranial duplex ultrasonography.
= Monitoring of parameters of retinal veins.
= Calculation of ICP according to various formulae:

e |CP =0.55x BMI index (kg/m2) + 0.16 KTD (mmHg) — 0.18 x age
(years) —1.91 (10) (KTD — diastolic blood pressure, BMI — Body
mass index)..

e |CP =16.95 x OSASWO09 + 0.39 x BMI + 0.14 + TKS — 20.90 (25).
OSASWO095: width of orbital subarachnoid space at distance of
9 mm behind eyeball (examination of nuclear magnetic reso-
nance). BMI: Body mass index. TKS: median arterial pressure
(20).

e Venous pressure (VP)

o VP =10P a PVP (increase of PVP is linked with glaucoma risk.
VP: Venous pressure, IOP: Intraocular pressure, PVP: Pulsa-
ting venous pressure).
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