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Introduction
Glaucoma is the second most common cause

of visual loss in the world.1 A study estimated that
there are approximately 11.2 million persons aged
40 years and older with glaucoma in India of which
6.48 million persons suffer from primary open
angle glaucoma.2 Primary open angle glaucoma is
the most common type of glaucoma.

The current approach to manage primary open
angle glaucoma are primarily based on reduction
of intraocular pressure, its most significant
controllable risk factor. It is being increasingly felt
that IOP lowering approach needs to be
supplemented by measures which can deal with all
the known factors involved in pathogenesis of
glaucoma.

The research in Ayurveda can provide new
leads, pharmacological or non-pharmacological, for
the management of glaucoma.  The conceptual
studies which correlate basic concepts of
Ayurveda and Biomedicine will form the basis

for further research. This paper explores the
possible areas of integrative research in the field
of glaucoma.

Glaucoma
The glaucoma is a diverse group of disorders

characterized by a chronic, slowly progressive loss
of retinal ganglion cells and their neurons resulting
in characteristic optic nerve head cupping and visual
field loss.3 The intraocular pressure (IOP) elevation
need not be present to make the diagnosis of
glaucoma.4 The intraocular pressure (IOP) in
glaucoma patients, however, is raised above the
tolerance limits of retina.5 It is now recognized
that elevated IOP, though most important, is only
one amongst many risk factor for glaucoma.

A number of studies indicate that the
progression of glaucoma cannot be fully controlled
by lowering IOP in all patients.6,7,8 It is being
increasingly recognized that retinal ganglion cells
(RGC) are more susceptible to damage in
glaucoma patients. Therefore, RGC loss continues

J. Res. Educ. Indian Med., Vol. XVII (3-4) : 115-123 (2011)                                ISSN 0970-7700

PATHOGENESIS OF GLAUCOMA: INTEGRATION OF BIOMEDICAL
AND AYURVEDIC PERSPECTIVES
MANOJ KUMAR,1* S.C. VARSHNEY2 AND O.P.S.  MAURYA3

Department of Shalakya Tantra,1* Department of Shalya Tantra,2 Faculty of Ayurveda,
Department of Ophthalmology,3 Faculty of Medicine, Institute of Medical Sciences,
Banaras Hindu University, Varanasi – 221005 U.P. (India)

Abstract: Glaucoma is the second most common cause of visual loss in the world and causes
irreversible loss of vision. The current approaches to deal with primary open angle glaucoma are
chiefly based on reduction intraocular pressure, the most significant controllable risk factor. It is
being increasingly recognized that lowering IOP is not adequate in a significant population of
primary open angle glaucoma (normal tension glaucoma included) patients.  Even in patients those
who respond well to IOP lowering drugs, it is more rational to adopt an integrated approach which
takes care of multiple risk factors for glaucoma. Ayurveda can play a significant role in the
integrated management of this condition. This paper correlates the information on pathogenesis
available in biomedical system and system of Ayurveda in order to provide an integrated perspective
which can form the basis for further interdisciplinary studies.

Keywords: Glaucoma, Intraocular pressure, Neuroprotection, Normal tension glaucoma,
Oxidative stress, Apoptosis, Ayurveda.



Kumar,  Varshney and  Maurya116

to occur despite of IOP lowering treatment in
many patients. Glaucoma is also being recognized
as neurodegenerative disease. As RGC do not
regenerate, the measures to strengthen the
neurons are considered and being tried for
glaucoma management. The focus of research
is shifting from IOP reduction to neuroprotection.

As already mentioned, IOP is not always
elevated in glaucoma. The characteristic visual field
changes and optic disc damage may be present at
normal intraocular pressure. This condition is
referred as normal tension glaucoma (NTG) or low
tension glaucoma (LTG). The visual fields remain
normal in some individuals despite of raised
intraocular pressure. They are known as glaucoma
suspect and subjected to periodic ophthalmic
evaluation. The distinction between primary open
angle glaucoma is arbitrary as involvement of
similar mechanisms has been observed in both of
these conditions.9

From the diagnostic point of view the
glaucoma can be divided into three phases viz.
asymptomatic undetectable, asymptomatic
detectable and symptomatic phase.

The early neuronal damage cannot be
detected due to the lack of high sensitivity tools.
The most common method of visual function
assessment for glaucoma is perimetric
measurements of visual sensitivity. On average,
statistically significant abnormalities of visual
sensitivity require neural losses of 20 – 50 %,
depending on the retinal eccentricity.10

The symptoms of glaucoma do not usually
appear until moderate neuronal damage has
occurred; therefore, it remains largely unreported
and untreated in early stages of disease. Most of
the patients seek medical advice due to painless
loss of vision only after significant optic atrophy
has already taken place.   Glaucoma does not seem
to be single disease as multiple pathological
mechanisms converge to result in characteristic
glaucomatous changes.

Systemic Associations with Glaucoma
Cardiovascular Conditions

Many studies have reported, association
of glaucoma with cardiovascular diseases.

Blood Pressure
Hypertension as well as hypotension are

found to be associated with glaucoma.11,12,13 Arterial
hypertension is identified as an important risk
factor for POAG.14 In some studies arterial
hypertension and NTG are reported to be
associated15,16,17  A study has found significantly
higher levels of blood pressure in NTG patients. In
another study the nocturnal dip of blood pressure
was found to be associated with NTG.18

Hypotension is also implicated as risk factor
in some studies.19,20,21 A study demonstrated a
significant difference between blood pressure in
supine and upright positions in NTG and HTG
patients, the difference being higher among NTG
patients.22

Sustained blood pressure drop during sleep
and markedly low systolic blood pressure in day
time have also been observed as risk factors for
rapid progressive visual field loss. 23,24

These studies show that changes in blood
pressure, particularly nocturnal drop in blood
pressure, may play an important role in pathogenesis
of glaucoma in some patients.

The pressure changes in circulatory system
are considered as vata abnormality from Ayurvedic
point of view. The mechanisms involved in
performing regulatory functions in the body are
classified under the umbrella term, vata.25 The
hypertension or hypotension can be considered as
the abnormalities of these control mechanisms and
can be attributed to a sub-class of vata called vyana
vayu, a term that describes the regulatory
mechanisms responsible for generalized body
functions and movements.26

Vasospasm
Vasospasm, or vascular dysregulation, is

defined as inappropriate constriction or dilatation
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responses in microcirculation to stimuli, such as
coldness or emotional stress.27 Numbers of studies
have found the role of vasospasm in pathogenesis
of glaucoma, which support the hypothesis that
vascular dysregulation interferes with the auto-
regulation and predisposes the eye to the damage
by raised IOP and hypotension.28,29 Auto-regulation
of retinal circulation is carried out primarily by
the balance of two regulatory mechanisms.
Endothelium derived substances, like endethelin-1
(ET-1), cause vasoconstriction and nitric oxide
(NO) leads to dilatation of vessels.  Their imbalance
leads to vasospasm. 30 Increased plasma levels of
ET-1 are reported in patients with glaucoma.31 The
vascular dysregulation may partly occur due to
dysregulation of autonomic nervous system.32

From Ayurvedic point of view, vasospasm
(sankocha) is also attributed to abnormality of vata.
The therapeutic measures which normalize vata
should be considered as options in glaucoma
management. A study conducted on Ginko biloba,
a herbal drug, is found to increase ocular
perfusion.33 In a rat model of chronic glaucoma it
improved retinal ganglion cell survival.34 Ginko
biloba has improved visual field defects in some
patients with NTG.35

Headache and Migraine
The migraine is known to be associated with

vasospasm of blood vessels of brain. There is a
possibility of retinal vasospasm in glaucoma
patients. Some studies conclude that migraine is an
independent risk factor for progression of
glaucoma.36 From Ayurvedic point of view the
migraine is considered as predominantly vata
abnormality. The stress related factors may also
play role in glaucoma progression as they
precipitate the attacks of migraine.

Platelet Aggregation
The platelet aggregation is positively related

to progressive visual field loss in glaucoma
patients as compared to patients with stable visual
fields.37 Theoretically, platelet aggregation may
reduce the blood flow, contributing in ischemic
damage in glaucoma.

From Ayurvedic point of view, the
reduction in blood circulation in a particular area
signifies srotavrodha (the term srotavrodha means
obstruction in conduit or channel) and results in
dhatu kshaya (tissue loss) occurring due to lack
of poshana (nutritional supply).38

Autonomic Nervous System
Intraocular pressure level is influenced by

autonomic nervous system. A number of drugs
acting on autonomic nervous system have pressure
lowering effect.39 In glaucoma patients a diminished
oculo-cardiac response had been demonstrated. A
study demonstrated the parasympathetic neuropathy
is POAG patients.40 Another study showed 73% of
sympathetic nervous systems under-activity and
86% of parasympathetic under-activity in patients
of POAG when compared with normal control
group.41

The dysfunction of autonomic nervous
system, again an abnormality of control mechanism,
can be attributed to abnormality of vata.

Autoimmunity
The immunological findings described in

literature are related to glaucoma are reviewed
by Mona Pache and Josef Flammer42 It has
been suggested43 that an autoimmune mechanism
may be responsible for the optic nerve head
damage in NTG patients. The signaling
mechanisms of immune system initiated by high
IOP, ischemia, and excessive excitatory amino
acids can cause neuronal cell death.44

The antibodies against heat shock proteins
present in photorecepters and glycosaminoglycans
in optic nerve head were observed in glaucoma
patients. The heat shock proteins which are
expressed in photoreceptors and may participate
in rhodopsin processing, are also the target of
auto-antibodies in glaucoma patients.

Glycosaminoglycans maintain the structure
as well as various cell functions and cell-to-cell
interactions at ONH. Presence of serum
autoantibodies against ONH glycosaminoglycans
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in glaucoma patients, especially in those with
NTG, was observed. A lack of cell-mediated
immunity has been observed as leukocyte
migration inhibition is found in POAG patients.
The glycosaminoglycan antibodies may get
deposited in the lamina cribrosa and disturb the
extracellular melieu leading to increased neuronal
susceptibility to damage by high IOP.

This pathogenesis can be interpreted, from
Ayurvedic point of view, as abnormal vata causing
agnidushti which then leads to formation of ama
and mala samchaya. Malasamchaya causes further
vitiation of doshas, srotavrodha and dhatu dushti.
Ama or malasamchaya means deposition of
unwanted or waste materials in the body tissues
which disturbs the homeostasis, ultimately leading
to functional and structural damage.

Neurodegenerative Diseases
Some studies suggest relation between

neurodegenerative diseases and glaucoma. A high
frequency of glaucoma has seen found in patients
of senile and presenile dementia.45 Ganglion cell
degeneration has been observed in Alzheimer
disease. It is found in a study that 23.7% of
Parkinson’s disease patients suffer from
glaucoma.46

The neurodegenerative diseases, in general,
are considered as vata predominant disorders in
Ayurveda.

Sleep Apnea
Several studies have found a positive

association between glaucoma and sleep apnea
syndrome.47,48 In a study glaucoma was observed in
7.2% of patients with sleep apnea syndrome.49 In
another study conducted on 30 glaucoma patients,
20% found to be suffering from glaucoma. Sleep
apnea syndrome patients also have increased levels
of endothelin-1.50,51 It is possible that the impaired
profusion of optic nerve head during sleep apnea
causes damage.52,53,54

From Ayurvedic point of view, the sleep
apnea may be regarded as pranavaha srotodushti

as it results in retinal tissue hypoxia. Pranvaha
srotas is considered as a transport system, -
controlled by regulatory mechanisms (prana
vayu),- involved in the oxygen supply (respiration)
to tissues.55 Pranvaha srotas involves structures
right from respiratory system to the capillaries,
transport mechanisms through cell membrane and
up to mitochondria where oxygen is ultimately
utilized for its conversion into biological energy.
Ischemic damage in glaucoma, therefore, can result
from disorder of Pranvaha srotas.

Psychological Factors
It has been observed in some studies that in

healthy individuals the stress has IOP increasing
effect while the relaxation techniques have IOP-
lowering effect.56,57,58 Emotional instability has
been associated with POAG. In a study conducted
on 27 POAG patients, it was observed that two-
third of these patients exhibited marked deviations
on personality scale showing a trend towards
depression and hysteria for male patients and
paranoia and schizophrenia for female patients.59

In one study, glaucoma patients were found
to be generally more depressive, conscious,
meticulous, introverted, submissive and emotionally
unstable than healthy controls.60

The personality characteristics described
above are features of vata prakriti patients and
are also found in conditions associated with
increased vata.

Pathophysiology
The cellular mechanisms implicated in the

pathogenesis of glaucoma are not well understood.
The following patho-physiological mechanisms
have been implicated in glaucoma.
Increased Stress Conditions

Historically, glaucomatous optic nerve
damage has been attributed to either mechanical
compression of retinal ganglion cell axons or to
the ischemia caused by compression of capillaries
supplying these axons. These mechanisms
partially explain the damage in glaucoma.
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Mechanical Hypothesis
The lamina cribrosa is a sieve like structure

made up of scleral tissue having pores, through
which bundles of optic nerve axons pass. Elevated
IOP can cause posterior bowing of the lamina
cribrosa.61 The lamina cribrosa gets compressed in
POAG patients62 either due to raised IOP or
inherent weakness of the tissue leading to distortion
and damage to axons. The structural changes in
lamina cribrosa are caused by changes in
extracellular matrix. These changes include
basement membrane thickening, disorganized and
fragmented laminar beams, increased level of
certain types of collagen, and structural changes in
elastin.63

Elevated IOP in glaucoma patients can
decrease axoplasmic flow in retinal ganglion cell
axons.64,65 Normal axonal transport is important for
cell survival as it communicates neurotrophic
factors and its lack may induce apoptotic changes.

Vascular Hypothesis
Chronic hypoxia or ischemia is believed to

cause optic neuropathy.66,67,68,69 It may occur due
to compression caused by elevated pressure.
Microvascular changes in the optic nerve head have
been implicated in pathogenesis of glaucoma in
many studies.70 Reduced capillary network at
optic nerve head has been observed in some
studies. But this may be the result and not
necessarily the cause of loss of tissue at optic
nerve head. Some epidemiologic association
between POAG and diabetes retinopathy, a disease
with capillary dropout, has been reported.71

Hypoxia inducible factor-1 (HIF-1), an
oxygen regulated transcription activator, was
found up-regulated in postmortem human
glaucomatous eyes, suggesting hypoxia as the
cause of RGC damage.72

The Ayurvedic interpretation of the
mechanical and vascular mechanisms refers to
reduced supply of oxygen, nutritional factors and
survival factors to optic nerve head. The hypoxia

at ONH indicates pranavaha srotodushti. As the
circulation of rasa-rakta (the vehicle of nutritional
factors for dhatus, the structural elements) is
impaired rasavaha srotodushti leading to dhatu
kshaya (degeneration) can be considered as a
component of pathogenesis.

Glutamate Induced Excitotoxicity
Raised glutamate levels were found in the

vitreous of glaucomatous patients.73 Prolonged
exposure to high level of glutamate has been found
to be toxic to all neurons. Neuron damage is
identified in Ayurveda as vata abnormality.

Oxidative Stress and Apoptosis
The levels of reduced form of glutathione

are found decreased in the blood which indicates
the reduced oxidative protection.74 The RGC death
in glaucoma is thought to occur by apoptosis. It is
a slow degenerative process characterized by cell
shrinkage, plasma membrane blebbing. It may occur
due to cytoskeleton degeneration.75 Apototic cell
death (dhatu shosha) and oxidative stress76 have
been compared with vata abnormality.

Increased Flow Resistance
Aqueous humor flows out of the anterior

chamber through trabecular meshwork (TM). It is
then drained via canal of Schlemn in conventional
pathway and, via cilliary tissue in uveoscleral
pathway.

Normal outflow of aqueous through TM
depends upon the integrity of TM structure. It has
been observed in several studies that there is
increased extracellular matrix (ECM) deposition and
decreased cellularity in TM. Elevated IOP results
from increased outflow resistance at TM level.77

Flow through conventional pathway is
controlled by balance between matrix
metalloproteinases (MMPs) and tissue inhibiters
of metalloproteinases (TIMPs). Both of these
groups of molecules are continuously involved in
remodeling of ECM. ECM deposition is caused by
decreased activity or MMPs and increased activity
of TIMPs. Argon laser treatment has been found
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to increase the activity of MMPs and lower IOP.
The imbalance of MMPs and TIMPs is also
implicated in uveo-scleral outflow resistance.
There is evidence of ECM deposition between
the cellular components of ciliary body which
imparts resistance to the fluid passing through it.

This mechanism of pathogenesis can be
interpreted in terms of Ayurveda as deposition of
ama or mala in the drainage channels leading to
increased resistance. The formation of ama implies
agnimandya (reduced activity of digestive or
proteolytic enzymes). The deposition of
extracellular matrix in trabacular mashwork and
uveal tissue occurs due to reduced activity of
proteolytic factors, the matrix metalloproteinases
(MMPs). This correlates with agnimandya at dhatu
(tissue) level with consequent deposition of ama
which in turn disturbs the physiological milieu
resulting in increased outflow resistance.

Conclusions
Majority of the risk factors and pathological

mechanisms involved in pathogenesis of glaucoma
indicate the role vata dysfunction. Vata regulates
all activities of body including the activities of
other two doshas viz. pitta and kapha.  It is
possible that in later stages of glaucoma all three
doshas turn abnormal while vata continue to play
a predominant role.

Agnimandya, malasamchya, pranavaha and
rasavaha srotodushti also seem to play a
significant role in glaucomatous damage. The
therapeutic interventions contemplated against these
factors can be studied for their role in modifying
the pathogenesis of glaucoma.

The progression of glaucoma pathogenesis,
though slow and silent, leads to irreversible
blindness. An integrated approach dealing with all
risk factors of glaucoma is more rational. Ayurveda
can play a significant role in the integrated
management of this condition. The correlations
made in this paper regarding pathogenesis in
systems of Biomedicine and Ayurveda propose an
integrated perspective which can form the base

for interdisciplinary studies in the field of
glaucoma.

Acknowledgements
I am sincerely and heartily grateful to Prof.

M. Sahu, Professor, Department of Shalya Tantra,
Faculty of Ayurveda, Institute of Medical Sciences,
Banaras Hindu University for his guidance and
inspiration he provided for this work.

References
1. H A Quigley, A T Broman: The number of

people with glaucoma worldwide in 2010 and
2020. Br J Ophthalmol 2006;90:262-267

2. George, Ronnie; Ve, Ramesh S.; Vijaya,
Lingam MS: Glaucoma in India: Estimated
Burden of Disease. Journal of Glaucoma  August
2010;Vol.19(6): 391-397

3. Mona Pache, MD and Josef Flammer, MD: A
Sick Eye in a Sick Body? Systemic Findings in
Patients with Primary Open-angle Glaucoma
Survey of Ophthalmology Volume 51, Number 3
May-June 2006

4. Joseph W. Sassani: Glaucoma: Duane’s
Ophthalmology, publisher Lippincott Williams &
Willkins Volume 4: Chapter 46 Ed. 2006

5. Joseph W. Sassani: Glaucoma: Duane’s
Ophthalmology, publisher Lippincott Williams &
Willkins Volume 4: Chapter 46 Ed. 2006

6. The AGIS Investigators: The advanced glaucoma
intervention study. Effect of cataract on visual
field and visual acuity. Arch Ophthalmol.
2000;118:1639-52

7. Lichter PR, Musch DC, Gillespie BW, Guire
KE, Janz NK, Wren PA, et al.: Interim clinical
outcomes in the Collaborative Initial Glaucoma
Treatment Study comparing initial treatment
randomized to medications or surgery.
Ophthalmology. 2001;108:1943–53

8. Heijl A, Leske MC, Bengtsson B, Hyman L,
Hussein M: Reduction of intraocular pressure
and glaucoma progression: Results from the Early
Manifest Glaucoma Trial. Arch Ophthalmol.
2002;120:1268–79

9. Mona Pache, and Josef Flammer: A Sick Eye
in a Sick Body? Systemic Findings in Patients
with Primary Open-angle Glaucoma. Survey of
Ophthalmology Volume 51, Number 3 May–June
2006

10. R. S. Harwerth, J. L. Wheat, M.J. Fredette,
and D.R. Anderson: Linking Structure and



Glaucoma: Integration of Biomedical and Ayurvedic Perspectives 121

Function in Glaucoma. Prog Retin Eye Res. 2010
July; 29(4):249—271

11. Bonomi L, Marchini G, Marraffa M. et al.:
Vascular risk factors for primary open angle
glaucoma: the Egna-Neumarkt Study.
Ophthalmology 107:1287—93, 2000

12. Klein BE, Klein R, Moss SE: Intraocular
pressure in diabetic persons. Ophthalmology
91:1356—60, 1984

13. Wang N, Peng Z, Fan B et al.: Case control
study on the risk factors of primary open angle
glaucoma in China. Zhonghua Liu Xing Bing Xue
Za Zhi 23:293—6, 2002x

14. Wilson MR, Hertzmark E, Walker AM et al.:
A case-control study of risk factors in open angle
glaucoma. Arch Ophthalmol 105:1066—71, 1987

15. Goldberg I, Hollows FC, Kass MA et al.:
Systemic factors in patients with low-tension
glaucoma. Br J Ophthalmol 65:56—62, 1981

16. Levene RZ: Low tension glaucoma: a critical review
and new material. Surv Ophthalmol 24:621—64,
1980

17. Rouhiainen HJ, Terasvirta ME: Hemodynamic
variables in progressive and non-progressive low
tension glaucoma. Acta Ophthalmol 68:34—6, 1990

18. Kashiwagi K, Hosaka O, Kashiwagi F et al.:
Systemic circulatory parameters. Comparison
between patients with normal tension glaucoma
and normal subjects using ambulatory monitoring.
Jpn J Ophthalmol 45:388—96, 2001

19. Gramer E, Tausch M: The risk profile of the
glaucomatous patient. Curr Opin Ophthalmol
6:78—88, 1995

20. Leske MC, Nemesure B, He Q et al.: Patterns
of open-angle glaucoma in the Barbados Family
Study. Ophthalmology 108:1015—22, 2001

21. Leske MC, Wu SY, Nemesure B, Hennis A:
Incident openangle glaucoma and blood pressure.
Arch Ophthalmol 120:954—9, 2002

22. Demailly P, Cambien F, Plouin PF et al.: Do
patients with low tension glaucoma have particular
cardiovascular characteristics? Ophthalmologica
188:65-75, 1984

23. Kaiser HJ, Flammer J: Systemic hypotension:
a risk factor for glaucomatous damage?
Ophthalmologica 203:105—8, 1991

24. Kaiser HJ, Flammer J, Graf T et al.: Systemic
blood pressure in glaucoma patients. Graefes Arch
Clin Exp Ophthalmol 231:677—80, 1993

25. Agnivesha: Chapter 12/8, Sutrasthana, Charaka
Samhita. Published by Chaukhamba Prakashan,
Varanasi.

26. Sushruta: Chapter 15, Sutrasthana, Sushruta
Samhita published by Chawkhamba Subharti
Prakashan Varanasi.

27. Mona Pache, and Josef Flammer: A Sick Eye
in a Sick Body? Systemic Findings in Patients
with Primary Open-angle Glaucoma. Survey of
Ophthalmology Volume 51, Number 3 May–June
2006

28. Gherghel D, Orgu l S, Dubler B et al.: Is
vascular regulation in the central retinal artery
altered in persons with vasospasm? Arch
Ophthalmol 117:1359-62, 1999

29. Schulzer M, Drance SM, Carter CJ et al.:
Biostatistical evidence for two distinct chronic
open angle glaucoma populations. Br J Ophthalmol
74:196-200, 1990

30. Ivan O. Haefliger, MD, Eike Dettmann et al.:
Potential Role of Nitric Oxide and Endothelin in
the Pathogenesis of Glaucoma. Survey of
Ophthalmology Volume 43  Supplement 1 June
1999 Pp S51-S58

31. Schulzer M, Drance SM, Carter CJ et al.:
Biostatistical evidence for two distinct chronic
open angle glaucoma populations. Br J Ophthalmol
74:196-200, 1990

32. Mona Pache, and Josef Flammer: A Sick Eye
in a Sick Body? Systemic Findings in Patients
with Primary Open-angle Glaucoma. Survey of
Ophthalmology Volume 51, Number 3 May–June
2006

33. Chung HS, Harris A, Kristinsson JK et al.:
Ginkgo biloba extract increases ocular blood flow
velocity. J Ocul Pharmacol Ther 15:233-40, 1999

34. Hirooka K, Tokuda M, Miyamoto O et al.: The
Ginkgo biloba extract (EGb 761) provides a
neuroprotective effect on retinal ganglion cells in
a rat model of chronic glaucoma. Curr Eye Res
28:153-7, 2004

35. Quaranta L, Bettelli S, Uva MG et al.: Effect
of Ginkgo biloba extract on preexisting visual
field damage in normal tension glaucoma.
Ophthalmology 110:359-62; discussion 362-4,
2003

36. Drance S, Anderson DR, Schulzer M et al.:
Risk factors for progression of visual field
abnormalities in normal-tension glaucoma. Am J
Ophthalmol 131:699-708, 2001

37. Hoyng PF, de Jong N, Oosting H et al.: Platelet
aggregation, disc haemorrhage and progressive loss
of visual fields in glaucoma. A seven year follow-
up study on glaucoma. Int Ophthalmol 16:65-73,
1992



Kumar,  Varshney and  Maurya122

38. Agnivesha: Chapter 5/25, Vimanasthana, Charaka
Samhita. Published by Chaukhamba Prakashan,
Varanasi.

39. Clark CV, Mapstone R: Systemic autonomic
neuropathy in open-angle glaucoma. Doc Ophthalmol
64:179-85, 1986

40. Clark CV, Mapstone R: Autonomic neuropathy
in ocular hypertension. Lancet 2:185-7, 1985

41. Kumar R, Ahuja VM: A study of changes in the
status of autonomic nervous system in primary
open angle glaucoma cases. Indian J Med Sci 53:529-
34, 1999

42. Mona Pache, and Josef Flammer: A Sick Eye in
a Sick Body? Systemic Findings in Patients with
Primary Open-angle Glaucoma. Survey of
Ophthalmology Volume 51, Number 3 May–June
2006

43. Wax MB: Is there a role for the immune system
in glaucomatous optic neuropathy? Curr Opin
Ophthalmol 11:145-50, 2000

44. Mona Pache, and Josef Flammer: A Sick Eye in a
Sick Body? Systemic Findings in Patients with Primary
Open-angle Glaucoma. Survey of Ophthalmology
Volume 51, Number 3 May–June 2006

45. Chandra V, Bharucha NE, Schoenberg BS:
Conditions associated with Alzheimer ’s disease at
death: case-control study. Neurology 36:209-11, 1986

46. Bayer AU, Keller ON, Ferrari F et al.:
Association of glaucoma with neurodegenerative
diseases with apoptotic cell death: Alzheimer ’s
disease and Parkinson’s disease. Am J Ophthalmol
133:135-7, 2002

47. Mojon DS, Hess CW, Goldblum D et al.: Normal-
tension glaucoma is associated with sleep apnea
syndrome. Ophthalmologica 216:180—4, 2002

48. Mojon DS, Hess CW, Goldblum D et al.: Primary
openangle glaucoma is associated with sleep apnea
syndrome. Ophthalmologica 214:115-8, 2000

49. Mojon DS, Hess CW, Goldblum D et al.: High
prevalence of glaucoma in patients with sleep apnea
syndrome. Ophthalmology 106:1009—12, 1999

50. Phillips BG, Narkiewicz K, Pesek CA et al.:
Effects of obstructive sleep apnea on endothelin-
1 and blood pressure. J Hypertens 17:61-6, 1999

51. Saarelainen S, Seppa¨la¨ E, Laasonen K et al.:
Circulating endothelin-1 in obstructive sleep apnea.
Endothelium 5:115-8, 1997

52. Mojon DS, Hess CW, Goldblum D et al.: Normal-
tension glaucoma is associated with sleep apnea
syndrome. Ophthalmologica 216:180-4, 2002

53. Mojon DS, Hess CW, Goldblum D et al.: Primary
openangle glaucoma is associated with sleep apnea
syndrome. Ophthalmologica 214:115-8, 2000

54. Mojon DS, Hess CW, Goldblum D et al.: High
prevalence of glaucoma in patients with sleep apnea
syndrome. Ophthalmology 106:1009-12, 1999

55. C. Dwarkanatha: Introduction to Kayachikitsa.
Published by Chaukamba Orientalia, Varanasi. 1986
pp.375.

56. Brody S, Erb C, Veit R et al.: Intraocular pressure
changes: the influence of psychological stress and
the Valsalva maneuver. Biol Psychol 51:43-57, 1999

57. Erb C, Brody S, Rau H: Effect of mental and
physical stress on intraocular pressure-a pilot study.
(Summary) Klin Monatsbl Augenheilkd 212:270-4,
1998

58. Torres Lucena M: The behaviour of the ocular
tension in a group of normal subjects under strong
emotional stress. Am J Ophthalmol 34:144, 1951

59. Hibbeler HL: Personality patterns of white adults
with primary glaucoma. Am J Ophthalmol 30:181-
6, 1947

60. Kato M: Studies on personality of glaucoma
patients, especially on the Yatabe-Gilford
personality test and the Rorschach test. Jpn J
Ophthalmol 10:72-82, 1966

61. Coleman AL, Quigley HA, Vitale S et al.:
Displacement of the optic nerve head by acute
changes in intraocular pressure in monkey eyes.
Ophthalmology 98:35, 1991

62. Quigley HA, Hohman RM, Addicks EM et al.:
Morphologic changes in the lamina cribrosa
correlated with neural loss in open-angle glaucoma.
Am J Ophthalmol 95:673, 1983

63. Young H. Kwon And Joseph Caprioli: Primary
Open-Angle Glaucoma Duane ’s Ophthalmology,
Publisher Lippincott Williams & Willkins Volume
3 Chapter 52 Ed. 2006.

64. Minckler DS, Bunt AH, Johanson GW:
Orthograde and retrograde axoplasmic transport
during acute ocular hypertension in the monkey.
Invest Ophthalmol Vis Sci 16: 426, 1977

65. Radius RL, Bade B: Pressure-induced optic nerve
axonal transport interruption in cat eyes. Arch
Ophthalmol 99: 2163, 1981

66. Hayreh SS: Inter-individual variation in blood
supply of the optic nerve head. Its importance in
various isch-emic disorders of the optic nerve
head, and glaucoma, low-tension glaucoma and
allied disorders. Documenta Ophthalmol.
1985;59:217-46.

67. Flammer J: The vascular concept of glaucoma.
Surv  Ophthalmol. 1994;38(Suppl):S3-6.

68. Osborne NN, Melena J, Chid low G, et al.: A
hypothesis to explain ganglion cell death caused
by vascular insults at the optic nerve head: possible



Glaucoma: Integration of Biomedical and Ayurvedic Perspectives 123

implication  for the treatment of glaucoma. Br J
Ophthalmol. 2001;85:1252-9.

69. Chung HS, Harris A, Evans DW et al.: Vascular
aspects in the pathophysiology of glaucomatous
optic neuropathy. Surv Ophthalmol. 1999;43
(Suppl 1):n543-50.

70. Hayreh SS: Pathogenesis of optic nerve head
changes in glaucoma. Semin Ophthalmol  1:1, 1986

71. Dielemans I, de Jong PTVM, Stolk R et al.:
Primary open-angle glaucoma, intraocular pressure,
and diabetes mellitus in the general elderly
population. The Rotterdam  Study. Ophthalmology
103:1271, 1996

72. Tezel G,  Wax MB: Hypoxia-inducible factor 1
alpha in the glaucomatous retina and optic nerve
head. Arch Ophthalmol. 2004;122:1348-56.

73. Dreyer EB, Zurakowski D, Schumer RA et al.:
Elevated glutamate levels in the vitreous body of

humans and monkeys with glaucoma. Arch
Ophthalmol. 1996;114:299-305.

74. Abu-Amero KK, Morales J, Bosley TM:
Mitochondrial abnormalities in patients with
primary open-angle glaucoma. Invest Ophthalmol
Vis Sci. 2006;47:2533-41.

75. Martin Wax, Abe Clark, and Mortimer M
Civan: Mechanism of Glaucoma Ophthalmology,
Mosby Elsevier Third Ed. Section 1. pp.1113.

76. Ashok K. Tiwari: Wisdom of Ayurveda in
perceiving diabetes: Enigma of therapeutic
recognition. Current Science, Vol.88, No. 7, 10
April 2005

77. Tina T. L. Wong et al.: Matrix Metalloproteinases
in Disease and Repair Processes in the Anterior
Segment. Survey of Ophthalmology, Volume 47
Number 3 May–June 2002

Address for correspondence: Dr. Manoj Kumar, Assistance Professor, Department of Shalakya Tantra, Faculty
of Ayurveda, Institute of Medical Sciences, Banaras Hindu University, Varanasi - 221005 (India).
E-mail: mkumarbhu@gmail.com

920_2011


