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Objective: To report on the lipocalin-type prostaglandin D synthase (L-PGDS) concentra-
tions in the cerebrospinal fluid (CSF) of the perioptic and lumbar subarachnoid space (SAS) 
in patients with radiologically proven optic nerve (ON) sheath compartmentation presenting 
as normal-tension glaucoma (NTG).
Methods: Retrospective biochemical analysis of CSF in thirteen patients with ON sheath 
compartmentation presenting as NTG (four females, mean age 70±8 years). CSF was 
sampled from the SAS of the ON during ON sheath fenestration for ON sheath compart-
mentation and from the lumbar SAS at the time of lumbar puncture. Nephelometry was used 
for the quantification of L-PGDS and albumin concentration. Albumin was measured in 
order to assess the amount of contamination with serum in the CSF samples taken from the 
ON SAS. Main outcome measures were L-PGDS concentrations in the CSF of the perioptic 
and lumbar SAS.
Results: Mean L-PGDS concentration was 24±8 mg/L in the lumbar SAS compared to 33 
±27 mg/L without correction of serum contamination and 45±39 mg/L after correction of 
serum contamination in the perioptic SAS. The difference between the lumbar and the 
perioptic SAS was statistically significant (P=0.0047 without correction of serum contam-
ination, P=0.0002 with correction of serum contamination; Mann–Witney U-test).
Conclusion: This study demonstrates a concentration gradient of L-PGDS levels within the 
CSF with a statistically significant higher concentration in the compartmentalized perioptic 
SAS compared to that in the lumbar SAS. Biochemical changes in the perioptic SAS might 
be involved in the pathophysiology in NTG patients with ON sheath compartmentation.
Keywords: lipocalin-type prostaglandin D synthase, cerebrospinal fluid, optic nerve sheath 
compartment syndrome, normal-tension glaucoma, optic nerve

Introduction
Normal-tension glaucoma (NTG) is a multifactorial, yet still poorly understood 
disease of the optic nerve (ON). In contrast to primary open-angle glaucoma, 
intraocular pressure (IOP) appears to play a minor role in NTG.1,2 Vascular 
dysregulation,3 oxidative stress,4 genetic factors5 and autoinflammatory processes6 

are considered to be involved in the pathogenesis of NTG.
In recent years, the role of cerebrospinal fluid (CSF) in the pathogenesis of NTG 

was recognized7 with CSF circulatory dysfunction8,9 and abnormal translaminar 
pressure gradients10 as contributing factors. Studies8,9 with computed tomography 

Correspondence: Achmed Pircher  
Department of Neuroscience/ 
Ophthalmology, Uppsala University, 
Uppsala, Sweden  
Tel +46 76 496 37 51  
Email achmed.pircher@gmail.com

submit your manuscript | www.dovepress.com Eye and Brain 2021:13 89–97                                                                                        89

http://doi.org/10.2147/EB.S297274 

DovePress © 2021 Pircher et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Eye and Brain                                                                                      Dovepress
open access to scientific and medical research

Open Access Full Text Article

E
ye

 a
nd

 B
ra

in
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

13
0.

23
8.

18
9.

20
4 

on
 2

5-
M

ay
-2

02
1

F
or

 p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

http://orcid.org/0000-0003-3784-1666
mailto:achmed.pircher@gmail.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


(CT) assisted cisternography demonstrated sequestration 
of CSF in the subarachnoid space (SAS) of the ON in 
a cohort of NTG patients, thus suggesting a disturbance of 
CSF exchange in this location. These patients also pre-
sented with enlarged retrobulbar ON sheath diameters, as 
seen typical in patients with papilledema due to elevated 
intracranial pressure. As intracranial pressure was normal 
in all of the patients described, distension of the ON sheath 
is likely to be caused by a higher local CSF pressure or 
a change in the compliance of the dural sheath. We 
hypothesize that the compartmentation of the perioptic 
SAS might contribute to the pathophysiology of NTG in 
these patients with ON sheath compartmentation and con-
sidered ON sheath decompression as a therapeutic option 
to lower the pressure in the ON SAS and therefore to 
facilitate newly formed CSF to flow into this location.

ON sheath compartmentation may have been reported 
before, but under different names. In 1968 Bane described 
a patient with a “cyst” of the dural sheath of the ON.11 

Garrity et al reported on thirteen patients with “optic nerve 
sheath meningoceles”.12 The common finding in all these 
cases was the enlargement of the ON sheath. In some of 
these patients, ON sheath decompression was performed 
and a “gush” of “crystal clear” fluid was observed exiting 
the fistula that was surgically created, thus suggesting an 
elevated “opening pressure”. Probably “cysts of the dural 
sheath”, “optic nerve sheath meningoceles” and the “optic 
nerve sheath compartment syndrome” are all features of 
the same underlying process and NTG with ON sheath 
compartmentation might be in the spectrum of this 
process.

Lipocalin-type prostaglandin D synthase (L-PGDS), 
also known as beta-trace protein, is a brain-specific glyco-
protein that consists of 168 amino acids and belongs to the 
lipocalin superfamily. It is one of the most abundant pro-
teins in the CSF (15–17 mg/L)13,14 and represents about 3% 
of the total CSF protein.15 In the brain, L-PGDS is pro-
duced by the cells of the leptomeninges, the choroid plexus 
and the arachnoid membrane.16 In the blood, L-PGDS is 
present in a much lower concentration (0.6 mg/L)14 and it is 
therefore used as a clinical marker for CSF leakage into the 
nasal cavity. It has been hypothesized that L-PGDS enters 
the serum by diffusion and is eliminated by the liver. The 
role of L-PGDS is manifold. L-PGDS is considered to be 
a major chaperone in the human CSF.17,18 Moreover, 
L-PGDS is involved in diverse cellular processes like apop-
tosis, inflammation, cell differentiation and cell cycle pro-
gression. L-PGDS has been shown to have a critical role in 

protection against cerebral ischemia and to be involved in 
multiple sclerosis,13 spinal canal stenosis, bacterial 
meningitis,19 normal-pressure hydrocephalus,20 and 
dementia.19,21

The current study compares the L-PGDS levels in the 
perioptic SAS with the concentration in the lumbar SAS in 
thirteen NTG patients with radiologically proven ON 
sheath compartmentation for a better understanding of 
the biochemical environment of the ON following com-
partmentalization of the perioptic SAS.

Methods
The study was approved by the local ethical commission 
(Ethikkommission Nordwest- und Zentralschweiz) and 
followed the tenets of the Declaration of Helsinki. The 
informed consent from the subjects was obtained before 
inclusion in the study. This study retrospectively analyses 
and compares CSF L-PGDS concentration in the perioptic 
SAS with the concentration in the lumbar SAS in 
Caucasian NTG patients with ON sheath compartmenta-
tion and progressive visual field defects despite normal or 
low IOP.

Optic nerve sheath fenestration (ONSF) was performed 
as clinical care following the diagnostic procedure (CT- 
assisted cisternography) that proved compartmentation of 
the SAS. All patients were informed about the rationale for 
CT-assisted cisternography and ONSF.

Thirteen patients with NTG underwent lumbar puncture 
and CT-assisted cisternography after MRI demonstrated 
dilatation of the ON sheath (measurement of the ON sheath 
diameter at 3 mm distance from the posterior globe). The 
indication for this work-up was progressive loss of visual 
fields despite normal and low IOP. ONSF was only per-
formed in eyes with fast (>2.5dB over the last year) and 
severe progression of visual field defects (mean deviation 
(MD) >15 dB) demonstrated by using standard automated 
perimetry (Program G2, Octopus Haag-Streit, Switzerland) 
in whom impaired CSF flow in the ON SAS of the affected 
eye was measured. CT cisternography demonstrated dimin-
ished contrast loaded CSF along the intraorbital ON with 
a minimum of contrast in the bulbar region of the ON behind 
the lamina cribrosa. The rationale for ONSF was to lower 
the pressure and the resistance at the location of the most 
pronounced compartmentation and therefore to increase 
velocity and outflow of stagnant CSF, thus allowing new 
CSF inflow into the SAS. No complications such as retro-
bulbar hematoma, immediate postoperative vision loss and 
infections that occurred during and after the surgical 
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procedure for ONSF. One patient suffered from transient 
double vision postoperatively. The most likely reason was 
the procedure performed on the medial rectus muscle in 
combination with fusion problems due to markedly compro-
mised visual fields.

Each patient underwent full ophthalmologic examination 
including slit lamp assisted biomicroscopy, applanation 
tonometry, gonioscopy, visual acuity, color vision, measure-
ment of central corneal thickness (ultrasound pachymetry), 
standard automated perimetry and neuroretinal rim assess-
ment by optic coherence tomography (Heidelberg 
Engineering, California, USA). In each patient, IOP was 
measured at least four times at different times during 24 
h (between 8:00 a.m. and 8:00 p.m.) in a seated position, 
using Goldmann applanation tonometry and twice at night 
(between 9:00 p.m. and 6:00 a.m.) in a recumbent position, 
using Perkins tonometry. All IOP measurements were exam-
ined for their dependence on central corneal thickness in 
order to exclude false negative values.22 IOP lowering treat-
ment consisted of topical applied prostaglandin analogs, 
β-blockers, carbonic anhydrase inhibitors, α-agonists and 
combinations of these medications. The IOP remained 
unchanged after ONSF was performed. Systemic medication 
influencing the production or resorption of CSF was a study 
exclusion criterion.

CSF was sampled from the lumbar SAS during lumbar 
puncture (L3-L4) and from the ON during ONSF. ON 
sheath decompression was performed via a medial trans-
conjunctival orbitotomy under general anesthesia. Special 
care was taken not to use fluids to moisten the cornea after 
the orbitotomy in order not to dilute the CSF. Multiple 
incisions were performed in the dura of the ON with a 19- 
gauge blade and the trabeculae in the SAS were loosened 
with a tenotomy hook. After the first incision, a gush of 

CSF was observed, followed by further slow outflow. CSF 
then was sampled with a syringe using a 37-gauge needle 
and immediately deep frozen (Figure 1, Figure 2, Figure 3, 
Figure 4).

CSF from both sampling sites was examined for the con-
tent of L-PGDS and albumin. L-PGDS was chosen due to its 
abundance in the CSF and its very low serum concentration to 
avoid the possibility of false positive results that often occur 
as a consequence of the presence of serum during CSF sam-
pling. Albumin was measured in order to assess the amount of 
contamination with serum during the ON sheath fenestration 
in the CSF sample taken from the ON SAS. The contamina-
tion with serum in the perioptic SAS was calculated by setting 
up two equations where in the first equation the percentage of 
blood volume that contaminates the perioptic CSF and in 
the second equation the amount (mg/L) of L-PGDS without 
serum contamination was calculated. The calculations were 
based on the L-PGDS levels measured in the serum and the 
albumin levels measured in the serum and in the lumbar SAS. 
The following calculations were performed:

x ¼
A � A2ð Þ

A1 � A2ð Þ
(1) 

where x=hundredths of a liter of perioptic CSF w/o serum (eg 
30/100=0.3 L), (100–x)=complement to hundredths of a liter 
of the serum (eg 70/100=0.7 L), A (mg/L)=albumin in the 
perioptic CSF with serum, A1 (mg/L)=albumin in the perioptic 
CSF without serum*, A2 (mg/L)=albumin in serum.

y ¼
A βð Þ � A2 βð Þ � 1 � xð Þ

x
(2) 

where y (mg/L)=L-PGDS in the perioptic CSF without 
serum contamination, A(β) (mg/L)=L-PGDS in the peri-
optic CSF with serum contamination, A2(β) (mg/L) 
=L-PGDS in serum. *For the albumin levels in the 

Figure 1 Optic nerve sheath fenestration in a patient with normal tension glaucoma. (A) View onto the optic nerve sheath of the retrobulbar portion of the optic nerve 
during optic nerve sheath fenestration before the dura sheath was fenestrated. (B) Preparation of the dura opening after cerebrospinal fluid was sampled.
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perioptic CSF without serum contamination the albumin 
levels measured in the lumbar SAS was used in order to 
deal with the same quantity of contamination in the lumbar 
SAS and in the perioptic SAS.

Concentration measurements were routinely performed 
by nephelometry on BNII (Dade Behring, Marburg, 
Germany) according to the manufacturer`s instructions. If 
necessary, samples were diluted so that the results would 
fall in the linear range. At least three measurements were 
performed from each sample and the mean value was 
calculated. In addition, L-PGDS and albumin serum levels 
were determined using above described analytical method.

Statistical analysis was performed using SIGMAPLOT 
10.0 (Systat Software, San Jose, CA, USA), Microsoft 
Excel 2010 (Microsoft Corporation, Redmond, WA, 
USA), and the SPSS 21.0 (IBM Corporation, Armonk 
NY, USA) for Windows statistical package. Data were 
analyzed using the Mann–Whitney U-test when normal 
distribution was not given and the unpaired Student’s 
t-test to compare normally distributed variables. The non-
parametric Spearman rank order correlation coefficient 
was used for analysis of correlations between L-PGDS 
concentrations and age and between L-PGDS concentra-
tions and IOP. All data are expressed as mean and standard 
deviation or median and interquartile ranges, respectively. 
Differences were considered significant when the error 
probability of P<0.05.

Results
Thirteen NTG patients (mean age 70±8 years), four 
women (66±9 years) and nine men (72±7 years) under-
went lumbar puncture, cisternography and ONSF. 
ONSF was performed in 16 of 26 ONs due to progres-
sive loss of visual field in the presence of low IOP and 
compartmentation of the SAS with lack of contrast 
medium flow to the lamina cribrosa. Figures 2–4 

illustrates fundus photography of the ON head, visual 
fields and the CT cisternography of one of the included 
patients before ONSF was performed (Figures 2–4). 
Intracranial pressure measured during lumbar puncture 
was below 20 cm H2O in all patients. Only one ran-
domly selected ON of each patient was included in the 
statistical analysis. The mean glaucomatous visual field 
defect (MD) was 23±4 dB and the mean IOP was 14±2 
mmHg (Table 1).

In the CSF, the mean L-PGDS concentration (n=13) 
measured 24±8 mg/L in the lumbar SAS and in the perioptic 
SAS 33±27 mg/L without correction of serum contamination 
and 45±39 mg/L after correction of serum contamination. In 
the lumbar SAS, L-PGDS levels ranged from 4 to 34 mg/L 
and in the perioptic SAS from 11 to 104 mg/L without 
correction of serum contamination and from 21 to 144 with 
correction of serum contamination (Table 1). There was 
a statistically significant difference in L-PGDS concentration 
between lumbar and perioptic SAS (P=0.0047 without cor-
rection of serum contamination and P=0.0002 with correction 
of serum contamination; Mann–Whitney U-test) (Figure 5). 
L-PGDS showed no significant difference between females 

Figure 2 Fundus photography of right optic nerve head. Note the glaucomatous 
optic disc cupping and peripapillary atrophy.

Figure 3 Right visual field, measured by standard automated perimetry.
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(n=4) and males (n=9) neither in the lumbar SAS (P=0.44; 
Mann–Whitney U-test) nor in the perioptic SAS (P=0.27 
without correction of serum contamination, P=25 with cor-
rection of serum contamination; Mann–Whitney U-test).

The mean albumin concentration measured 290 
±130 mg/L in the lumbar SAS (n=13) and in the perioptic 
SAS (n=13) 10,800±5455 mg/L. The difference was sta-
tistically significant (P<0.001, unpaired t-test) between the 
lumbar and perioptic SAS.

In the serum the mean L-PGDS concentration (n=13) 
measured 0.8±0.3 mg/L. The mean albumin concentration 
(n=13) measured 3725±5469 mg/L.

Bivariate analysis comparing L-PGDS with age 
showed no statistically significant correlation between 
age and L-PGDS neither in the lumbar spine 
(Spearman's correlation; ρ=−0.23, =0.46) nor in the ON 
SAS (Spearman`s correlation; ρ=−0.03, P=0.93 without 
correction of serum contamination; ρ=0.17, P=0.59 with 
correction of serum contamination). No significant corre-
lation was found between IOP and L-PGDS in the ON 
SAS (Spearman's correlation; ρ=−0.04, P=0.89 without 
correction of serum contamination; ρ=−0.06, P=0.84 with 
correction of serum contamination).

Discussion
This study demonstrates a concentration gradient of 
L-PGDS between the lumbar CSF and the CSF in the 
perioptic SAS in thirteen patients with clinical features 
of NTG and radiologically proven ON sheath compart-
mentation (dilated ON sheath in spite of normal intracra-
nial pressure and reduced contrast agent in the SAS of the 
ON on cisternography). The concentration of L-PGDS was 
significantly higher in the perioptic SAS compared to the 

Table 1 Lipocalin-type Prostaglandin D Synthase (L-PGDS) Concentrations in the Lumbar and Perioptic Subarachnoid Space (SAS) 
with and without Serum Contamination in Normal-tension Glaucoma (NTG) Patients with Optic Nerve Sheath Compartmentation

NTG Patients with Optic Nerve Sheath Compartmentation

Patient 
n

Age male Age 
female

IOP 
(mmHg)

VF 
(dB)

L-PGDS 
Lumbar SAS 

(mg/L)

L-PGDS Perioptic SAS 
(with Contamination) (mg/ 

L)

L-PGDS Perioptic SAS 
(without Contamination) 

(mg/L)

1 81 12 15 28 45 127

2 66 17 27 23 96 (OD)/102 (OS) 120 (OD)/136 (OS)
3 70 16 20 30 26 33

4 64 14 18 26 11 21
5 82 12 23 4 38 71

6 73 18 15 18 26 30

7 67 13 25 25 29 45
8 64 15 19 34 31 42

9 83 15 24 18 33 52

10 80 12 25 24 29 44
11 72 13 26 29 61 (OD)/62 (OS) 68 (OD)/69 (OS)

12 64 10 18 12 33 (OD)/24 (OS) 41 (OD)/32 (OS)

13 62 17 26 21 104 144
AM ±SD 72±7 66±9 14±2 23 

±4

24±8 33±27 45±39

Notes: L-PGDS was measured in the lumbar SAS at the level L3/L4 and in the perioptic SAS in the retrobulbar portion of the optic nerve. Intraocular pressure (mmHg) was 
measured by applanation tonometry. Visual field mean deviation was measured in decibels using standard automated perimetry. Age for male and female in years. 
Abbreviations: IOP, intraocular pressure; VF, visual field; dB, decibels; OD, oculus dexter (right optic nerve); OS, oculus sinister (left optic nerve); AM, arithmetic mean.

Figure 4 Computer tomography assisted cisternography. Note the lack of contrast 
medium flow into the intraorbital optic nerve subarachnoid space and enlarged 
optic nerve sheath diameters.

Eye and Brain 2021:13                                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                          
93

Dovepress                                                                                                                                                          Pircher et al
E

ye
 a

nd
 B

ra
in

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ b

y 
13

0.
23

8.
18

9.
20

4 
on

 2
5-

M
ay

-2
02

1
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


concentration in the lumbar SAS. This difference indicates 
that the biochemical environment differs around the ON 
from that in the lumbar spine.

There are mainly three explanations for a higher con-
centration of L-PGDS in the perioptic SAS: (a) impaired 
perioptic recycling or outflow, (b) higher perioptic produc-
tion of L-PGDS, or (c) a combination of both.

All included patients underwent CT-assisted cisterno-
graphy one month before ONSF. The cisternography in 
all patients demonstrated impaired contrast loaded CSF 
dynamics in the SAS of the ON, most pronounced in the 
retrobulbar ON segment as described in a recent study in 
56 patients with NTG.9 In these NTG patients, a gradual 
reduction of contrast-loaded CSF toward the retrobulbar 
segment was measured in Hounsfield units. This indi-
cates that CSF in these patients does not behave as 
a continuum within the ON SAS between the pituitary 
cistern and the retrobulbar ON segment, a condition that 
has previously been described as ON sheath 
compartmentalization.23,24 One possible explanation for 
this phenomenon is a remodeling of the SAS following 
a change in the architecture of meningothelial cells via 
mechanical and biochemical induced effects.25,26 In such 
a compartment, the CSF inflow is disturbed and most 
likely also the CSF outflow and thus recycling of various 
CSF proteins, eg L-PGDS. Interestingly, Tumani et al19 

found increased L-PGDS concentrations in the lumbar 
SAS in patients with spinal canal stenosis. It seems 
likely that the SAS of the lumbar spine also becomes 
compartmented in patients with spinal canal stenosis, 
thus impairing outflow and recycling of CSF proteins 
and therefore effecting L-PGDS concentrations in 

a similar fashion. As a consequence of a stagnant CSF, 
the biochemical environment within the perioptic SAS 
might undergo changes that result in an alteration of 
protein and molecule concentrations including upregula-
tion of L-PGDS and other CSF proteins.

Previous studies of L-PGDS indicate a possible rela-
tionship between the concentration of L-PGDS and pres-
sure. In patients with spontaneous intracranial hypotension 
a significant increase of L-PGDS was measured in the 
lumbar CSF.27 The authors hypothesized that the secretion 
of L-PGDS and other CSF proteins may depend on CSF 
pressure and volume. Further, in a cohort of primary open 
angle glaucoma patients, Bauer et al28 found a positive 
correlation between IOP and L-PGDS in the aqueous 
humor. The local pressure in the SAS of the ON is 
unknown and in fact due to its small size difficult to 
measure. However, pressure in a CSF compartment is 
likely to differ from other CSF spaces and might therefore 
influence the secretion of L-PGDS.

Increased concentration of L-PGDS in the CSF was 
observed also following stroke during the repair of the 
damaged brain.13 The authors suggested that L-PGDS 
overexpression may be a component of a physiological 
response to the homeostatic imbalance of the brain follow-
ing damage. Glaucoma is characterized by progressive ON 
fiber loss. All included NTG patients in this study had 
marked ON fiber loss as assessed by OCT as well as 
progressive severe visual field loss. Similar to the upregu-
lation during stroke, L-PGDS overexpression in the peri-
optic SAS could also represent a physiological response to 
damaged ON fibers in NTG patients. A recently published 
study demonstrated a neuroprotective role of L-PGDS.18 

Figure 5 Lipocalin-type prostaglandin D synthase (L-PGDS) concentrations in the cerebrospinal fluid (CSF) of the lumbar and perioptic subarachnoid space (SAS) (A) 
without and (B) with serum contamination in normal-tension glaucoma patients with ON sheath compartmentation.
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This in vitro study18 demonstrated the ability of L-PGDS 
to act as a chaperone on the pre-formed fibrils of amyloid 
β, a protein strongly suspected to play a key role in the 
pathogenesis of Alzheimer’s disease. As NTG is 
a neurodegenerative disease it is conceivable that 
increased production of L-PGDS within the ON occurs 
as a neuroprotective reaction on the ON fiber damage. 
Alternatively, it has been reported that L-PGDS itself has 
also apoptosis-inducing properties in neuronal tissue, 
depending on the receptor pathway it signals to target 
cells.29,30 The role that L-PGDS plays around the ON 
during ON sheath compartmentation needs to be studied 
in more detail.

Suk31 showed in vitro and in vivo that L-PGDS 
induces glial cell migration. This indicates that L-PGDS 
might also induce morphological changes and thus play 
a crucial role in the development of a compartment itself.

Compared to other studies13,14,19 on L-PGDS, the 
L-PGDS concentration in the lumbar SAS in the NTG 
patients in this study was significantly higher while the 
serum L-PGDS concentration was in the same range as 
reported by other authors.19,32 In our cohort, L-PGDS 
concentration in the lumbar SAS was 24±8 mg/L while 
in other studies in healthy subjects L-PGDS measured 
between 15 and 17 mg/L.13,14 As the patients in our 
study are slightly older, this might partially explain these 
results.15 However, a higher overall L-PGDS concentra-
tion in the CSF might indicate a possible generalized 
neurodegenerative pathophysiology in NTG. There is evi-
dence for a correlation between NTG and Alzheimer's 
disease even though this is still controversial.33,34 The 
findings of elevated lumbar L-PGDS concentrations points 
toward generalized reduced CSF dynamics in NTG 
patients with impaired clearing of CSF L-PGDS and prob-
ably other proteins as well.

The albumin concentration in the NTG patients in this 
study was in a normal range both in serum and in the 
lumbar CSF.35,36 The significant difference in albumin 
concentration between the lumbar spine SAS and the peri-
optic SAS is most likely due to contamination with blood 
during ONSF. As the albumin concentration is much 
higher in serum than in the CSF this is the most likely 
explanation. The concentration of L-PGDS is, however, 
extremely low in serum and false positive results caused 
by serum contamination are therefore impossible.

In the data set of L-PGDS measurements in the peri-
optic SAS two (patients 2 and 13 without correction of 

serum contamination), respectively three (patients 1, 2 and 
13 after correction of serum contamination) measurements 
present highly elevated L-PGDS levels. Duration and 
activity of the disease might have contributed on this 
elevation, this is however pure speculation. A similar 
effect has been found on the L-PGDS concentration in 
the subretinal space of detached retinas. The levels there 
were higher in freshly detached retinas.37

This study has several limitations. First, the study 
population is rather small. The patients included in this 
study may not represent the typical NTG patient as in them 
also ON sheath compartmentation was diagnosed. Larger 
studies will have to estimate the amount of patients with 
NTG that also present with ON sheath compartmentation. 
Second, there should be no misunderstanding concerning 
ONSF for NTG. We do not suggest that this is the treat-
ment of choice for this disease. The reason for ONSF in 
our patients was to allow CSF outflow from the compart-
mented perioptic SAS, in analogy to ON sheath hydrops12 

and for compartmentation due to meningioma.24 Third, the 
lack of a control group is an obvious problem. Recruiting 
a control group for an invasive diagnostic and treatment, 
however, is not ethical and therefore out of the scope. 
Instead of a control group we suggest consideration of 
the following: according to the second law of thermody-
namics, a homogeneous distribution of molecules and 
proteins can be expected in a closed system with free 
fluid circulation. The difference between CSF composition 
in the ON SAS and the lumbar SAS, however, is already 
evident in this small cohort of NTG patients. Fourth, all 
included NTG patients are in an advanced stage of glau-
coma (MD >15 dB). It is therefore possible that the stage 
of the disease had an impact on the L-PGDS concentration 
in the perioptic SAS.

This study demonstrates a significant concentration 
gradient of L-PGDS within the CSF of the trapped peri-
optic CSF compared to that in the lumbar spine SAS in 
a group of NTG patients with optic nerve sheath compart-
ment syndrome. It is to be expected that other CSF pro-
teins might differ in quantity and quality in a comparted 
perioptic CSF. We hypothesize that alteration in protein 
concentrations and content can influence the ON function, 
possibly contributing to NTG in some patients. Larger 
studies are necessary to support this hypothesis. We 
would like to encourage MRI studies in NTG patients 
that will focus on the morphology of the ON sheath and 
features of an ON sheath compartment syndrome.
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