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BACKGROUND: To investigate the morphological features of corneal subbasal nerve plexus (CSNP) in normal-tension glaucoma
(NTG) and primary open-angle glaucoma (POAG).
METHODS: Thirty-four eyes with NTG (16 untreated), 23 eyes with POAG (11 untreated) and 31 eyes of healthy subjects were
recruited. CSNP were assessed by corneal confocal microscopy (CCM) and peripapillary retinal nerve fibre layer (RNFL) was
measured with optical coherence tomography (OCT). CCM parameters including corneal subbasal nerve fibre length (FL), corneal
subbasal nerve branch number (BN), corneal subbasal nerve width (NW), corneal subbasal nerve reflectivity (NR), total and local
corneal subbasal nerve tortuosity (NT) was compared across all groups, as well as between the topical medication treated and the
nontreated patients.
RESULTS: The newly diagnosed NTG patients had the longest FL (3619.15 ± 501.55), most BN (21.02 ± 5.90), thinnest corneal
subbasal nerve width (3.04 ± 0.82), corneal subbasal nerve lowest reflectivity (140.43 ± 10.24) and the corneal subbasal nerves were
most bending (1.09 ± 0.06) and tortuous (123.36 ± 7.82) compared with untreated POAG patients and controls. Untreated POAG
had similar CSNP to controls. The treated glaucoma patients had longer FL and more BN than the nontreated but with no
significant difference. FL and BN had correlations with RNFL thickness in untreated NTG patients, and NR and NW had correlations
with RNFL thickness in untreated POAG patients. NT had no correlations with RNFL thickness.
CONCLUSIONS: The NTG group had different CSNP characteristics from the POAG group and controls, while the latter two shared
more morphological features. The CCM parameters except NT had associations with the RNFL thickness in glaucoma patients.
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INTRODUCTION
Primary open angle glaucoma (POAG) is a multifactorial optic
neuropathy, characterized by progressive thinning of retinal nerve
fibre layer (RNFL) and visual field defect which could cause
irreversible blindness [1]. Nearly 67 million people have the
disease worldwide and the population is estimated to increase to
112 million by 2040 [1, 2]. Elevated intraocular pressure (IOP) is a
prominent risk factor for POAG progression and is the main target
for treatment [3]. Accumulative exposure to high IOP impairs
retinal ganglion cells (RGC) whose axons constitute the RNFL and
optic projection to the brain [4].
However, POAG’s association with IOP is not exclusive. A large

number of POAG patients have an IOP within normal range and
are categorized as normal tension glaucoma (NTG) [5]. NTG is a
subtype of POAG manifesting RNFL defect and an open anterior
chamber angle. NTG is more prevalent among Asian populations
and its epidemiology varies [6]. Since its normal tension-
independent feature and unique disease course, a controversy
exists that whether it should be regarded as a disease within
POAG spectrum or as a distinctive neurodegenerative disease [7].
The presence of typical glaucomatous optic nerve damage in NTG
but with no clinical evidence of elevated IOP indicates other risk

factors such as hemodynamic insufficiency [8–10] and immuno-
logic factors [11].
Amid all of these efforts for exploring NTG path mechanisms,

diffuse brain damage in NTG has been noticed in recent decade
[12]. A high coincidence between NTG and progressive sensor-
ineural hearing loss as well as an association of NTG and dysgeusia
have also been reported [13, 14]. Neurodegenerative changes
beyond retina and optic nerve head suggest possible pathogen-
esis of IOP-independent primary neural alterations of multiple
tissues in NTG.
However, most of the knowledge about NTG neuropathy

beyond the eyeball has been derived from nerve functional
analysis. Structural observation is limited due to the invisible
features of these nerves in vivo. The transparent nature of cornea
allows morphologic evaluation of the corneal nerves in vivo by the
means of corneal confocal microscopy (CCM). The cornea is
densely innervated by the ophthalmic division of the fifth cranial
nerve, the trigeminal nerve. The corneal subbasal nerve fibre
plexus (CSNP) which lies between basal epithelium and Bowman’s
membrane is the ending branch of ophthalmic nerve and shares
the characteristics of small fibre nerves. The CSNP can be well
studied by CCM and its degeneration has been discovered in
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many systemic neurodegenerative diseases such as Parkinson’s
disease, amyotrophic lateral sclerosis and diabetic peripheral
neuropathy where CSNP alteration was associated with other
nerve system degeneration [15–19]. The visibility of CSNP by CCM
has gained growing popularity in research as a disease severity
predictor for neurological disorders.
With CCM, we examined the CSNP of NTG and POAG patients

(with elevated IOP) and compared the structural changes of
corneal nerves and then we explored the correlations between
these anatomic alterations of corneal nerves and the glaucoma-
tous changes of RNFL which is the most widely used parameter in
clinical practice for measuring glaucoma progression. This study
may add new knowledge to the current understanding of POAG
and NTG neuropathy.

MATERIALS AND METHODS
This prospective observational study consecutively recruited 57 eyes of 30
glaucoma patients (34 eyes with NTG, 59.65%; 23 eyes with POAG,40.35%)
seen in the Ophthalmology department of Peking University Third
Hospital, Beijing, China from June 2017 to December 2019. It is important
to note that the diagnosis for both eyes of each participant in our study
was consistent. Thus, no patients were included in both NTG and POAG
group. Twelve eyes (52.17%) of the POAG were under one to two kinds of
antiglaucoma topical medication and the rest eleven (47.83%) were newly
diagnosed without treatment of any eye drops. In particular, sixteen eyes
(47.06%) of the NTG were newly diagnosed and untreated with any topical
drugs. Eighteen eyes (52.94%) were under one to two kinds of
antiglaucoma topical medication. The POAG and NTG were diagnosed
by Glaucoma specialists. The diagnosis for POAG was based on the
characteristic glaucomatous optic neuropathy, two reliable visual field tests
with repeatable glaucomatous defect, open-angle on gonioscopy and IOP
more than 21mmHg on two consecutive visits using a Goldman
applanation tonometer. The diagnosis for NTG was based on the same
criteria with IOP lower than 21mmHg. Inclusion criteria were: more than 18
years old, diagnosis of POAG or NTG, willing to participate and being able
to finish the CCM examination. Exclusion criteria were: secondary open-
angle glaucoma, angle closure, any corneal diseases like inflammation,
leucoma and pterygium, any retinal diseases like retinal atrophy, bleeding
or oedema, and Diabetes and other central neurologic disorders
(Parkinson’s disease, amyotrophic lateral sclerosis et al.) with known
corneal nerve alterations. Thirty-one eyes of 18 healthy control subjects
who presented at the hospital for routine examination were enrolled as
control group. The control group had no eye diseases other than low
refractive error (myopia lower than 2D and astigmatism lower than 1D),
and with ages more than 18 years old. Written consent was obtained from
all participants, and the study was approved by the Ethical Committee of
Peking University Third hospital. Investigations were conducted in
accordance with the tenets of the Declaration of Helsinki.
All participants underwent a complete ophthalmic examination includ-

ing a detailed slit lamp evaluation of the anterior segment, retinoscopy,
CCM (Heidelberg Retina TomographIII Rostock Cornea Module, Heidelberg,
Germany), visual field (Octopus 900, HAAG-STREIT international) and OCT
(Zeiss Cirrus HD-OCT, Model 4000, Carl Zeiss Meditec, Inc).
Following previously published procedures, CSNP around the central

cornea was scanned with CCM at the depth of 35-50μm using the
sequence mode and the working area of 400×400μm. Each eye was
anesthetized by 0.4% Oxybuprocaine drops before examination and
during the procedure the participants were asked to keep sitting position
and fixate on a target light to assure scanning central corneas. A
disposable sterile cap was set on the objective lens and ophthalmic gel
was applied as a coupling medium between the lens cap and the cornea.
At least 10 images of CSNP were obtained for each subject and 3–5 high
quality images with no overlapping were selected for analysis. The scans
were all performed by one experienced operator masked for patient’s
history and grouping [20].
The CSNP was quantitatively analysed using Neuron J software (an

image J plugin, available online at image J.net). The assessment included:
corneal subbasal nerve fibre length (FL), corneal subbasal nerve branch
number (BN), corneal subbasal nerve fibre width (NW), corneal subbasal
nerve fibre reflectivity (NR), and corneal subbasal nerve tortuosity (NT). The
corneal subbasal nerve FL was defined as the total length of all nerve fibres
and branches per image indicating nerve density per image.

Corneal subbasal nerve BN was defined as the total number of branches
emanating from major nerve trunks per image. Corneal subbasal nerve NW
was the width of the major nerve trunk calculated as a mean of 9
measurements for each image. Corneal subbasal nerve NR was the average
brightness of the nerve fibre per image which could be automatically
acquired by the software. NT was measured by two methods. Local NT was
defined as the local angle the nerve trunk formed and was calculated as
the average of 9 measurements for each image depicting the smoothness
of the nerve. Total NT was defined as the ratio of the nerve trunk length to
the straight distance between the two ends of it which indicated the
bending of the nerve, and was also calculated as the average of three
measurements for each image. Each parameter was a mean value of all 3-5
images selected for every eye.
Mean deviation (MD) was obtained in visual field examination and was

recorded as different stages according to the previously published staging
system [21]. Corrected vision acuity was examined before visual field test.
Peripapillary RNFL thickness was measured for the POAG, NTG and

controls by OCT. Optic nerve head was scanned to determine the RNFL
thickness map. The temporal, superior, nasal and inferior quadrants of
peripapillary RNFL were analysed.
Statistical analysis was carried out using SPSS (Statistical Package for

Social Sciences) Windows version 20.0. Data were presented as mean±SD.
The differences among the three groups were tested with analysis of
variance (ANOVA) for age and with Chisquare for sex. Differences in
ophthalmological measures (FL, NB, NW, NR and NT) between two groups
were assessed with independent-samples T Test. The correlations of CSNP
parameters with RNFL thickness in all groups and with medication duration
in the POAG group were evaluated using Spearman correlation coefficient.
The p value less than 0.05 was considered statistically significant.

RESULTS
Patient characteristics
The demographic data and clinical characteristics of all partici-
pants are presented in Table 1. There were no significant
differences in mean age and gender distribution among the
NTG, POAG and control groups (P= 0.476 for age and P= 0.075
for gender). Eleven eyes of POAG and 16 eyes of NTG were newly
diagnosed and had not started medicine treatment when
enrolled, and they did not have significant difference in age and
gender distribution either (P= 0.178 for age and P= 0.580 for
gender). Neither did the POAG patients with and without
treatment (P= 0.220 for age and P= 0.469 for gender). The NTG
patients with and without treatment had no significant difference
in age (P= 0.171) but the gender distribution showed difference
(P= 0.002). The medication time for the POAG patients and NTG
patients (prostaglandin analogues only or combined with beta-
blockers) ranged from 5 to 50 months with an average of 20.67 ±
16.36 months and 5 to 156 months with an average of 60.11 ±
41.80 respectively (P= 0.003). MD stage recorded in median and
quartile was used to evaluate disease severity and there was no
significant difference between the NTG and POAG group (p=
0.138), between untreated NTG and untreated POAG (p= 0.682) or
patients with or without medication (p= 0.350 in POAG, p= 0.146
in NTG).

Comparison of the CCM parameters of CSNP among the
POAG, the NTG and the controls
Firstly, we analysed all patients including treated and untreated as
well as the healthy subjects.
The NTG group had the longest nerve FL of 3651.54 ± 627.28

μm while it was 3156.79 ± 643.92 μm in the POAG and 3223.78 ±
617.06 μm in the controls. The difference between NTG and POAG
was significant (p= 0.005), and so was the difference between
NTG and control (p= 0.007). The difference between POAG and
controls was not significant (p= 0.699). NTG also had the most BN
(21.97 ± 7.51), and the control group (13.38 ± 5.44) had the least.
The difference among the groups was significant (Table 2). The
POAG had the most NV but the difference among the groups were
not significant. The POAG also had the highest NR of 153.09 ±
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14.12, much brighter than NTG (140.25 ± 12.12) and the controls
(143.91 ± 15.91) (p= 0.001, and p= 0.020 respectively). The NTG
had the highest total NT (1.08 ± 0.04) and the lowest local NT
(126.88 ± 7.79) indicating the bending and tortuous feature of the
corneal nerve in NTG. The control subjects had the lowest total NT
(1.06 ± 0.03) and the highest local NT (132.07 ± 11.00) suggesting a
relatively straight direction feature of the nerve. The total and local
NT of POAG (1.07 ± 0.03 and 130.56 ± 13.03) were in the middle of

the NTG and control (Table 2, Fig. 1). The difference among the
groups was not significant.
Secondly, we analysed each CNSP parameters among the

untreated NTG, untreated POAG patients (both marked with m-)
and the control to exclude the potential impact of antiglaucoma
eye drops.
The NTG m− group had the longest nerve FL of all three

groups with a length of 3619.15 ± 501.55 μm, while it was

Table 2. Comparison of corneal nerve parameters between the normal-tension glaucoma, primary open-angle glaucoma and the normal.

n FL BN NW NR NT total NT local

Control 31 3223.78 ± 617.06 13.38 ± 5.44 3.37 ± 0.74 143.91 ± 15.91 1.06 ± 0.03 132.07 ± 11.00

POAG Total 23 3156.79 ± 643.92 17.55 ± 5.62 3.65 ± 0.69 153.09 ± 14.12 1.07 ± 0.03 130.56 ± 13.03

m+ 12 3204.14 ± 609.69 18.28 ± 3.60 3.58 ± 0.54 155.13 ± 14.16 1.07 ± 0.04 128.27 ± 11.52

m− 11 3105.14 ± 705.45 16.76 ± 7.34 3.73 ± 0.84 150.87 ± 14.42 1.06 ± 0.03 133.06 ± 14.64

NTG Total 34 3651.54 ± 627.28 21.97 ± 7.51 3.59 ± 0.84 140.25 ± 12.12 1.08 ± 0.04 126.88 ± 7.79

m+ 18 3680.32 ± 734.84 22.80 ± 8.78 4.08 ± 0.50 140.09 ± 13.88 1.06 ± 0.03 130.01 ± 6.46

m− 16 3619.15 ± 501.55 21.02 ± 5.90 3.04 ± 0.82 140.43 ± 10.24 1.09 ± 0.06 123.36 ± 7.82

Pa NTG Vs POAG 0.005d 0.012d 0.756 0.001d 0.323 0.198

NTG Vs control 0.007d 0.000d 0.259 0.298 0.147 0.050

POAG Vs control 0.699 0.019d 0.187 0.020d 0.731 0.603

Pb NTG m− Vs POAG m− 0.035d 0.073 0.026d 0.068 0.096 0.029d

NTG m− Vs control 0.038d 0.000d 0.169 0.433 0.028d 0.013d

POAG m− Vs control 0.579 0.112 0.191 0.172 0.924 0.799

Pc POAG m+ Vs POAG m− 0.722 0.525 0.602 0.482 0.759 0.391

NTG m+ Vs NTG m− 0.878 0.499 0.000d 0.936 0.096 0.011d

m− patients without topical medication; m+: patients with topical medication.
POAG primary open angle glaucoma.
NTG normal tension glaucoma.
FL fibre length, BN branch number, NW nerve width, NR nerve reflectivity, NT nerve tortuosity.
acomparisons between NTG, POAG and normal.
bcomparisons between NTG m−, POAG m− and control.
ccomparisons between POAG m+ and m−, between NTGm+ and m−.
dDenotes a statistically significant difference.

Table 1. The demographic data and clinical characteristics of all subjects.

POAG NTG Control p

Total m+ m− Total m+ m−

n 23 12 11 34 18 16 31

Age (year) 56.74 ± 15.45 60.58 ± 12.03 52.55 ± 18.14 57.65 ± 13.22 54.78 ± 16.17 60.88 ± 8.19 53.10 ± 17.84 0.476a

Female sex-no (%) 15 (65%) 7 (58.3%) 8 (72.7%) 12 (35%) 2 (11.1%) 10 (62.5%) 13 (42%) 0.075a

m+-no (%) 12 (52.2%) 18 (52.9%) 0.955

Medication duration
(month)

20.67 ± 16.36 60.11 ± 41.80 0.003f

MD stage 2.0 (1.5, 3.0) 2.0 (2.0, 3.0) 1.5 (1.0, 3.0) 1.5 (1.0, 2.75) 1.0 (1.0, 2.0) 2.5 (1.0, 3.0) 0.138b

0.682c

0.350d

0.146e

m- patients without topical medication, m+ patients with topical medication.
POAG primary open angle glaucoma.
NTG normal tension glaucoma.
FL fibre length, BN branch number, NW nerve width, NR nerve reflectivity, NT nerve tortuosity.
MD mean deviation.
acomparison between POAG, NTG and control.
bcomparison between POAG and NTG.
ccomparison between POAG m− and NTG m−.
dcomparison between POAG m+ and POAG m−.
ecomparison between NTG m+ and NTG m−.
fDenotes a statistically significant difference.
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3105.14 ± 705.45 μm in the POAG m− and 3223.78 ± 617.06 μm
in the controls. The differences between NTG m− and POAG
m− and NTG m− and control were 0.035and 0.038 respec-
tively. The difference between POAG m− and control was not
significant (p= 0.579). NTG m− group also had more BN (21.02
± 5.90) than the other two groups, with control group the
lowest (13.38 ± 5.44, p= 0.000) and POAG m− (18.28 ± 3.60, p
= 0.073) in middle. The POAG m− had the thickest nerve fibre
(3.73 ± 0.84) and the NTG m− had the thinnest NW of 3.04 ±
0.82. The difference between NTG m− and POAG m− was
significant (p= 0.026). The POAG m− also had the highest NR
of 150.87 ± 14.42, while the NTG m− had the lowest NR of
140.43 ± 10.24, but the difference was not significant among
the three. The NTG m− had the highest total NT (1.09 ± 0.06)
and the lowest local NT (123.36 ± 7.82) suggesting the bending
and tortuous nerve morphology. The POAG m− showed similar
total (p= 0.924) and local (p= 0.799) NT to the control
(Table 2).
From the above results, the CSNP of NTG group could be

described as dense bending and tortuous nerves with many
branches and lower reflectivity. The POAG had CSNP more similar
to that of the control group, but with more nerve width and
reflectivity.

Comparison of CCM parameters of CSNP in treated and
untreated patients
We analysed each CSNP parameters between the treated (marked
as m+) and untreated (marked as m-) eyes in both POAG and NTG
groups. No significant difference was detected between POAG
m+ and m− in corneal nerve length, width, reflectivity and
branch number (Table 2). The NTG m+ and m- had similar results
but NTG m+ had more nerve width (p= 0.000) and local
tortuosity (p= 0.011) than the NTG m−.

Correlation between CCM parameters and medication
duration
The correlation between each CCM parameters and the duration
of anti-glaucoma medicine treatment in the POAG patients was
analysed and no significant association could be seen (Table 3). In
NTG group a significant correlation was seen between medication
time and the nerve width (Table 3).

Correlation analysis between CCM parameters and OCT
findings in the POAG, the NTG and the controls
The correlation of peripapillary RNFL thickness and the corneal
nerve parameters were analysed in the POAG, NTG and the control
groups.
NT had no correlations with RNFL thickness in any group. FL and

BN had correlations with RNFL thickness in NTG m− group (r=
0.738, p= 0.037 and r=−0.714, p= 0.047 respectively), but not
correlated with POAG m− group. NR had negative correlation
with RNFL thickness in POAG patients and untreated POAG
patients. NR also had negative correlation with RNFL thickness in
the control. However, NR had positive correlations with RNFL
thickness in NTG group.
In POAG group, the nerve FL was associated with the superior

quadrant of RNFL thickness (r= 0.547, p= 0.043). Both the
superior and nasal quadrants of RNFL thickness were statistically
correlated with nerve BN. (nasal: r= 0.568, P= 0.034; superior: r=
0.535, P= 0.049). The brightness of nerve (NR) had significant
correlations with all but the nasal quadrant of RNFL thickness
(Table 4). The NW and NT were not associated with the thickness
of peripapillary RNFL in POAG group. Both NW and NR were
correlated with inferior and nasal quadrant RNFL thickness in NTG
group (r > 0.7, p < 0.05).
As for untreated patients, in POAG m- group, NR had negative

correlation with inferior quadrant thickness (r=−0.738, p= 0.037)

Fig. 1 Characteristics of the CSNP in the NTG, POAG and the control. A Bending corneal nerves with more branches in a newly diagnosed
NTG patient. B less winding corneal nerves with less branches in a newly diagnosed POAG patient. C the relatively straight nerves in a normal
subject. Arrows notes the Langerhans cells.

Table 3. Correlations between medication duration and the Confocal parameters in the treated primary open angle glaucoma.

FL BN NW NR Total NT Local NT

POAG m+ r 0.249 0.461 0.258 0.026 0.072 −0.230

P value 0.461 0.154 0.445 0.940 0.834 0.496

NTG m+ r 0.133 0.159 0.778 0.084 −0.032 0.220

P value 0.624 0.557 0.000* 0.756 0.905 0.412

m+ patients with topical medication.
POAG primary open-angle glaucoma.
NTG normal-tension glaucoma.
FL fibre length, BN branch number, NW nerve width, NR nerve reflectivity, NT nerve tortuosity.
*Denotes a statistically significant difference.
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and NW had negative correlation with nasal quadrant thickness
(r=−0.783, p= 0.022). In NTG m− group, both BN and NW were
negatively correlated with superior quadrant thickness and FL was
correlated with inferior quadrant thickness (Table 4). Temporal
thickness had no correlations with corneal nerve index in NTG m–
and POAG m− groups.

DISCUSSION
NTG has challenged the traditional pathophysiological viewpoints
of glaucoma ever since it was recognized in 1900 [22]. The
occurrence of RNFL thinning and optic nerve atrophy in the
absence of elevated IOP aroused a presumption that NTG could be
classified as a disease of the neural system as well as the eye [23].
Evidence has shown a close pathogenetic link between NTG and
degenerative diseases of central neural system such as Parkinson’s
disease and Alzheimer’s disease [24, 25]. Giorgio and colleagues
[12] reported neurodegenerative findings across the brain in NTG.
They suggested that glaucoma may be associated with central
nervous system degeneration, independent of IOP. Despite central
nerve system, dysfunction of peripheral nerves such as auditory
nerve and olfactory nerve were also found in NTG patients [13, 14].
However, corneal nerve of NTG is rarely studied though both

central and peripheral nerve damage in NTG have been reported
[26, 27].
CSNP is a good representative of peripheral small nerve fibre

[28]. Thanks to the transparent and richly innervated nature of the
cornea, images of CSNP noninvasively captured by in vivo CCM is
now widely used in studies regarding neuropathy. Evolving
evidence suggests that the corneal nerve network might reflect
the peripheral and central neurodegeneration. The corneal nerve
fibre length and nerve branches which are the two most
commonly used CCM parameters have been reported to be
associated with disease severity in some neural disorders such as
diabetic neuropathy, Parkinson’s disease and multiple sclerosis
[29–31]. The corneal nerve in NTG group in our study also showed
special nerve fibre length and nerve branches which were
associated with RNFL thickness in untreated NTG patients.
The characteristic morphology of corneal nerves found in NTG

patients in our research was quite different from the features seen
in the POAG and the control providing additional information to
NTG’s peripheral neural alterations. The NTG group showed the
densest (longest nerve length per image) and most bending
corneal nerves with more branches and lower reflectivity
compared with POAG and the controls. While the corneal nerve
in POAG was wider and brighter with less nerve length (density)

Table 4. Correlations between retinal nerve fibre layer thickness and Confocal parameters in the POAG, NTG and normal.

FL BN NW NR Total NT Local NT

POAG

Superior 0.547a 0.535a No −0.741** No No

Inferior No No No −0.749** No No

Nasal No 0.568* No No No No

Temporal No No No −0.538a No No

POAG m−

Superior No No No No No No

Inferior No No No −0.738a No No

Nasal No No −0.783a No No No

Temporal No No No No No No

NTG

Superior No No No No No No

Inferior No No 0.857** 0.714a No No

Nasal No No 0.762a 0.762a No No

Temporal No No No No No No

NTG m−

Superior No −0.714a −0.905** No No No

Inferior 0.738a No No No No No

Nasal No No No No No No

Temporal No No No No No No

Normal

Superior No No No No No No

Inferior No No No −0.840** No No

Nasal No No No No No No

Temporal No No No No No No

FL fibre length, BN branch number, NW nerve width, NR nerve reflectivity, NT nerve tortuosity.
POAG primary open angle glaucoma, including treated and untreated patients.
NTG normal tension glaucoma, including treated and untreated patients.
No no correlation was detected during correlation analysis.
The CC is shown for all significant correlations (P < 0.05).
*Significant correlation (P < 0.05).
**Significant correlation (P < 0.01).
adenotes a statistically significant difference.
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and less nerve branches. The POAG and the control group had
similar NT which was straighter than the NTG. To exclude the
potential impact of antiglaucoma eye drops, we also analyzed the
newly diagnosed POAG and NTG patients who had similar visual
field defect but had not received topical medication treatment.
The results were the same as above. This provided supportive
information that NTG might be a primary neurodegenerative
disease different from POAG.
Corneal biomechanics and central corneal thickness were

analysed in NTG but few investigations have been made on
corneal nerve in NTG. [32, 33] Would the specific nerve pattern of
NTG shown in our research raise the question whether primary
corneal nerve alternations maybe a feature of NTG, independent
of IOP? A whorl-like corneal subbasal nerve plexus in control eyes
was depicted by Utsunomiya’s report which was in the
inferocentral area of corneas [29]. However, the bending feature
observed in our NTG patients was not whorl like (Fig. 1) but a
zigzag pattern and the area we examined was in the centre
instead of the inferocentre. So, the winding nerves seen in our
result was not because of incorrect location nor a shift of nerve
distribution. It was more likely a primary alteration in NTG.
Our findings indicated that the corneal nerve parameters of

POAG lay in the middle between NTG and controls and were more
similar to the controls especially in untreated POAG. Ranno and
colleagues also found similar corneal confocal findings between
control subjects and untreated POAG glaucoma patients and
concluded that their untreated glaucoma patients and controls
had similar corneal parameters [34].
Our limited knowledge of how the topical antihypertension

medication affects corneal nerve. Ranno compared nontreated
POAG patients and those on medical treatment for at least two
years and came up with a result that both corneal nerve tortuosity
and reflectivity in treated patients were lower than in nontreated
patients [34]. Martone found a decrease of CSNP number and an
increase of nerve tortuosity in medication treated POAG
compared with the controls [35]. Baratz concluded that chronic
therapy with glaucoma medications leads to decline of corneal
subbasal fibre number and density [36]. Our research showed a
longer FL, more BN, thinner NW, higher NR, and more bending
nerves in treated POAG than untreated patients but the difference
was not significant. And no significant correlation was found
between medication time and the CCM parameters in POAG
patients. The explanation might be that in Ranno’s research
patients should use the antiglaucoma eye drops for at least two
years but in our research the medication duration is much less.
Long-standing medical glaucoma treatment may cause corneal
nerve alteration [32]. In our study, treated NTG patients had longer
medication duration (60.11 ± 41.80 months) than the POAG, and
they had less tortuous but thicker corneal nerves than nontreated
NTG patients. Long-time use of antiglaucoma eye drops might
cause corneal nerve alteration. More participants should be
included for further confirmation.
We also analysed the correlations between RNFL and the CCM

parameters and found that they had some associations. Corneal
nerve parameters such as nerve branches, reflectivity, nerve
length and width in glaucoma patients were associated with RNFL
thickness, but the nerve tortuosity was not associated with retinal
changes. The temporal quadrant thickness had the least correla-
tion with the CCM parameters.
The limitations of the current study were the small number of

subjects and the lack of tear film status records as well as the
functional evaluations of the peripheral nerves. As for the effect of
the anti-glaucoma topical medication on corneal nerves in
glaucoma patients, a well-designed study is in need to differentiate
the process of neurodegeneration and the drug’s impact. Moreover,
some participants had both eyes enrolled in this study. Through,
there was no necessary consistency as to corneal nerve morphology
in one’s paired eyes, we would choose one eye for further analysis.

Our study showed that the corneal nerves in NTG patients have
characteristic pattern different from that in the POAG and the
controls, while the latter two share more morphological features.
And the nerve parameters in CCM have associations with the RNFL
thickness, a marker for disease progression in those glaucoma
patients. The results added supportive information to the
pathological link between NTG and the neural system alteration.
Also, it provoked the re-thinking of NTG’s entity adscription.
Antiglaucoma topical medications might have an impact on
corneal nerve morphology after a long time use, but it should be
further distinguished from a probable primary corneal neurode-
generation in glaucoma patients.
In conclusion, the NTG patients had unique nerve morphology

in CSNP which was quite different from that in the POAG and the
controls, while the latter two had more common features. The
CCM parameters might be potential indicators for glaucoma
prognosis as they were associated with the RNFL thickness.

Summary
What was known before

● Previous studies have demonstrated that NTG have associated
both central and peripheral nerve damage.

What this study adds

● NTG have unique nerve morphology in CSNP which might be
a primary neurodegenerative disease different from POAG.

● Discrepancy Between Normal Tension Glaucoma and Primary
Open Angle Glaucoma with Confocal Microscopy Examination
of Corneal Nerves.
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