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Abstract
Purpose The aim of the study was to investigate any metabolic changes on magnetic resonance spectroscopy (MRS)
throughout the visual pathway of the brain in patients with glaucoma and a control group and correlate the results with
clinical findings.
Material and Methods A total of 87 patients were enrolled in the study, 30 healthy controls, 25 glaucoma, 16 suspected
glaucoma (GS) and 16 ocular hypertension (OHT) patients. A single voxel MRS on TE 30ms was performed by placing
the volume of interest (VOI) on the corpus geniculatum laterale (CGL) and primary visual cortex (VC). Peak values of
metabolites, such as N-acetyl aspartate (NAA), creatine (Cr), choline (Cho) and Myo-inositol (Ins) were investigated on
MRS. The MRS results were correlated with age, intraocular pressure (IOP), retinal nerve fiber length (RNFL), mean
deviation (MD) and cup disk ratio (CD).
Results The NAA values obtained from the CGL in glaucoma and GS cases were lower than the healthy control group.
The Cho values at CGL in glaucoma were lower than GS and controls. There was a negative correlation between NAA
values of the VC and CD in glaucoma cases. Additionally, there was a negative correlation between age and RNFL in both
glaucoma and GS cases.
Conclusion The use of MRS can reveal neurodegeneration in CGL and VC in patients with glaucoma. Depiction of
metabolic changes throughout the visual pathways via MRS will guide the treatment planning and follow-up in glaucoma
and GS cases.

Keywords Corpus geniculatum laterale (CGL) · Visual cortex (VC) · N-acetyl aspartate (NAA) · Suspected glaucoma
(GS) · Open angle glaucoma

Introduction

Glaucoma is a neurodegenerative disease and one of the
leading causes of vision-related morbidity in industrialized
and emerging countries [1, 2]. The global prevalence of
glaucoma is approximately 3.5% for people aged 40–80
years [3]. The number of people affected by glaucoma
worldwide was estimated to be 64.3 million in 2013 and
this number is predicted to increase to 76 million in 2020
and to 112 million in 2040 [3]. The common feature of glau-
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coma is slowly progressive optic nerve damage, which leads
to visual field defects. As the damage caused by glaucoma
is irreversible, it is important to detect it early and start
treatment before patients develop significant deterioration
in visual function. The neurodegenerative process can also
be blamed for glaucoma pathophysiology. It is believed that
degeneration affects whole parts of the visual pathways [4,
5]. It is characterized by loss of retinal ganglion cells and
a reduction in the number of axons, leading to thinning of
retinal nerve fiber length (RNFL) and optic nerve fibers [6,
7]. Degeneration and thickness of RNFL can be measured
by optical coherence tomography (OCT) [8] but the degen-
eration of the posterior part of the visual pathway needs
to be evaluated by advanced techniques, such as magnetic
resonance imaging (MRI). The visual pathways in patients
with glaucoma were evaluated with conventional MRI in
a small number of studies in the literature [4, 9–11] and
showed a decrease in optic nerve and visual cortex thickness
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in glaucoma due to the neurodegenerative process in some
of these studies [12–15]. In a study, which was performed
with a 7T MRI, volume loss was shown in the corpus genic-
ulatum laterale (CGL) in glaucoma cases [9]. Other than
these effects of neuronal loss, significant changes have not
been identified in conventional MRI sequences. Structural
and diameter changes in the neuronal tissue may not be
easily noticed. Due to these reasons new and advanced neu-
roimaging techniques in glaucoma have recently been inves-
tigated [16, 17]. Magnetic resonance spectroscopy (MRS)
is a non-invasive imaging technique, which can show early-
onset brain damage and metabolic changes in various dis-
eases where conventional MRI is within normal limits. It
allows the metabolite changes in brain tissue to be deter-
mined and quantified [16].

The aim was to investigate any metabolic changes on
MRS at CGL and visual cortex in patients with glaucoma
and the control group and to correlate the results with clin-
ical findings.

Material andMethods

In this study healthy controls, suspected glaucoma (GS), oc-
ular hypertension (OHT) and open-angle glaucoma (OAG)
patients were enrolled from the Glaucoma Division of the
Ophthalmology Department from January 2016 to June
2017. Clinical examination findings, such as the cup disc
ratio (CD), average RNFL thickness and visual field (VF)
mean deviation (MD) were collected. Only one eye per
patient was randomly included in the statistical analyses,
unless only one eye met the inclusion and exclusion crite-
ria. A total of 87 cases, consisting of 57 patients and 30

Table 1 Mean age and age
interval for each patient group
and control group

Number of subjects Age interval
(years)

Mean age
(years)

Control 30T 30–88 49.27± 13.17

13F 33–74 45.77± 14.36

17M 38–88 51.94± 13.04
GS 16T 23–62 47.19± 12.03

9F 25–57 43.44± 12.01

7M 27–62 52.00± 12.39
OHT 16T 24–71 46.94± 10.87

13F 39–71 48.07± 11.72

3M 24–60 42.00± 13.92
Glaucoma 25T 26–73 53.80± 12.04

6F 48–73 58.00± 11.63

19M 26–71 52.32± 12.36
Patients (GS+OHT+Glaucoma) 57T 23–73 50.02± 11.64

28F 23–73 48.82± 11.99

29M 26–71 51.17± 12.13

GS suspected glaucoma, OHT Ocular hypertension, T Total, F Female, MMale

controls, participated in the study. The patient group was
composed of 25 glaucoma (open angle glaucoma), 16 GS
and 16 OHT and MR spectra were obtained from all par-
ticipants. The mean age and age interval for each patient
group and control group are summarized in Table 1. Ethical
approval was obtained from the institutional ethical review
board and all subjects provided informed consent. An in-
formed consent form was obtained from each case.

Participants with a history of intraocular surgery (except
for uncomplicated cataract surgery or glaucoma surgery),
coexisting retinal pathologies, nonglaucomatous optic neu-
ropathy, uveitis or ocular trauma were not included in the
study. Participants were also not included if there was a di-
agnosis of Parkinson’s disease, Alzheimer’s disease, de-
mentia, or a history of stroke and any condition with con-
traindications for MRI.

Ophthalmological Examination

At the initial evaluation, each participant underwent an oph-
thalmologic examination, including assessment of best cor-
rected visual acuity (BCVA), slit-lamp biomicroscopy, in-
traocular pressure (IOP) measurement with Goldmann ap-
planation tonometry, gonioscopy, ultrasound pachymetry,
dilated stereoscopic examination of fundus and optic nerve
head (ONH), evaluation of RNFL thickness, and visual
field (VF) testing. Glaucomatous ONH morphology was
defined as the presence of neuroretinal rim narrowing to
the optic disc margin, notching, an increase in the c:d
ratio, or RNFL defects. The RNFL thickness was mea-
sured with the Spectralis SD-OCT parapapillary circle scan
(software version 5.4.7.0). Basic principles of the SD-OCT
technique have been described in the literature [18]. Stan-
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Fig. 1 Example of three distinct spectra from CGL of the control (a), glaucoma (b) and suspected glaucoma (c) cases in the short TE MRS
examinations. The Cho and NAA values show decreased values compared to controls

dard automated perimetry (SAP) visual field tests were
completed using the Swedish interactive threshold algo-
rithm standard 24-2 (Humphrey Field Analyzer, Carl Zeiss
Meditec, Dublin, CA, USA) strategies. The SAP result was
considered abnormal if a glaucoma hemi-field test was out-
side of normal limits or a pattern standard deviation fell
outside of the 95% normal confidence interval (CI). Visual
field deficits were categorized according to the Hodapp-Par-
rish-Anderson classification [19]. Participants were classi-
fied into four groups: a healthy control group with an IOP
<21mmHg, normal ONH appearance, and normal SAP. The
OHT participants were defined as having IOP >21mmHg,
normal ONH appearance, and normal SAP. Participants
with glaucoma had a clinical diagnosis of primary open an-
gle glaucoma (POAG) in at least one eye based on an IOP
>21mmHg or more without therapy, wide anterior chamber
angle, glaucomatous ONH and abnormal SAP by at least

2 reliable VF examinations. Suspected glaucoma (GS) was
defined as having suspicious appearing ONH and/or IOP
>21mmHg but no VF defects on SAP. The presence of
a RNFL defect was not considered as a criterion for suspi-
cion of glaucoma. The diagnostic category for each partic-
ipant was determined based on the diagnosis of the worse
eye.

MRI Acquisition

In addition to clinical examination MRI data were ac-
quired from all participants using 1.5T scanner (Siemens,
Magnetom Avanto, Erlangen, Germany) equipped with
an 18-channel head coil. Axial T1-weighted (T1W) 3D
gradient echo (FLASH) images of the whole brain were
obtained with reconstruction of the coronal and sagittal
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Fig. 2 MRS spectra from VC of the control (a), glaucoma (b) and suspected glaucoma (c) cases in the short TE MRS examinations. The Cho, Cr
and NAA values show normal values

views for anatomic reference. The parameters of T1W
were : TR= 8.2ms, TE: 4.76ms, FOV: 250× 250 mm,
matrix: 256× 256, slice thickness: 1.0mm, slice overlap:
0mm, NEX: 2, FA: 200 with scan time: 4min and 15s. The
point resolved spectroscopy sequence (PRESS; TR/TE,
1500/30ms) was performed. Single voxel spectroscopy was
used as the MRS method. A VOI size of 13× 13× 13mm3

was placed on the anatomical localization of the CGL
and 20× 20× 20mm3 on the VC. The VOI placing was
confirmed based on axial, coronal and sagittal anatomical
3D T1W images. The CGL is a part of the diencephalon,
which is located at the rear end of the thalamus and the
first ROI for CGL was placed here. The second VOI was
placed as close as possible to the posterior position of the
VC. In order to standardize the localization of VOI in each
case it was placed along the calcarine sulcus. Since the
VOI was large, the VOI was placed to include both VC

and optical radiations. Before the PRESS sequence, after
placement of volume of interest (VOI) in the appropriate
site, automatic shimming was performed with 3–7Hz line
width for optimum intravoxel signal and to obtain short
TE single voxel spectroscopy. A 90°Gaussian pulse was
applied after the spoiler gradient for water suppression.
Following Fourier transformation, linear baseline values
were corrected.

Data Analysis

After data acquisition, the MRS database was transferred
to the workstation (Syngo MR Workstation Software Ver-
sion B 17, Siemens Healthcare Solutions, Erlangen, Ger-
many) for post-processing. With the software in the work-
station, the MRS spectra are generated and the metabo-
lites are quantified automatically. A radiologist (DÖA), who
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Table 2 Metabolite values in CGL and VC for each group

CGL VC

NAA (ppm) Cho (ppm) Cr (ppm) Ins (ppm) NAA (ppm) Cho (ppm) Cr (ppm) Ins (ppm)

Control 26.80± 4.80 10.91± 2.07 12.45± 3.55 5.21± 2.21 94.09± 37.91 27.20± 7.65 50.48± 4.15 18.03± 3.96

GS 20.98± 5.85a 11.75± 2.90 13.20± 3.40 4.54± 1.58 91.39± 41.88 28.44± 8.68 50.18± 7.65 15.84± 3.96

OHT 25.56± 9.66 11.17± 3.68 14.11± 9.91 4.79± 2.72 88.11± 40.27 27.22± 8.61 46.35± 10.55 14.38± 3.00

Glaucoma 21.18± 6.24a 9.14± 3.45b 10.21± 3.11 4.90± 1.73 81.01± 37.77 27.11± 9.81 48.26± 13.00 15.85± 4.35

CGL corpus geniculatum laterale, VC visual cortex, GS suspected glaucoma, OHT ocular hypertension, NAA, Cho, Cr, Ins
aStatistically significant when compared to controls
bStatistically significant when compared to GS

was blinded to the clinical data, assessed all MR spectra,
received and recorded the metabolites values. Peak areas
of the metabolites N-acetyl aspartate (NAA) 2ppm, crea-
tine (Cr) 3.02ppm, choline (Cho) 3.2ppm and Myo-inositol
(Ins) 3.56ppm in CGL and VC were calculated by a sum
of the Gaussian curves (Figs. 1 and 2).

Statistical Analysis

Descriptive statistics are presented as mean, standard devi-
ation and percentage. Categorical characteristics were com-
pared with the χ2-test. The average MRS values of the
groups were compared with one-way ANOVA and post
hoc Tukey HSD tests. The study also investigated whether
there was any correlation between spectroscopy results and
clinical examination findings. Relationships between quan-
titative data were evaluated by Pearson’s correlation coeffi-
cient. Statistical analyses were performed with IBM SPSS
20.0 (IBM, Armonk, NY, USA). Significance level was ac-
cepted as 0.05 in all tests.

Results

Mean metabolite values of CGL and VC from the control
group, glaucoma, glaucoma suspect and ocular hyperten-
sion are shown in Table 2. Mean clinical examination re-
sults, such as IOP, RNFL, MD and CD from each group are
shown in Table 3 and the comparison between these groups
in Table 4.

The NAA values obtained from CGL in glaucoma and
GS cases were lower than the healthy control group (both
p= 0.025, p= 0.011). The Cho values obtained from CGL in
glaucoma were lower than GS and healthy control group.
The difference of Cho values between glaucoma and GS
was statistically significant (p= 0.038). There was a nega-
tive correlation between age and RNFL in both glaucoma
(p= 0.048, r= –0.399) and GS (p= 0.004, r= –0.676). Ad-
ditionally, there was a negative correlation between NAA

values obtained from VC and CD in patients with glaucoma
(p= 0.049, r= –0.397).

Discussion

Glaucoma is a specific optic neuropathy involving progres-
sive damage to the optic nerve, deterioration of the retinal
ganglion cells, and ultimately visual field loss. Glaucoma is
considered to affect all visual pathways, not only leading to
changes in the eyes. The visual pathway starts with retinal
ganglion cells and they form optic nerve fibers, which cross
into the optic chiasm to become optic tracts that consist of
fibers from the other optic nerve fibers. The optic tract ex-
tends into the CGL at the thalamus. After the CGL the fibers
form optic radiation that extends along to the VC. It is con-
sidered that there is anterograde and retrograde interaction
in the visual pathways. There are neurotransmitters that pro-
vide back and forth transmission between retinal ganglion
cells and the CGL. Some brain-derived neurotropic factors
that originate from the CGL have been shown to be effec-
tive in the formation of retinal ganglion cells [20]. Often, as
a trigger factor in glaucoma pathophysiology, an increase

Table 3 Clinical examination values for each patient group

Mean± SD

IOP GS 17.69± 2.96

OHT 23.12± 2.33

Glaucoma 14.40± 2.43
RNFL GS 90.19± 10.25

OHT 102.94± 9.43

Glaucoma 65.80± 12.57
MD GS –2.90± 1.88

OHT –0.63± 0.73

Glaucoma –10.83± 7.46
CD GS 0.69± 0.14

OHT 0.26± 0.22

Glaucoma 0.80± 0.12

GS suspected glaucoma, OHT ocular hypertension, IOP intraocular
pressure, RNFL retinal nerve fiber layer thickness, MD visual field
mean deviation, CD cup disc ratio, SD standard deviation
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Table 4 Comparison of clinical examination values for each patient
group

p-value

IOP (mmHg) GS OHT 0.000*

Glaucoma 0.001*

OHT GS 0.000*

Glaucoma 0.000*

Glaucoma GS 0.001*

OHT 0.000*

RNFL (µm) GS OHT 0.006*

Glaucoma 0.000*

OHT GS 0.006*

Glaucoma 0.000*

Glaucoma GS 0.000*

OHT 0.000*

MD (dB) GS OHT 0.423

Glaucoma 0.000*

OHT GS 0.423

Glaucoma 0.000*

Glaucoma GS 0.000*

OHT 0.000*

CD GS OHT 0.000*

Glaucoma 0.093
OHT GS 0.000*

Glaucoma 0.000*

Glaucoma GS 0.093

OHT 0.000*

GS suspected glaucoma, OHT ocular hypertension, IOP intraocular
pressure; RNFL retinal nerve fiber layer thickness, MD visual field
mean deviation, CD cup disc ratio
*p< 0.05

in IOP is implicated. Nevertheless, it is now accepted that
the initiator is not just this but that it is a multifactorial
process. The mechanism responsible for the onset and con-
tinuation of the neurodegenerative cascade is accepted as
apoptosis. Different studies continue to be completed in or-
der to detect changes in the visual pathways in glaucoma
cases. White matter pathway integrity can be evaluated in
the nervous system with diffusion tensor imaging (DTI).
A decrease in fractional anisotropy (FA) values and an in-
crease in mean diffusivity (MD) values were found in mea-
surements taken from optic radiation and the optic nerve.
These changes in the diffusion parameters are considered as
indicative of widespread degeneration of visual pathways
in glaucoma cases [11, 21, 22]. Since MRS may reflect
changes in metabolites at the microstructural level it may
determine early neuronal changes on the visual pathway in
glaucoma cases. The use of MRS determines the numerical
values of the metabolites in the area of tissue examined.
The main metabolites NAA, Cr and Cho were analyzed on
MRS and NAA is the indicator of the neuronal integrity.
When neuronal loss occurs, a reduction in the amount of

NAA is expected and Cr is necessary in energy metabolism
in all cells. It is assumed that Cr is a constant metabolite
and its amount does not show large changes in neurodegen-
erative diseases. Choline has an important role in the cell
for the structure and restoration of membranes. A decrease
in the value of Cho is considered a sign of deterioration of
cell integrity, while an increase of value is demyelination
[16, 17, 23].

The results of the MRS studies performed up to now in
patients with glaucoma are controversial and a consensus
has not been reached. It has been thought that apoptosis
is responsible for the neurodegenerative process in glau-
coma pathophysiology [23, 24]. The increase in excitatory
neurotoxic substance (Glx) is attributed to the apoptosis
mechanism in a few studies [23, 25]. Also it is thought that
interrupting the cholinergic system due to decreased visual
stimuli in glaucoma may be one of the mechanisms re-
sponsible for the pathophysiology of the neurodegenerative
process. It has been shown that apoptosis may develop in
the absence of Cho, which constitutes an important compo-
nent of the cell membrane [26]. Chan et al. found a decrease
in the Cho:Cr ratio in the visual cortex on rat models [27].
Zhang et al. argued that the fall in Cho levels might also be
associated with apoptosis [17]. In this study, the Cho values
of CGL in glaucoma were lower than the healthy control
and GS groups. This finding may be accepted as a sign
of deterioration of cell integrity and apoptosis in neuronal
tissue in glaucoma cases.

Zhang et al. found a decrease in NAA/Cr ratios from the
geniculocalcarine tract (GCT) and striate area of glaucoma
cases in MRS [17]. The reduction in NAA levels is an in-
dicator of neuronal loss in glaucoma. Zhang et al. argued
that the low levels of NAA can only be detected during
an acute attack while the degeneration process is currently
taking place [17]. In this study, NAA levels in CGL were
found to be lower in patients with glaucoma compared to
that of controls, suggesting neuronal tissue loss in glaucoma
cases. The NAA level can be used as a marker of disease
process. In addition, in patients with GS, the NAA level is
also found to be low in CGL. In GS cases, the low level of
NAA in CGL suggests beginning of neuronal destruction,
similar to cases of glaucoma. It is known that the CD in-
creases in ophthalmologic examination in glaucoma cases
and the CD is used to assess the progression of glaucoma
[6]. In this study, a positive correlation was found between
the increase in the CD and a decrease in the NAA value on
VC in glaucoma cases. Based on this result, it is suggested
that a decrease in NAA values on MRS in VC can be used
to assess the progression of disease.

A limitation of the study is that one investigator placed
the insertion of the VOI in the MRS examination, and it
was not assessed whether there was any difference in the
data obtained from the VOIs placed by different investiga-
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tors on the same cases. In addition, single voxel MRS was
used in this study. Both CGL and VC localizations can-
not be drawn with clear boundaries therefore single voxel
may not reflect the degeneration field exactly; however, the
metabolite changes of the anterior visual pathways could
not be evaluated. Because of the optic nerve and optic chi-
asm areas are small, voxels could not be placed on them.

In conclusion, MRS may reveal neurodegenerative pro-
cesses and apoptosis in the optic pathway, such as CGL
and VC in patients with glaucoma. Depiction of metabolic
changes throughout the visual pathways by MRS may guide
the treatment planning and follow-up in glaucoma.
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