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David Sackett, MD [1934-2015]
• Widely regarded as the father of evidencebased medicine.
Half of what you'll learn during training will be
shown to be either dead wrong or out-of-date
within 5 years . . .;
…the trouble is that nobody can tell you which
half.
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Ocular Blood Flow and glaucoma?

State of the science 2009
“At the present time, no SINGLE blood
flow imaging device is capable of
evaluating ocular blood flow
relevant to glaucoma.
“A comprehensive approach,
utilizing multiple imaging
technologies is required for
meaningful insight into the
multiple vascular beds of the eye.”

Consensus statement
of the WGA

How many states have only four
letters?
• Clue: Ohio is not one

2009

Seriously . . .
POAG is a progressive, chronic optic neuropathy in
adults in which intraocular pressure (IOP) and other
currently unknown factors contribute to damage
and in which there is a characteristic acquired atrophy
of the optic nerve and loss of retinal ganglion cells and
their axons. This condition is associated with an
anterior chamber angle that is open by gonioscopic
appearance.
–ala AAO PPP
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Seriously . . .
POAG is a progressive, chronic optic neuropathy in
adults in which intraocular pressure (IOP) and other
currently unknown factors contribute to damage and in
which there is a characteristic acquired atrophy of the
optic nerve and loss of retinal ganglion cells and their
axons. This condition is associated with an anterior
chamber angle that is open by gonioscopic appearance.
–ala AAO PPP
“Can glaucomatous optic neuropathy be induced by a
primary non-IOP-related insult . . . alone??” -Claude
Burgoyne

May be a good introduction

DX: POAG, ???

Is there a blood-flow problem here???

May be a good introduction

When do you
think this
editorial
appeared?
2009

Ocular Blood Flow and glaucoma?

State of the science 2009
“At the present time, no SINGLE blood
flow imaging device is capable of
evaluating ocular blood flow
relevant to glaucoma.
“A comprehensive approach,
utilizing multiple imaging
technologies is required for
meaningful insight into the
multiple vascular beds of the eye.”

Wide Field Enface OCT TM

Consensus statement
of the WGA 2009

40o 3D En Face Reference
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Widefield VS 6mm x 6mm 3D

Widefield 3D OCT VS Widefield SLO
Choroid
RPE
IPL enface
ILM

Optovue Widefield-Enface OCT

Optovue Widefield-Enface OCT

Multi-layer assessment of pathology – even in the periphery

SLO / LSLO 2D Image

Multi-layer assessment of pathology – even in the periphery

OCT will revolutionize the diagnosis,
management & understanding of glaucoma…

•
•
•
•

Choroid
Topographical
RPE
IPL
Topographical
view
ILM
Topographical
view view

XR Avanti MCT with OCTA1

Higher resolution
Differential depth scans
O/R applications
Smartphone app

Detailed
vasculature of
the fovea
without any dye
or contrast
enhancement
injection

OCT En face image

• OCT angiography!!!

SSADA / OCTA Imaging

SSADA / OCTA Imaging

Flow rate directly relates to appearance
(brightness) of vessel in the image2
*Images courtesy of David Huang, M.D. OHSU.
1OCTA(SSADA)

is not yet commercially available.

20

X-sect through macula-ONH axis

Most anterior slab

22

23
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2014

note area above ONH with demonstrable RPE loss and prominence of choroidal
vasculature. AND, absence of superficial as well as deep retinal capillary plexuses
Compare with OCT X-section showing thinned retina.
24

2014

Glaucoma
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CAPILLARY DENSITY AND RNFL THICKNESS
COMPARISON

Generalized and

local effects. . . .

33 POAG pts. with VF depressions unilaterally *MD = -3.91 +/- 3.09 and
normal fellow eye (MD = -0.2 +/- 0.9)
•

whole image vessel density (wiVD),

•

circumpapillary vessel density (cpVD), and

•

parafoveal vessel density (pfVD)

Mean wiVD in unaffected eyes of patients with POAG was higher than in
their fellow affected eyes but lower than in healthy eyes (P < 0.001).
Mean circumpapillary RNFL (cpRNFL) thickness, mGCC thickness were
also higher than those measurements in fellow eyes.
“OCT-A measures detect changes in retinal microvasculature before VF
damage is detectable in patients with POAG, and these changes may
reflect damage to tissues relevant to the pathophysiology of glaucoma.”
Yarmohammadi A, et al. Peripapillary and Macular Vessel Density in
Patients with Primary Open-Angle Glaucoma and Unilateral Visual
Field Loss. Ophthalmology. Volume 125, Issue 4, April 2018, Pages
578-587

CHOROIDAL MICROVASCULAR DROPOUT

(FOCAL SECTORAL CAPILLARY DROPOUT WITH NO VISIBLE

MICROVASCULAR NETWORK IDENTIFIED IN THE CHOROIDAL LAYER)

ANGIOANALYTICS APPROVED JUNE 2018

32 Patients with an initial parafoveal scotoma (IPFS)
within a 10° radius in 1 hemifield and,
42 POAG patients with an initial nasal step (INS)
within the nasal periphery outside 10° of fixation in 1
hemifield.
Microvasculature dropout (MvD) was observed in 25 of
32 eyes (78.1%) in the IPFS group, but in only 1 of 42
eyes (2.4%) in the INS group (P < 0.001).

“The presence of MvD in the parapapillary
choroid was a strong predictor for IPFS.”
Lee EJ, et al. Central Visual Field Damage and Parapapillary Choroidal
Microvasculature Dropout in Primary Open-Angle Glaucoma Ophthalmology Volume
125, Issue 4, April 2018, Pages 588-596.

34

2012
2014

Maybe this helps explain the asymmetry that is
so prevalent in glaucoma.
Think: VF, rim tissue, PPA . . . .
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Proposed mechanisms

Proposed mechanism

Reduced blood flow could be a consequence of neural tissue loss arising from elevated IOP

Reduced blood flow and elevated IOP could both lead to neural structure loss

Proposed mechanism

And more evidence…
• A study from a registry in England suggested an
association between glaucoma* and vascular
dementia* but not between glaucoma and
Alzheimer disease*.
• [*Alzheimer and vascular dementia are both
neurodegenerative diseases and glaucoma is now
being lumped into that bucket, too.]

Reduced blood flow could be an independent cause of VF loss
Keenan TD, Goldacre R, Goldacre MJ. Associations between primary open angle
glaucoma, Alzheimer's disease and vascular dementia: record linkage study. Br J
Ophthalmol. 2015 Apr;99(4):524-7.

40

Ocular Perfusion Pressure & Glaucoma Progression –
emerging paradigms
Higher
IOP
Negatively Impacts
Perfusion Pressure

Lower Diastolic,
Systolic, or
Mean Pressure
Reduces Perfusion
Pressure

IOP
n
Perfusio
Pressure

Lower
Perfusion Pressure
Is Associated with
Increased Risk for
Open Angle Glaucoma

Perfusion Pressure
Is a Result of
A Delicate Balance
Between IOP
and Blood Pressure

Blood
Pressure

Leske MC, et al. Ophthalmology 2007; 114,: 1965-72
Leske MC, et al. Ophthalmology 2008;115, 65-93.
Hayreh SS. Trans Am Acad Ophthalmol 1974;78:240-54

DX: POAG, ???

Is there a blood-flow problem here???
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Optic Nerve HEAD anatomy –

Structural evaluation - Diagnosis
enhanced depth imaging [choroid]

blood flow considerations

• Choroidal thickness and perfusion/flow evaluation

• Age, axial length, CCT, and diastolic ocular perfusion pressure are

significantly associated with choroidal thickness in glaucoma suspects and
glaucoma patients.
• Degree of glaucoma damage was not consistently associated with choroidal
thickness.

Hayreh SS. Ischemic optic neuropathy. Prog Ret Eye Res. 2009;28: 34–62

Maul EA, Friedman DS, Chang DS, Boland MV, Ramulu PY, Jampel HD, Quigley HA. Choroidal thickness

44

Hey! Maybe its choroidal blood flow
after all

Hey! Maybe its choroidal blood flow. After all that
seems to be the case in AMD

measured by spectral domain optical coherence tomography: factors affecting thickness in glaucoma patients.
Ophthalmology. 2011 Aug;118(8):1571-9.

Choroidal blood flow (arbitrary units)

Implications of BF alterations with ÛÛ IOP

Note: increased IOP induces

•posterior rotation of the peripapillary sclera
•flattening of the cup floor
•thinning of the lamina cribrosa and the prepapillary neural tissue and
•anterior movement of the central optic nerve relative to the LC

Which may be complementary to reduced blood flow OR a result of same
Sigal I, Ethier CR. Biomechanics of the optic nerve head. Exp Eye Res. 2009;
88,799-807 .
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Blood supply summary

Structural evaluation –diagnosis
enhanced depth imaging

• Interindividual variation*
• Retinal nerve fiber layer

• Lamina cribrosa
evaluation

– CRA / CRV

• Optic nerve head

• Emerging investigations: CSF
pressure (see: later)

– SPCaa
– choroidal plexus
– blood supply is segmental

Park HY, Jeon SH, Park CK. Enhanced depth imaging detects lamina cribrosa thickness differences in normal
tension glaucoma and primary open-angle glaucoma. Ophthalmology. 2012 Jan;119(1):10-20.

v Ultimate blood supply to RNFL and ONH is from the
ophthalmic artery, a branch of the internal carotid artery

Park SC, De Moraes CG, Teng CC, Tello C, Liebmann JM, Ritch R. Enhanced depth imaging optical coherence
tomography of deep optic nerve complex structures in glaucoma. Ophthalmology. 2012 Jan;119(1):3-9.

49

Vascular Theory of Glaucoma
Changes in ocular blood flow (OBF)

• Reduced perfusion
pressure (beyond
autoregulatory capacity)
leading to . . .
– Secondary vascular
degeneration
following ganglion
cell / RNFL loss

Vascular Theory of Glaucoma
Changes in ocular blood flow (OBF)

• Peripheral vascular dysregulation - PVD
– which can result in reperfusion injury (RI)
• All can be IOP independent and may involve both
the retinal and choroidal circulatory systems.

Distribution of IOP in a general population*

Implying an IOPindependent component
in glaucoma (“NTG” ???)

What are the possibilities in the
absence of elevated IOP?
• Primary / Peripheral
vascular dysregulation
• Inadequate ONH perfusion
Let’s try and connect the dots

N=nonglaucoma; G=glaucoma.
*Dotted lines represent areas of uncertainty.
Shields MB. Textbook of Glaucoma. 1998.

8
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Primary OBF component

Relationship of perfusion to glaucoma
• Low diastolic ocular perfusion pressure may be
associated with increased risk for POAG.
• This association was confirmed in subjects
treated for systemic hypertension in subgroup
analysis. This may support the hypothesis that
the concept of ocular perfusion pressure status
may be more relevant to glaucoma pathogenesis
than ocular perfusion pressure alone.
Consult the patient’s beta-blocker prescriber in the context of
progressive glaucoma damage with “good” IOP control.

• Risk factors (RF) for
atherosclerosis are largely
parallel to increased IOP
– age
– smoking
– dyslipidemia
– systemic hypertension
– male sex
– obesity

Am J Ophthalmol 2013;155:843–851.

Flammer J, Mozaffariaeh M. What is the present pathogenetic concept of glaucomatous optic
neuropathy? 2007. Surv Ohthalmol 52: S162-173.

Primary OBF component
• Risk factors (RF) for
atherosclerosis are largely
parallel to increased IOP
– age
– smoking
– dyslipidemia
– systemic hypertension
– male sex
– obesity

• Therefore reducing these RF
reduces IOP (slightly)
– physical exercise
– weight loss
– treatment of
dyslipidemia

• And may increase blood
flow and aqueous
outflow through the TM

‘Normal Tension Glaucoma?’
•

Glaucomatous disc and field changes
with IOP consistently < 22

20% of newly diagnosed glaucoma patients
have IOP < 21 mm Hg at presentation
• CAUSE ? ? Decreased perfusion of

disc (arteriosclerosis, low BP)

Flammer J, Mozaffariaeh M. What is the present pathogenetic concept of glaucomatous optic
neuropathy? 2007. Surv Ohthalmol 52: S162-173.

58

‘Normal Tension Glaucoma’

‘Normal Tension Glaucoma’

Recent evidence. . .

Recent evidence. . .

59

60
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Ocular Perfusion Pressure & Glaucoma
Progression

POAG Risk Factors 9-year BES

Higher
IOP
Negatively Impacts
Perfusion Pressure

Lower Diastolic,
Systolic, or
Mean Pressure
Reduces Perfusion
Pressure

IOP
n
Perfusio
Pressure

Lower
Perfusion Pressure
Is Associated with
Increased Risk for
Open Angle Glaucoma

Perfusion Pressure
Is a Result of
A Delicate Balance
Between IOP
and Blood Pressure

Blood
Pressure

mean perfusion pressure = 2/3(mean arterial pressure) - IOP
Where mean arterial pressure = diastolic BP + 1/3 (systolic BP – diastolic BP)

Leske MC, et al. Ophthalmology 2007; 114,: 1965-72
Leske MC, et al. Ophthalmology 2008;115, 65-93.
Hayreh SS. Trans Am Acad Ophthalmol 1974;78:240-54

62

Leske MC, Wu SY, Hennis A, Honkanen R, Nemesure B; BESs Study
Group. Risk factors for incident open-angle glaucoma: the
Barbados Eye Studies. Ophthalmology. 2008 ; 115: 85-93.

Perfusion to the ONH

Perfusion to the ONH

• DOPP (Diastolic ocular perfusion pressure)
= DBP – IOP

Example comparing DOPP and mean OPP
120/80 IOP = 20; DOPP = 60 [ 80-20]

(What is the number?)

What IOP do we measure?

<40 is significant* - talk to the PCP)

diastolic

Significant difference
Which to use???

– Reduced in POAG
Alternatively, mean perfusion pressure

MOPP = 2/3[DBP = 1/3 (SBP-DBP)- IOP
2/3[80 + 1/3 (40)] – 20 results in 42

*Leske MC, Wu SY, Hennis A, Honkanen R, Nemesure B; BESs Study Group. Risk factors for incident openangle glaucoma: the Barbados Eye Studies. Ophthalmology. 2008 ; 115: 85-93.
63

64

Recent association between BP/ OPP
and structural glaucoma progression
• Two greatest risk factors
– Older age

– Lower diastolic BP

• Structural elements assessed – ONH (rim tissue),
RNFL thickness.
2014 (monkeys)
McGlynn MM, Erlich JR, Marlow ED, et al. Association of blood and ocular perfusion pressure with structural
glaucomatous progressiion by flicker chronoscopy. Br J Ophthalmol 2013. Published online September

24, 2013
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Emerging importance of diastolic BP
2013,

• Low mean diastolic BP is consistently
associated with structural glaucoma
progression (Rim tissue, RNFL)
McGlynn MM, Erlich JR, Marlow ED, et al. Association of blood and ocular perfusion
pressure with structural progression in glaucoma as measured by flicker chronoscopy.
Br J Ophthalmol. 2013.

67

*Significantly lower diastolic perfusion pressure was observed in those taking oral
hypotensive medications (as in beta-blockers)

2013,

Current Opinion in Pharmacology 2013, 13:36–42 www.sciencedirect

Model of primary &
secondary insults in
glaucoma due to low
OPP

Influences of abnormal autoregulation in
glaucoma (proposed scheme)

11
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Contributing factors to abnormal neurovascular
coupling in glaucoma

2014

So, which is more important, lowered BP or elevated IOP?

Conclusions from previous

Conclusions

2014

• The results show that optic nerve head blood
flow is more susceptible to an ocular perfusion
pressure decrease induced by lowering the blood
pressure compared with that induced by
increasing the intraocular pressure.
• This blood flow autoregulation capacity
vulnerability to low blood pressure may provide
experimental evidence related to the
hemodynamic pathophysiology in glaucoma.

2014

NOCTURNAL HYPOPERFUSION AS A
GLAUCOMA RISK FACTOR
78

12
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Conclusions and guidance
• In conclusion, the magnitude and duration of
nocturnal hypotension identify patients with
NTG who have VF progression.
• Ambulatory monitoring of systemic BP should
become part of routine assessment of
patients with NTG, particularly among those
who continue to progress despite IOP
lowering.

Conclusions and guidance
• Nocturnal BP should be considered a
modifiable risk factor in NTG.
• Randomized trials will be required to assess
the efficacy of different interventions
designed to avoid nocturnal hypotension to
prevent VF loss in patients with NTG, as well
as to test the effect of more aggressive IOPlowering therapy in these cases.

Conclusions and Guidance
• Blood flow measurements could guide changes
in treatment protocol with emphasis on
normalization of circulatory alteration rather
than just IOP.

*Recent association
between nocturnal BP
dips and ODH in NTG

*Recent association
between nocturnal BP
dips and ODH in NTG

over-dippers = progressors

over-dippers = progressors

è

Kwon J, Lee J, Choi J, Jeong D, Kook MS. Association
Between Nocturnal Blood Pressure Dips and
Optic Disc Hemorrhage in Patients With Normal-Tension

Kwon J, Lee J, Choi J, Jeong D, Kook MS. Association
Between Nocturnal Blood Pressure Dips and
Optic Disc Hemorrhage in Patients With Normal-Tension

Glaucoma. Am J Ophthalmol. 2017 Apr;176:87-101.
doi: 10.1016/j.ajo.2017.01.002. Epub 2017 Jan 12.

Glaucoma. Am J Ophthalmol. 2017 Apr;176:87-101.
doi: 10.1016/j.ajo.2017.01.002. Epub 2017 Jan 12.
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Reduced perfusion - More Risk factors
•
•
•
•

SAS and Normal Tension Glaucoma
• 50 sleep apnea patients were compared
with 40 normals

Autoregulation disturbances
Vasospastic Disorder
Migraine
Increased resistance

• Prevalence of NTG among SAS pts was 5.9%
(and 0% among the controls)
• Severity of SAS was correlated positively
with [structural and functional elements]
– IOP
– MD
– C/D
– mean NFL thickness (HRTII)

• ✔Reduced blood flow (20 low BP) →
Nocturnal hypoperfusion

• Sleep apnea syndrome

Sergi M, Salerno DE, Rizzi M, et al.. Prevalence of Normal Tension Glaucoma in Obstructive Sleep Apnea
85

SAS – Glaucoma connection

Syndrome Patients. J Glaucoma. 2007; 16: 42-46.

86

Ocular blood flow and Obstructive
Sleep Apnea Syndrome (OSAS)

(additional evidence)

 The prevalence of glaucoma in patients with
obstructive sleep apnea is an estimated 27%!

• 31 patients with proven OSAS / 25 controls
• 12.4% of OSAS and none of the controls were
diagnosed with glaucoma
• No differences in retinal circulation measures or
IOP (implying IOP-independent risks)
• Positive correlation between MD and LV & retinal
circulatory measures

Bendel RE, et al. Prevalence of glaucoma in patients with obstructive sleep apnoea-a crosssectional case-series. Eye. 2007.

Karakucuk S, et al. Ocular blood flow in patients with obstructive sleep apnea.
Graefes Arch Clin Exp Ophthalmol. 2008; 246: 129-134.
87

And, more recently raised
questions. . .

SAS – Glaucoma connection
(further evidence)

• Should OSAHS be included in the DDx of
glaucoma?

 In patients with OSAS, a high prevalence of
glaucoma was found.
 Visual field defects may be due to optic nerve
perfusion defects and these field defects also
increase as the RI (resistance index)
increases.

• Is OSAHS another glaucoma or a contributor?
• Does lowering IOP in OSAHS arrest the
progression of optic neuropathy?
Lin PW, Friedman M, Lin HC, Chang HW, Pulver TM, Chin CH. Decreased retinal nerve fiber layer
thickness in patients with obstructive sleep apnea/hypopnea syndrome. Graefes Arch Clin Exp
Ophthalmol. 2011 Apr;249(4):585-93. Epub 2010 Oct 19.

Karakucuk S, et al. Ocular blood flow in patients with obstructive sleep apnea syndrome (OSAS). Graefes Arch
Clin Exp Ophthalmol. 2008 Jan; 246: 129-34.
89
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“Fair and balanced”
Glaucoma -

Glaucoma + Total
3,410
68,236
(5.0%)

Apnea -

64,825
(95.0%)

Apnea +

2,497
(91.6%)

228
(8.4%)

2725

Total

67,322

3,638

70,960

• Found that there IS a relationship between
IIH and AION and those using a C-PAP but
not between glaucoma and C-PAP use.

Limitations and confounders
* Boyle-Walker M, Semes LP, Clay OJ, Fuhr P, Liu L. Sleep Apnea
Syndrome Represents a Risk for Glaucoma in a Veterans’ Affairs

Stein JD, et al. The Association between Glaucomatous and Other Causes of Optic Neuropathy and Sleep
Apnea. Am J Ophthalmol. 2011 Aug 17. [Epub ahead of print]

Population. ISRN Ophthalmology. Volume 2011, doi:
10.5402/2011/920767.

2013,

And, the very latest!
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How should glaucoma be managed
comprehensively?

And, the very latest!

• First, lower IOP

104

As of Nov. 2, 2017. . .

New directions in glaucoma treatment
• Yes, treatment
• Beyond IOP reduction, regulation of blood
flow . . .

– Systemically (regulating blood pressure and
monitoring perfusion pressure)
– Locally – endothelial-cell activity by modulating Nitric
Oxide (NO) This is the NEXT BIG THING!

• Regulation of aqueous dynamics at the trabecular meshwork
by vascular modulation
• In addition, the application of NO-donating compounds for
the lowering of IOP directly

107

Future options for medical management
– targeting the site of glaucoma, the TM

¨

latanoprostene bunod (a nitric oxide-donating
compound, NO) Vyzulta (Valeant)
FDA-approved November 2017

¨

MOAs:

¨

¤ relax

the cellular matrix of the TM (and perhaps more
distally)
¤ may also act at the endothelium of TM blood vessels to
constrict and therefore further open drainage
pathways.

Future options for medical management
108

– targeting the site of glaucoma, the TM
¨

Rho-kinase inhibitors (Rhopressa and Roclatan,
(netarsudil/latanoprost ophthalmic solution)
0.02%/0.005%, Aerie)
¤

¨

FDA-approved December 2017

MOAs
increase fluid outflow through the trabecular meshwork, (10
drainage)
¤ increase fluid outflow through the uveoscleral pathway, (20
drainage)
¤ reduce fluid production in the eye, and
¤ reduce episcleral venous pressure (EVP).
¤

16
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109

How should glaucoma be managed
comprehensively?
¨

Anti-oxidant/Supplement formulation
110

Harris A, Gross J, Moore N, et al. The effects of antioxidants on ocular blood flow
in patients with glaucoma. Acta Ophthalmol. 2017 Aug 3. doi: 10.1111/aos.
13530. [Epub ahead of print]

Second, consider increasing perfusion (may be a consequence of
lowered IOP)
¤ Topical treatments? (betaxolol, brimonidine, brinzolamide,
¤ Gingko

Biloba and other CAM interventions

Exercise, weight loss
¤ Lower cholesterol, blood sugar levels
¤ Treat underlying vascular disorders (HT, SAS, CVD)
¤ Etc.
¤

Study design
111

Results
112

¨

¨

45 patients with confirmed glaucoma on IOPlowering treatment (placebo controlled, X-over)
Baseline and post-administration (@ 1 month)
measurements

¨

¨

¤ IOP

¨

¤ OPP
¤ Retrobulbar

(ultrasound) and retinal capillary (Doppler)

¨

blood flow

SO, what were they given?
113

Increased peak systolic and/or end diastolic
velocities among the active group (but not placebo)
Reduced vascular resistance in central retinal and
short posterior ciliary arteries
Increased superior and inferior temporal retinal
artery mean blood flow
Enhanced retinal capillary density

SO, what were they given?
114
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How should glaucoma be managed
comprehensively?

NON-SELECTIVE Beta-blockers:
Significant additional precaution
Topical β-blockers administered at
night to those taking systemic β blockers may reduce perfusion to the
ONH plus β -blocker therapy to
reduce IOP is ineffective at night.

• Third, reduce oxidative stress (Ca++ blockade [BUT, not
systemic β-blockers] , supplements) AND enhance blood
flow!
115

2013,

Which brings us to . . .
Hayreh SS. Effect of nocturnal blood pressure reduction on retrobulbar hemodynamics in glaucoma.
Graefes Arch Clin Exp Ophthalmol. 2002; 240: 867-8.

116

2013,

Consider this:
• Is glaucoma AION that happens over a lifetime?
•
OR
• Is AION glaucoma that happens overnight?

Liu C-H, et al. Comparison of the Retinal Microvascular Density Between OAG and nAION. IOVS. 2017;58:3350–3356.
DOI: 10.1167/iovs.17-22021

18

9/1/18

62 WM
• Complained of vision loss superiorly in the left
eye (May, 2018)
• VA 20/20 OD, OS; (L)RAPD 2+; IOP 11,9 mmHg.
• Seen by primary-care OD – Dx = NTG, initiated on
latanoprost qhs.
_____________________________________
• Sent for consultation/SLT due to significant VF
depressions. (June 2018)
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The holy grail of glaucoma whether it is
diagnosis or management is . . .

CONTINUOUS IOP MEASUREMENT

Closing thoughts

States with only four letters

• How can IOP (and BP) be monitored
continuously?
• What impact may this have on
management?

•
•
•
•
•
•
•
•

Iowa
Utah
Mississippi
Tennessee
Alaska
Hawaii
Indiana
Kansas

133

Thank You
leopsemes@gmail.com
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