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ABSTRACT

Glaucoma is the leading cause of irreversible blindness worldwide, which is now viewed as a disease of brain with pathogenesis not fully understood. The main
diagnostic methods are examining the retinal nerve fiber layer through optical coherence tomography and investigating visual field defect, but these methods present
disadvantages in clinical practice. Studies have shown that patients with glaucoma often suffer negative emotion like anxiety and depression which is related to
abnormal or reduced amygdala. Moreover, selective reduction of fMRI responses to transient achromatic stimuli in the superficial layer of the superior colliculus was
found in the early glaucoma patients. By summarizing previous studies, we developed a hypothesis: superior colliculus-pulvinar-amygdala subcortical visual pathway
may be involved in the incidence or progression of glaucoma. Validating this hypothesis would further clarify the mechanism of glaucoma and lead to the devel-
opment of a more sensitive method for making an early diagnosis of glaucoma.

Introduction

Glaucoma is the leading cause of irreversible blindness worldwide.
The global population of individuals with glaucoma between 40 and
80 years old is predicted to increase to 76 million by 2020 and 111.8
million by 2040 [1]. However, the pathogenesis of glaucoma is not yet
fully clear. Moreover, finding a method for the early diagnosis of
glaucoma is a huge challenge.

Currently, glaucoma diagnoses are often based on identifying
structural damage to the optic nerve and deficit of visual function.
Visual field (VF) examination is considered to be the gold standard for
evaluating functional visual loss in glaucoma and for detecting disease
progression [2]. VF examination is necessary in tracking functional loss
and especially informative in moderate to advanced glaucoma [3], but
VF testing is subjective and has low reproducibility [4]. The data have
shown that glaucomatous optic neuropathy cannot be detected by
standard automated perimetry in 54% of glaucoma patients [5].
Moreover, retinal ganglion cell (RGC) apoptosis, which has been re-
cognized as the earliest form of cell death in glaucoma, is responsible

for visual field loss [6], but about 40% of RGCs will be lost before signs
of damage can be perceived through perimetry [7]. On the other hand,
determining the retinal nerve fiber layer (RNFL) thickness through
optical coherence tomography (OCT) is another important measure-
ment for the diagnosis of glaucoma. The results from previous studies
found that RNFL tended to be more sensitive than VF in early detection
of glaucoma. The RNFL has been found to become thin before VF im-
pairment [8,9]. However, measurement by OCT can only provide
structural information. And, several factors affect OCT accuracy, such
as image quality, opacities, scan alignment and centration, and seg-
mentation errors, which cause it can’t replace VF as gold standard for
glaucoma diagnosis. Thus, it is imperative to improve or find new
methods for the early diagnosis of glaucoma.

Previous studies have shown that glaucoma is associated with the
degeneration of brain [10]. Patients with glaucoma often suffer nega-
tive emotion like anxiety and depression which is related to abnormal
or reduced amygdala. In addition, superior colliculus (SC) is also pos-
sibly linked to the pathogenesis of glaucoma. Selective stimuli reduc-
tion of fMRI in the superficial layer of the SC was found in the early
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glaucoma patients. Recently, subcortical visual pathway was found
proceeding from the retina to SC, pulvinar, and amygdala, which was
mainly responsible for processing unaware, coarse and early visual in-
formation [11]. Thus, we hypothesize that the subcortical visual
pathway may be involved in glaucoma and technique targeting the
pathway may be a new and effective way to detect glaucoma early.

Hypothesis

By summarizing the results of the previous studies, we came up with
the following hypothesis: the dysfunction of the subcortical visual
pathway might be involved in glaucoma and further serve as a new
method for diagnosing glaucoma early. Deficits in the pathway may
play an important part in the incidence or progression of glaucoma.

Evaluation of the hypothesis

It was reported that anxiety and depression was more prevalent in
glaucoma patients [12-16]. Statistically significant association between
glaucoma and anxiety/depression was also found in a large population
[17]. Patients with more severe glaucoma may suffer depression more
easily [18]. Pseudoexfoliative glaucoma patients were more depressed
than controls [19]. Patients with primary angle closer glaucoma
(PACG) presented a higher level of depression than patients with pri-
mary open angle glaucoma (POAG) [20]. Glaucoma patients had higher
Hospital Anxiety and Depression Scale score than cataract patients
[21].

Studies suggested that amygdala played an important role in reg-
ulating emotion [22]. MRI studies found reduced amygdala volumes in
depressed patients [23,24]. Moreover, a 3T MRI study demonstrated
the left amygdala volume of POAG patients significantly decreased
compared to the normal control [25]. Therefore, we speculate that the
abnormal amygdala is probably involved in the incidence of glaucoma
and depression. In addition, SC is also possibly linked to the patho-
genesis of glaucoma. fMRI study showed that ‘large cells’ in the human
SC suffered selective loss of response to transient achromatic stimuli at
the early stage of POAG [26]. Experimental model of glaucoma sug-
gested a retinotopic misconnection between retina and SC followed by
early apoptotic events and oligodendrocyte and microglial response in
the lateral SC at the early stage of ocular hypertension [27].

In conclusion, there is evidence that patients with glaucoma are
often afflicted by anxiety and depression which is associated with ab-
normal or reduced amygdala. Changes in SC is also observed among
glaucoma subjects. It seems reasonable to speculate that deficits in SC-
pulvinar-amygdala subcortical visual pathway may be associated with
glaucoma. Techniques targeting the pathway might be a more sensitive
and effective way to detect glaucoma early.

Consequences of the hypothesis and discussion

Currently, it is believed that glaucoma is not only an ocular disease
but also a brain neurodegenerative disorder characterized by pro-
gressive damage of the optic nerve head and different visual brain
centers [28,29]. Proving the hypothesis may need a significant re-
consideration of methods to treat glaucoma.

The subcortical visual system is divided into magnocellular and
parvocellular pathway [30]. Studies have shown that the magnocellular
pathway may contribute to cognitive abilities like reading, working
memory, executive functioning, and attention [31-33]. It has been re-
ported that glaucoma is related to a decline of cognitive abilities [34].
Therefore, diagnosing glaucoma early by examining the subcortical
visual pathway will also be helpful for preventing glaucoma patients’
decline in cognitive performance in advance. In addition, fMRI studies
suggested that subcortical visual pathway might be involved in coding
the hole feature, which could be detected by measuring the topological
properties of the visual system [35,36]. Thus, it is meaningful to
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conduct a study investigating the early-stage glaucoma diagnostic ef-
ficacy via the strategy targeting abnormal subcortical visual pathway
by measuring the topological properties.

By summarizing evidence from previous studies, we hypothesize
that the subcortical visual pathway may be involved in the pathogenesis
of glaucoma. Validating this hypothesis would further clarify the me-
chanism behind glaucoma and may lead to the development of a more
sensitive method for early glaucoma diagnosis.

Conflict of interest
The authors declare that there is no conflict of interest.
Sources of support

This study was supported by the Science and Technology Planning
Projects of Guangdong Province (2017B030314025), the Science and
Technology Program of Guangzhou (201803010066), and Shenzhen
Science and Technology Research Funding Program
(JCYJ20170818161400180).

References

[1] Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng CY. Global prevalence of
glaucoma and projections of glaucoma burden through 2040: a systematic review
and meta-analysis. Ophthalmology 2014;121:2081-90.

Nouri-Mahdavi K, Nassiri N, Giangiacomo A, Caprioli J. Detection of visual field
progression in glaucoma with standard achromatic perimetry: a review and prac-
tical implications. Graefes Arch Clin Exp Ophthalmol 2011;249:1593-616.
Sommer A, Katz J, Quigley HA, Miller NR, Robin AL, Richter RC, et al. Clinically
detectable nerve fiber atrophy precedes the onset of glaucomatous field loss. Arch
Ophthalmol 1991;109:77-83.

Chauhan BC, Garway-Heath DF, Goni FJ, Rossetti L, Bengtsson B, Viswanathan AC,
et al. Practical recommendations for measuring rates of visual field change in
glaucoma. Br J Ophthalmol 2008;92:569-73.

Sample PA, Bosworth CF, Blumenthal EZ, Girkin C, Weinreb RN. Visual function-
specific perimetry for indirect comparison of different ganglion cell populations in
glaucoma. Invest Ophthalmol Vis Sci 2000;41:1783-90.

Quigley HA, Broman AT. The number of people with glaucoma worldwide in 2010
and 2020. Br J Ophthalmol 2006;90:262-7.

Quigley HA, Dunkelberger GR, Green WR. Retinal ganglion cell atrophy correlated
with automated perimetry in human eyes with glaucoma. Am J Ophthalmol
1989;107:453-64.

Schuman JS, Wollstein G, Farra T, Hertzmark E, Aydin A, Fujimoto JG, et al.
Comparison of optic nerve head measurements obtained by optical coherence to-
mography and confocal scanning laser ophthalmoscopy. Am J Ophthalmol
2003;135:504-12.

Mikelberg FS, Yidegiligne HM, Schulzer M. Optic nerve axon count and axon dia-
meter in patients with ocular hypertension and normal visual fields. Ophthalmology
1995;102:342-8.

Lawlor M, Danesh-Meyer H, Levin LA, Davagnanam I, De Vita E, Plant GT.
Glaucoma and the brain: trans-synaptic degeneration, structural change, and im-
plications for neuroprotection. Surv Ophthalmol 2018;63:296-306.

Pasley BN, Mayes LC, Schultz RT. Subcortical discrimination of unperceived objects
during binocular rivalry. Neuron 2004;42:163-72.

Ayaki M, Kawashima M, Negishi K, Tsubota K. High prevalence of sleep and mood
disorders in dry eye patients: survey of 1,000 eye clinic visitors. Neuropsychiatr Dis
Treat 2015;11:889-94.

Pop-Jordanova N, Ristova J, Loleska S. Depression in ophthalmological patients.
Pril (Makedon Akad Nauk Umet Odd Med Nauki) 2014;35:53-8.

Lim NC, Fan CH, Yong MK, Wong EP, Yip LW. Assessment of depression, anxiety,
and quality of life in Singaporean patients with glaucoma. J Glaucoma
2016;25:605-12.

Agorastos A, Skevas C, Matthaei M, Otte C, Klemm M, Richard G, et al. Depression,
anxiety, and disturbed sleep in glaucoma. J Neuropsychiatry Clin Neurosci
2013;25:205-13.

Zhou C, Qian S, Wu P, Qiu C. Anxiety and depression in Chinese patients with
glaucoma: sociodemographic, clinical, and self-reported correlates. J Psychosom
Res 2013;75:75-82.

Zhang X, Olson DJ, Le P, Lin FC, Fleischman D, Davis RM. The association between
glaucoma, anxiety, and depression in a large population. Am J Ophthalmol
2017;183:37-41.

Sleath B, Robin AL, Covert D, Byrd JE, Tudor G, Svarstad B. Patient-reported be-
havior and problems in using glaucoma medications. Ophthalmology
2006;113:431-6.

Cumurcu T, Cumurcu BE, Celikel FC, Etikan I. Depression and anxiety in patients
with pseudoexfoliative glaucoma. Gen Hosp Psychiatry 2006;28:509-15.

Kong X, Yan M, Sun X, Xiao Z. Anxiety and depression are more prevalent in pri-
mary angle closure glaucoma than in primary open-angle glaucoma. J Glaucoma

[2]

[3]

[4]

[5

—

[6]

[71

[8]

[9

[}

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]


http://refhub.elsevier.com/S0306-9877(18)31053-3/h0005
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0005
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0005
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0010
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0010
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0010
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0015
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0015
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0015
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0020
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0020
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0020
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0025
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0025
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0025
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0030
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0030
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0035
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0035
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0035
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0040
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0040
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0040
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0040
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0045
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0045
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0045
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0050
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0050
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0050
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0055
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0055
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0060
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0060
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0060
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0065
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0065
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0070
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0070
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0070
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0075
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0075
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0075
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0080
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0080
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0080
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0085
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0085
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0085
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0090
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0090
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0090
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0095
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0095
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0100
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0100

Y. Sun et al.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

2015;24:e57-63.

Zhang D, Fan Z, Gao X, Huang W, Yang Q, Li Z, et al. Illness uncertainty, anxiety
and depression in Chinese patients with glaucoma or cataract. Sci Rep
2018;8:11671.

Phelps EA, LeDoux JE. Contributions of the amygdala to emotion processing: from
animal models to human behavior. Neuron 2005;48:175-87.

Campbell S, Marriott M, Nahmias C, MacQueen GM. Lower hippocampal volume in
patients suffering from depression: a meta-analysis. Am J Psychiatry
2004;161:598-607.

Hickie IB, Naismith SL, Ward PB, Scott EM, Mitchell PB, Schofield PR, et al.
Serotonin transporter gene status predicts caudate nucleus but not amygdala or
hippocampal volumes in older persons with major depression. J Affect Disord
2007;98:137-42.

Wang J, Li T, Sabel BA, Chen Z, Wen H, Li J, et al. Structural brain alterations in
primary open angle glaucoma: a 3T MRI study. Sci Rep 2016;6:18969.

Zhang P, Wen W, Sun X, He S. Selective reduction of fMRI responses to transient
achromatic stimuli in the magnocellular layers of the LGN and the superficial layer
of the SC of early glaucoma patients. Hum Brain Mapp 2016;37:558-69.

Bordone MP, Pasquini LA, Rosenstein RE. Retinotopic glial alterations on the
Superior Colliculus in an experimental model of glaucoma. Invest Ophthalmol Vis
Sci 2014;55:2421.

Chen WW, Wang N, Cai S, Fang Z, Yu M, Wu Q, et al. Structural brain abnormalities
in patients with primary open-angle glaucoma: a study with 3T MR imaging. Invest
Ophthalmol Vis Sci 2013;54:545-54.

49

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Medical Hypotheses 123 (2019) 47-49

Yu L, Xie B, Yin X, Liang M, Evans AC, Wang J, et al. Reduced cortical thickness in
primary open-angle glaucoma and its relationship to the retinal nerve fiber layer
thickness. PLoS ONE 2013;8:e73208.

Butler PD, Martinez A, Foxe JJ, Kim D, Zemon V, Silipo G, et al. Subcortical visual
dysfunction in schizophrenia drives secondary cortical impairments. Brain
2007;130:417-30.

Martinez A, Revheim N, Butler PD, Guilfoyle DN, Dias EC, Javitt DC. Impaired
magnocellular/dorsal stream activation predicts impaired reading ability in schi-
zophrenia. Neuroimage Clin 2012;2:8-16.

Martinez A, Hillyard SA, Dias EC, Hagler DJ, Butler PD, Guilfoyle DN, et al.
Magnocellular pathway impairment in schizophrenia: evidence from functional
magnetic resonance imaging. J Neurosci 2008;28:7492-500.

Solan HA, Shelley-Tremblay JF, Hansen PC, Larson S. Is there a common linkage
among reading comprehension, visual attention, and magnocellular processing? J
Learn Disabil 2007;40:270-8.

Yochim BP, Mueller AE, Kane KD, Kahook MY. Prevalence of cognitive impairment,
depression, and anxiety symptoms among older adults with glaucoma. J Glaucoma
2012;21:250-4.

Wang B, Zhou TG, Zhuo Y, Chen L. Global topological dominance in the left
hemisphere. Proc Natl Acad Sci USA 2007;104:21014-9.

Meng Q, Huang Y, Cui D, He L, Chen L, Ma Y, et al. The dissociations of visual
processing of “hole” and “no-hole” stimuli: an functional magnetic resonance
imaging study. Brain Behav 2018;8:€979.


http://refhub.elsevier.com/S0306-9877(18)31053-3/h0100
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0105
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0105
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0105
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0110
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0110
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0115
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0115
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0115
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0120
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0120
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0120
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0120
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0125
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0125
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0130
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0130
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0130
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0135
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0135
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0135
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0140
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0140
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0140
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0145
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0145
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0145
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0150
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0150
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0150
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0155
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0155
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0155
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0160
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0160
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0160
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0165
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0165
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0165
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0170
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0170
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0170
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0175
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0175
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0180
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0180
http://refhub.elsevier.com/S0306-9877(18)31053-3/h0180

	Subcortical visual pathway may be a new way for early diagnosis of glaucoma
	Introduction
	Hypothesis
	Evaluation of the hypothesis
	Consequences of the hypothesis and discussion
	Conflict of interest
	Sources of support
	References




