
19HKJOphthalmol        Vol.20 No.1

Review
Article

Ocular perfusion pressure and 
glaucoma: a review
Karen Kar-Wun Chan,1 MBBS, Jonathan Chun-Ho Ho,2 MRCP, FRCSEd, Dexter Yu-Lung Leung,3 FRCOphth, 
FRCS RCPS (Glasg), Simon Tak-Chuen Ko,2 FRCSEd
1Hospital Authority, Hong Kong SAR, China.
2Department of Ophthalmology, Tung Wah Eastern Hospital, Hong Kong SAR, China.
3Department of Ophthalmology, Hong Kong Sanatorium & Hospital, Hong Kong SAR, China.

Correspondence and reprint requests:
Dr. Jonathan Chun-Ho Ho, Department of Ophthalmology, Tung Wah Eastern Hospital, Hong Kong SAR, China. 
Email: mr.jonathanho@gmail.com

Key words: Blood pressure; Glaucoma, open-angle; Intraocular 
pressure; Perfusion

Introduction

Glaucoma is characterized by progressive loss of retinal 
ganglion cells and their axons, resulting in characteristic 

Abstract

Glaucoma is one of the leading causes of blindness 
globally. Increasing evidence shows that the disease 
is secondary to optic nerve head hypoperfusion and 
autonomic dysfunction. Ocular perfusion pressure, 
representing ocular blood flow, is a key factor that 
should be evaluated in the management of glaucoma. 
Ocular	perfusion	pressure	 is	 subject	 to	 influence	
by a myriad of factors, and its calculation has been 
conventionally simplified as the difference between 
mean arterial blood pressure and intraocular pressure. 
Nonetheless, the direct effect of various factors on 
blood pressure and intraocular pressure should not be 
neglected. Bearing in mind the regional prevalence of 
normal-tension glaucoma, we review the literature and 
summarize	the	pathophysiology	of	glaucoma,	definition	
of ocular perfusion pressure, relationship between 
ocular perfusion pressure and glaucoma development 
and	progression,	 and	key	 factors	 that	 influence	ocular	
perfusion pressure. We also highlight the potentials 
of home monitoring of ocular perfusion pressure, and 
promote interdisciplinary management of glaucoma. 

optic nerve head (ONH) cupping. It is increasingly 
important in a globally aging population, and the irreversible 
nature of visual impairment brought by glaucoma poses a 
considerable challenge to public health, especially since it is 
largely asymptomatic in the chronic form. In a recent meta-
analysis, Tham et al1	 found	a	3.54%	global	prevalence	of	
glaucoma	for	the	population	aged	40	to	80	years.	While	64.3	
million patients were estimated to be affected in 2013, an 
exponential increase is expected, and 76.0 million and 111.8 
million	patients	are	predicted	worldwide	in	2020	and	2040,	
respectively.1	Asians	represent	47%	of	those	with	glaucoma,2 
with recent studies showing an age-standardized glaucoma 
prevalence	of	3.2%	and	3.6%	 in	Singapore	and	Northern	
China, respectively.3,4

A multitude of recent literature suggest that, apart from 
mechanical effects of increased intraocular pressure (IOP), 
ONH vascular insufficiency plays an important role in 
the pathogenesis of glaucomatous optic neuropathy. The 
Baltimore	Eye	Survey	revealed	that	around	50%	of	patients	
with primary open-angle glaucoma (POAG) had an initial 
IOP	of	<	21	mm	Hg	at	 the	 time	of	diagnosis,	with	around	
20%	having	normal	IOP	for	all	first	3	visits.5,6 Asians show 
a particular tendency for this subtype. In Korean- and 
Japanese-based cross-sectional epidemiological studies, 
94.4%	and	92%	had	IOP	of	<	21	mm	Hg,	respectively.7,8 

Ocular blood flow is estimated by ocular perfusion 
pressure (OPP), conventionally defined as the difference 
between mean arterial blood pressure (MAP) and IOP. The 
impact of OPP and its fluctuations on the maintenance of 
adequate ONH perfusion has been reviewed.9 In view of 
the increasingly recognized role of vascular dysregulation 
in glaucoma pathogenesis, the link between OPP and the 
development and progression of glaucoma is essential, as are 
the	myriad	factors	that	influence	OPP,	IOP,	and	MAP.	
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This review aimed to summarize the relevant literature and 
data	 regarding	 the	pathophysiology	of	glaucoma,	definition	
of OPP, relationship between OPP and the development 
and progression of glaucoma, as well as key factors that 
influence	OPP.	

Methods and materials

A comprehensive literature search on PubMed was 
performed for studies published up to October 2015 
with	keywords	 ‘ocular	perfusion	pressure’,	 ‘glaucoma’,	
‘autonomic	dysregulation’,	 ‘intraocular	pressure’,	 ‘risk’,	
‘progression’,	‘severity’,	‘circadian	rhythm’,	‘body	posture’,	
‘anti-hypertensive	medications’,	 and	 ‘anti-glaucomatous	
medications’.	Combinations	of	 these	 terms	were	used	as	
well. Selected papers were then reviewed thoroughly and 
evidence was summarized.

Pathophysiology of glaucoma
Glaucoma is a heterogeneous group of diseases, and its 
pathophysiology is believed to be multifactorial. The 
pathogenesis of glaucoma is poorly understood, and 
contributory factors have not been fully characterized. 

An	elevated	IOP	plays	a	major	role	 in	retinal	ganglion	cell	
apoptosis, and has been well demonstrated in multi-centered, 
randomized controlled trials.10,11 Elevated IOP often results 
from alterations in aqueous humor dynamics, and the 
balance between production of aqueous humor by the ciliary 
body	and	its	drainage	is	determined	by	2	major	independent	
pathways.	The	majority	of	 aqueous	humor	drains	 through	
the	conventional	trabecular	meshwork	outflow	pathway	in	a	
largely pressure-dependent fashion. Increased resistance at 
the	juxta-canalicular	connective	tissue	and	endothelial	lining	
of	Schlemm’s	canal	causes	ocular	hypertension.	A	proportion	
of aqueous humor also drains through the uveoscleral 
or unconventional pressure-independent pathway. Such 
uveoscleral	flow	does	not	depend	on	the	level	of	IOP	to	the	
same extent as trabecular outflow. In patients with open-
angle glaucoma (OAG), there is increased resistance to 
aqueous	outflow	 through	 the	 trabecular	meshwork	causing	
IOP-induced stress and strain. This results in compression, 
deformation, and remodeling of the lamina cribrosa with 
mechanical axonal damage.12

Among glaucoma patients, around one-third to half have 
elevated IOP at the initial stages.6,13,14 Vascular dysregulation 
has been hypothesized to be involved, and is believed 
to be more pronounced in normal-tension glaucoma 
(NTG).15,16	Ocular	blood	flow	is	highly	regulated	to	maintain	
temperature and nutrient homeostasis according to metabolic 
needs. Nonetheless, it is postulated that in a proportion 
of pathological eyes, dysregulation causes fluctuations in 
vascular supply.17 This dysregulation may occur because 
of	an	 individual’s	 innate	deficiency,	 inborn	 tendency	 to	
respond differently to environmental stimuli, or secondary to 
vasospastic diseases.18 Consistently unstable perfusion with 
wide	fluctuations	and	 repeated	 ischemic	 stress	 then	 lead	 to	
ONH	 injury.9,15 Consequently, OAG has been included as 

part of vascular dysregulation syndromes, and is associated 
with	migraine,	Raynaud’s	phenomenon,	obstructive	 sleep	
apnea, and autoimmune diseases.19-21 Clinicians must be 
particularly alert to the possibility of NTG, because IOP rise, 
a surrogate marker for some glaucomas, is less pronounced. 

Ocular perfusion pressure
Normal functioning of tissues depends on an adequate 
perfusion pressure to meet metabolic needs, and is generated 
by the difference between MAP and venous pressure. In 
the eye, OPP reflects ocular blood flow, with IOP used as 
a substitute for venous pressure.22 Mean OPP (MOPP) is 
expressed as two-thirds of the difference between MAP and 
IOP,	with	the	formula	as:	MOPP	=	2/3	x	[DBP	+	1/3	x	(SBP	-	 
DBP)]	–	 IOP,	where	 the	 ‘2/3’	 factor	accounts	 for	 the	more	
downstream location of the ophthalmic artery anatomically,23 
whereas DBP stands for diastolic blood pressure and SBP 
for systolic blood pressure. Systolic OPP (SOPP) and 
diastolic	OPP	(DOPP)	are	defined	as	the	difference	between	
systemic systolic or diastolic blood pressure (BP) and IOP, 
respectively. 

This	may	nevertheless	serve	as	an	oversimplified	surrogate	
formula for OPP. Brachial artery pressure is used as a 
substitute for systemic BP in calculating ophthalmic arterial 
pressure, but the hydrostatic water column effect creates 
discrepancy in BP at ophthalmic compared with brachial 
arteries.24 Since the head is at a higher position, IOP should 
be reduced in the upright position (Figure).24 Bill and 
Nilsson25	 have	offered	adjusted	 formulas	 to	better	 correct	
for seated and supine positions, yet their adoption has been 
limited, both clinically and in research.

Similar controversy occurs for venous pressure measurement. 
Animal studies have demonstrated near equivalence of 
IOP and retinal venous pressure,22,26 but stark differences in 
anatomical structure limit direct application in humans. In 
fact, in human eyes, absence of spontaneous central retinal 
vein	pulsations	has	been	recorded	in	>	50%	of	glaucomatous	
eyes,	compared	with	only	23.7%	to	28%	of	healthy	eyes.27-29 
This suggests a venous pressure that is lower than IOP in 
most pathological eyes. 

To overcome the shortcomings of surrogate parameters, 
direct measurement of OPP has been attempted via 
ophthalmodynamometry.30,31 It is a method of measuring 
BP in the ophthalmic artery accomplished by iatrogenic 
elevation of IOP through application of a specific amount 
of force on the eyeball while simultaneously observing 
pulsation of vessels surrounding the optic disc. The level 
of the artificially elevated IOP was correlated with the 
applied force, and conversion tables were established, and 
finally	converted	 to	 IOP.	Nonetheless,	 as	 this	measurement	
technique	was	difficult,	and	the	use	of	correlation	tables	was	
cumbersome and introduced potential sources of error, most 
ophthalmodynamometers have been abandoned in clinical 
practice. 

Modern technologies for ocular blood flow evaluation 
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Figure. Hydrostatic column effect of postural position on blood pressure and ocular perfusion pressure in (a) a normal subject in erect 
position with brachial blood pressure of 140/85 mm Hg, and (b) a patient with normal-tension glaucoma in supine position with brachial 
blood pressure of 90/45 mm Hg. In Fig b, the effect of low blood pressure on ocular perfusion pressure is illustrated.
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have also been utilized in clinical ophthalmology. Since 
the ophthalmic artery is the main blood supply to the optic 
nerve,	abnormalities	of	 its	blood	flow	may	cause	 ischemia.	
Colour Doppler imaging is a technology of choice because 
of its low invasiveness and reliability.32 Deduction of 
arterial resistive indices are also postulated to be useful in 
identifying eyes that are more likely to suffer further visual 
field deterioration, aiding in prognostic stratification.33 
Other methods of detection of flow and velocity in the 
optic nerve include laser Doppler velocimetry, scanning 
laser ophthalmoscopy, scanning laser Doppler flowmetry, 
indocyanine green angiography, and transcranial Doppler 
ultrasound.34-39

Ocular perfusion pressure and glaucoma 
development
Low DOPP has been strongly associated with increased 
prevalence of glaucoma. In the Barbados Eye Study,40 low 
DOPP	 (<	55	mm	Hg)	was	a	 risk	 factor	 for	development	
of glaucoma, with a relative risk of 3.2. After 9 years of 
further follow-up, it was shown that individuals with the 
lowest	20%	of	DOPP	were	2.2	times	more	likely	to	develop	
glaucoma, although baseline BP did not predict OAG risk.41 
In another Caucasian-based study, the Baltimore Eye Survey 
found	a	6-fold	 increased	OAG	prevalence	 in	 subjects	with	
low	diastolic	perfusion	pressure	 (<	30	mm	Hg).6 Similarly, 
the Egna-Neumarkt Study42	 reported	a	4.5%	 increase	 in	
glaucoma	prevalence	 in	patients	with	DOPP	of	<	50	mm	
Hg	compared	with	 those	with	DOPP	of	≥	66	mm	Hg.	 In	
Proyecto	VER,	Quigley	et	 al43	 also	confirmed	a	4-fold	
increase	 in	OAG	prevalence	at	DOPP	of	<	50	mm	Hg.	
Thus, a low DOPP has been strongly associated with OAG 
prevalence in multiple population-based epidemiological 
studies.

On the contrary, the relationship between SOPP and 
prevalence	of	OAG	 is	 less	 consistent.	After	 adjusting	 for	
OAG risk factors, the Blue Mountains Eye Study44 found an 
increased	prevalence	of	10%	with	each	10	mm	Hg	increase	
in SOPP. Yet, in the Barbados Eye Study,40 patients with 
lower	SOPP	 (<	101.3	mm	Hg)	had	2.6	 times	 increased	
relative risk of developing OAG. The controversial evidence 
associating SOPP with glaucoma prevalence leads to 
the postulation that low DOPP may be more important 
in the development of glaucoma, and is in accordance 
with the concept that most tissue perfusion occurs during 
diastole. Further data are needed to evaluate whether the 
atherosclerotic risk in high SBP truly contributes to vascular 
insufficiency	of	the	ONH.

Ocular perfusion pressure and glaucoma 
progression 
Age is a key factor in glaucoma progression. As reported in 
the Early Manifest Glaucoma Trial,45 after population-based 
follow-up for 8 years, older patients had an increased and 
faster progression than younger patients. In the Collaborative 
Initial Glaucoma Treatment Study,46 the relative risk 
increased	by	35%	for	every	decade,	while	in	the	Advanced	
Glaucoma Intervention Study,47 the odds of progression 

increased	by	30%	with	every	5-year	 increase	 in	age.	 It	 is	
postulated that with aging, vessels undergo atherosclerosis, 
resulting in increased sheer stress, and compromise of 
capillary	flow	and	nutrient	exchange.48

Since OPP is derived from IOP and BP, their respective 
relationship with glaucoma progression is crucial. Regarding 
IOP, associations between higher IOP with glaucoma 
progression	have	been	consistently	shown	in	major	clinical	
trials in the past decades. Patients with higher mean IOP 
during follow-up were more likely to progress,49,50 while IOP 
reduction	was	 significantly	effective	 in	delaying	glaucoma	
progression.10,11,51,52 The Canadian Glaucoma Study50 found 
up	to	a	19%	increase	in	progression	per	mm	Hg	increase	in	
IOP, while the Advanced Glaucoma Intervention Study51 

found	a	lower	baseline	IOP	(<	18	mm	Hg)	to	be	associated	
with	decreased	visual	field	progression.	The	Early	Manifest	
Glaucoma Trial45	demonstrated	a	12%	 to	13%	 increased	
risk	per	mm	Hg	increase	in	IOP,	and	proved	the	significance	
of an initial reduction in IOP for prediction in glaucoma 
progression, where each mm Hg decrease in IOP from 
baseline	was	associated	with	an	8%	decrease	 in	hazards	
ratio.

Regarding BP, its circadian rhythm has to be taken into 
account. Due to decreased circulating catecholamines and 
cortisol during sleep, BP is characterized by a nocturnal 
‘dip’.53,54 Approximately two-thirds of the general population 
exhibit this physiological phenomenon.55,56	 ‘Non-dippers’	
refer to patients with absent or reduced nocturnal decline, 
while	 ‘extreme	 /	big	 /	over-dippers’	 are	patients	with	a	
greater	nocturnal	 fall	 than	usual.	Different	definitions	exist	
regarding the cut-offs for physiological nocturnal dips, 
varying	between	5%	and	10%	or	between	10%	and	20%.55-57 
The	concept	remains,	though,	that	extremes	of	BP	fluctuation	
are correlated with glaucoma progression.58-60 Studies that 
monitored ambulatory BP and visual field changes have 
demonstrated more marked deviation in non-physiological 
dippers than physiological ones.58,60 This is consistent with 
the association of non-physiological dippers with more 
cardiac, cerebrovascular, and systemic diseases, suggesting 
its role in vascular dysregulation.61-65 Recently, Lee et al66 
also	showed	 that	NTG	eyes,	 in	particular,	had	significantly	
larger daytime and nighttime MAP and OPP variabilities in 
over-dippers than non-dippers.

While these studies demonstrated the roles of BP variability 
and IOP control in glaucoma progression, it should be noted 
that neither low BP nor high IOP alone can be regarded 
as the cause of low perfusion. NTG patients who sustain 
ONH damage, despite IOP being within the recognized 
‘normal	 range’,	 is	 an	archetypal	 illustration.	Differences	 in	
individuals’	 autonomic	 regulatory	capacity	may	potentially	
explain why not all patients with reduced OPP develop 
glaucomatous optic neuropathy. Further analysis and 
association studies are needed.

Factors that influence ocular perfusion pressure
As mentioned, OPP is a complex variable that may be 
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affected by multiple factors, and neither BP nor IOP can 
account entirely for its regulation. A number of factors that 
influence	BP	and	IOP,	and	thus	OPP,	have	been	studied.

Postural changes
Numerous studies have investigated the influence of body 
and head position on IOP fluctuation, and noted these to 
be important factors for IOP elevation at night. In general, 
IOP	 is	 elevated	by	3	 to	4	mm	Hg	 in	 the	 supine	position,	
and varies according to the angle of tilt and duration of 
exposure.67,68 Mechanisms underlying this postural change 
have been hypothesized, including choroidal vascular 
engorgement and increase in episcleral venous pressure 
secondary to body fluid redistribution.69,70 Patients with 
shorter axial lengths have also been noted to have a larger 
increase in IOP with a supine position, explained by the 
greater vessel engorgement expected in smaller hyperopic 
eyes compared with larger myopic eyes.71,72 Of note, the 
magnitude of IOP elevation following postural changes 
is regulated by autonomic and mechanical means, and is 
independent of iatrogenic interventions that aim to lower 
IOP.73	This	holds	significance	particularly	for	NTG	patients,	
since IOP could rise to glaucomatous levels only when 
adopting a supine position during sleep, and remain within 
normal range during seated ophthalmology consultations. 

Diurnal rhythm
Like BP, IOP is a parameter that demonstrates dynamic 
fluctuations. While studies have recorded a range of 
daily cycles, IOP classically peaks in the morning upon 
awakening, with a daily variation of 3 to 6 mm Hg.74 
Hormonal, autonomic, and mechanical factors have all 
been implicated to modulate this diurnal pattern. Boyd et 
al75 observed synchronized fluctuations in the variation of 
plasma corticoid levels and IOP in glaucomatous and normal 
eyes. As mentioned previously, IOP is a function of aqueous 
humor drainage from the eye, and aqueous flow, too, has 
a distinctive reduction in flow at night compared with 
daytime.76,77 Lastly, mechanical factors such as intraocular 
muscle tension levels, contraction of ciliary muscles, and 
alterations in blink pattern have also been implicated.74 

Owing to the complexity and multiple confounding factors 
in its calculation, direct investigation of diurnal patterns 
of OPP has been attempted. In newly diagnosed, untreated 
POAG	patients,	Quaranta	et	 al78,79 found early evening 
peaking of DOPP and an early morning DOPP trough. Costa 
et al80 noted nighttime DOPP drop in untreated POAG eyes. 
Sehi et al81	 also	 found	overall	wider	MOPP	fluctuations	 in	
glaucomatous eyes when compared with controls, supported 
by	Choi	 et	 al’s	 finding	of	 a	positive	association	between	
larger circadian MOPP fluctuations and more significant 
visual field defects.82 These findings suggest that MOPP 
fluctuations may be a risk factor for NTG, as reductions 
in OPP may lead to ocular tissue ischemia and consequent 
retinal ganglion cell loss.83 

Oral antihypertensive medications
From	 the	physicians’	point	of	view,	hypertension	must	be	

adequately controlled because it is one of the most important 
risk factors for cardiovascular morbidity and mortality, and 
the current paradigm is the tighter BP control the better. 
According	 to	 the	2014	American	Academy	of	Family	
Physicians’	guideline,	 initial	 treatment	 for	Asians	 should	
include a thiazide-type diuretic, calcium channel blocker 
(CCB), angiotensin-converting enzyme inhibitor (ACEI), or 
angiotensin receptor blocker.84 

In glaucoma, hypertension may initially theoretically increase 
blood	flow	to	 the	anterior	optic	nerve,	but	after	a	sustained	
duration, microvascular damage, impeded blood flow, and 
ischemia, will result.85 The Thessaloniki Eye Study,86,87 
a cross-sectional population-based study, concluded an 
association between aggressive antihypertensive treatment 
with larger cup area and higher cup-disc ratio. Individuals 
who	reached	recommended	goals	of	DBP	of	<	90	mm	Hg	or	
SBP	of	<	140	mm	Hg	had	a	higher	incidence	and	progression	
of	glaucoma,	while	higher	SBP	of	>	160	mm	Hg	was	
protective against progression.86-88

Odds ratios are significantly raised in users of systemic 
ACEI and CCB, with or without concurrent diuretics.89 This 
could be due to development of nocturnal hypotension as a 
combined effect of the antihypertensives and natural diurnal 
rhythm.89-92 Lowered MAP accompanied by unaltered IOP 
results in reduced OPP. In addition, since arterioles and 
capillaries retain increased resistance, treated hypertension 
results in greater levels of tissue hypoxia.93 Cautious use of 
antihypertensives in patients with progressive visual field 
deterioration despite low IOP is advised, and should be 
avoided at bedtime.92 Systemic beta-blockers, though not 
recommended	as	first-line	antihypertensive	 treatment,	have	
been observed to be protective for glaucoma progression, 
and	lower	IOP	significantly.89,94

Topical antiglaucomatous medications
In the management of glaucoma, even a small mean 
IOP reduction decreases the risk of disease progression, 
forming the basis for ocular hypotensive medications. 
IOP-lowering mechanisms vary in different classes, and 
efficacies also vary during the nocturnal and daytime 
period.95-97

Beta-adrenergic antagonists, such as timolol, lower diurnal 
IOP by reducing aqueous humor flow, but this effect on 
flow reduction decreases at night.98 Alpha-2 adrenergic 
agonists, such as brimonidine, have been shown to actively 
reduce aqueous humor production and increase uveoscleral 
outflow,	but	have	a	 statistically	 significant	different	diurnal	
and nocturnal effect, possibly due to their short-acting 
effects and relatively weak IOP-lowering effects at trough 
and nightime.99,100 While these 2 medications have been 
reported to achieve a similar IOP reduction, a randomized 
multi-center clinical trial, which compared the efficacy 
of monotherapy with brimonidine and timolol eye drops, 
revealed that patients treated with brimonidine were less 
likely	 to	have	visual	field	progression.101-103 This difference 
could be due to non–IOP-related effects of brimonidine, or 
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as a result of timolol producing greater systemic hypotension 
and bradycardia.104 Brimonidine usage, however, is 
limited	by	a	 relatively	high	 rate	of	 allergic	conjunctivitis.	
Nevertheless, while one assumes that IOP reduction 
translates directly into improvement in OPP, in a small 
randomized	controlled	trial,	mean	24-hour	DOPP	was	higher	
than that at baseline after timolol administration, though not 
to	statistically	significant	levels,	while	brimonidine	induced	
a	paradoxical	significant	decrease	in	mean	24-hour	DOPP.78 
Despite their favorable action in reducing IOP, the absence 
of	a	significant	increase	in	DOPP	suggests	the	need	for	more	
data from long-term studies before the importance of these 
drug-induced changes to DOPP is validated. 

When compared with timolol, both prostaglandin analogs 
and	carbonic	anhydrase	inhibitors	increase	24-hour	DOPP.78 
Prostaglandin analogs lower IOP through the uveoscleral 
outflow	pathway,	 and	has	been	 shown	 to	have	a	 sustained	
effect in lowering IOP during diurnal and nocturnal 
periods.95,96 Dorzolamide, a carbonic anhydrase inhibitor, 
maintains	 its	 efficacy	during	 the	night,	but	 is	 less	effective	
than latanoprost and timolol during the day.78 

As a note of caution, since topical beta-blockers can lead 
to reduced BP if absorbed systemically, BP and pulse rate 
monitoring should be advocated when these drugs are 
prescribed.105-107 Nasolacrimal duct occlusion and eyelid 
closure to enhance intraocular absorption and discourage 
systemic absorption can be advised.108,109 As increase in OPP 
is a consistent finding in prostaglandin analogs, together 
with its dosing convenience, tolerability, and efficacy, 
prostaglandin analog monotherapy may be considered as 
first-line	therapy	in	OAG.110,111

Topical CCB have also been tried in NTG management 
because of their vasodilatory effects. There are 2 schools of 
thought concerning their mechanism in glaucoma treatment 
are postulated: increased ONH perfusion following 
vasodilatation,	 and	 increased	aqueous	humor	outflow	after	
relaxation of trabecular meshwork cells.112-114 Nonetheless, 
while their effects have been confirmed in animal studies 
and cadaveric eyes, routine clinical application is yet to be 
explored.115-117

Home monitoring of ocular perfusion pressure
Anatomical and functional deterioration can occur 
despite significant IOP reduction with antiglaucomatous 
medications, thus factors other than IOP are involved in 
glaucoma progression. For these reasons, OPP monitoring 
may be equally, if not more, important than IOP alone 
in determining ONH damage. Such monitoring can be 
performed by patients, since both parameters in the OPP 
calculation	formula	are	accessible	to	measurement	at	home;	
home BP monitoring is easily carried out with widely 
available electronic manometers, while IOP can be recorded 
by patients using ICare (Tiolat Oy, Helsinki, Finland), a 

handheld tonometer that is gaining popularity due to its ease 
of use, and its independence from local anesthesia and slit 
lamp. It is based on the impact-induction principle known 
as rebound tonometry,118 and has consistently shown good 
correlation with Goldmann applanation tonometry.119-121 
Good repeatability between practitioners has been reported, 
although measurement in a supine position shows slightly 
lower consistency.122,123 

If patients master home monitoring of BP and IOP, daily OPP 
can be theoretically monitored. Since ophthalmologists and 
physicians face a myriad of choices for ocular and systemic 
hypotensive therapy, home OPP monitoring will then 
provide	clinicians	with	crucial	data	that	reflect	individualized	
treatment	response	and	efficacy.	In	addition,	for	hypertensive	
patients with continual glaucoma progression despite good 
IOP	control,	24-hour	ambulatory	BP	monitoring	may	be	
considered as a means to identify excessive nocturnal dip 
that	would	then	warrant	close	liaison	with	physicians	to	fine-
tune BP control to avoid nocturnal optic nerve ischemia.20 
Overall, OPP and IOP monitoring could assist in monitoring 
pressure	fluctuations	in	OAG	patients,	and	tailor	the	choices	
of local hypotensive treatment with better chronotherapeutic 
profile.

Conclusion 

OPP has been identified as an important factor in the 
development and progression of glaucoma. This is 
particularly true in NTG, where autoregulatory dysfunctions 
have been implicated. Although the relationship between 
OPP and glaucoma has not been well documented in Asians, 
it is meaningful to evaluate vascular effects on the ONH 
considering	NTG’s	regional	prevalence.	

We evaluated proposed methods of calculation and 
measurement of OPP. While the accuracy of deriving OPP 
from the difference between MAP and IOP is inconclusive, 
until more advanced or convenient methods of direct 
measurement of OPP become available, it remains the 
general method. The formula offers a simple way to 
enhance the partnership of clinicians and patients to 
perform ambulatory OPP monitoring, and may assist in the 
evaluation	of	treatment	efficacy	and	assess	individual	diurnal	
fluctuation.

Interdisciplinary treatment of hypertension and glaucoma 
should	be	emphasized.	Both	BP	and	 IOP	are	 subject	 to	
influence by multiple factors such as posture, timing, and 
the choice of medications. Monitoring of BP and OPP 
in OAG patients prescribed antihypertensives such as 
CCB and ACEI, and antiglaucomatous medications such 
as topical beta-blockers and alpha-adrenergic agonists, 
should be considered. Close liaison between physicians 
and ophthalmologists in glaucoma care should be further 
promoted.
 



25

REVIEW ARTICLE

HKJOphthalmol        Vol.20 No.1

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.

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

3. Baskaran M, Foo RC, Cheng CY, et al. The prevalence 
and types of glaucoma in an urban Chinese population: 
The Singapore Chinese Eye Study. JAMA Ophthalmol. 
2015;133:874-80.

4. Wang YX, Xu L, Yang H, Jonas JB. Prevalence of glaucoma 
in North China: the Beijing Eye Study. Am J Ophthalmol. 
2010;150:917-24.

5. Sommer A, Tielsch JM, Katz J, et al. Relationship between 
intraocular pressure and primary open angle glaucoma 
among white and black Americans. The Baltimore Eye Survey. 
Arch Ophthalmol. 1991;109:1090-5.

6. Tielsch JM, Katz J, Singh K, et al. A population-based 
evaluation of glaucoma screening: the Baltimore Eye Survey. 
Am J Epidemiol 1991;134:1102-10.

7. Iwase A, Suzuki Y, Araie M, et al. The prevalence of primary 
open-angle glaucoma in Japanese: the Tajimi Study. 
Ophthalmology. 2004;111:1641-8.

8. Kim JH, Kang SY, Kim NR, et al . Prevalence and 
characteristics of glaucoma among Korean adults. Korean J 
Ophthalmol. 2011;25:110-5.

9. Costa VP, Harris A, Anderson D, et al. Ocular perfusion 
pressure in glaucoma. Acta Ophthalmol. 2014;92:e252-66.

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

11. Kass MA, Heuer DK, Higginbotham EJ, et al. The Ocular 
Hypertension Treatment Study: a randomized trial determines 
that topical ocular hypotensive medication delays or prevents 
the onset of primary open-angle glaucoma. Arch Ophthalmol. 
2002;120:701-13.

12. Yan DB, Coloma FM, Metheetrairut A, Trope GE, Heathcote 
JG, Ethier CR. Deformation of the lamina cribrosa by elevated 
intraocular pressure. Br J Ophthalmol. 1994;78:643-8.

13. Klein BE, Klein R, Sponsel WE, et al. Prevalence of glaucoma. 
The Beaver Dam Eye Study. Ophthalmology. 1992;99:1499-
504.

14. Gupta N, Weinreb RN. New definitions of glaucoma. Curr 
Opin Ophthalmol. 1997;8:38-41.

15. Flammer J, Mozaffarieh M. Autoregulation, a balancing act 
between supply and demand. Can J Ophthalmol. 2008;43:317-
21.

16. Galassi F, Giambene B, Varriale R. Systemic vascular 
dysregulation and retrobulbar hemodynamics in normal-
tension glaucoma. Invest Ophthalmol Vis Sci. 2011;52:4467-71.

17. Flammer J, Orgül S, Costa VP, et al. The impact of ocular 
blood	flow	in	glaucoma.	Prog	Retin	Eye	Res.	2002;21:359-93.

18. Anderson DR. Introductory comments on blood flow 
autoregulation in the optic nerve head and vascular risk 
factors in glaucoma. Surv Ophthalmol. 1999;43 Suppl 1:S5-9.

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

20. Leung DY, Chan PP, Tham CC, Lam DS. Normal tension 
glaucoma: risk factors pertaining to a sick eye in a sick body. 

Hong Kong J Ophthalmol. 2009;13:15-21.
21. Mojon DS, Hess CW, Goldblum D, et al. Normal-tension 

glaucoma is associated with sleep apnea syndrome. 
Ophthalmologica. 2002;216:180-4.

22. Mäepea O. Pressures in the anterior ciliary arteries, choroidal 
veins and choriocapillaris. Exp Eye Res. 1992;54:731-6.

23. Riva CE, Grunwald JE, Petrig BL. Autoregulation of human 
retinal blood flow. An investigation with laser Doppler 
velocimetry. Invest Ophthalmol Vis Sci. 1986;27:1706-12.

24. Caprioli J, Coleman AL. Blood pressure, perfusion pressure, 
and glaucoma. Am J Ophthalmol. 2010;149:704-12.

25.	 Bill	A,	Nilsson	SF.	Control	of	ocular	blood	flow.	J	Cardiovasc	
Pharmacol. 1985;7 Suppl 3:S96-102.

26. Morgan WH, Lind CR, Kain S, Fatehee N, Bala A, Yu DY. 
Retinal vein pulsation is in phase with intracranial pressure 
and not intraocular pressure. Invest Ophthalmol Vis Sci. 
2012;53:4676-81.

27. Pinto LA, Vandewalle E, De Clerck E, Marques-Neves 
C, Stalmans I. Lack of spontaneous venous pulsation: 
possible risk indicator in normal tension glaucoma? Acta 
Ophthalmologica. 2013;91:514-20.

28. Seo JH, Kim TW, Weinreb RN, Kim YA, Kim M. Relationship 
of intraocular pressure and frequency of spontaneous 
retinal venous pulsation in primary open-angle glaucoma. 
Ophthalmology. 2012;119:2254-60.

29. Stodtmeister R. Central retinal vein: its pulsation and pressure 
in glaucoma [in German]. Klin Monatsbl Augenheilkd. 
2015;232:147-51.

30. Sisler HA. Optical-corneal pressure ophthalmodynamometer. 
Am J Ophthalmol. 1972;74:987-8.

31. Kanngiesser HE, Kniestedt C, Robert YC. Dynamic contour 
tonometry: presentation of a new tonometer. J Glaucoma. 
2005;14:344-50.

32. Lam A, Piltz-Seymour JR, DuPont J, Grunwald JE. Laser 
Doppler	flowmetry	 in	asymmetric	glaucoma.	Curr	Eye	Res.	
2005;30:221-7.

33. Martínez A, Sánchez M. Predictive value of colour Doppler 
imaging in a prospective study of visual field progression 
in primary open-angle glaucoma. Acta Ophthalmol Scand. 
2005;83:716-22.

34. Nicolela MT, Hnik P, Drance SM. Scanning laser Doppler 
flowmeter study of retinal and optic disk blood flow in 
glaucomatous patients. Am J Ophthalmol. 1996;122:775-83.

35. Wolf S, Arend O, Sponsel WE, Schulte K, Cantor LB, Reim M. 
Retinal hemodynamics using scanning laser ophthalmoscopy 
and hemorheology in chronic open-angle glaucoma. 
Ophthalmology. 1993;100:1561-6.

36. Rojanapongpun P, Drance SM, Morrison BJ. Ophthalmic 
artery	flow	velocity	in	glaucomatous	and	normal	subjects.	Br	
J Ophthalmol. 1993;77:25-9.

37. Ben Simon GJ, Moroz I, Goldenfeld M, Melamed S. Scanning 
laser	Doppler	flowmetry	of	nonperfused	regions	of	 the	optic	
nerve head in patients with glaucoma. Ophthalmic Surg 
Lasers Imaging. 2003;34:245-50.

38. O’Brart DP, de Souza Lima M, Bartsch DU, Freeman 
W, Weinreb RN. Indocyanine green angiography of the 
peripapillary region in glaucomatous eyes by confocal 
scanning laser ophthalmoscopy. Am J Ophthalmol. 
1997;123:657-66.

39. Hamard P, Hamard H, Dufaux J, Quesnot S. Optic nerve 
head blood flow using a laser Doppler velocimeter and 
haemorheology in primary open angle glaucoma and normal 
pressure glaucoma. Br J Ophthalmol. 1994;78:449-53.

40. Leske MC, Wu SY, Nemesure B, Hennis A; Barbados Eye 
Studies Group. Incident open-angle glaucoma and blood 



26

REVIEW ARTICLE

HKJOphthalmol      Vol.20 No.1

pressure. Arch Ophthalmol. 2002;120:954-9.
41. Leske MC, Wu SY, Hennis A, Honkanen R, Nemesure 

B. Risk factors for incident open-angle glaucoma. The 
Barbados Eye Studies. Ophthalmology. 2008;115:85-93.

42. Bonomi L, Marchini G, Marraffa M, Bernardi P, Morbio 
R, Varotto A. Vascular risk factors for primary open angle 
glaucoma. The Egna-Neumarkt Study. Ophthalmology. 
2000;107:1287-93.

43. Quigley HA, West SK, Rodriguez J, Munoz B, Klein R, 
Snyder R. The prevalence of glaucoma in a population-
based study of Hispanic subjects: Proyecto VER. Arch 
Ophthalmol. 2001;119:1819-26.

44. Mitchell P, Lee AJ, Rochtchina E, Wang JJ. Open-angle 
glaucoma and systemic hypertension: the Blue Mountains 
Eye Study. J Glaucoma. 2004;13:319-26.

45. Leske MC, Heijl A, Hyman L, Bengtsson B, Dong L, Yang 
Z. Predictors of long-term progression in the Early Manifest 
Glaucoma Trial. Ophthalmology. 2007;114:1965-72.

46. Musch DC, Gillespie BW, Lichter PR, Niziol LM, Janz 
NK. Visual field progression in the Collaborative Initial 
Glaucoma Treatment Study. The impact of treatment and 
other baseline factors. Ophthalmology. 2009;116:200-7.e1.

47. Nouri-Mahdavi K, Hoffman D, Coleman AL, et al. 
Predictive factors for glaucomatous visual field 
progression in the Advanced Glaucoma Intervention Study. 
Ophthalmology. 2004;111:1627-35.

48. Sommer A, Tielsch J. Blood pressure, perfusion 
pressure, and open-angle glaucoma. Arch Ophthalmol. 
2008;126:741.

49. Suzuki Y, Shirato S, Adachi M, Hamada C. Risk factors for 
the progression of treated primary open-angle glaucoma: 
a multivariate life-table analysis. Graefes Arch Clin Exp 
Ophthalmol. 1999;237:463-7.

50. Chauhan BC, Mikelberg FS, Balaszi AG, LeBlanc RP, 
Lesk MR, Trope GE; Canadian Glaucoma Study Group. 
Canadian Glaucoma Study: 2. Risk factors for the 
progression of open-angle glaucoma. Arch Ophthalmol. 
2008;126:1030-6.

51. The Advanced Glaucoma Intervention Study Investigators. 
The Advanced Glaucoma Intervention Study (AGIS): 7. The 
relationship between control of intraocular pressure and 
visual	field	deterioration.	Am	J	Ophthalmol.	2000;130:429-
40.

52. Collaborative Normal-Tension Glaucoma Study Group. 
Comparison of glaucomatous progression between 
untreated patients with normal-tension glaucoma and 
patients with therapeutically reduced intraocular pressures. 
Am J Ophthalmol. 1998;126:487-97.

53. Staessen JA, Fagard RH, Lijnen PJ, Thijs L, Van Hoof R, 
Amery AK. Mean and range of the ambulatory pressure in 
normotensive subjects from a meta-analysis of 23 studies. 
Am J Cardiol. 1991;67:723-7.

54. O’Brien E, Murphy J, Tyndall A, et al. Twenty-four-hour 
ambulatory blood pressure in men and women aged 17 
to 80 years: the Allied Irish Bank Study. J Hypertens. 
1991;9:355-60.

55. Verdecchia P, Schillaci G, Porcellati C. Dippers versus non-
dippers. J Hypertens Suppl. 1991;9:S42-4.

56. Choi J, Jeong J, Cho HS, Kook MS. Effect of nocturnal 
blood	pressure	reduction	on	circadian	fluctuation	of	mean	
ocular perfusion pressure: a risk factor for normal tension 
glaucoma. Invest Ophthalmol Vis Sci. 2006;47:831-6.

57. Gherghel D, Hosking SL, Orgül S. Autonomic nervous 
system, circadian rhythms, and primary open-angle 
glaucoma. Surv Ophthalmol. 2004;49:491-508.

58. Collignon N, Dewe W, Guillaume S, Collignon-Brach 

J. Ambulatory blood pressure monitoring in glaucoma 
patients. The nocturnal systolic dip and its relationship with 
disease progression. Int Ophthalmol. 1998;22:19-25.

59.	 Krasińska	B,	Karolczak-Kulesza	M,	Krasiński	Z,	et	al.	A	
marked fall in nocturnal blood pressure is associated with 
the stage of primary open-angle glaucoma in patients with 
arterial hypertension. Blood Press. 2011;20:171-81.

60. Tokunaga T, Kashiwagi K, Tsumura T, Taguchi K, 
Tsukahara S. Association between nocturnal blood pressure 
reduction	and	progression	of	visual	field	defect	 in	patients	
with primary open-angle glaucoma or normal-tension 
glaucoma. Jpn J Ophthalmol. 2004;48:380-5.

61. Kastrup J, Wroblewski H, Sindrup J, Rolighed Christensen 
H,	Wiinberg	N.	Diurnal	blood	pressure	profile	 in	patients	
with severe congestive heart failure: dippers and non-
dippers. Scand J Clin Lab Invest. 1993;53:577-83.

62. Birkenhäger AM, van den Meiracker AH. Causes and 
consequences	of	a	non-dipping	blood	pressure	profile.	Neth	
J Med. 2007;65:127-31.

63. Gilbert R, Phillips P, Clarke C, Jerums G. Day-night blood 
pressure variation in normotensive, normoalbuminuric type 
I diabetic subjects: dippers and non-dippers. Diabetes Care. 
1994;17:824-7.

64. Kario K, Matsuo T, Kobayashi H, Imiya M, Matsuo M, 
Shimada K. Nocturnal fall of blood pressure and silent 
cerebrovascular damage in elderly hypertensive patients. 
Advanced silent cerebrovascular damage in extreme 
dippers. Hypertension. 1996;27:130-5.

65. Shimada K, Kawamoto A, Matsubayashi K, Nishinaga M, 
Kimura S, Ozawa T. Diurnal blood pressure variations 
and silent cerebrovascular damage in elderly patients with 
hypertension. J Hypertens. 1992;10:875-8.

66. Lee J, Choi J, Jeong D, Kim S, Kook MS. Relationship 
between daytime variability of blood pressure or ocular 
perfusion pressure and glaucomatous visual field 
progression. Am J Ophthalmol. 2015;160:522-37.e1.

67. Wüthrich UW. Postural change and intraocular pressure in 
glaucomatous eyes. Br J Ophthalmol. 1976;60:111-4.

68.	 Krieglstein	G,	Langham	ME.	Influence	of	body	position	on	
the intraocular pressure of normal and glaucomatous eyes. 
Ophthalmologica. 1975;171:132-45.

69. Tsukahara S, Sasaki T. Postural change of IOP in normal 
persons and in patients with primary wide open-angle 
glaucoma and low-tension glaucoma. Br J Ophthalmol. 
1984;68:389-92.

70. Friberg TR, Sanborn G, Weinreb RN. Intraocular and 
episcleral venous pressure increase during inverted posture. 
Am J Ophthalmol. 1987;103:523-6.

71. Liu JH, Kripke DF, Twa MD, et al. Twenty-four-hour pattern 
of intraocular pressure in young adults with moderate to 
severe myopia. Invest Ophthalmol Vis Sci. 2002;43:2351-5.

72. Loewen NA, Liu JH, Weinreb RN. Increased 24-hour 
variation of human intraocular pressure with short axial 
length. Invest Ophthalmol Vis Sci. 2010;51:933-7.

73. Schmidl D, Garhofer G, Schmetterer L. The complex 
interaction between ocular perfusion pressure and ocular 
blood flow — relevance for glaucoma. Exp Eye Res. 
2011;93:141-55.

74. Sajja S, Vemapti P. Diurnal variation of intra ocular 
pressure (IOP) in healthy individuals: a pilot study. Sch J 
Appl Med Sci. 2013;1:488-92.

75. Boyd TA, McLeod LE, Hassard DT, Patrick A. Relation of 
diurnal variation of plasma corticoid levels and intraocular 
pressure in glaucoma. Can Med Assoc J. 1962;86:772-5.

76. Nau CB, Malihi M, McLaren JW, Hodge DO, Sit AJ. 
Circadian variation of aqueous humor dynamics in older 



27

REVIEW ARTICLE

HKJOphthalmol        Vol.20 No.1

healthy adults. Invest Ophthalmol Vis Sci. 2013;54:7623-9.
77. Sit AJ, Nau CB, McLaren JW, Johnson DH, Hodge D. 

Circadian variation of aqueous dynamics in young healthy 
adults. Invest Ophthalmol Vis Sci. 2008;49:1473-9.

78. Quaranta L, Gandolfo F, Turano R, et al. Effects of topical 
hypotensive drugs on circadian IOP, blood pressure, and 
calculated diastolic ocular perfusion pressure in patients 
with glaucoma. Invest Ophthalmol Vis Sci. 2006;47:2917-
23.

79. Quaranta L, Miglior S, Floriani I, Pizzolante T, Konstas AG. 
Effects of the timolol-dorzolamide fixed combination and 
latanoprost on circadian diastolic ocular perfusion pressure 
in glaucoma. Invest Ophthalmol Vis Sci. 2008;49:4226-31.

80. Costa VP, Jimenez-Roman J, Carrasco FG, Lupinacci 
A, Harris A. Twenty-four-hour ocular perfusion pressure 
in primary open-angle glaucoma. Br J Ophthalmol. 
2010;94:1291-4.

81. Sehi M, Flanagan JG, Zeng L, Cook RJ, Trope GE. Relative 
change in diurnal mean ocular perfusion pressure: a risk 
factor for the diagnosis of primary open-angle glaucoma. 
Invest Ophthalmol Vis Sci. 2005;46:561-7.

82. Choi J, Kim KH, Jeong J, Cho HS, Lee CH, Kook MS. 
Circadian	fluctuation	of	mean	ocular	perfusion	pressure	is	
a consistent risk factor for normal-tension glaucoma. Invest 
Ophthalmol Vis Sci. 2007;48:104-11.

83. Quaranta L, Katsanos A, Russo A, Riva I. 24-hour 
intraocular pressure and ocular perfusion pressure in 
glaucoma. Surv Ophthalmol. 2013;58:26-41.

84. James PA, Oparil S, Carter BL, et al. 2014 evidence-based 
guideline for the management of high blood pressure 
in adults: report from the panel members appointed to 
the Eighth Joint National Committee (JNC 8). JAMA. 
2014;311:507-20.

85. Tielsch JM, Katz J, Sommer A, Quigley HA, Javitt JC. 
Hypertension, perfusion pressure, and primary open-
angle glaucoma. A population-based assessment. Arch 
Ophthalmol. 1995;113:216-21.

86. Topouzis F, Wilson MR, Harris A, et al. Risk factors for 
primary open-angle glaucoma and pseudoexfoliative 
glaucoma in the Thessaloniki Eye Study. Am J Ophthalmol. 
2011;152:219-28.e1.

87. Harris A, Topouzis F, Wilson MR, et al. Association of 
the optic disc structure with the use of antihypertensive 
medications: the Thessaloniki Eye Study. J Glaucoma. 
2013;22:526-31.

88. Punjabi OS, Stamper RL, Bostrom AG, Lin SC. Does treated 
systemic hypertension affect progression of optic nerve 
damage in glaucoma suspects? Curr Eye Res. 2007;32:153-
60.

89. Langman MJ, Lancashire RJ, Cheng KK, Stewart PM. 
Systemic hypertension and glaucoma: mechanisms 
in common and co-occurrence. Br J Ophthalmol. 
2005;89:960-3.

90. Hayreh SS, Zimmerman MB, Podhajsky P, Alward WL. 
Nocturnal arterial hypotension and its role in optic nerve 
head and ocular ischemic disorders. Am J Ophthalmol. 
1994;117:603-24.

91. Graham SL, Drance SM, Wijsman K, Douglas GR, 
Mikelberg FS. Ambulatory blood pressure monitoring in 
glaucoma. The nocturnal dip. Ophthalmology. 1995;102:61-
9.

92. Hayreh SS, Podhajsky P, Zimmerman MB. Role of nocturnal 
arterial hypotension in optic nerve head ischemic disorders. 
Ophthalmologica. 1999;213:76-96.

93. He Z, Vingrys AJ, Armitage JA, Bui BV. The role of blood 
pressure in glaucoma. Clin Exp Optom. 2011;94:133-49.

94. Owen CG, Carey IM, Shah S, et al. Hypotensive medication, 
statins, and the risk of glaucoma. Invest Ophthalmol Vis Sci. 
2010;51:3524-30.

95. Liu JH, Kripke DF, Weinreb RN. Comparison of the 
nocturnal effects of once-daily timolol and latanoprost on 
intraocular pressure. Am J Ophthalmol. 2004;138:389-95.

96. Sit AJ, Weinreb RN, Crowston JG, Kripke DF, Liu JH. 
Sustained effect of travoprost on diurnal and nocturnal 
intraocular pressure. Am J Ophthalmol. 2006;141:1131-3.

97. Orzalesi N, Rossetti L, Invernizzi T, Bottoli A, Autelitano A. 
Effect of timolol, latanoprost, and dorzolamide on circadian 
IOP in glaucoma or ocular hypertension. Invest Ophthalmol 
Vis Sci. 2000;41:2566-73.

98. Reiss GR, Lee DA, Topper JE, Brubaker RF. Aqueous humor 
flow	during	sleep.	Invest	Ophthal	Vis	Sci.	1984;25:776-8.

99. Konstas AG, Stewart WC, Topouzis F, Tersis I, Holmes KT, 
Stangos NT. Brimonidine 0.2% given two or three times 
daily versus timolol maleate 0.5% in primary open-angle 
glaucoma. Am J Ophthalmol. 2001;131:729-33.

100. Koskela T, Brubaker RF. Apraclonidine and timolol. 
Combined effects in previously untreated normal subjects. 
Arch Ophthalmol. 1991;109:804-6.

101. Melamed S, David R. Ongoing clinical assessment of the 
safety profile and efficacy of brimonidine compared with 
timolol: year-three results. Clin Ther. 2000;22:103-11.

102. LeBlanc RP. Twelve-month results of an ongoing 
randomized trial comparing brimonidine tartrate 0.2% and 
timolol 0.5% given twice daily in patients with glaucoma 
or ocular hypertension. Brimonidine Study Group 2. 
Ophthalmology. 1998;105:1960-7.

103. Katz LJ. Brimonidine tartrate 0.2% twice daily vs timolol 
0.5% twice daily: 1-year results in glaucoma patients. Am J 
Ophthalmol. 1999;127:20-6.

104. Nordlund JR, Pasquale LR, Robin AL, et al. The 
cardiovascular, pulmonary, and ocular hypotensive effects 
of 0.2% brimonidine. Arch Ophthalmol. 1995;113:77-83.

105. Frishman WH, Fuksbrumer MS, Tannenbaum M. Topical 
ophthalmic beta-adrenergic blockade for the treatment 
of glaucoma and ocular hypertension. J Clin Pharmacol. 
1994;34:795-803.

106. Stewart WC, Castelli WP. Systemic side effects of topical 
beta-adrenergic blockers. Clin Cardiol. 1996;19:691-7.

107. Taniguchi T, Kitazawa Y. The potential systemic effect of 
topically applied beta-blockers in glaucoma therapy. Curr 
Opin Ophthalmol. 1997;8:55-8.

108. Fraunfelder FT. Extraocular fluid dynamics: how best to 
apply topical ocular medication. Trans Am Ophthalmol Soc. 
1976;74:457-87.

109. Zimmerman TJ, Kooner KS, Kandarakis AS, Ziegler LP. 
Improving the therapeutic index of topically applied ocular 
drugs. Arch Ophthalmol. 1984;102:551-3.

110. Greve EL, Rulo AH, Drance SM, Crichton AC, Mills RP, 
Hoyng PF. Reduced intraocular pressure and increased 
ocular perfusion pressure in normal tension glaucoma: A 
review of short-term studies with three dose regimens of 
latanoprost treatment. Surv Ophthalmol. 1997;41 Suppl 
2:S89-S92.

111. European Glaucoma Society. Terminology and guidelines 
for glaucoma. 3rd ed. Italy: DOGMA; 2008.

112. Monica ML, Hesse RJ, Messerli FH. The effect of a 
calcium-channel blocking agent on intraocular pressure. 
Am J Ophthalmol. 1983;96:814.

113. Abelson MB, Gilbert CM, Smith LM. Sustained reduction 
of intraocular pressure in humans with the calcium channel 
blocker verapamil. Am J Ophthalmol. 1988;105:155-9.

114. Goyal JK, Khilnani G, Sharma DP, Singh J. The hypotensive 



28

REVIEW ARTICLE

HKJOphthalmol      Vol.20 No.1

effect of verapamil eye drops on ocular hypertension. Indian 
J Ophthalmol. 1989;37:176-8.

115. Erickson KA, Schroeder A, Netland PA. Verapamil 
increases	outflow	facility	 in	 the	human	eye.	Exp	Eye	Res.	
1995;61:565-7.

116. Santafé J, Martínez de Ibarreta MJ, Segarra J, Melena 
J. A long-lasting hypotensive effect of topical diltiazem 
on the intraocular pressure in conscious rabbits. Naunyn 
Schmiedebergs Arch Pharmacol. 1997;355:645-50.

117. Segarra J, Santafé J, Garrido M, Martínez de Ibarreta MJ. 
The topical application of verapamil and nifedipine lowers 
intraocular pressure in conscious rabbits. Gen Pharmacol. 
1993;24:1163-71.

118. Kontiola AI. A new induction-based impact method for 
measuring intraocular pressure. Acta Ophthalmol Scand. 
2000;78:142-5.

119. Brusini P, Salvetat ML, Zeppieri M, Tosoni C, Parisi 

L. Comparison of ICare tonometer with Goldmann 
applanation tonometer in glaucoma patients. J Glaucoma. 
2006;15:213-7.

120. Goldmann H, Schmidt T. Applanation tonometry [in 
German]. Ophthalmologica. 1957;134:221-42.

121. Martinez-de-la-Casa JM, Garcia-Feijoo J, Castillo A, 
Garcia-Sanchez J. Reproducibility and clinical evaluation 
of rebound tonometry. Invest Ophthalmol Vis Sci. 
2005;46:4578-80.

122. Nakakura S, Mori E, Yamamoto M, Tsushima Y, Tabuchi H, 
Kiuchi Y. Intradevice and interdevice agreement between 
a rebound tonometer, Icare PRO, and the Tonopen XL and 
Kowa hand-held applanation tonometer when used in the 
sitting and supine position. J Glaucoma. 2015;24:515-21.

123. Sahin A, Basmak H, Niyaz L, Yildirim N. Reproducibility 
and tolerability of the ICare rebound tonometer in school 
children. J Glaucoma. 2007;16:185-8.




