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Purpose: To determine the characteristics of normal tension glaucoma referrals at a tertiary care center and risk factors associated 
with unilateral versus bilateral disease.
Patients and Methods: Medical records were reviewed of patients who were referred to a single glaucoma provider at a tertiary care 
center and were given a presumptive diagnosis of normal tension glaucoma (NTG) between the years 2018 and 2021. Data collected 
included demographics, medical and family history, ophthalmic history, ophthalmic examination findings, neuro-ophthalmology 
referrals, and magnetic resonance imaging (MRI) results.
Results: A total of 98 patients were included in this study. The majority of patients (82%) had bilateral disease at initial presentation. 
Most patients (65%) had a history of systemic disease, including hypertension (32%), cardiovascular disease (19%), diabetes (12%), 
obstructive sleep apnea (10%), or orthostatic hypotension (4%). Conditions associated with vascular dysregulation were identified in 
24% of patients. Sixty six percent of patients had a family history of glaucoma, while nearly half (49%) were myopic. Of patients with 
unilateral disease, 39% had workup or consideration of other neuro-ophthalmic diagnoses compared to 13% of patients with bilateral 
disease (P = 0.01).
Conclusion: Patients referred for NTG commonly present with disc changes in both eyes. Clinicians should assess for the presence of 
systemic diseases associated with vascular dysregulation, myopia, and a family history of glaucoma. Patients with unilateral disease 
consistent with NTG may benefit from additional workup including neuroimaging or a neuro-ophthalmic evaluation.
Keywords: normal tension glaucoma, intraocular pressure, optic neuropathy, myopia, masquerading

Introduction
Normal tension glaucoma (NTG), also known as low-tension glaucoma (LTG), is a glaucomatous optic neuropathy 
characterized by progressive optic nerve damage associated with visual field loss with intraocular pressure (IOP) that is 
21 mm Hg or less. Globally, NTG is a significant disease entity. In Japanese populations in particular, NTG has been 
reported to constitute the majority of open-angle glaucoma cases, with prevalence rates ranging from 52 to 92%.1 

Furthermore, it is estimated that 50% of patients in the world with undiagnosed glaucoma have IOP below 21 mm Hg.2 It 
is theorized that NTG may be associated with vascular dysregulation leading to ocular hypoperfusion and subsequent 
damage to the retinal ganglion cells.3 While studies show a correlation between NTG and underlying systemic diseases 
such as systemic hypotension, migraines, Raynaud’s phenomenon, and sleep apnea,4 NTG has been difficult to 
conceptualize, given a lack of understanding of the precise etiology of NTG and the lack of elevated intraocular pressure 
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(IOP). It can be difficult to distinguish NTG from other disease entities, particularly nonprogressive optic neuropathies, 
vascular injuries, compressive lesions of the optic nerve and chiasm, and ischemic optic neuropathies.5,6 Myopia can also 
masquerade as NTG given the tilted appearance of the disc and thinning of the nerve fiber layer.

NTG can present asymmetrically, with studies suggesting a similar prevalence of unilateral visual field loss between 
NTG and high-tension glaucoma patients.7 Other studies postulate, however, that NTG may be more dependent on 
systemic rather than ocular factors and is, therefore, usually more symmetric compared to diagnoses such as primary 
open angle glaucoma (POAG).8 Nonetheless, over the course of time, NTG patients with unilateral visual field (VF) loss 
may eventually develop VF loss in the other eye,7 but a general consensus has not yet been reached on whether treatment 
of the fellow eye in patients with unilateral NTG is necessary and, if necessary, when to initiate treatment.9

Improved understanding of the clinical profile and characteristics of patients with NTG can help to further elucidate 
the ambiguity of NTG as a clinical entity. In this retrospective study, we aim to understand and analyze the characteristics 
of patients given a presumptive diagnosis of NTG at a tertiary care center and identify factors associated with unilateral 
versus bilateral disease.

Materials and Methods
The medical records of patients presenting with possible normal tension glaucoma or low-tension glaucoma during their 
first visit with a single glaucoma specialist from 2018 to 2021 at New York University (NYU) Langone Health were 
reviewed retrospectively. Patients were identified via diagnosis codes in the electronic medical record system. All 
patients included were over 18 years of age and had a maximum IOP of 21 mm Hg or less.

Data was collected including demographics, medical and surgical history, family history, ophthalmic history, 
ophthalmic examination findings, neuro-ophthalmology referrals, and MRI results. This study adhered to the tenets of 
the Declaration of Helsinki and was approved by and conducted under the policies of the NYU Institutional Review 
Board. This retrospective chart review was exempt from the requirement for individual patient informed consent, per the 
Institutional Review Board, given inclusion in this retrospective chart review without intervention presented no more 
than minimal risk of harm. Patient confidentiality was maintained in accordance with NYU standards for protected health 
information and data protection, including deidentification of patient information.

Statistical Analyses
Statistical analyses were performed through IBM SPSS Statistics Version 29.0.0.0 for Macintosh (IBM Corp, Armonk, 
NY). A P value ≤ 0.05 was considered statistically significant. All categorical variables were compared using a Fisher’s 
Exact test or chi-square analysis. A univariate logistic regression model was used to compare factors in patients who 
presented with unilateral versus bilateral NTG.

Results
Patient Demographics and Baseline Characteristics
Ninety-eight patients who were referred and given an initial diagnosis of NTG by a single glaucoma specialist from 2018 
to 2021 were included in the study. Demographics and baseline characteristics are reported in Table 1. Two-thirds of the 
patients were female (66 patients, 67%), with an overall mean age of 70.4 years. Almost half of the patients were White 
(47 patients, 48%) and 20% were Asian. Over 80% of patients presented with bilateral disease, with 8% presenting with 
disc changes in the right eye alone and 10% in the left eye alone. Twenty-nine percent of patients were on an oral beta- 
blocker. Sixty-five percent of patients had a history of systemic disease, with the most prevalent diseases being 
hypertension (32%), cardiovascular disease (19%), diabetes mellitus (12%), and obstructive sleep apnea (10%). 
Twenty four percent of patients had conditions associated with vascular dysregulation (i.e. orthostatic hypotension 
(4%), Raynaud’s phenomenon, migraine, etc). Almost half of the patients were myopic, with 28% presenting with 
“low” myopia (≥1.00 and < 6.00 diopters of myopia) and 21% presenting with “high” myopia (≥6.00 diopters of 
myopia).
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Table 1 Demographics and Baseline Characteristics of Patients of All Patients Given the Initial 
Diagnosis of Normal Tension Glaucoma (NTG)

Characteristic Value (%)

All Eyes (n=98)

Gender:
Male 32 (33%)

Female 66 (67%)

Age, years; mean 70.4
Race

White 47 (48%)

Black 7 (7%)
Asian 20 (20%)

Other 24 (24%)

Laterality of NTG:
Bilateral 80 (82%)

Right eye 8 (8%)

Left eye 10 (10%)
Family history of glaucoma 65 (66%)

Oral beta blockers 28 (29%)

History of intraocular surgery in affected eye(s), overall 49 (50%)
Cataract extraction with insertion of intraocular lens (CEIOL) in affected eye(s) 32 (33%)

Unilateral CEIOL in patients with bilateral NTG 4 (4%)

Laser peripheral iridotomy 15 (15%)
Selective laser trabeculoplasty 3 (3%)

Retinal surgery (i.e. pars plana vitrectomy) 4 (4%)

Corneal surgery (e.g. Descemet’s stripping endothelial keratoplasty) 1 (1%)
History of systemic disease, overallA 64 (65%)

History of hypertension 31 (32%)
History of diabetes mellitus 12 (12%)

History of migraine 8 (8%)

History of Raynaud’s 2 (2%)
History of heart disease 19 (19%)

History of sleep apnea 10 (10%)

History of hypotension 4 (4%)
History of prior surgery, overall 37 (38%)

Prior orthopedic surgery 15 (15%)

Total knee arthroplasty 9 (9%)
Partial knee arthroplasty 2 (2%)

Knee arthroscopy 1 (1%)

Shoulder arthroplasty 2 (2%)
Hip arthroplasty 1 (1%)

Spinal fusion surgery 2 (2%)

Lateral epicondylitis release 1 (1%)
Prior cardiac surgery 9 (9%)

Myopia, overall 48 (49%)

Low myopia (−1 to −6) 27 (28%)
High myopia (< −6) 21 (21%)

Disc heme on initial examination 4 (4%)

Disc pallor on initial examination 5 (5%)
MRI performed 15 (15%)

Neuro-ophthalmic diagnoses considered 17 (17%)

Notes: AIncluding human immunodeficiency virus (HIV), thyroid disease, cancer, autoimmune (e.g Sjogren’s), ischemic events. 
Abbreviations: NTG, normal tension glaucoma; CEIOL, cataract extraction with insertion of intraocular lens; MRI, 
magnetic resonance imaging.
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Overall, 17/98 (17%) patients had either a history of or consideration of neuro-ophthalmic diagnoses in the 
corresponding eye(s), with 15 total patients having MRI performed either before or after their initial visit with the 
glaucoma specialist.

Neuro-Ophthalmic Evaluation in NTG Patients
Of the 17 patients who had either a history of or consideration of neuro-ophthalmic diagnoses in the corresponding eye(s) 
(Table 2), 6 patients were diagnosed with potential compressive optic neuropathy (35%), 2 with potential anterior 
ischemic optic neuropathy (12%), 1 with potential optic neuritis (6%), and 8 were given a diagnosis of unspecified non- 
glaucomatous optic neuropathy (47%).

Of the patients with potential compressive optic neuropathy, 1 had a pituitary adenoma, 1 had a posterior orbital 
hemangioma, 1 had buccal mucosa and tonsillar squamous cell carcinoma, and 1 had an optic nerve sheath meningioma. 
One patient was found to have a congenitally small optic chiasm of unclear significance on MRI.

Factors Associated with Unilateral versus Bilateral NTG
Eighteen of the 98 patients presented with unilateral NTG. Among these patients, univariate logistic regressions (Table 3) 
identified history of diabetes mellitus (Odds Ratio [OR] = 4.01; P = 0.03), and history of prior orthopedic or heart surgery 

Table 2 Outline of Neuro-Ophthalmic Evaluation Reported in the NTG Patient Cohort

n, (% of the Total Number of Patients with  
Neuro-Ophthalmic Workup [17 Patients])

Neuro-ophthalmic diagnoses considered or reported:

Anterior Ischemic Optic Neuropathy 2 (12%)
Compressive Optic Neuropathy 6 (35%)

Optic neuritis 1 (6%)

Non-Glaucomatous Optic Neuropathy (Unclassified) 8 (47%)

Imaging and Referrals Placed:

MRI performed prior to initial glaucoma visit 12 (71%)

MRI performed following initial glaucoma visit 5 (29%)

Patients who had already been following with neuro-ophthalmology prior to initial glaucoma visit 14 (82%)
Patients referred to neuro-ophthalmology following initial glaucoma visit 3 (18%)

Abbreviations: NTG, normal tension glaucoma; MRI, magnetic resonance imaging.

Table 3 Predisposing Factors Associated with Unilateral Normal 
Tension Glaucoma

Factors OR (95% CI) P-value

Gender 1.33 (0.43, 4.10) 0.63

Age (years) 0.99 (0.96, 1.04) 0.95

Family history of glaucoma 1.15 (0.44, 3.01) 0.78
History of oral beta blocker use 1.79 (0.61, 5.22) 0.29

History of topical beta blocker use 0.70 (0.41, 1.20) 0.20
History of intraocular surgery 0.58 (0.20, 1.64) 0.30

CEIOL 0.57 (0.21, 1.60) 0.29

LPI 0.63 (0.14, 2.82) 0.54
SLT 0.00 (0.00, 0.00) 0.99

Retinal surgery 1.08 (0.17, 7.10) 0.94

(Continued)
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(OR = 3.26; P = 0.03) as predisposing factors associated with unilateral as opposed to bilateral NTG. No other variables 
included were statistically significant in the univariate analyses.

Additional factors related to the clinical course of the NTG patient cohort were also analyzed in relation to unilateral 
versus bilateral presentation. These factors are outlined in Table 4. A significantly lower percentage of patients with 
unilateral presentations were on glaucoma treatment prior to referral compared to patients with bilateral presentations 
(44% vs 70%, P = 0.03). In addition, a significantly higher percentage of unilateral NTG patients had a history or 
consideration of an alternative neuro-ophthalmic diagnosis, including those outlined in Table 3 (39% vs 13%, P = 0.01) 
compared to bilateral NTG patients.

Discussion
Normal tension glaucoma can present in a number of ways and tends to be a diagnosis of exclusion. Patients may have 
varying degrees of disc damage and visual field loss. Classic findings on examination include deep, focal notching of the 
disc or a shallow, saucerous appearing cup. It has been found to be more common in female than male individuals, as was 

Table 4 Additional Factors in the Clinical Course Associated with Unilateral versus Bilateral NTG Patients

Unilateral NTG 
(n=18)

Bilateral NTG 
(n=80)

P-value

Prior Glaucoma Treatment: 0.03
On prior glaucoma treatment upon initial evaluation 8 (44%) 56 (70%)

Not on prior glaucoma treatment upon initial evaluation 10 (56%) 24 (30%)

History or Consideration of Neuro-Ophthalmic Diagnoses: 0.01
Neuro-ophthalmic diagnosis considered: 7 (39%) 10 (13%)
No neuro-ophthalmic diagnosis considered 11 (61%) 70 (87%)

MRI performed: 0.10

MRI performed 5 (28%) 10 (13%)

MRI not performed 13 (72%) 70 (87%)

Note: Bolding denotes a statistically significant difference (p < 0.05). 
Abbreviations: NTG, normal tension glaucoma; MRI, magnetic resonance imaging.

Table 3 (Continued). 

Factors OR (95% CI) P-value

Corneal surgery 0.00 (0.00, 0.00) 0.99

History of systemic disease:
Hypertension 1.98 (0.70, 5.66) 0.20

Diabetes mellitus 4.01 (1.10, 14.58) 0.03
Migraine 1.54 (0.29, 8.34) 0.62
Raynaud’s disease 4.65 (0.28, 78.03) 0.29

Hypotension 1.51 (0.15, 15.41) 0.73

Heart disease 2.58 (0.82, 8.11) 0.11
Sleep apnea 3.52 (0.88, 14.12) 0.08

History of prior surgery 3.26 (1.13, 9.39) 0.03
Prior orthopedic surgery 2.69 (0.79, 9.17) 0.11
Prior cardiac surgery 1.30 (0.25, 6.87) 0.76

Myopia 1.56 (0.84, 2.91) 0.16

Note: Bolding denotes a statistically significant difference (p < 0.05). 
Abbreviations: OR, odds ratio; CI, confidence interval; CEIOL, cataract extraction 
with insertion of intraocular lens; LPI, laser peripheral iridotomy; SLT, selective laser 
trabeculoplasty.
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also the case in our study.10 Systemic diseases that are associated with vascular dysregulation or vasospasm are thought 
to play a role in the pathophysiology of this disease, with disorders including Raynaud’s phenomenon and migraine 
having a stronger association with NTG than POAG.11 One study found that headache with or without migraine features 
was reported by 86% of NTG patients, compared to 68% of POAG patients.12 In the Collaborative Normal Tension 
Glaucoma Study, migraine and Raynaud’s phenomenon were found in 15.63% and 3.75% of NTG patients, 
respectively.10 Vascular dysregulation is the inability of tissue to maintain a stable blood supply despite changes in 
perfusion pressure. Ongoing poor ocular perfusion in the setting of potentially weaker lamina cribrosa structures is 
thought to cause ischemia to the optic nerve causing progressive damage despite normal IOP.13,14 As a result, nocturnal 
hypotension, which can be physiologic or caused by systemic antihypertensives, may contribute to disease progression.15 

In our cohort of patients, 24/98 (24%) had diagnoses associated with vascular dysregulation including migraine, 
Raynaud’s disease, hypotension, or obstructive sleep apnea. In our practice, all patients who present for evaluation of 
NTG are routinely asked about these conditions, as well as treatment modalities for hypertension. Though IOP remains 
the only proven modifiable risk factor, treatment or modification of treatment of these underlying conditions may help in 
preventing further visual field loss.

While IOP-independent risk factors such as vascular dysregulation are considered to play a key role in the 
pathophysiology of NTG, some forms of NTG may simply be a subset under the POAG umbrella. This is supported 
by the idea that the main modifiable risk factor in NTG is still IOP reduction.16,17 In our population, a significant portion 
of patients (41%) had neither myopia nor any symptoms of vascular dysregulation. We suspect that certain patients with 
NTG are predisposed to optic nerve damage at lower IOP due to other risk factors. Interestingly, a substantial portion of 
our population (66%) in this study had a family history of glaucoma. There might be a genetic predisposition that 
accounts for this finding, with studies showing certain genes associated with NTG, but more evidence is needed to 
support this theory.18 In the end, the answer is still not clear and further research into the pathogenesis of NTG is needed.

Numerous studies show a strong correlation between myopia and glaucoma. In our study population, nearly half of 
the patients were myopic 48/98 (49%). Additionally, 21/98 (21%) had high myopia with a spherical equivalence of at 
least 6 diopters of myopia. This correlation is still not well understood since patients with myopia who are treated for 
glaucoma may have IOP within normal range and may not display progression in their visual field defects.19 One theory 
suggests that patients with myopia who are also treated for glaucoma may have greater fluctuations in their IOP causing 
progressive nerve damage.20 However, it is also plausible that myopia may masquerade as glaucoma, especially when 
myopic patients lack the risk factor of elevated IOP. The myopic fundus may cause changes in the appearance of the 
nerve as well as nerve fiber layer thinning and visual field defects that could be interpreted as glaucoma. It is possible 
these changes may be attributed to myopia alone, and normative databases for nerve fiber layer thickness may be 
inaccurate for myopic patients.19,21 However, without evidence of progressive optic neuropathy, a true diagnosis of 
glaucoma is difficult to establish.

Glaucoma is generally believed to be a bilateral disease process, although it can be asymmetric. Our study results 
revealed 80/98 (82%) of patients had bilateral eye involvement, suggesting that NTG also follows a similar pattern to 
traditional glaucoma. Our patients with unilateral NTG had a statistically significant greater probability of undergoing 
neuro-ophthalmic work up (39%) compared to bilateral NTG (13%). Of the seventeen patients undergoing neuro- 
ophthalmic workup, 9/17 (53%) had an identifiable non-glaucomatous cause of optic nerve damage, with 6 of these 
patients having possible compressive optic neuropathy. As expected, significantly more patients with unilateral NTG 
received an MRI study (28%) compared to bilateral NTG (13%). This underscores the importance of assessing for 
alternate causes of optic nerve damage in patients with normal IOP and unilateral disease since the diagnosis may not be 
consistent with glaucoma. Normal tension glaucoma should be a diagnosis of exclusion in the face of certain pre-existing 
factors, especially unilateral disease. The pursuit of further workup and imaging could also potentially detect signs of 
life-threatening intracranial or systemic disease, and the ophthalmologist may be the first to diagnose it.

Our cohort of patients with unilateral disease were more likely than those with bilateral disease to have a prior history 
of orthopedic or cardiac surgery (P = 0.03). We hypothesize that major surgeries with prolonged anesthesia time, 
especially orthopedic or cardiac surgeries, can be associated with significant blood pressure fluctuations or even 
prolonged hypotension. This could result in nonperfusion to the optic nerve via a mechanism that is similar to 
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hypovolemic shock, another suggested mechanism for the development of NTG.22 Patients who experience an isolated 
injury to the nerve associated with blood pressure fluctuations from major surgery may have asymmetric involvement of 
one eye, which may not progress further to involve the other eye.

Glaucoma specialists have varying practice patterns when managing NTG. Our patients were managed by a single 
glaucoma provider at a tertiary care center. Given the different mechanisms that could be involved in the pathophysiology 
of NTG, it is important to obtain adequate testing and stratify the risk factors associated with each patient. All patients 
may benefit from baseline testing such as visual fields and optical coherence tomography with serial imaging to 
determine which patients are at highest risk of progression. Approximately 64% of involved eyes in this study had 
confirmed visual field defects at the time of presentation, ranging from enlarged blind spots to arcuate defects to central 
field loss. Such findings can be crucial in guiding monitoring intervals, choice among management options, and potential 
diagnostic workup for findings that are less suggestive of glaucomatous disease. For example, visual field defects that do 
not respect the horizontal meridian can be highly suggestive of intracranial etiologies that require potentially life-saving 
evaluation.

The main limitation of our study is the sample size of patients as well as the retrospective nature of the analysis. Our 
patients were recruited based on searching the charts for the billing code of NTG. It is very possible that some patients 
with NTG were labeled as POAG or even as glaucoma suspects, thus not truly representing the total number of referrals 
for this condition. A prospective evaluation would clearly be of greater utility.

Conclusion
This study demonstrates that patients referred for NTG often have bilateral disease and common risk factors including 
vascular dysregulation, family history of glaucoma, and myopia. Vascular dysregulation may be involved in the 
pathogenesis of NTG, leading to progressive optic nerve damage from ischemia. Some forms of NTG may be 
a subtype of POAG, especially in patients with a strong family history of glaucoma and those lacking vascular risk 
factors. Myopia can also be associated with NTG, which could potentially predispose patients to develop glaucoma, but 
could also cause nonprogressive changes in the optic nerve that may be masquerading as glaucoma. Patients with 
unilateral disease may have alternate pathology that explains optic nerve damage, including neuro-ophthalmic causes and 
possible prior ischemic damage from prolonged surgery. A prospective study would be useful to determine which 
characteristics in NTG are most associated with progression.

Abbreviations
IOP, intraocular pressure; LTG, low tension glaucoma; MRI, magnetic resonance imaging; NTG, normal tension 
glaucoma; OR, odds ratio; POAG, primary open angle glaucoma; SLT, selective laser trabeculoplasty; VF, visual field.
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