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Abstract

v

Background: The optic nerve compartment syn-
drome is a pathological condition in which cere-
brospinal fluid of the subarachnoid space sur-
rounding the optic nerve is partly or totally segre-
gated from the cerebrospinal fluid of the intracra-
nial subarachnoid space, leading - inter alia - to
an increase in the diameter of the optic nerve
sheath. The pathogenesis of this condition re-
mains unclear. We have observed clinically that
optic nerve compartment syndrome often occurs
in normal tension glaucoma patients with
Flammer syndrome. To treat Flammer syndrome,
some glaucoma patients received a low dose of a
calcium channel blocker and we analysed
whether this treatment also had an effect on the
optic nerve compartment syndrome.

Patients and Methods: We retrospectively ana-
lysed the data of 10 eyes of seven patients suffer-
ing from a combination of primary open angle
glaucoma, optic nerve compartment syndrome,
and Flammer syndrome. We included subjects
who had eye socket echography before and after
a few months of therapy with a calcium channel
blocker.

Therapy and Results: All patients received a low
dose of a calcium channel blocker (nifedipine or
amlodipine) to treat Flammer syndrome. As ex-
pected, the symptoms of Flammer syndrome
were mitigated. To our surprise, the optic nerve
compartment syndrome also improved in eight
of the 10 eyes (80%), but remained unchanged in
the remainder.

Conclusions: To some extent, the optic nerve
compartment syndrome is related to the combi-
nation of primary open angle glaucoma and
Flammer syndrome. On the basis of our results,
we hypothesise that treatment of Flammer syn-
drome may also improve the optic nerve com-
partment syndrome.

Zusammenfassung

v

Hintergrund: Das Optikus-Kompartiment-Syn-
drom ist eine Erkrankung, bei der die freie Kom-
munikation des Liquors cerebrospinalis des Ner-
vus opticus mit dem Liquor des Zentralnerven-
systems ganz oder teilweise unterbrochen ist.
Dies fiihrt u.a. zur Ausdehnung der Optikus-
Scheide. Die Pathogenese dieser Erkrankung ist
noch unklar. Klinische Erfahrung lasst vermuten,
dass Optikus-Kompartiment-Syndrom bei den
Patienten gehduft vorkommt, die gleichzeitig an
Normaldruckglaukom und Flammer-Syndrom
leiden. Weil solche Patienten wegen ihrem Flam-
mer-Syndrom mit einem niedrig dosierten Kal-
ziumantagonisten behandelt wurden, analysier-
ten wir retrospektiv, ob diese Behandlung auch
auf das Optikus-Kompartiment-Syndrom einen
Einfluss hatte.

Patienten und Methoden: Wir haben retrospek-
tiv die Daten von 10 Augen von 7 Patienten mit
der Kombination von primdrem Offenwinkelglau-
kom, Optikus-Kompartiment-Syndrom und Flam-
mer-Syndrom analysiert. Eingeschlossen wurden
Patienten, bei denen eine echografische Unter-
suchung der Orbita vor und nach einer Therapie
mit einem Kalziumantagonisten durchgefiihrt
wurde. Die Therapie dauerte jeweils einige Mona-
te.

Therapie und Ergebnisse: Wegen dem Flammer-
Syndrom hatten die Patienten eine Therapie mit
einem niedrig dosiertem Kalziumantagonisten
(Nifedipin oder Amlodipin). Unter dieser Therapie
haben sich erwartungsgemadss die Symptome und
Zeichen vom Flammer-Syndrom verbessert.
Uberraschenderweise hat sich in diesem Zeit-
raum auch Optikus-Kompartiment-Syndrom in 8
von 10 Augen (80%) verbessert, in 2 von 10 Augen
blieb es hingegen unverdndert.
Schlussfolgerungen: Patienten mit einem prima-
ren Offenwinkelglaukom und Flammer-Syndrom
zeigen gehduft ein Optikus-Kompartiment-Syn-
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drom. Basierend auf den hier beschriebenen Beobachtungen, for-
mulieren wir die Hypothese, dass die Behandlung des Flammer-
Syndroms auch eine giinstige Wirkung auf das Optikus-Kompar-
timent-Syndrom hat.

Abbreviations

v

CCB: calcium channel blocker

ES: Flammer syndrome

NTG: normal tension glaucoma
ONCS: optic nerve compartment syndrome
ONH: optic nerve head

POAG: primary open angle glaucoma
PVD: primary vascular dysregulation
VF: visual field

Background

v

The optic nerve is a white matter tract of the brain within its own
subarachnoid space; it is enveloped by the dura mater, the arach-
noid, and the pia mater. The subarachnoid space is filled with cir-
culating cerebrospinal fluid that in healthy subjects freely com-
municates with the chiasmal cistern of the brain. Optic nerve
compartment syndrome (ONCS) [1] is a pathological condition
in which cerebrospinal fluid is partly or totally segregated be-
tween the subarachnoid space surrounding the optic nerve and
the intracranial subarachnoid space, leading to extension of the
optic nerve sheath diameter and an altered chemical composi-
tion of the cerebrospinal fluid. Optic nerve compartmentaliza-
tion has been demonstrated in patients with papilledema, anteri-
or and posterior ischemic optic neuropathy, and normal tension
glaucoma [1,2]. However, the pathogenesis of ONCS remains un-
clear.

Clinical observations suggest that ONCS often occurs in patients
with primary vascular dysregulation (PVD) [3,4], which is the
major vascular component of Flammer syndrome (FS) [5]. FS is a
risk factor for certain diseases such as glaucoma, particularly for
normal tension glaucoma [6]. In this paper, we describe a group
of patients suffering from a combination of a) glaucoma, b) ONCS,
and c) FS. As treatment for FS, these patients received a low dose
of a calcium channel blocker (CCB) [3,7] and we analyzed
whether this CCB therapy also influenced ONCS.

Patients and Methods

v

Included in this retrospective study were 10 eyes of seven pa-
tients assessed at the Department of Ophthalmology at the Uni-
versity of Basel. All of our patients had a combination of a) pri-
mary open angle glaucoma (POAG), b) ONCS, and c) FS. All pa-
tients included underwent a set of examinations.

The presence or absence of ONCS was established based on eye
socket echography. We measured the optic nerve width in pri-
mary gaze and compared it with the width in the following three
additional positions: 30° abduction, total abduction and 30° ad-
duction. A reduction in optic nerve width of 10% or more (in re-
lation to the primary gaze) was considered as a positive sign for
ONCS. If the test was positive in 1 of the 3 eye positions, the ONCS
was defined as “slight” (+). If the test was positive in 2 of the 3 eye
positions — the ONCS was defined as “moderate” (++), and if in 3

of the 3 eye positions - as an “explicit” (+++). Negative tests in all
three eye positions were interpreted as absence of the ONCS (-).
Echography before and after CCB treatment was performed by an
experienced ophthalmologist. FS was diagnosed if both patient’s
history for FS was positive and the responses of retinal vessels to
flicker light in Dynamic Vessel Analysis were pathological [5]. We
asked the patients for typical FS symptoms and signs such as cold
hands/or feet, low blood pressure, low body weight, reduced feel-
ing of thirst, prolonged sleep onset time, increased smell and
pain sensation, migraines, tinnitus, reversible skin blotches, etc.
All patients had visual field (VF) defects due to glaucoma (corre-
sponding to the ONH excavation) and additional VF defects either
due to FS or ONCS or both. The relevant parameters are summar-
ized in ©Table 1. The study was conducted in accordance with
the tenets of the Declaration of Helsinki.

Therapy and Results

v

Patients were treated with a combination of a CCB (nifedipine or
amlodipine) 2-5mg/a day and magnesium 10-20 mmol/a day.
One of the patients was treated only with magnesium (a physio-
logical CCB). All other therapies remained unchanged during the
observation period. The follow-up echography was done be-
tween two and 24 months after introducing therapy.

As expected, the symptoms of FS improved under treatment with
a low dose CCB. Interestingly, ONCS also markedly improved in
eight of the 10 eyes (80%), whereas it remained unchanged in
two of the 10 eyes (20%) (© Table 2). The VFs also improved more
or less (not shown here). Whether this VF improvement was due
to the mitigation of the FS symptoms and signs or due to the im-
provement of the ONCS cannot be differentiated.

Discussion

v

In patients presenting with the combination of POAG, ONCS, and
FS, we observed that ONCS often improved under therapy with a
low dose of a CCB.

Unfortunately, we could not analyze a potential effect of CCBs on
ONCS in patients without FS for the following reason: ONCS is
currently not an indication for treatment with a CCB and there-
fore we have very limited clinical experience with treatment of
the ONCS in patients without FS. The effect of CCBs on optic nerve
width in healthy controls is also not yet known.

The causal relationship between ONCS and glaucoma and be-
tween ONCS and FS is not yet clear. We made the clinical obser-
vation that patients suffering from both glaucoma and FS, partic-
ularly often suffer from ONCS. Now we made the additional ob-
servation that treatment of FS may also have a beneficial effect
on ONCS. An example of the improvement of the VFs is presented
in ©Fig.1, and an improvement of the ONCS in presented in
OFig. 2.

At the moment, we can only speculate as to why CCBs might have
a beneficial effect on ONCS. The dura of the human optic nerve
contains lymphatic vessels [8]. They are assumed to be possible
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Patient Nr Age Gender Eye ONCS Glaucoma
1 41 M RE + POAG
LE ++ POAG
2 63 IF RE - NTG
LE +++ NTG
3 49 M RE ++ POAG
LE +++ POAG
4 70 M RE + POAG
LE - POAG
5 77 F RE 47 POAG
LE - POAG
6 51 M RE + POAG
LE - POAG
7 68 F RE ++ POAG
LI + POAG
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Other ocular diagnoses Table 1 Ocular and systemic pa-

Myopia magna rameters of the patients.

Myopia magna

Status post retinal detachment after
cataract extraction, myopia
Myopia

Pseudophakia
Pseudophakia
Myopia
Myopia
Pseudophakia
Pseudophakia

ONCS = optic nerve compartment syndrome, POAG = primary open angle glaucoma, NTG = normal tension glaucoma, RE = right eye, LE =

left eye; -= no ONCS, + = slight ONCS, ++ = moderate ONCS, +++ = explicit ONCS

Patient Nr Eye ONCS before therapy ONCS after therapy
1 RE + -
LE ++ -
2 LE +++ =
3 RE ++ Sist
LE +++ -
4 RE + -
5 RE i -
6 RE + -
7 RE ++ +
LE + +

Therapy of PVD[FS
amlodine, magnesium
amlodine, magnesium
nifedipine, magnesium
nifedipine, magnesium
nifedipine, magnesium
nifedipine, magnesium
nifedipine, magnesium
magnesium

nifedipine, magnesium
nifedipine, magnesium

Table 2 Semi-quantification of
the optic nerve compartment syn-
drome (ONCS) based on the out-
comes of eye socket echography
before and after treatment with a
calcium channel blocker.

Measurements of the optic nerve width were performed in four eye positions: in primary gaze, 30° abduction, total abduction and 30°

adduction. A reduction in optic nerve width of 10% or more in relation to the primary gaze was considered positive for presence of ONCS.

If the test was positive in 1 of the 3 positions, the ONCS was defined as “slight” (+). If the test was positive in 2 of the 3 positions - the
ONCS was defined as “moderate” (++). If the test was positive in 3 of the 3 positions - the ONCS was defined as “explicit” (+++). The

negative tests in all 3 positions indicated absence of the ONCS (-).

54 a0

30° 30°
MS (dB]: 19.0 MS [dB]: 25.0
MD [<2.0 dB): 8.7 MD [<2.0 dB): 2.6
sLV [< 25 dB]: 8.0 sLV [< 25 dB]: 5.2

Fig.1 Example of a visual fields (Octopus, program G2) before (left) and
after (right) treatment with a calcium channel blocker.

outflow pathways for cerebrospinal fluid from the subarachnoid
space of the optic nerve [9,10]. In ex vivo studies, endothelin-1
increased lymphatic vasomotion and caused vasospasm [11]. Ni-
fedipine inhibits contractile activity in human lymphatic vessels
[12]. Because CCBs are known to reduce the effect of endothelin-

1, we hypothesize that CCBs reduce the contractile activity of the
lymphatic capillaries in the dura of the optic nerve and thereby
improve the outflow of the cerebrospinal fluid from the sub-
arachnoid space surrounding the optic nerve. This could at least
partly explain the improvement of ONCS.

Based on our clinical experience, ONCS in early stages often re-
sponds to CCBs. In more advanced stages however, ONCS re-
sponds better to steroids than to CCBs, and in late stages the only
effective treatment may be an optic nerve sheath fenestration.
Some questions still remain, namely: what is the exact relation-
ship among glaucoma, FS and ONCS, and if CCBs have indeed an
effect on ONCS, what is the mechanism?

Conclusion

v

We observed a certain relationship between POAG, FS and ONCS,
and hypothesize that treatment of FS may also have a beneficial
effect on ONCS. The outcome of this retrospective analysis needs
to be confirmed in prospective studies.
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Fig.2 Examples of ultrasound examination of an
eye before and after treatment with a calcium
channel blocker. The optic nerve width is marked in
red. Top = outcome before treatment, botto-

m = outcome after treatment, left = primary gaze,
right=30° abduction.
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