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progression of glaucomatous damage [2]. Results of Early Manifest 
Glaucoma Trial revealed that glaucoma progression was decreased 
by 10% with each mmHg reduction in IOP [5]. Collaborative Normal 
Tension Glaucoma Study showed that IOP reduction of 30% slows 
the progression of NTG [6]. Several hypotensive medications have 
become available in the market in recent years. Previous studies 
have shown that prostaglandin analogues are the effective agents 
for lowering IOP in NTG patients, with mean IOP reduction of 20% 
[7]. Timolol has the same efficacy, although it may have greater IOP 
reduction at trough than at peak [8]. Surgical intervention is the 
next line of treatment should the maximum medical therapy fails to 
slow the progression. Recently, the role of neuroprotective agents is 
highlighted in prevention of retinal ganglion cell (RGC) loss.

In this paper, we aim to review the most recent publications 
regarding the treatment of NTG.

Methods
We searched four databases including Medline, Scopus, Embase 

and Cochrane for these keywords; “NTG”, “normal tension”, 
“normal pressure”, “low tension”, “low pressure”, “treat*”, “therap*”, 
“medication” and “manag*”. Search results were confined to 
papers published from 2011 to 2017. 1162 articles identified in the 
preliminary search, and 505 items were duplicates. Remaining 657 
papers underwent primary screen for relevant subjects and 301 items 
were chosen. Abstracts were studied carefully, and 60 articles were 
selected for full-text evaluation and conducting a review. The final 
selection was rechecked by another reviewer to prevent any missing 
or improper selection. We included only papers with full-text or 

Introduction
Normal tension glaucoma (NTG) is a type of open-angle 

glaucoma with typical glaucomatous optic nerve head damage, 
characteristic visual field defects, progressive changes on follow-up 
examinations and maximum intraocular pressure (IOP) less than 
21mmHg [1]. Risk factors of NTG include: 1: Older age; 2: Female 
gender; 3: East Asian ethnicity; 4: Low central corneal thickness [2]. 
Moreover, signs of vascular dysregulation (such as cold hands and 
feet, migraine headache and systemic hypertension or hypotension) 
are more likely to be found in patients with NTG. Other pertinent 
findings may include a history of sleep apnea or arterial obstructive 
disease [2]. Flammer syndrome is a recently described clinical 
condition. Patients with this clinical entity may suffer from a group of 
symptoms, which are related to blood flow dysregulation such as cold 
hands and/ or feet, increased sensitivity to pain, decreased sensation 
of thirst, migraine and tinnitus [3]. It is found that impaired blood 
flow to the optic nerve head and normal tension glaucoma is more 
common in patients with Flammer syndrome [4].

Goldman applanation tonometry, stereoscopic biomicroscopy 
of optic nerve head, gonioscopy, optical coherence tomography and 
visual field analysis are essential for diagnosis of NTG. Early diagnosis 
of NTG is of paramount importance due to its lack of symptoms until 
advanced stages [2]. 

Until now, IOP remains the only modifiable risk factor for 
the treatment of glaucoma. Although NTG is defined by an IOP 
that is in the normal range, IOP still plays an important role in the 
pathogenesis of NTG, and lowering IOP is effective in slowing the 
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Abstract

Purpose: To review the recent publications and updates on the treatment of 
normal tension glaucoma (NTG).

Design: Systematic review.

Methods: Relevant publications were identified in Medline, Scopus, 
Embase and Cochrane using the keywords. Results were reviewed, tabulated 
and summarized.

Results: The literature focuses on prostaglandin analogues as the first line 
of treatment in NTG. However, there are several reports on the use of beta 
blockers, α2 agonists and combination drugs. Fifteen papers reporting the 
outcome of surgical treatment of NTG met our inclusion criteria. There is an 
increasing trend toward the use of neuroprotective agents to stop the progressive 
glaucomatous damage in NTG. Five papers were identified reporting the role of 
neuroprotection in this type of glaucoma. 

Conclusion: The present review summarizes the treatment options for 
patients with NTG. Medical treatment remains the first choice. However, there 
are several surgical options that can be considered in refractory cases that 
require further intraocular pressure (IOP) reduction. Neuroprotection is an 
interesting field of research in NTG that might offer new hopes to overcome this 
debilitating condition in the future.
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abstract in English.

IOP lowering medications
The first line of treatment in NTG patients is antiglaucoma 

medication to slow the progression of visual field and structural 
changes. Table 1 summarizes the results of studies investigating the 
role of medical therapy in NTG.

α2 agonist: It is shown that brimonidine can improve retinal 
blood flow circulation in patients with NTG and retinal vascular 
dysregulation, although there was no change in visual function 
of patients who were treated with this drop [9]. Furthermore, the 
addition of a newly formulated brimonidine drop in NTG patients 
who are already under treatment can result in further reduction in 
IOP with minimal adverse effects [10]. It is also demonstrated that 
brimonidine has an add-on effect in NTG patients who require 
further IOP reduction despite IOP <16mmHg with a prostaglandin 
analogue [17].

Beta blockers: In a study by Araie et al. [11] risk factors for 
progression of glaucoma in patients who are receiving a beta blocker 
have been assessed. They found that the presence of optic disc 
hemorrhage and less extent of myopia is associated with increased 
risk of glaucomatous damage in non-highly myopic NTG eyes with 
mild to moderate damage in whom the IOP is less than 13mmHg 
with a beta blocker drop.

In a multi-center randomized controlled trial, brimonidine 
timolol fixed combination drop was found to be safer and more 
effective compared to 0.5% timolol ophthalmic solution in a Korean 
population with NTG [12]. In an earlier study, the safety and efficacy 
of a dorzolamide-timolol fixed combination ophthalmic solution 
was proved in patients with NTG up to 3 months follow-up [13]. 
Dorzolamide timolol fixed combination was found to have additive 
IOP lowering effect in patients receiving a prostaglandin analogue 
[16]. Another study found that this combination has an equal efficacy 
with latanoprost in terms of IOP control and ocular perfusion 
pressure [15]. Furthermore, this drug does not drop the ocular 
perfusion pressure and diastolic ocular perfusion pressure, although 
it can decrease the diastolic blood pressure in the afternoon [31].

Prostaglandin analogues: In a case-series study, bimatoprost 
was found to be the most effective prostaglandin analogue in terms 
of IOP reduction compared to latanoprost and travoprost. 0% to 15% 
of NTG patients were identified as non-responders depending on the 
type of prostaglandin analogue used. The rate of non-responders was 
lower among patients who received bimatoprost [20]. Switching to 
bimatoprost resulted in significant reduction of IOP in a Japanese 
population with NTG and insufficient response to latanoprsot [25]. 
Latanoprost and tafluprost had an equivalent efficacy in terms of IOP 
control in a study by Ikeda et al., the rate of adverse effects such as 
eyelash changes, iris pigmentation, conjunctival injection and corneal 

Author/Year Study design No. of 
cases

F/u 
(m) Findings/outcome

Feke et al. 2014 [9] Non-randomized 
clinical trial

46 
patients 2 Brimonidine improves retinal vascular dysregulation in NTG patients

Tsumura et al. 2014 [10] Prospective multi-
center study

75 
patients 3 The addition of 0.1% brimonidine tartrate preserved with sodium chlorite to on-treatment NTG 

patients with IOP ranging 13-16mmHg further reduces IOP with minimal adverse effects

Araie et al. 2012 [11] Multi-center 
prospective RCT 146 eyes 36 1 mmHg IOP reduction over 3-year period in NTG patients under treatment with Beta blocker

Kim et al. 2016 [12] Multi-center RCT 110 
patients 3 Brimonidine/Timolol fixed combination has a superior effect on lowering the IOP

Kim et al. 2013 [13] RCT 37 
patients 3 Dorzolamide/Timolol fixed combination is a safe and effective drug to decrease IOP

Lee et al. 2016 [14] Interventional 
prospective study

44 
patients 1 Dorzolamide/Timolol fixed combination can be used safely in NTG patients with minimal effect on 

ocular perfusion pressure

Lee et al. 2016 [15] Interventional 
prospective study

44 
patients 3 The effect of Dorzolamide/Timolol fixed combination is comparable to latanoprost

Mizoguchi et al. 2011 [16] Multi-center RCT 40 
patients 2 Adding dorzolomide/timolol fixed combination to prostaglandin analogues can produce further 

IOP lowering effect

Mizoue et al. 2017 [17] Multi-center RCT 128 
patients 3 Brimonidine results in further reduction of IOP in patients already receiving a prostaglandin 

analogue

Igarashi et al. 2014 [18]  27 
patients 6 Switching from prostaglandin analogue monotherapy to prostaglandin/ beta blocker fixed 

combination results in greater IOP reduction 

Ikeda et al. 2016 [19] Prospective 
interventional 

30 
patients 6 Latanoprost and tafloprost have equivalent efficacy and safety

Inoue et al. 2016 [20] Case series 209 
patients NA From 0 to 15% of NTG patients who are treated with prostaglandin analogues are classified as 

non-responders. The rate of non-responders were lower with bimatoprost

Inoue et al. 2012 [20] Prospective 
interventional 

76 
patients 36 BAK-free travoprost is an effective drug to reduce IOP for at least 3 years

Kim et al. 2011 [21] Case series 166 
patients 24 Long term use of latanoprost may decrease CCT in patients with NTG

Mizoguchi et al. 2012 [22] RCT 116 
patients 3 Tafluprost and travoprost are equally effective to decrease IOP in NTG

Naito et al. 2016 [23] Prospective 
interventional

30 
patients 3 IOP lowering effect of travoprost persists during the day

Nakano et al. 2011 [24] Prospective 
interventional 

44 
patients 3 Tafluprost is a safe and effective drug for NTG patients with IOP <16mmHg

Sato et al. 2011 [25] Prospective 
interventional 18 3 Switching to bimatoprost in NTG patients who are not responsive to latanoprost can lead to 

additional IOP lowering

Shin et al. 2014 [26] Prospective 
interventional 

50 
patients NA Both tafluprost and travoprost decrease the IOP and increase the ocular perfusion pressure in 

NTG patients. Travoprost is more effective than tafluprost to reduce IOP in evening

Table 1: Published papers on medical therapy in NTG.

BAK: Benzalkonium; CCT: Central Corneal Thickness; RCT: Randomized Clinical Trial.
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epitheliopathy was not significantly different between the two drugs 
[19]. 

Benzalkonium (BAK)–free travoprost was found to be effective 
in reducing IOP for at least 3 years; however the visual field changes 
tended to progress in 2.8%-13.9% of NTG patients [20]. The IOP 
lowering effect of travoprost persists during the day at a clinically 
significant level [23], this effect of travoprost last for up to 72 hours 
after the instillation of the last dose [32]. However, it does not improve 
the ocular perfusion pressure [32]. Bimatoprost [33] and tafluprost 
[34] are also effective to reduce IOP in NTG. In a study by Nakano et 
al. [24] topical administration of tafluprost induced significant IOP 
reduction in untreated NTG patients with a baseline IOP ≤16mmHg. 
Another study demonstrated that once-daily administration of 
tafluprost or travoprost has an equivalent IOP lowering effect [22]. 

In a retrospective study of 128 patients with NTG, long-term 
use of latanoprost was found to decrease central corneal thickness 
(CCT). This finding has large implications in the follow-up of NTG 
patients for proper IOP targeting and management [21]. In a RCT by 
Shoji et al. authors reported that tafluprost timolol fixed combination 
ophthalmic solution is more effective in decreasing IOP compared 
to latanoprost timolol fixed combination in a group of patients with 
NTG after 3 months [27].

Surgical treatment
Although most patients achieve therapeutic IOP target with 

medications, some fail to respond. This would be challenging 
especially in progressive functional or anatomical damage while there 
is no elevated IOP [35]. Surgical intervention is the next option in 
these refractory cases. Results of studies evaluating the outcome of 

surgery in NTG patients are summarized in Table 2.

Trabeculectomy: It was shown that an IOP of ≤10 or an IOP 
reduction of at least 20% is associated with the stability of VF in NTG 
patients after trabeculectomy (Trabx) [50]. Four studies evaluated 
Trabx+MMC efficacy in NTG patients with measuring the percentage 
of eyes with single digit IOP or effective IOP reduction during follow-
up (Table 2). Naita et al. reported that 70% of eyes experienced post-
op complications [38]. The most common was transient hypotony 
(50%), and three eyes experienced significant VA decline probably 
due to the hypotony maculopathy. Although the mean post-op IOP 
was not statistically different between eyes with declined VA and 
normal VA, the authors recommended careful follow-up in IOP<7 
due to an increased probability of VA decline [38]. Two similar studies 
evaluated the safety of the Trabx and reported the hypotony in 50% 
of eyes as the most common complication but without any significant 
visual loss [35,37]. Jayarem et al. conducted a trial with Moorfields 
Safer Surgery technique with controlled posterior aqueous flow and 
formation of diffuse drainage blebs [36]. They reported a significantly 
lower early and late complications. 

Selective laser trabeculoplasty (SLT): This method not 
only provides the surgeon with favorable IOP reduction but also 
decreases the IOP fluctuations, which is considered as a risk factor 
for progression in NTG [51]. Tojo et al. evaluated the effect of SLT 
on IOP fluctuations. They found that SLT decreases nocturnal 
IOP fluctuations but it has no effect on diurnal IOP fluctuations 
[40]. Another study reported higher pre-SLT IOP and greater IOP 
reduction at one-week post-SLT as the predictors of successful 
outcome after one month [41]. In a series of prospective cohort 
studies, Lee et al. studied the patients who had undergone SLT [43-

Type of 
Surgery Author, year Study design No. of 

eyes F/U (m) IOP Findings

Trabx + MMC

Iverson, 2016 
[35] retrospective 15 Mean of 71 

months

*35% IOP reduction (4.63mmhg) after Trabx
*IOP ≤10 in 87, 80, 80, and 66% of eyes at 1,2,3, and 4 years respectively
*improved slope of MD and PSD (halting the VF progression)

Jayaram, 2016 
[36] retrospective 131 Range of 12 

to 48
*25% reduction in IOP without medication in 92,77,67,64% of eyes at 1,2,3, 
and 4 years respectively

Schultz, 2016 
[37] prospective 32 Mean of 50 * IOP ≤10 in 90, 79, 79, 68% of eyes at 1,2,3, and 4 years respectively

Naito, 2017 [38] retrospective 17 24
*41% IOP reduction (5.8mmHg)
* IOP ≤10 in 70% of eyes at 2 years
*92% of eyes with IOP ≤10 showed improvement in MD slope

SLT

Nitta, 2013 [39] prospective 42 36 *IOP reduction from 15.8 to 13.2, 13.5, and 13.5 at 1,2, and 3 years 
respectively

Tojo, 2013 [40] prospective 10 3 *IOP reduction from 13.5 to 10.1, 11.2, and 11.3 at 1,2, and 3 months 
respectively

Lee, 2014 [41] Prospective cohort 60 1 *20% reduction in IOP without changing the medications in 60% of eyes

Lee, 2014 [42] Prospective cohort 18 1 *20% reduction in IOP without changing the medications in 44% of eyes
*17% IOP reduction (2.6 mmHg) at 1 month

Lee, 2015 [43] Prospective cohort 83 6 *20% reduction in IOP off-medications in 61% of eyes
* A higher IOP reduction was correlated with a higher baseline IOP

Lee, 2015 [44] Prospective cohort 41 12 *20% reduction in IOP without medication in 22% of eyes
Lee, 2015 [45] Prospective cohort 34 24 *20% reduction in IOP without medication in 11% of eyes

Sclerectomy ± 
MMC

Suominen, 2014 
[46]

Prospective, 
randomized 37 12

*25% reduction in IOP without medication in 50% of eyes
*IOP ≤10 with or without medication in 17 eyes
*lower post-op IOP in MMC group without increased complications

Lei, 2015 [47] Prospective, 
randomized 60 12 Higher average visual acuity and functional filtering bleb formation with lower 

post-op recurrence rate in MMC group

Harju, 2017 [48] Prospective, 
randomized 37 Median of 94 

months
*25% reduction in IOP without medication in 50% eyes
*No difference in long-term IOP between two groups

VC/PVC Ho, 2017 [49] Retrospective 94 36 *24.5% IOP reduction
*12% complications

Table 2: Published papers on surgical management of NTG.

IOP: Intraocular Pressure; MD: Mean Defect; MMC: Mitomycin C; PSD: Pattern Standard Deviation; SLT: Selective Laser Trabeculoplasty; Trabx: Trabeculecotmy; 
VC/PVC: Viscocanalostomy/Phacoviscocanalostomy; VF: Visual Field.
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45]. The rate of acceptable IOP reduction was 61, 22 and 11% at 6, 
24, and 48 months [43-45]. The SLT procedure was associated with 
minor complications such as conjunctival hyperemia, eye discomfort, 
and pain. No major complication was reported [39]. 

Non-penetrating glaucoma surgery (NPGS)
Viscocanalostomy: Viscocanalostomy is a non-penetrating 

technique introduced in 1990 for treatment of glaucoma and is 
associated with fewer complications compared to trabeculectomy or 
sclerotomy [52]. There is no hypotony or over-filtration as there is no 
entry into the AC. It can also be combined with phacoemulsification 
cataract surgery (PVC) [49]. Ho et al., in a retrospective study 
reported that IOP reduction after one year was about 25% and it 
persisted for at least three years. However, the percentage of eyes 
receiving antiglaucoma drops raised from 5% to 25% during three 
years. Few complications such as cystic blebs, cystoid macular edema, 
and hyphema were reported [49].

Deep Sclerectomy (DS): Three trials were conducted, and the 
efficacy of DS with and without the MMC was evaluated (Table 2). All 
three studies stated the significant IOP reduction after this procedure 
with a low rate of complications [46-48]. Suominen et al. reported 
significant IOP reduction in MMC group with total success (IOP 
reduction>25%) of 67% compared with the non-MMC group with 
total success of 41% at one year [46]. However, in a long-term follow-
up trial, Hajru et al. reported a significant decrease of IOP after DS, 
but they didn’t find any difference in IOP reduction between MMC 
and non-MMC groups [48]. In 8 years’ follow-up period no cases 
of shallow AC, hypotony maculopathy, hyphema, bleb leakage, and 
infection occurred [48]. 

Neuroprotective agents
NTG is a type of chronic primary open angle glaucoma (POAG) 

with normal IOP. The difference is lying in pathophysiology and 
etiologic triggers. Two underlying mechanisms are suggested that 
might damage the optic nerve head in NTG; a stretching of the lamina 
cribrosa and RGC damage due to the elevated IOP, and reduced blood 
flow to the optic nerve head [58]. It seems that vascular factors are 
more important in the pathophysiology of NTG. Low blood pressure, 
nocturnal hypotension, orthostatic hypotension, sleep apnea, 
Raynaud’s phenomenon, and migraine, all are possible risk factors for 
ischemic stress in the pathophysiology of NTG [59,60]. Astrocytes are 
the most important glial cells in the optic nerve head. Ischemic insult 
leads to the astroglial activation, which alters the microenvironment 
by upregulating cellular products and mediators [57]. NO is one of 
these mediators which is a free radical with high diffusibility and is 
upregulated by astroglial activation. NO is not damaging to the tissue 

due to its very short half-life, but when it spreads into the adjacent 
axons with a high concentration of superoxide radicals, the resultant 
peroxynitrite (ONOO-) will be ultimately damaging [61]. The other 
major event in altering microenvironment is triggering the efflux 
of glutamate from glial cells and influx of calcium into the neural 
cells with subsequent formation of free radicals [62]. Moreover, 
ischemia causes oxidative stress which leads to the breakdown of 
DNA molecules in neurons, upregulation of endothelin 1 (which 
in turn activates astroglial cells), heat shock proteins (HSP), and 
matrix metalloproteinase 2 (MMP-2) and MMP-9 [62,63]. Extensive 
research is currently underway to produce drugs that stop optic nerve 
head damage by altering the above-mentioned mechanism. Table 3 
summarizes the results of recent studies evaluating the outcome of 
these “neuroprotective drugs” on human subjects.

Ginkgo: The use of Ginkgo Biloba Extraction (GBE) for medical 
purposes has an ancient history especially in the treatment of vascular 
disorders such as cerebrovascular insufficiency, cognitive impairment, 
tinnitus and hypoxia, and in preventing the aging process [55]. In 
1991, Raabe et al. documented its efficacy on visual field distortion in 
chronic CNS ischemia in elderly patients [64]. In 2003, Quaranta et 
al. conducted an RCT to evaluate the efficacy of GBE in NTG patients 
[65]. In the recent decade, different studies evaluated the efficacy 
of GBE administration to halt the progression of glaucoma. In our 
literature search, four pertinent studies were found; one review, two 
retrospective studies and one randomized clinical trial (Table 3).

Cybulska et al. in a review article discussed the pharmacological 
properties of GBE as an antioxidant, anti-inflammatory, anti-
thrombosis, and anti-vasospastic agent [53]. Mitochondrial 
dysfunction plays a crucial role in glaucomatous optic neuropathy, 
and it is proven that GBE stabilizes the mitochondrial function 
and prevents the formation of free radicals [53]. As an anti-
thrombosis agent, authors documented that GBE improves retinal 
microcirculation and reduces the ischemic insult in diabetic rat 
retina [66]. Diffusion of microenvironment mediators such as 
endothelin and MMP surrounding the optic nerve head may lead to 
disturbance of microcirculation and vasoconstriction. Fluctuations 
in microcirculation weaken the blood-brain barrier and manifest 
itself as splinter hemorrhage [53]. GBE has a beneficial effect in the 
treatment of subarachnoidal hemorrhage as an anti-vasospastic agent 
[67]. Hence, its positive effect would be probable in the same manner 
in the optic nerve head. They also discussed the safety issues in GBE 
administration and concluded that there would be no significant 
concern about the long-term use of GBE comparing with the placebo. 
Although some cases of bleeding are reported, the direct relationship 
is not established [53].

Agent Author, Year Design Findings

Ginkgo Cybulska, 2012 [53] Review Anti-oxidative capacity, improving ocular microcirculation, some reversibility 
in VF progression

Ginkgo – Anthocyanin Shim, 2012 [54]
Retrospective;

(GBE n=103, Anth n=132,
Control n=97)

Improvement in both VF and BCVA

Ginkgo Lee, 2013 [55] Retrospective (n=42) Slowing the progression of VF damage

Ginkgo Guo, 2013 [56] RCT (n=35) No effect on VF and contrast sensitivity

Palmitoylethanolamide Costagliola, 2014 [57] RCT (n=32) IOP reduction and improvement in VF

Table 3: Published papers on neuroprotective agents studied on human.

BCVA: Best Corrected Visual Acuity; IOP: Intraocular Pressure; RCT: Randomized Clinical Trial; VF: Visual Field.
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In 2012, Shim et al. compared VF mean deviation and BCVA 
in 103 NTG patients who were treated with GBE and 97 controls in 
follow-up period of 23.82 ± 9.84 months, and reported improvement 
in VF; MD change from -5.25 (±6.13) to -4.31 (±5.60) (p=0.002), but 
the final BCVA was not different between two groups [54]. The study 
was retrospective and follow-up time was limited to 2 years after 
treatment. One year later Lee et al. evaluated the long-term effect of 
GBE in 42 patients in a retrospective study [55]. They compared the 
VF progression in the same patient before and after the treatment 
with GBE and followed the patients for four years. They reported 
that the regression coefficient of MD, PSD, and Visual field index 
(VFI) improved significantly after treatment with GBE (P<0.001), 
especially in the superior central field. However, it was a retrospective 
study with small sample size. In the same year, Guo et al. conducted 
a randomized cross-over clinical trial on 28 patients for eight months 
and reported no improvement in MD or contrast sensitivity in 
contrary to previous reports [56].

Palmitoylethanolamide: Astroglial activation is accompanied by 
microenvironment molecular cascades such as glutamate efflux [62]. 
In the eye, there are protective mechanisms to counteract glutamate 
efflux such as activation of peroxisome proliferator-activated receptor 
(PPAR) [68]. Palmitoylethanolamide (PEA) is a natural amide of 
ethanolamide and palmitic acid with relatively high affinity to PPAR 
[57]. Costagliola et al. assessed the effect of oral administration of PEA 
in VF progression in NTG patients [57]. They studied 32 patients in 
a randomized clinical trial over six months’ period and reported IOP 
reduction of 17% (2.2mmHg) in treatment group vs. control group. 
They also reported significant improvement in VF parameters; MD of 
-7.65+-6.55 dB vs. -4.55+-5.31, and PSD of 5.21+-4.08 vs. 3.81+-3.02 
with p-values <0.001 and <0.02 respectively.

New targets in experimental studies: The glutamate transporters 
are the only mechanism for clearance of extracellular glutamate [69]. 
There are three main glutamate transporters in the inner plexiform 
layer across retinal ganglion cells (RGCs); glutamate transporter 1 
(GLT-1) in the bipolar cells, excitatory amino acid carrier 1 (EAAC1) 
in the RGCs, and glutamate/aspartate transporter (GLAST) in the 
Muller cells [70,71]. It is shown that suppressing the expression of 
GLAST and EAAC1 in mice would lead to progressive RGC loss 
without elevated IOP, similar to the events in NTG neuropathy [72]. 
To assess the efficacy of targeting these pathways, anatomical and 
functional evaluation should be included. Candesartan, Spermidine, 
and Edaravone suppress nitric oxide synthase (NOS) and scavenger 
free radicals [73-75], while Apolipoprotein E-containing lipoproteins 
(Apo E-LP) and Valproic acid are effective mediators in the 
modulation of glutamate neurotransmission [76,77]. Geranylgeranyl 
acetone (a heat shock protein) can also prevent RGC loss [63].

Conclusion 
NTG is a type of glaucomatous optic neuropathy with similar 

features to POAG. However, the exact pathophysiology and 
mechanism of this entity remains to be elucidated. Although IOP 
by definition, is normal in these patients, IOP modification is still 
the best established target for treatment. The first line of treatment 
is usually anti-glaucoma ophthalmic solutions. If despite maximum 
medical therapy the disease progression would not stop, surgical 
options should be offered to the patient. The role of neuroprotection 

is emerging in the treatment of NTG. Neuroprotective agents can 
theoretically improve the function of RGCs and optic nerve and thus 
they are an interesting area of investigation. 

References
1. Kamal D, Hitchings R. Normal tension glaucoma-a practical approach. British 

journal of ophthalmology. 1998; 82: 835-840.

2. Mallick J, Devi L, Malik PK, Mallick J. Update on Normal Tension Glaucoma. 
Journal of ophthalmic & vision research. 2016; 11: 204-208.

3. Konieczka K, Ritch R, Traverso CE, Kim DM, Kook MS, Gallino A, et al. 
Flammer syndrome. EPMA Journal. 2014; 5: 11.

4. Flammer J, Konieczka K, Flammer AJ. The primary vascular dysregulation 
syndrome: implications for eye diseases. EPMA Journal. 2013; 4: 14.

5. Heijl A, Leske MC, Bengtsson B, Hyman L, Bengtsson B, Hussein M. 
Reduction of intraocular pressure and glaucoma progression: results from 
the Early Manifest Glaucoma Trial. Archives of ophthalmology. 2002; 120: 
1268-1279.

6. Group CN-TGS. Comparison of glaucomatous progression between untreated 
patients with normal-tension glaucoma and patients with therapeutically 
reduced intraocular pressures. American journal of ophthalmology. 1998; 
126: 487-497.

7. Cheng J-W, Cai J-P, Wei R-L. Meta-analysis of medical intervention for 
normal tension glaucoma. Ophthalmology. 2009; 116: 1243-1249.

8. Olthoff CM, Schouten JS, van de Borne BW, Webers CA. Noncompliance 
with ocular hypotensive treatment in patients with glaucoma or ocular 
hypertension: an evidence-based review. Ophthalmology. 2005; 112: 953-
961.

9. Feke GT, Bex PJ, Taylor CP, Rhee DJ, Turalba AV, Chen TC, et al. Effect of 
brimonidine on retinal vascular autoregulation and short-term visual function 
in normal tension glaucoma. American journal of ophthalmology. 2014: 105-
112.

10. Tsumura T, Yoshikawa K, Kimura T, Suzumura H, Kawashima M, Nanno M, 
et al. The efficacy and safety of add-on 0.1% brimonidine tartrate preserved 
with sodium chlorite in on-treatment Japanese normal-tension glaucoma 
patients. Clinical ophthalmology (Auckland, NZ). 2014; 8: 1681-1687.

11. Araie M, Shirato S, Yamazaki Y, Matsumoto C, Kitazawa Y, Ohashi Y. 
Risk factors for progression of normal-tension glaucoma under?-blocker 
monotherapy. Acta ophthalmologica. 2012: e337-e343.

12. Kim JM, Kim TW, Kim CY, Kim HK, Park KH. Comparison of the intraocular 
pressure-lowering effect and safety of brimonidine/timolol fixed combination 
and 0.5% timolol in normal-tension glaucoma patients. Japanese journal of 
ophthalmology. 2016: 20-26.

13. Kim TW, Kim M, Lee EJ, Jeoung JW, Park KH. Intraocular pressure-lowering 
efficacy of dorzolamide/timolol fixed combination in normal-tension glaucoma. 
Journal of glaucoma. 2014; 23: 329-332.

14. Lee NY, Park HY, Park CK. Effects of a dorzolamide/timolol fixed combination 
on diurnal intraocular pressure, heart rate, blood pressure, and ocular 
perfusion pressure in normal-tension glaucoma. Japanese journal of 
ophthalmology. 2016: 377-382.

15. Lee NY, Park HY, Park CK. Comparison of the effects of dorzolamide/timolol 
fixed combination versus latanoprost on intraocular pressure and ocular 
perfusion pressure in patients with normal-tension glaucoma: a randomized, 
crossover clinical trial. PloS one. 2016.

16. Mizoguchi T, Ozaki M, Wakiyama H, Ogino N. Additive intraocular pressure-
lowering effect of dorzolamide 1%/timolol 0.5% fixed combination on 
prostaglandin monotherapy in patients with normal tension glaucoma. Clinical 
ophthalmology (Auckland, NZ). 2011; 5: 1515-1520.

17. Mizoue S, Nitta K, Shirakashi M, Nitta A, Yamabayashi S, Kimura T, 
et al. Multicenter, Randomized, Investigator-Masked Study Comparing 
Brimonidine Tartrate 0.1% and Timolol Maleate 0.5% as Adjunctive Therapies 
to Prostaglandin Analogues in Normal-Tension Glaucoma. Advances in 
therapy. 2017; 34: 1438-1448.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1722650/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1722650/
http://www.jovr.org/article.asp?issn=2008-322X;year=2016;volume=11;issue=2;spage=204;epage=208;aulast=Mallick
http://www.jovr.org/article.asp?issn=2008-322X;year=2016;volume=11;issue=2;spage=204;epage=208;aulast=Mallick
https://link.springer.com/article/10.1186/1878-5085-5-11
https://link.springer.com/article/10.1186/1878-5085-5-11
https://www.ncbi.nlm.nih.gov/pubmed/23742177
https://www.ncbi.nlm.nih.gov/pubmed/23742177
https://www.ncbi.nlm.nih.gov/pubmed/12365904
https://www.ncbi.nlm.nih.gov/pubmed/12365904
https://www.ncbi.nlm.nih.gov/pubmed/12365904
https://www.ncbi.nlm.nih.gov/pubmed/12365904
https://www.ncbi.nlm.nih.gov/pubmed/9780093
https://www.ncbi.nlm.nih.gov/pubmed/9780093
https://www.ncbi.nlm.nih.gov/pubmed/9780093
https://www.ncbi.nlm.nih.gov/pubmed/9780093
https://www.ncbi.nlm.nih.gov/pubmed/19450880
https://www.ncbi.nlm.nih.gov/pubmed/19450880
https://www.ncbi.nlm.nih.gov/pubmed/15885795
https://www.ncbi.nlm.nih.gov/pubmed/15885795
https://www.ncbi.nlm.nih.gov/pubmed/15885795
https://www.ncbi.nlm.nih.gov/pubmed/15885795
https://www.ncbi.nlm.nih.gov/pubmed/24709811
https://www.ncbi.nlm.nih.gov/pubmed/24709811
https://www.ncbi.nlm.nih.gov/pubmed/24709811
https://www.ncbi.nlm.nih.gov/pubmed/24709811
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4159391/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4159391/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4159391/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4159391/
https://www.ncbi.nlm.nih.gov/pubmed/22551324
https://www.ncbi.nlm.nih.gov/pubmed/22551324
https://www.ncbi.nlm.nih.gov/pubmed/22551324
https://www.ncbi.nlm.nih.gov/pubmed/26578422
https://www.ncbi.nlm.nih.gov/pubmed/26578422
https://www.ncbi.nlm.nih.gov/pubmed/26578422
https://www.ncbi.nlm.nih.gov/pubmed/26578422
https://www.ncbi.nlm.nih.gov/pubmed/23377586
https://www.ncbi.nlm.nih.gov/pubmed/23377586
https://www.ncbi.nlm.nih.gov/pubmed/23377586
https://www.semanticscholar.org/paper/Effects-of-a-dorzolamide%2Ftimolol-fixed-combination-Lee-Park/4791287a295f086d658307411b16c1c829a0f259
https://www.semanticscholar.org/paper/Effects-of-a-dorzolamide%2Ftimolol-fixed-combination-Lee-Park/4791287a295f086d658307411b16c1c829a0f259
https://www.semanticscholar.org/paper/Effects-of-a-dorzolamide%2Ftimolol-fixed-combination-Lee-Park/4791287a295f086d658307411b16c1c829a0f259
https://www.semanticscholar.org/paper/Effects-of-a-dorzolamide%2Ftimolol-fixed-combination-Lee-Park/4791287a295f086d658307411b16c1c829a0f259
https://www.ncbi.nlm.nih.gov/pubmed/26756747
https://www.ncbi.nlm.nih.gov/pubmed/26756747
https://www.ncbi.nlm.nih.gov/pubmed/26756747
https://www.ncbi.nlm.nih.gov/pubmed/26756747
https://www.ncbi.nlm.nih.gov/pubmed/28508306
https://www.ncbi.nlm.nih.gov/pubmed/28508306
https://www.ncbi.nlm.nih.gov/pubmed/28508306
https://www.ncbi.nlm.nih.gov/pubmed/28508306
https://www.ncbi.nlm.nih.gov/pubmed/28508306


Austin Ophthalmol 4(1): id1013 (2020)  - Page - 06

Mortazavi M Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

18. Igarashi R, Togano T, Sakaue Y, Yoshino T, Ueda J, Fukuchi T. Effect 
on intraocular pressure of switching from latanoprost and travoprost 
monotherapy to timolol fixed combinations in patients with normal-tension 
glaucoma. Journal of ophthalmology. 2014; 2014: 720385.

19. Ikeda Y, Mori K, Tada K, Ueno M, Kinoshita S, Sotozono C. Comparison study 
of intraocular pressure reduction efficacy and safety between latanoprost and 
tafluprost in Japanese with normal-tension glaucoma. Clinical ophthalmology 
(Auckland, NZ). 2016: 1633-1637.

20. Inoue K, Setogawa A, Tomita G. Non responders to Prostaglandin Analogs 
among Normal-Tension Glaucoma Patients. Journal of ocular pharmacology 
and therapeutics: the official journal of the Association for Ocular 
Pharmacology and Therapeutics. 2016; 32: 90-96.

21. Kim HJ, Cho BJ. Long-term effect of latanoprost on central corneal 
thickness in normal tension glaucoma. Journal of ocular pharmacology and 
therapeutics: the official journal of the Association for Ocular Pharmacology 
and Therapeutics. 2011; 27: 73-76.

22. Mizoguchi T, Ozaki M, Unoki K, Dake Y, Eto T, Arai M. A randomized 
crossover study comparing tafluprost 0.0015% with travoprost 0.004% in 
patients with normal-tension glaucoma [corrected]. Clinical ophthalmology 
(Auckland, NZ). 2012; 6: 1579-1584.

23. Naito T, Okuma S, Nagayama M, Mizoue S, Ozaki M, Namiguchi K, et al. 
Sustainability of Intraocular Pressure Reduction of Travoprost Ophthalmic 
Solution in Subjects with Normal Tension Glaucoma. Advances in therapy. 
2016; 33: 435-446.

24. Nakano T, Yoshikawa K, Kimura T, Suzumura H, Nanno M, Noro T. Efficacy 
and safety of tafluprost in normal-tension glaucoma with intraocular pressure 
of 16mmHg or less. Japanese journal of ophthalmology. 2011; 55: 605-613.

25. Sato S, Hirooka K, Baba T, Mizote M, Fujimura T, Tenkumo K, et al. 
Efficacy and safety of switching from topical latanoprost to bimatoprost in 
patients with normal-tension glaucoma. Journal of ocular pharmacology and 
therapeutics: the official journal of the Association for Ocular Pharmacology 
and Therapeutics. 2011; 27: 499-502.

26. Shin J, Lee JW, Choi BS, Yun EY, Jung JH, Kim EA, et al. The circadian 
changes of intraocular pressure and ocular perfusion pressure after tafluprost 
compared with travoprost in normal tension glaucoma. Journal of ocular 
pharmacology and therapeutics: the official journal of the Association for 
Ocular Pharmacology and Therapeutics. 2014; 30: 803-809.

27. Shoji T, Sato H, Mizukawa A, Hirota N, Enoki T, Kojima T, et al. Hypotensive 
effect of latanoprost/timolol versus travoprost/timolol fixed combinations in 
NTG patients: a randomized, multicenter, crossover clinical trial. Investigative 
ophthalmology & visual science. 2013: 6242-6247.

28. Takemoto D, Higashide T, Saito Y, Ohkubo S, Udagawa S, Takeda H, et 
al. Intraocular pressure and visual field changes in normal-tension glaucoma 
patients treated using either unoprostone or latanoprost: a prospective 
comparative study. Clinical ophthalmology (Auckland, NZ). 2017; 11: 1617-
1624.

29. Tsumura T, Yoshikawa K, Suzumura H, Kimura T, Sasaki S, Kimura I, et 
al. Bimatoprost ophthalmic solution 0.03% lowered intraocular pressure 
of normal-tension glaucoma with minimal adverse events. Clinical 
ophthalmology (Auckland, NZ). 2012; 6: 1547-1552.

30. Yoo R, Choi YA, Cho BJ. Change in Central Corneal Thickness after the 
Discontinuation of Latanoprost in Normal Tension Glaucoma-Change in 
Central Corneal Thickness after Stop of Latanoprost. Journal of ocular 
pharmacology and therapeutics: the official journal of the Association for 
Ocular Pharmacology and Therapeutics. 2017; 33: 57-61.

31. Lee NY, Park HY, Park CK. Effects of a dorzolamide/timolol fixed combination 
on diurnal intraocular pressure, heart rate, blood pressure, and ocular 
perfusion pressure in normal-tension glaucoma. Japanese journal of 
ophthalmology. 2016; 60: 377-382.

32. Seibold LK, Kahook MY. The diurnal and nocturnal effects of travoprost in 
normal-tension glaucoma. Clinical ophthalmology (Auckland, NZ). 2014; 8: 
2189-2193.

33. Inoue K, Shiokawa M, Fujimoto T, Tomita G. Effects of treatment with 

bimatoprost 0.03% for 3 years in patients with normal-tension glaucoma. 
Clinical ophthalmology (Auckland, NZ). 2014; 8: 1179-1183.

34. Inoue K, Tanaka A, Tomita G. Effects of tafluprost treatment for 3 years in 
patients with normal-tension glaucoma. Clinical ophthalmology (Auckland, 
NZ). 2013; 7: 1411-1416.

35. Iverson SM, Schultz SK, Shi W, Feuer WJ, Greenfield DS. Effectiveness 
of single-digit IOP targets on decreasing global and localized visual field 
progression after filtration surgery in eyes with progressive normal-tension 
glaucoma. Journal of Glaucoma. 2016; 25: 408-414.

36. Jayaram H, Strouthidis NG, Kamal DS. Trabeculectomy for normal tension 
glaucoma: outcomes using the Moorfields Safer Surgery technique. The 
British journal of ophthalmology. 2016; 100: 332-328.

37. Schultz SK, Iverson SM, Shi W, Greenfield DS. Safety and efficacy of 
achieving single-digit intraocular pressure targets with filtration surgery in 
eyes with progressive normal-tension glaucoma. Journal of Glaucoma. 2016; 
25: 217-222.

38. Naito T, Fujiwara M, Miki T, Araki R, Fujiwara A, Shiode Y, et al. Effect of 
trabeculectomy on visual field progression in Japanese progressive normal-
tension glaucoma with intraocular pressure <15mmHg. PloS one. 2017; 12: 
e0184096.

39. Nitta K, Sugiyama K, Mawatari Y, Tanahashi T. [Results of selective laser 
trabeculoplasty (SLT) as initial treatment for normal tension glaucoma]. 
Nippon Ganka Gakkai zasshi. 2013; 117: 335-343.

40. Tojo N, Oka M, Miyakoshi A, Ozaki H, Hayashi A. Comparison of fluctuations 
of intraocular pressure before and after selective laser trabeculoplasty in 
normal-tension glaucoma patients. Journal of glaucoma. 2014; 23: e138-143.

41. Lee JWY, Liu CCL, Chan JCH, Lai JSM. Predictors of success in selective 
laser trabeculoplasty for normal tension glaucoma. Medicine (United States). 
2014; 93: e236.

42. Lee JWY, Fu L, Chan JCH, Lai JSM. Twenty-four-hour intraocular pressure 
related changes following adjuvant selective laser trabeculoplasty for normal 
tension glaucoma. Medicine (United States). 2014: 93.

43. Lee JWY, Gangwani RA, Chan JCH, Lai JSM. Prospective study on the 
efficacy of treating normal tension glaucoma with a single session of selective 
laser trabeculoplasty. Journal of Glaucoma. 2015; 24: 77-80.

44. Lee JW, Ho WL, Chan JC, Lai JS. Efficacy of selective laser trabeculoplasty 
for normal tension glaucoma: 1-year results. BMC ophthalmology. 2015; 15: 
1.

45. Lee JW, Shum JJ, Chan JC, Lai JS. Two-Year Clinical Results after Selective 
Laser Trabeculoplasty for Normal Tension Glaucoma. Medicine. 2015; 94: 
e984.

46. Suominen S, Harju M, Kurvinen L, Vesti E. Deep sclerectomy in normal-
tension glaucoma with and without mitomycin-c. Acta ophthalmologica. 2014: 
701-706.

47. Lei L. Application of mitomycin C in normal tension glaucoma deep 
sclerectomy. International Eye Science. 2015; 15: 540-542.

48. Harju M, Suominen S, Allinen P, Vesti E. Long-term results of deep 
sclerectomy in normal-tension glaucoma. Acta ophthalmologica. 2017.

49. Ho DK, Garrick A, Aazem S, Mathews D. Effect of primary 
Phacoviscocanalostomy/Viscocanalostomy on intraocular pressure of normal 
tension glaucoma patients: 3-year results. BMC ophthalmology. 2017; 17: 
201.

50. Aoyama A, Ishida K, Sawada A, Yamamoto T. Target intraocular pressure 
for stability of visual field loss progression in normal-tension glaucoma. 
Japanese journal of ophthalmology. 2010; 54: 117-123.

51. Kothy P, Toth M, Hollo G. Influence of selective laser trabeculoplasty on 24-
hour diurnal intraocular pressure fluctuation in primary open-angle glaucoma: 
a pilot study. Ophthalmic surgery, lasers & imaging: the official journal of the 
International Society for Imaging in the Eye. 2010; 41: 342-347.

52. Stegmann R, Pienaar A, Miller D. Viscocanalostomy for open-angle glaucoma 
in black African patients. Journal of cataract and refractive surgery. 1999; 25: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4258362/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4258362/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4258362/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4258362/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5003551/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5003551/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5003551/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5003551/
https://www.ncbi.nlm.nih.gov/pubmed/26624245
https://www.ncbi.nlm.nih.gov/pubmed/26624245
https://www.ncbi.nlm.nih.gov/pubmed/26624245
https://www.ncbi.nlm.nih.gov/pubmed/26624245
https://www.ncbi.nlm.nih.gov/pubmed/21091278
https://www.ncbi.nlm.nih.gov/pubmed/21091278
https://www.ncbi.nlm.nih.gov/pubmed/21091278
https://www.ncbi.nlm.nih.gov/pubmed/21091278
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3460714/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3460714/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3460714/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3460714/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4833797/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4833797/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4833797/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4833797/
https://www.ncbi.nlm.nih.gov/pubmed/21874307
https://www.ncbi.nlm.nih.gov/pubmed/21874307
https://www.ncbi.nlm.nih.gov/pubmed/21874307
https://www.ncbi.nlm.nih.gov/pubmed/21790301
https://www.ncbi.nlm.nih.gov/pubmed/21790301
https://www.ncbi.nlm.nih.gov/pubmed/21790301
https://www.ncbi.nlm.nih.gov/pubmed/21790301
https://www.ncbi.nlm.nih.gov/pubmed/21790301
https://www.ncbi.nlm.nih.gov/pubmed/25285367
https://www.ncbi.nlm.nih.gov/pubmed/25285367
https://www.ncbi.nlm.nih.gov/pubmed/25285367
https://www.ncbi.nlm.nih.gov/pubmed/25285367
https://www.ncbi.nlm.nih.gov/pubmed/25285367
https://iovs.arvojournals.org/article.aspx?articleid=2127986
https://iovs.arvojournals.org/article.aspx?articleid=2127986
https://iovs.arvojournals.org/article.aspx?articleid=2127986
https://iovs.arvojournals.org/article.aspx?articleid=2127986
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3460718/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3460718/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3460718/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3460718/
https://www.ncbi.nlm.nih.gov/pubmed/27828721
https://www.ncbi.nlm.nih.gov/pubmed/27828721
https://www.ncbi.nlm.nih.gov/pubmed/27828721
https://www.ncbi.nlm.nih.gov/pubmed/27828721
https://www.ncbi.nlm.nih.gov/pubmed/27828721
https://www.semanticscholar.org/paper/Effects-of-a-dorzolamide%2Ftimolol-fixed-combination-Lee-Park/4791287a295f086d658307411b16c1c829a0f259
https://www.semanticscholar.org/paper/Effects-of-a-dorzolamide%2Ftimolol-fixed-combination-Lee-Park/4791287a295f086d658307411b16c1c829a0f259
https://www.semanticscholar.org/paper/Effects-of-a-dorzolamide%2Ftimolol-fixed-combination-Lee-Park/4791287a295f086d658307411b16c1c829a0f259
https://www.semanticscholar.org/paper/Effects-of-a-dorzolamide%2Ftimolol-fixed-combination-Lee-Park/4791287a295f086d658307411b16c1c829a0f259
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4222622/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4222622/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4222622/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4069150/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4069150/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4069150/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3711876/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3711876/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3711876/
https://www.ncbi.nlm.nih.gov/pubmed/25719235
https://www.ncbi.nlm.nih.gov/pubmed/25719235
https://www.ncbi.nlm.nih.gov/pubmed/25719235
https://www.ncbi.nlm.nih.gov/pubmed/25719235
https://www.ncbi.nlm.nih.gov/pubmed/26198279
https://www.ncbi.nlm.nih.gov/pubmed/26198279
https://www.ncbi.nlm.nih.gov/pubmed/26198279
https://www.ncbi.nlm.nih.gov/pubmed/25264998
https://www.ncbi.nlm.nih.gov/pubmed/25264998
https://www.ncbi.nlm.nih.gov/pubmed/25264998
https://www.ncbi.nlm.nih.gov/pubmed/25264998
https://www.ncbi.nlm.nih.gov/pubmed/28850613
https://www.ncbi.nlm.nih.gov/pubmed/28850613
https://www.ncbi.nlm.nih.gov/pubmed/28850613
https://www.ncbi.nlm.nih.gov/pubmed/28850613
https://www.ncbi.nlm.nih.gov/pubmed/23767189
https://www.ncbi.nlm.nih.gov/pubmed/23767189
https://www.ncbi.nlm.nih.gov/pubmed/23767189
https://www.ncbi.nlm.nih.gov/pubmed/24248000
https://www.ncbi.nlm.nih.gov/pubmed/24248000
https://www.ncbi.nlm.nih.gov/pubmed/24248000
https://www.ncbi.nlm.nih.gov/pubmed/25526445
https://www.ncbi.nlm.nih.gov/pubmed/25526445
https://www.ncbi.nlm.nih.gov/pubmed/25526445
https://www.ncbi.nlm.nih.gov/pubmed/25501089
https://www.ncbi.nlm.nih.gov/pubmed/25501089
https://www.ncbi.nlm.nih.gov/pubmed/25501089
https://www.ncbi.nlm.nih.gov/pubmed/25068466
https://www.ncbi.nlm.nih.gov/pubmed/25068466
https://www.ncbi.nlm.nih.gov/pubmed/25068466
https://www.ncbi.nlm.nih.gov/pubmed/25571769
https://www.ncbi.nlm.nih.gov/pubmed/25571769
https://www.ncbi.nlm.nih.gov/pubmed/25571769
https://www.ncbi.nlm.nih.gov/pubmed/26091474
https://www.ncbi.nlm.nih.gov/pubmed/26091474
https://www.ncbi.nlm.nih.gov/pubmed/26091474
https://www.ncbi.nlm.nih.gov/pubmed/24373326
https://www.ncbi.nlm.nih.gov/pubmed/24373326
https://www.ncbi.nlm.nih.gov/pubmed/24373326
https://www.ncbi.nlm.nih.gov/pubmed/28834385
https://www.ncbi.nlm.nih.gov/pubmed/28834385
https://bmcophthalmol.biomedcentral.com/articles/10.1186/s12886-017-0596-y
https://bmcophthalmol.biomedcentral.com/articles/10.1186/s12886-017-0596-y
https://bmcophthalmol.biomedcentral.com/articles/10.1186/s12886-017-0596-y
https://bmcophthalmol.biomedcentral.com/articles/10.1186/s12886-017-0596-y
https://www.ncbi.nlm.nih.gov/pubmed/20401559
https://www.ncbi.nlm.nih.gov/pubmed/20401559
https://www.ncbi.nlm.nih.gov/pubmed/20401559
https://www.ncbi.nlm.nih.gov/pubmed/20507019
https://www.ncbi.nlm.nih.gov/pubmed/20507019
https://www.ncbi.nlm.nih.gov/pubmed/20507019
https://www.ncbi.nlm.nih.gov/pubmed/20507019
https://www.ncbi.nlm.nih.gov/pubmed/10079435
https://www.ncbi.nlm.nih.gov/pubmed/10079435


Austin Ophthalmol 4(1): id1013 (2020)  - Page - 07

Mortazavi M Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

316-322.

53. Cybulska-Heinrich AK, Mozaffarieh M, Flammer J. Ginkgo biloba: An adjuvant 
therapy for progressive normal and high-tension glaucoma. Molecular Vision. 
2012; 18: 390-402.

54. Shim SH, Kim JM, Choi CY, Kim CY, Park KH. Ginkgo biloba extract and 
bilberry anthocyanins improve visual function in patients with normal tension 
glaucoma. Journal of medicinal food. 2012; 15: 818-823.

55. Lee J, Sohn SW, Kee C. Effect of Ginkgo biloba extract on visual field 
progression in normal tension glaucoma. Journal of glaucoma. 2013; 22: 
780-784.

56. Guo X, Kong X, Huang R, Jin L, Ding X, He M, et al. Effect of ginkgo biloba 
on visual field and contrast sensitivity in Chinese patients with normal tension 
glaucoma: A randomized, crossover clinical trial. Investigative Ophthalmology 
and Visual Science. 2013; 55: 110-116.

57. Costagliola C, Romano MR, dell’Omo R, Russo A, Mastropasqua R, Semeraro 
F. Effect of palmitoylethanolamide on visual field damage progression in 
normal tension glaucoma patients: results of an open-label six-month follow-
up. Journal of medicinal food. 2014; 17: 949-954.

58. Coleman AL. Glaucoma. Lancet (London, England). 1999; 354: 1803-1810.

59. Demailly P, Cambien F, Plouin PF, Baron P, Chevallier B. Do patients 
with low tension glaucoma have particular cardiovascular characteristics? 
Ophthalmologica. 1984; 188: 65-75.

60. Drance SM, Sweeney VP, Morgan RW, Feldman F. Studies of factors involved 
in the production of low tension glaucoma. Archives of Ophthalmology. 1973; 
89: 457-465.

61. Neufeld AH, Hernandez MR, Gonzalez M. Nitric oxide synthase in the human 
glaucomatous optic nerve head. Archives of ophthalmology (Chicago, Ill: 
1960). 1997; 115: 497-503.

62. Mozaffarieh M, Flammer J. New insights in the pathogenesis and treatment of 
normal tension glaucoma. Current opinion in pharmacology. 2013; 13: 43-49.

63. Dong Z, Shinmei Y, Dong Y, Inafuku S, Fukuhara J, Ando R, et al. Effect of 
geranylgeranylacetone on the protection of retinal ganglion cells in a mouse 
model of normal tension glaucoma. Heliyon. 2016; 2.

64. Raabe A, Raabe M, Ihm P. [Therapeutic follow-up using automatic perimetry 
in chronic cerebroretinal ischemia in elderly patients. Prospective double-
blind study with graduated dose ginkgo biloba treatment (EGb 761)]. Klin 
Monbl Augenheilkd. 1991; 199: 432-438.

65. Quaranta L, Bettelli S, Uva MG, Semeraro F, Turano R, Gandolfo E. Effect 
of Ginkgo biloba extract on preexisting visual field damage in normal tension 
glaucoma. Ophthalmology. 2003; 110: 359-362.

66. Szabo ME, Droy-Lefaix MT, Doly M. Direct measurement of free radicals in 
ischemic/reperfused diabetic rat retina. Clinical neuroscience (New York, 
NY). 1997; 4: 240-245.

67. Kotil K, Uyar R, Bilge T, Ton T, Kucukhuseyin C, Koldas M, et al. Investigation 
of the dose-dependent antivasospasmic effect of Ginkgo biloba extract 
(EGb 761) in experimental subarachnoid hemorrhage. Journal of clinical 
neuroscience: official journal of the Neurosurgical Society of Australasia. 
2008; 15: 1382-1386.

68. Aoun P, Simpkins JW, Agarwal N. Role of PPAR-gamma ligands in 
neuroprotection against glutamate-induced cytotoxicity in retinal ganglion 
cells. Investigative ophthalmology & visual science. 2003; 44: 2999-3004.

69. Danbolt NC. Glutamate uptake. Progress in neurobiology. 2001; 65: 1-105.

70. Harada T, Harada C, Watanabe M, Inoue Y, Sakagawa T, Nakayama N, et al. 
Functions of the two glutamate transporters GLAST and GLT-1 in the retina. 
Proceedings of the National Academy of Sciences of the United States of 
America. 1998; 95: 4663-4666.

71. Namekata K, Harada C, Guo X, Kikushima K, Kimura A, Fuse N, et al. 
Interleukin-1 attenuates normal tension glaucoma-like retinal degeneration in 
EAAC1-deficient mice. Neurosci Lett. 2009; 465: 160-164.

72. Harada T, Harada C, Nakamura K, Quah HM, Okumura A, Namekata K, et 
al. The potential role of glutamate transporters in the pathogenesis of normal 
tension glaucoma. The Journal of clinical investigation. 2007; 117: 1763-
1770.

73. Akaiwa K, Namekata K, Azuchi Y, Guo X, Kimura A, Harada C, et al. 
Edaravone suppresses retinal ganglion cell death in a mouse model of 
normal tension glaucoma. Cell death & disease. 2017; 8: e2934.

74. Noro T, Namekata K, Azuchi Y, Kimura A, Guo X, Harada C, et al. Spermidine 
Ameliorates Neurodegeneration in a Mouse Model of Normal Tension 
Glaucoma. Investigative ophthalmology & visual science. 2015; 56: 5012-
5019.

75. Semba K, Namekata K, Guo X, Harada C, Harada T, Mitamura Y. Renin-
angiotensin system regulates neurodegeneration in a mouse model of normal 
tension glaucoma. Cell death & disease. 2014; 5: e1333.

76. Hayashi H, Eguchi Y, Fukuchi-Nakaishi Y, Takeya M, Nakagata N, Tanaka 
K, et al. A potential neuroprotective role of apolipoprotein E-containing 
lipoproteins through low density lipoprotein receptor-related protein 1 in 
normal tension glaucoma. The Journal of biological chemistry. 2012; 287: 
25395-25406.

77. Kimura A, Guo X, Noro T, Harada C, Tanaka K, Namekata K, et al. Valproic 
acid prevents retinal degeneration in a murine model of normal tension 
glaucoma. Neuroscience Letters. 2014; 588: 108-113.

https://www.ncbi.nlm.nih.gov/pubmed/10079435
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3283204/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3283204/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3283204/
https://www.ncbi.nlm.nih.gov/pubmed/22870951
https://www.ncbi.nlm.nih.gov/pubmed/22870951
https://www.ncbi.nlm.nih.gov/pubmed/22870951
https://www.ncbi.nlm.nih.gov/pubmed/22595937
https://www.ncbi.nlm.nih.gov/pubmed/22595937
https://www.ncbi.nlm.nih.gov/pubmed/22595937
https://www.ncbi.nlm.nih.gov/pubmed/24282229
https://www.ncbi.nlm.nih.gov/pubmed/24282229
https://www.ncbi.nlm.nih.gov/pubmed/24282229
https://www.ncbi.nlm.nih.gov/pubmed/24282229
https://www.ncbi.nlm.nih.gov/pubmed/24827384
https://www.ncbi.nlm.nih.gov/pubmed/24827384
https://www.ncbi.nlm.nih.gov/pubmed/24827384
https://www.ncbi.nlm.nih.gov/pubmed/24827384
https://www.ncbi.nlm.nih.gov/pubmed/10577657
https://www.karger.com/Article/Abstract/309344
https://www.karger.com/Article/Abstract/309344
https://www.karger.com/Article/Abstract/309344
https://www.ncbi.nlm.nih.gov/pubmed/4706442
https://www.ncbi.nlm.nih.gov/pubmed/4706442
https://www.ncbi.nlm.nih.gov/pubmed/4706442
https://www.ncbi.nlm.nih.gov/pubmed/9109759
https://www.ncbi.nlm.nih.gov/pubmed/9109759
https://www.ncbi.nlm.nih.gov/pubmed/9109759
https://www.ncbi.nlm.nih.gov/pubmed/23092679
https://www.ncbi.nlm.nih.gov/pubmed/23092679
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5103079/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5103079/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5103079/
https://www.ncbi.nlm.nih.gov/pubmed/1791685
https://www.ncbi.nlm.nih.gov/pubmed/1791685
https://www.ncbi.nlm.nih.gov/pubmed/1791685
https://www.ncbi.nlm.nih.gov/pubmed/1791685
https://www.ncbi.nlm.nih.gov/pubmed/12578781
https://www.ncbi.nlm.nih.gov/pubmed/12578781
https://www.ncbi.nlm.nih.gov/pubmed/12578781
https://europepmc.org/article/med/9292250
https://europepmc.org/article/med/9292250
https://europepmc.org/article/med/9292250
https://www.ncbi.nlm.nih.gov/pubmed/18951801
https://www.ncbi.nlm.nih.gov/pubmed/18951801
https://www.ncbi.nlm.nih.gov/pubmed/18951801
https://www.ncbi.nlm.nih.gov/pubmed/18951801
https://www.ncbi.nlm.nih.gov/pubmed/18951801
https://www.ncbi.nlm.nih.gov/pubmed/11369436
https://www.pnas.org/content/95/8/4663
https://www.pnas.org/content/95/8/4663
https://www.pnas.org/content/95/8/4663
https://www.pnas.org/content/95/8/4663
https://www.ncbi.nlm.nih.gov/pubmed/19766171
https://www.ncbi.nlm.nih.gov/pubmed/19766171
https://www.ncbi.nlm.nih.gov/pubmed/19766171
https://www.jci.org/articles/view/30178
https://www.jci.org/articles/view/30178
https://www.jci.org/articles/view/30178
https://www.jci.org/articles/view/30178
https://www.ncbi.nlm.nih.gov/pubmed/28703795
https://www.ncbi.nlm.nih.gov/pubmed/28703795
https://www.ncbi.nlm.nih.gov/pubmed/28703795
https://www.ncbi.nlm.nih.gov/pubmed/25032856
https://www.ncbi.nlm.nih.gov/pubmed/25032856
https://www.ncbi.nlm.nih.gov/pubmed/25032856
https://www.jbc.org/content/287/30/25395.full
https://www.jbc.org/content/287/30/25395.full
https://www.jbc.org/content/287/30/25395.full
https://www.jbc.org/content/287/30/25395.full
https://www.jbc.org/content/287/30/25395.full
https://europepmc.org/article/med/25555796
https://europepmc.org/article/med/25555796
https://europepmc.org/article/med/25555796

	Title
	Abstract
	Introduction
	Methods
	IOP lowering medications
	Surgical treatment
	Non-penetrating glaucoma surgery (NPGS)
	Neuroprotective agents

	Conclusion
	References
	Table 1
	Table 2
	Table 3

