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Glaucoma - Treatment Principles and 
Concepts 

Glaucoma - Treatment Principles and C� cepts 

Abstract 

fv1111 Goldberg 
Eye Associates 
Sydney Eye Hospital & the University of Syd11ey 
Sydney, A11str11/ia 

The management of glaucoma is still clouded with 
insufficient knowledge of the disease and by inadequate 
access to resources. Significant advances have been made 
in diagnosis, from the discovery of factors affecting 
diagnostic interpretation such as central corneal thickness 
to the advent of new diagnostic technologies. Similarly, 
treatment options have improved with more effective, more 
convenient, and safer drugs available, and the emerging 
promise of neuroprotection. With these new treatment 
modalities, the core principles of glaucoma management 
are to individualise treatment and to balance it for different 
stages of the disease. 

IOPs within normal ranges but who showed signs of g laucomatous 

damage. 

Central corn eal th ickn ess (CCT) may b e  i m portant i n  the 

interpretation of  measured IOP. Goldmann applanation tonometry 

assumes an averag e CCT of 520 to 540 µm in healthy eyes. Wh en 

CCT is sign ificantly d ifferent from th is, it must be  taken into account 

when interpreting the importance of IOP l evels. 

Assessing Structure 
Conventional ly ,  ocu lar structu res are assessed with d i rect and 

s l it- lamp ind irect ophthalmoscopy. Di rect ophthalmoscopy affords 

a magnifi ed ,  upright, and monocular v iew of the optic nerve head, 

wh i le  s l it- lamp ind i rect ophthalmoscopy through a d i lated pup i l  

provi des an inverted ,  magn if ied ,  and stereoscopic v i ew. More 

sophisticated techni ques such as H eidelberg retinal tomography 

(HRD, laser polarimetry, and optical coherence tomography confirm 

damage when glaucoma damage is cl ear, but are often l ess helpful 

when there is doubt about th e d iagnosis. To date, HRT is the only 

modal ity with publ ished efficacy for long-term follow-up.2 The key 

princ ip le of assessing structure is to 'look and record in  a cl in ically 

meaningful way'. C l i n icians should cont inue to record optic d isc 

C l i n i c ians  n eed to d iagnose  pat i ents who have g laucoma structure with photographs whi le more evidence for these modern 

and treat them accord ing ly . Th e cha l l en g e  l i es in t he  l i m ited devices is gathered. 

know led g e  of t he  d i s ease, wh ich  may confound  a d ef i n it i ve  

d iagnosis ,  and various treatm ent controvers i es .  For  g laucoma 

suspects, c l in icians also face the chal l enge of fitting such pati ents 

into the paradigm of g laucoma manag em ent. 

Diagnosis of Glaucoma - Past and Present 

D iagnosis of g laucoma is made by structural assessm ent of the 

optic nerve head and retinal nerve f ibre layer and visual function 

testing . 

lntraocular Pressure 
Unti l  recently ,  intraocular pressure ( IOP) was an integral part of 

g laucoma d iagnos is .  Now, I O P  has b ecome  i rrel evant in the 

d iagnosis of  g laucoma. However, IOP remains vital for establ ishing 

basel ine levels and therapeutic targets since it is the one parameter 

that is modifiab le  in the treatment of glaucoma. 

Pati ents with el evated IOP without structural or functional 

damag e associated with g laucoma were label l ed as ocu lar  

hyp ertens ives wh i le  those w i th  g laucomatous damage w ere 

d iagnosed with pr imary open angle or chronic s imp le glaucoma.1 

The term 'normal tension g laucoma' was used for pati ents with 

2 

Vertical Cup-disc Ratio 
The B l ue  Mountains Eye Study showed that the cup-d isc ratio 

has to be evaluated in the context of optic disc diameter.3 Doubling 

of disc d iameter is associated with a doubl ing of cup-disc ratio 

(F igure 1 ).3 Thus, a larg e  cup-disc ratio may not necessari ly be 

pathological ,  particularly wh en the d isc d iameter is large. 

Figure 1. Disc diameter versus cup-disc ratio. 

From Healey PR, Mitchell P, Smith W, Wang JJ. Relationship between cup-disc ratio 

and optic disc diameter: the Blue Mountains Eye Study. Aust NZ J Ophthalmol. 1997; 

25(Suppl 1):S99-101. Reprinted with permission. Copyright 1997, Blackwell Publishing. 
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Assessing Function Figure 3. Association of visual field loss and intraocular pressure (IOP). 

Visua l  funct ion is categor ised as normal  or abnormal  and ,  if 

abnormal, as stable or progressive. K inetic and static techn iques 

are avai lab le as sub jective perimetry to assess th e performance 

of visual functi on .  Computerised static techn iqu es range  from 

standard white-on-white perimetry to more specific b lue-on-yel low 

p eri m etry, as wel l  as frequ ency doub l ing threshold (FDT) per i

metry, which has good potential for screening for g laucoma. These 

computerised technolog i es can be enhanced with an improved 

algorithm to analyse col lected data in a more soph isticated fashion. 

Obj ective p eri m etry us ing mu ltifocal m u lt i -channel v isual  

evoked potentia ls overcomes the d i ff i cu lt i es associated with 

subjective perimetry, for which a pati ent's cooperation is vital for 

an accurate assessment. This type of obj ective per imetry is abl e  

to test th e entire visual pathway from th e retina through to th e 

occipital cortex and requ ires no pati ent response except to maintain 

fixation at the centre of th e screen. As it is non- invasive and can 

be  perform ed on und i lated pup i ls ,  it i s  relatively low-stress and 

requires a minimal l earning curve for the patient. Patient preference 

(9 of 1 O surveyed pati ents) [Graham S, personal commun ication ,  

2002.] and c lose correlation b etween obj ective and subj ective 

perimetry in d isc f indings have made objective perimetry helpfu l  

in  d iagnosing g laucoma. 

Detecting Structural and Functional Change 

Damage  to the  opt ic n erve from g laucoma can b e  imag i ned 

conceptual ly to fol low a downward curve (Figure 2) .  In advanced 

d i sease, d etection of further structu ral chang es is often very 

d ifficu lt , whi l e  detection of early functional loss d epends critical ly 

on the sensitivity of current technolog i es. I n itial damage is often 

best d etected structural ly ;  later damage progression is often best 

detected functional ly. 

Figure 2. Graphical representation of glaucomatous structural and functional 

change over time. 
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With th e advent of new diagnostic modal iti es ,  c l in icians now 

need to decide which technolog ies to use at the early, midd le, and 

late stages of the disease to best d etect change. For example, FDT 

perimetry may be excel l ent for detecting early changes but white

on-white perimetry is better for follow-up for patients with advanced 

disease. These technolog ies are un l ikely to replace one another; in  

fact, they complement each other at  d ifferent stages of  the disease. 

This has s ign ificant economic imp l ications s ince access to more 

than one imaging and functional testing modal ity may be  needed 

to del iver the best care to pati ents. 

Treatment of Glaucoma 

The aims of treatment are to protect pati ents from disabil ity after 

considering thei r  l ife expectancy, the level and location of damage 

at time of diagnosis, and the measured rate of damage progression. 

The goal is to protect retinal ganglion cells by lowering IOP and inter

vening for associated vascular disease, as well as neuroprotection. 

Conceptually, the risk of visual fi eld loss and IOP are exponen

tially related for pressure-dependent factors (Figure 3). Lowering 

IOP us ing med ication , laser techn i qu es ,  or surgical approaches 

provides benefit to patients, but the extent of effectiveness depends 

on the location of the patient on this curve. In general ,  IOP reduction 

and min im is ing IOP fluctuation are valuabl e across the spectrum 

of the g laucoma continuum regardless of the m eans of ach ieving 

it. Intervention for non-pressure-dependent factors such as blood 

pressure, diabetes, sl eep apnoea, hyperl i pidaemia, and vasospasm 

can improve outcomes for pati ents with g laucoma . 

The pressure-dependent damage curve may vary with a change 

in risk factors and d isease status. As a patient's situation may be 

different in  5 or 1 O years' t ime, the key approach is individualisation 

of the therapeutic effect. 

Medical Therapy for Glaucoma 

Dur ing the past 25 years , the m ed ical treatm ent of g laucoma 

has b een revo lut ion ised .  N ewer m ed ications em ploy once- or  

3 
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Concepts 

Table 1. Vasoprotection approaches. 

• Ensure systemic hypertension is being treated but not over- or under

treated 

• Exclude nocturnal hypotension, a significant risk factor for progressive 

optic neuropathy5' 

• Consider sleep apnoea 

• Ensure dyslipidaemia is addressed to protect endothelial cells in 
capillaries around the optic nerve head 

• Ensure glucose intolerance is detected and treated effectively 

• Discourage smoking, a general toxin to all neurones and blood vessels 

• Encourage a healthy lifestyle and exercise 

twice-dai ly dosing with m in imal local and systemic s ide effects, 

whi le provid ing greater hypotensive potency. Recently, there has 

been a shift in the use of drugs from �-blockers to prostaglandins, 

wh i le the number of surg ical procedures has decl ined . 4  However, 

non-compl iance with treatment, dyscompl iance (physical/technical 

barriers), and patient perseverance remain as challenges of medical 

therapy. 

Concepts of Neuroprotection 

Glaucoma i s  an optic neuropathy, wh ich ar ises from several 

contributory mechanisms. The survival of retina l  gangl ion ce l ls 

(RGCs) is dependent on vasculature input of nutrients and removal 

of waste p roducts , the supp ly of neutroph ins  from the lateral 

gen icu late nucleus,  the support ing structures around the RGCs, 

and the function of ne ighbour ing ce l l s  such as astrocytes and 

Mu l l er 's cel ls .  Neuronal death is a resu lt of a chain react ion in  

response to a pr imary, and possib ly  secondary, insu lt to any of 

these factors maintai n i ng  the su rvival of RGCs. C l i n ic ians could 

improve vasoprotection of RGCs by adopting the approaches l isted 

in Table 1. 
Neuroprotection is a therapeutic parad igm for s lowing or 

preventi ng the death of RGCs and the ir  axons, and maintai n i ng  

4 

their function. The concept of neuroprotection is to enhance cel l  

survival s ignals at a cel lu lar basis and wi l l  be useful regardless of 

the cause of i n jury. For neuroprotection to be effective, the agent 

should bind to receptors in the retina that mediate neuronal survival 

and achieve a sufficient concentration in the retina following cl inical 

dosing. The neuroprotective potential of memantine and brimonidine 

was promising in the laboratory; they are currently being evaluated 

in c l in ical studies.  It is envisaged that neuroprotective agents wi l l  

augment hypotensive agents for the treatment of g laucoma in  the 

future. 

Conclusion 

Based on currently avai lable knowledge of g laucoma, c l in ic ians 

should try to avoid the imbalance of over-treating patients who do 

not need treatm ent and under-treat ing  patients who re qu ire 

treatment. C l i n ic ians shou ld  strive to ach ieve th is  therapeutic 

balance at every stage of the d isease for each ind iv idual patient. 
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Predictive Factors for Glaucoma - Progression of Disease 

Abstract 

Joseph Caprioli 
University of California Los Angeles 
School of Medicine 
California, USA 

Intraocular pressure has been shown in landmark studies 
to play an important role in preventing progression of 
glaucoma, regardless of the pressure level and disease stage. 
The magnitude of intraocular pressure reduction has been 
found to be a major predictive factor for outcome. Recently, 
a robust analytical technique with rigorous criteria has 
been used to evaluate the significance of various risk factors 
on visual field progression in patients with advanced 
disease in a large post-hoe analysis. Intraocular pressure 
fluctuation between clinic visits consistently emerged as 
the most important modifiable risk factor associated with 
visual field progression. 

Advances in glaucoma research in the past 50 years have changed 

the perception of g laucoma from a d isease thought to arise from 

high intraocular pressure (IOP) to one that is now known to be caused 

by optic neuropathy. Attention has si nce focused on the outcomes 

of the optic nerve and visual fie ld .  Recently, a wealth of evidence 

from large cl in ical trials has demonstrated that lowering IOP helps 

to prevent g laucoma, hai l ing a return of interest in targeting IOP.  

Although treating IOP is important, the primary goals of preventing 

optic nerve damage and visual field loss should not be overlooked. 

Evidence for Lowering lntraocular Pressure 

Dur ing  the past few years, reports from landmark tr ia ls that 

evaluated a large range of IOP levels and d isease stages have 

consistently showed that treatment of raised IOP helps to prevent 

progressive glaucomatous damage (Figure 1 ). For patients with 

e levated IOP at risk for developing pr imary open angle g laucoma 

(POAG} , the Ocu la r  Hype rtens ion  Treatment Study  (OHTS) 

demonstrated the effectiveness of topical hypotensive drugs in  

preventing the onset of  POAG . 1  At  the other  end of  the d isease 

spectrum ,  the Normal-Tension G laucoma Study (NTGS) was the 

first prospective random ised trial to d iscover that lowering IOP in 

patients with advanced d isease who had normal pressures was 

beneficial for preventi ng further damage and progression.2 

Asian J Ophtholmol . 2006 Vol 8 No 6 Supplement 4 

Figure 1. Landmark trials that have shown the benefits of intraocular pressure 

reduction by disease stage. 
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Both the Collaborative In itial Glaucoma Treatment Study (CIGTS} 3 

and the Early Man ifest G laucoma Trial (EMGT)4 showed that IOP 

reduction us ing  med ical or surgical treatment for  patients with 

i ntermediate IOP and intermediate d isease resulted in  improved 

outcomes .  The major factor that inf luenced outcome was the 

magnitude of i n itial IOP reduction.4 

In advanced g laucoma with h igh IOP, the Advanced Glaucoma 

Intervention Study (AGIS) revealed a protective role of IOP reduction 

in the progression of v isual  f ie ld deteriorat ion . 5  Lowering IOP, 

regardless of the surg ical approach (argon laser trabeculoplasty 

versus trabeculectomy), prevented optic nerve damage in a dose

dependent manner.6 The visual f ie lds of patients who achieved 

a mean IOP of 1 2.3  mm Hg remained stable throughout the 8-

year study per iod ,  wh i l e  pati ents who had an average IO P of  

20 .2 mm Hg  experienced the worst outcome in  terms of  v isual 

f ield loss (Figure 2) . 

Does lntraocular Pressure Fluctuation 

Affect Outcome? 

I OP  f ind ings from the AGIS raised the question of whether IOP  

fluctuation over a long period contributes to  progressive visual field 

loss. There are suggestions that IOP fluctuation affects visual field 

outcome in  patients with g laucoma. Asrani et al investigated the 

effect of d iu rnal IOP variations in patients who performed home 

tonometry for 5 years and found that d i urnal f luctuations in  IOP  

correlated with progression o f  open angle g laucoma.7 In  another 

prospective study with 2-year follow-up ,  Bergea et al showed that 

IOP variations (range and peak) and mean IOP were associated 

5 



Predictive Factors for Glaucoma 
Progression 

Figure 2. Mean change in  visual field score* with different quintiles of Table 2. Significant risk factors for visual field progression. 

intraocular pressure. 

* Higher score denotes worsening of visual field. 
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with worsening of g laucoma.8 S im i lar observations were obtained 

in 2 other retrospective stud ies.9 1 0  

Long-term lntraocular Pressure Fluctuation 

and Visual Field Progression 

A post-hoe analysis of AGIS was performed to examine long-term 

IOP f luctuation and other  r isk factors pred ict ive of v isual  f ie ld 

progression . 1 1  The analysis included a number of r isk factors that 

have been shown to be sign ificant in previous studies ,  as wel l  as 

potential r isk factors wh ich were found to be s i gn if icant with 

un ivariate analysis or could theoretical ly  be associated with visual 

f ie ld progression (Table 1 ) . 

A po i ntwise l i near  reg ress ion  was used  to ana lyse the  

s ign ificance of these risk factors on visual f ield progression.  This 

techn i que  i s  des igned  to detect v isua l  f i e ld  loss spec if ic to 

g laucomatous change and was found to be superior to the AGIS 

methods used in  long itudinal evaluation of visual f ields.12 False 

positives were excl uded by using a rigorous 2-point cluster change 

Table 1. Risk factors and potential risk factors included in the post-hoe analysis 

of the Advanced Glaucoma Intervention Study (AGIS). 

Risk factors 

• Age 

• Sex 

• Race 

• Educational level 

• Presence or absence of diabetes 

• Intervention sequence 

• Vertical cup-disc ratio 

• Cataract surgery 

6 

Potential risk factors 

• Refractive error 

• Baseline visual acuity and AGIS 

score 

• Baseline intraocular pressure and 

number of medications 

• Average intraocular pressure 

during follow-up 

• Average number of medications 

• lntraocular pressure fluctuation 

• Duration of follow-up 

• Number of glaucoma interventions 

Variable p Value Odds ratio 

Greater intraocular pressure f luctuation 0.00002 1.30 

(SD of all intraocular pressures) 

Older age 0.00002 1.30 

Longer follow-up 0.0006 1.20 

Number of interventions 0.02 1.15 

criteria that defines visual field progression as worsening of at least 

2 test locations with in  a G laucoma Hemif ie ld Test cl uster. 1 2  IOP 

fl uctuation was defi ned as  inter-v is i t  I OP  variat ions measured 

as standard deviation of al l  IOP measurements dur ing fo l low-up ,  

but  d id  not denote fluctuations in d i urnal IOP. 

Patients were fol lowed up  for a mean of 7 .4 years and had an 

average of 1 5  visual f ie ld exam inations. The mean basel ine AGIS 

score was 7 .7  of 20,  ind icating moderate-to-advanced damage. 

The base l ine IOP was 23.4 mm Hg. S im i lar to the f ind ings from 

AGIS, approximately one-th i rd of the patients showed progression 

of visual f ie ld damage. Based on multivariate log istic regression 

analysis, 4 variables were found to be s ign ificant risk factors for 

progression (Tab le  2) . I OP  fl uctuation and age were the most 

important risk factors consistently associated with progression after 

adjusting for confounding factors such as comorbidity with cataract 

and cataract surgery. Su rpr i s i ng ly ,  mean I O P, desp ite be i ng  

assoc iated w i th  progress i o n ,  was  l ess p red i ct ive than I O P  

fluctuation. 

When patients were categorised accord ing to the magnitude 

of the IOP fluctuations, those with a lower long-term IOP fluctuation 

had a statistically significant better visual field outcome than those 

with a greater IOP fluctuation (Figure 3). Only 5% of the differences 

Figure 3. Change in Advanced Glaucoma Intervention Study (AGIS) score.* 

From Nour i -Mahdavi K, Hoffman D,  Coleman AL, et al; Advanced G laucoma 

Intervention Study. Predictive factors for glaucomatous visual field progression i n  

the Advanced Glaucoma Intervention Study. Ophthalmology. 2004;111 :1627-35. 

Reprinted with permission. Copyright 2004, Elsevier, Inc. 

* Higher score denotes visual field progression. 
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in lOP fluctuation could be explained by a d ifference in mean lOP. 

In  fact, there was no s ignificant difference in  mean lOP between 

these 2 patient groups. 

Conclusion 

In conclusion, long-term inter-visit lOP fl uctuation is a major risk 

factor for v isua l  f i e ld  progression in patients with advanced 

glaucoma, and perhaps in  those with POAG. Compared with mean 

l O P, l O P  f l uctuat ion is more strong l y  assoc iated with fie l d  

progression. 
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Optic disc examination remains an indispensable part of 
patient assessment for detecting glaucomatous damage. 
While the cup-disc ratio has been widely used as a surrogate 
for neuroretinal rim changes, observing the neuroretinal 
rim itself is the key to detecting damage. In addition, disc 
haemorrhage and retinal nerve fibre layer defects are 
important signs of glaucoma. Clinicians should critically 
assess their patients with the assumption that disc 
haemorrhage and retinal nerve fibre layer defects are present 
in all patients with glaucoma unless proven otherwise. 
The current evidence does not support the widespread 
clinical use of newer imaging techniques by general 
ophthalmologists; these should not replace optic disc 
examination in the diagnosis of glaucoma. Detection of 
damage should be based on a combination of signs; if the 
diagnosis is not confirmed but suspicion persists, the tests 
should be repeated at appropriate intervals. 

Many optic d isc changes have been described in glaucoma. These 

inc lude variat ions in cup-d isc rat io ,  loss of the inferior superior 

nasal temporal ( ISNT) pattern in  the neuroretinal r im ,  ' baring '  of 

c ircuml inear vessels, disc haemorrhage, and defects in the retinal 

nerve f ibre layer (RNFL). 

Cup-disc Ratio 

By itself, the cup-disc ratio is of no use in the detection of glaucoma 

damage. The disc size must always be cons idered when us ing 

cup-d isc ratio. Approximately 1 . 2 m i l l ion axons pass through each 

optic disc and the disc size varies between patients, and even within 

the same patient in  the fellow eye. The cup could be regarded as 

the space that is ' left over' in the d isc and this space has to vary 

with the size of the optic disc. The cup-disc ratio is a surrogate for 

the neuroretinal rim ,  which varies with d isc size (Figure 1 ) . A large 

cup may be normal for a large d isc while a sma l l  cup  may be 

abno rma l  for a s m a l l  d i s c .  It is m e a n i n g less  to eva l uate 

the cup-d isc ratio without relating it to the d isc s ize ,  which is best 

measured during routine cl inical examination using a 60 D or sim ilar 

8 

Figure 1 .  The cup size varies with disc size. (a) A small disc has no cup; (b) a 

medium-sized disc has a 0.4 to 0.5 cup; and (c) a large disc has a 0.8 cup. 

lens. Documented increase in cup-disc ratio over time is a sign of 

g laucoma. 

Cup-d isc ratio asymmetry could also be a sign of g laucoma. 

Asymmetry can be subtle and d ifficu lt to detect. The optic nerve 

may appear normal when assessed independently but can reveal 

a change in cup-disc ratio when compared with a fellow d isc (Figure 

2). Any d ifference in size between the 2 d iscs should be corrected 

before making comparisons of cup-d isc ratios. In general ,  the 

cup-d isc ratio is only usefu l when there is d isease progress ion ,  

asymmetry, and when its interpretation is related to the d isc size. 
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Figure 2. Asymmetry of cup-disc ratio in (a) an optic nerve when compared with (b) a fellow disc. 

Neuroretinal Rim 

Whi le there have been doubts about the usefu lness of cup-d isc 

ratio in  the management of g laucoma, the neuroretinal r im has 

been recogn ised as the key parameter to assess g laucoma since 

1 965. 1 The ISNT rule should be kept in  mind when assessing the 

rim.  The ISNT rule states that in  83% of the eyes, the inferior rim is 

the th ickest, fo l lowed by the superior, nasal, and temporal r ims 

(Figure 3).2 It is a lso important to exam ine the ratio of the inferior 

and superior rims to the temporal rim (2:1 and 1 .5: 1 ,  respectively). 

For example, the inferior rim in Figure 4 is thicker than the superior 

r im ,  but is th inner than the temporal rim;  the superior r im too is 

markedly thinner than the temporal rim .  The temporal r im should 

always be the smal lest. 

A less widely used sign of damage is to observe the circuml inear 

vessels. In approximately 50% of eyes, the c i rcuml inear vesse ls 

Figure 3. The inferior superior nasal temporal rule of the neuroretinal rim. 
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can be seen hugging the neuroretinal rim and exit into the macula. 

A gap between the vessel and the rim impl ies loss of rim (Figure 5) 

and is fairly specific for the detection of g laucomatous damage. 

Disc Haemorrhage 

A spl inter or flame-shaped haemorrhage at the border of the d isc 

is associated with RNFL defects, notches, and focal perimetric loss. 

Disc haemorrhage is rare in healthy eyes and has a low incidence 

(4% to 7%) in  patients with glaucoma.3 Despite the low sensitivity 

of d isc haemorrhage i n  g laucoma, it is extremely specific. Jonas 

and Xu suggested that unt i l  proved otherwise, all patients with 

g laucoma have an opt ic  d i sc hae morrhag e . 3  An opt ic  d i sc 

haemorrhage lasts for approximately 1 0  to 35 weeks and cl in icians 

need to check for optic disc haemorrhage in  al l  glaucoma suspects. 

Red-free fundus photography may be requ ired to detect subtle d isc 

haemorrhages. F igure 5 also shows a resolving d isc haemorrhage 

i nferiorly. 

Figure 4. The inferior superior nasal temporal rule is broken when the thickness 

of the inferior rim is less than the superior rim and the superior rim is less than 

the temporal rim. 
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Figure 5. The white arrow shows a normal circumlinear vessel. As the rim is 

lost, a gap emerges between the vessel and the rim (black arrows). Note the 

other sign next to the lower, thicker black arrow. 

---

/ 

Retinal Nerve Fibre Layer 

The RN F L  i s  best seen i nfer ior ly  rather  than super io r l y  as 

'bright-dark-bright' f ine striations as it fans out from the d isc to 

the periphery. RNFL defect is h igh ly specific for pathology s ince 

it is not observed in healthy eyes. Damage in the RNFL is present 

as a wedge or d iffuse defect i n  approx imate ly 20% of eyes 

with g laucoma. However, RN FL defect is also present i n  other  

pathological eye conditions such as drusen and ischaemia. 

D iffuse RNFL  defects are more d ifficult to detect than wedge 

defects. Susp ic ions shou ld  be raised when the i nfe r ior br ight 

striations are less visible than the superior area. Usual ly, the bright

dark-bright pattern wou ld  be lost with the area between the d isc 

and macula showing the same bright intensity as the superior and 

inferior arcuate. The vessels cou ld be seen more clearly in d iffuse 

defects. 

Local ised RNFL defects are important for early d iagnosis of 

glaucoma because patients often show field loss on follow-up and 

this al lows the cl in ic ians to detect preperimetric g laucoma. It is 

therefore appropriate to presume that a l l  patients with g laucoma 

and glaucoma suspects have an RNFL defect, as suggested by 

Jonas and Xu3 and cl inicians should attempt to detect the defect 

in these patients . RNFL defects can be seen on a s l i t  lamp or on 

red-free fundus photography (F igure 6) .  

Detection of Damage in Myopia 

Detection of g laucomatous damage in myopia is d ifficu lt and a 

h igh  index of susp ic ion is needed.  To avoid under-diagnosis of 

g laucoma in this group of patients, Jonas and Xu suggested that 

c l inic ians regard all patients with myopia as g laucoma suspects 

and critical ly assess them.3 

The Role of Imaging in Detecting Damage 

Imag ing techniques have been developed to improve the early 

detection of g laucomatous damage. For these technologies to be 

more sensitive than current c l inical techniques, they should detect 

a l l  early g laucomas in addition to moderate and severe d isease . 

However, cl inic ian assessment of imaging print-outs found that 

both their sensitivity and spec ific ity were far lower than 1 00% 

(Table 1 ) . 4  In  addition, these instruments have l im ited agreement 

for detection at a specificity of 90%.5 As many as 1 5% of patients 

with g laucoma were not d iagnosed as having the d isease by any 

of these 3 instruments shown in Table 1 .  

The Associat ion of International G laucoma Societies (AIGS) 

consensus concluded that the current l iterature does not provide 

the requis ite evidence to val idate any of these imaging instruments 

Figure 6. Retinal nerve fibre layer defects as seen on (a) slit lamp; and (b) red-free fundus photography. 
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Table 1 .  Sensitivity and specificity of current imaging techniques. 

Sensitivity 

Specificity 

Optical coherence 

tomography (%) 

76-79 
68-81 

Laser 

polarimetry (%) 

72-82 
56-82 

Heidelberg retinal 

tomography (%) 

64-75 
68-80 

for their widespread cl in ical use.6 These instruments have not been 

shown to be bette r than standard c l i n ical  testi ng or a d i lated 

examination from a trained cl in ic ian. For general ophthalmologists, 

there is a r isk of m is interpretation of the resu lts from imag ing 

instruments , part icu larly when these are used in  place of  opt ic 

d isc examination. However, in  the hands of an experienced cl inician 

who understands the strengths and l im itations of the instruments, 

information may be helpful in  many c l in ical situations. 

Conclusion 

Detection of damage in g laucoma shou ld be based on a com

bination of s igns. When the d isc looks suspicious, it is prudent to 

confirm the f ind ings with a v isua l  f ie ld exam ination or short

wavelength automated perimetry. If there is sti l l  doubt ,  c l in ic ians 

may want to request an independent second op i n i on and/or 

fol low up  the patients 6 months later for another examinat ion.  
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Every patient should have a comprehensive ophthalmic examination 

and that includes a d i lated stereobiomicroscopic exam ination of 

the optic d isc. 
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Glaucomatous progression can be detected by assessment 
of structure and function. However, the detection of 
progression is frequently complicated by the presence 
of long-term fluctuation. Test repetitions are often needed 
to identify real progression against the background 
'noise'. Several methods exist for the detection of visual 
field progression, all of which have specific advantages 
and disadvantages. Qualitative assessment using optic 
disc photography remains the mainstay for detecting 
progression. There is insufficient evidence for the use of 
quantitative assessment (imaging techniques) to detect 
progression but the results for some techniques have been 
encouragmg. 

Identify ing  g laucoma progression is probably one of the most 

visual f ie lds were retested because of conversion to g laucoma. 1  

Th is  study reported that more than 85% of i n it ia l  v isual  f ie ld 

defects were not confi rmed with retest ing .  Data from the same 

study show;ed that 66% of eyes that requ i red consecutive visual 

f ie ld test ing to confirm a defect had a subsequent normal visual 

f ie ld . 2  The authors concl uded that for a greater spec if ic ity and 

stabi l ity, a visual f ie ld POAG endpoint should be confirmed by at 

least 3 consecutive rel iable visual f ie ld test results. 

Another landmark study, the Advanced Glaucoma Intervention 

Study (AG IS} ,  investigated the worsen ing of v isual f ie ld and the 

least number of conf irming tests needed to identify progression 

of g laucomatous v isual  f ie ld defects . 3  There was considerable 

d iscrepancy in  the percentage of eyes identified as having visual 

field progression based on d ifferent numbers of confirmatory tests 

conducted .  The degree of variab i l ity was associated with severity 

of the d isease . The greater the change in  AGIS visual field score , 

the greater the number of confimatory retests were required. This 

study confirmed the need for test repetitions in order to reduce the 

number of false-positive results. 

A recent review by Giangiacomo et a l  found that the variable 

pattern of v isua l  f ie ld  defects are cons istent with long-term 

f luctuations in  test resu lts , particu larly i n  advanced g laucoma.4 

Several repetitions of the tests are needed to evaluatue long-term 

f l uctuat ion and to unde rstand the no ise aga inst wh i ch  real 

progression of the visual f ield can be properly identified . 

chal lenging tasks in the management of the d isease. It is of primary Methods of Detecting Visual Field 

importance because the earlier progression is detected, the greater Progression 

the l ike l ihood of treatment success. Both functional and structural To date, a widely accepted standard for evaluating v isual f ie ld 

assessments play an important role in  the detection of progression. progression is lacking .  Various randomised cl in ical tr ials have used 

Due to the nature of the disease, structural changes are more easily different criteria and methods for detecting visual field progression. 

detected in  the early stage, whi lst functional changes such as visual There are 4 common methods of evaluat ing the progression of 

field loss are more suitable for monitoring progression in  advanced visual f ie ld loss - subjective c l in ical judgement, c lassification 

d isease. systems, trend analysis or l inear regression, and event analys is .  

Visual Field Progression versus Long-term 

Fluctuation 

To identify v isual  f ie ld progress ion , the c l i n ic ian must identify 

changes that exceed long-term f luctuation for that patient, that 

are consistent with pr i mary open ang le g laucoma (POAG}, and 

correlate with optic d isc appearance. Disti ngu ish ing progression 

of visual f ie ld loss from long-term variabi l ity can be d ifficult and 

usually requ i res repeated exam inations. The retest rates can be 

higher in  patients with more advanced visual field loss. 

In  the Ocular Hypertension Treatment Study (OHTS) involvi ng 

more than 1 600 patients, more than 1 4 , 000  visual f ields were 

performed at 6-month fol low-up visits, and more than 500 of these 

1 2  

Subjective c l in ical j udgement is the most common,  f lex ib le ,  

and easy method but it i s  prone to errors and b ias .  As expected , 

large variations in consistency of judgements made by d ifferent 

eva luators and over t ime are inevitab le .  Th is method was used 

in the Col laborative Normal -Tension Glaucoma Study (CNTGS}5 

in which suspected progression had to be confirmed by 4 of 6 

subsequent follow-up visits to distinguish from long-term variations. 

C lassif icat ion systems are usefu l  for i nd i cat ing  d iffe rent 

severities of visual f ie ld damage. They are easy to use because a 

s ing le val ue can often describe the entire visual f ie ld .  However, 

they are not necessari ly l inear; the d ifference between grades 1 

and 2 may not be the same as between grades 3 and 4. Moreover, 

classification systems are not derived from popu lation statistics 
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but are often determ ined by expert opinion or subjective decision 

criteria. Classifi cation systems have been used in  AGIS and the 

Collaborative In itial G laucoma Treatment Study (CIGTS) .6  

Linear regression techn iques examine changes as a function 

of time. These techniques are appl icable to either visual field ind ices 

or individual locations. A visual field is regarded as progressing if it 

had a point that exh ibited a statistically sign ificant slope of -1 dB 

per year. Th is is an objective quantitative method but its main 

d isadvantage is that i t  requ i res many visual f ields to be analysed 

to ach ieve good performances .  In genera l ,  it provi des good 

sensitivity and specificity when 1 0  f ie lds are evaluated. 

Event analysis compares fo l low-up visual fields with basel ine 

on a point-by-point basis using g laucoma change probabi l ity 

(GCP) . In GCP, changes at each test location are calculated and 

compared with a series of fields from a group of stable g laucoma 

eyes. Changes that are greater than the long-term fluctuations are 

denoted as open triangles, ind icating an improvement in the test 

location,  or closed triangles, ind icating a worsening in the location 

(Figure 1 ). I n  addition to sensitivity, the GCP takes into account the 

i ncrease in  variabi l ity at more peri pheral eccentricities. The GCP 

pattern of variab i l i ty was used in  the Early Man ifest Glaucoma 

Trial (EMGT).7 

Comparison of Methods for Detecting 

Visual Field Progression 

Boden et al compared 3 progression criteria - GCP us ing total 

deviation and pattern deviation p lots and c l in ical criteria - to 

determine typical patterns of repeatable g laucomatous visual f ield 

progression .8  Al l  eyes progressed by a deepening or an expansion 

of existing scotoma but a modest agreement was found.  In a study 

by Nour i -Mahdavi et al, po intwise l i near regress ion (PLR) was 

compared with the AGIS method and GCP analysis.9 Progression 

detected by PLR, GCP analysis, and the AGIS method at 8 years 

was 35% , 3 1  % ,  and 2 2 % ,  respect ive ly .  PLR ( PROGRESSOR 

software) was  compared with c l i n ical j udgement of  standard 

H u m phrey pr i ntouts i n  a study by the Moorf ie lds  I nstitute of 

Ophtha lmology. 1 0  This study revealed an inconsistency between 

c l i n i ca l  j u dgement and v isua l  f i e l d  prog ress i on  status .  The 

agreement between c l i n i c ians was substantia l ly  h igher  when 

PROGRESSOR software was used to interpret the v isual  f ie lds 

compared with interpretation using Humphrey printouts. 

Us ing the same longitudinal  dataset from large prospective 

stud ies, Katz et al have shown that d ifferent rates of visual f ie ld 

progression can be obtained depending on the methods used for 

analys is . 1 1  A comparison of methods used in AGIS, C IGTS, and 

EMGT demonstrated that rates of progression could vary by a factor 

of 2 or more depending on the criteria used. 
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Alternative Perimetry for Detecting 

Glaucoma Progression 

The role of a l ternative per imetry such as frequency doub l i ng  

thresho ld  ( FDT) per imetry and b l ue -on-ye l l ow per im e try for 

detecti ng g laucoma progression i s  not we l l  stud ied  to date .  

Among the few longitudinal studies avai lab le ,  it seems that both 

techniques might be sensitive for detecting early progression of 

the d isease. 1 2 1 3  More research is requ i red to understand its role in  

advanced d isease. 

Qualitative Assessment of Glaucoma 

Progression 

Apart from visual f ie ld tests, the mainstay of detecting g laucoma 

progression is by assessment of the optic nerve head and retinal 

nerve fibre layer (RNFL). Optic nerve head photography is widely 

used in current practice although prom is ing new techn iques are 

becoming more common in  cl inics. Optic nerve head photography 

can be monoscopic ,  sequential stereoscop ic ,  and s imu ltaneous 

stereoscopic. S imultaneous stereoscopic photography is preferable 

because it al lows better estimation to be made. Stereochronoscopy 

and f l i ckerchronoscopy have been i n troduced to s imp l ify the 

process of identification of progression, whi le some new techniques 

perm i t  the viewing of stereophotographs in 3 d imensions d i rectly 

on the computer screen. 

The reproduc ib i l ity of qua l itative assessmen t  has been 

examined .  The opt ic  d isc reading centre (ODRC) for  OHTS was 

eval uated for agreement of repeat grad i ngs  and sens it iv ity 

and specif ic ity of progression. 1 4  The ODRC was found to have a 

specific ity of 98% to 1 00% with a sensitivity of 64% to 81 %. The 

test-retest agreement in OHTS was good over 5 years. 

Quantitative Assessment of Glaucoma 

Progression 

Quantitative assessment of g laucoma progression usual ly refers 

to the use of automated imaging devices such as scanning laser 

tomography (SLT), scann ing laser polar imetry (SLP), and optical 

coherence tomography (OCT). Currently, the c l in ical role of plan i 

metry is l im ited due to  h igh rates of  variation between observers. 

The abi l i ty to discriminate between healthy eyes and those with 

glaucoma and good measurement reproducib i l ity makes SLT a good 

candidate for progression detection.  With SLT, progression may be 

identified with an event or trend analysis. In  a study by Chauhan 

et al, the thresho ld of SLT was determined w i th an analysis of 

the variance to quantify the variabi l ity of 3 measurements within 

one session . 1 5  Th is techn ique was tested long itud ina l ly  versus 

visual field progression. The results suggested that SLT has a high 

sensitivity and specificity. 
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Detecting Change in Damage 

Figure 1 .  An example of glaucoma change probability evaluation. 

& L h U C O � A  C H A H G E  P�DBRB Z L � T Y 

1 4  

NAME 

11 11n 1fimte ,mt mm 
!!tl 

Ill 

: r  

!I� . J  
• I  

• 

1&1 1�� 
ili\I tl!'Itll .it 

al!' -� 
<-2 
.] 

• � !fli!lltlbE ..... 
nfif�li -!! 

'4 
·7' 

R :X: 16i H T  
GJ t 11<tl4t:Jf;ff1' 031 --e l -Zil 

. . . I :.11 1¥1-i �.+,f,,j, 'I. I I i  1 1 1 1 1  

-. - - - rm 

-· """" 

.t � 

"" 

I 

··· · 11:1J  � 
I� 

It ;, IHISiBI 
llU...liliL.'t'I 

• 
I I 

-11 -l' -II 
.a .. .. � 

l j 
]1 .� 31 

t 
� 

11 
..31 
t 
i 
l 

·Ji 

,.,Q1 
-11 
�Ml 
�· 
-n 

D Sl.llPG tuliitdlT (P' � W 
Ill 111i!Jl:lt I - j'Jii � ·IR iilmlt tilt �cm;.;, 

II@ � 
i I 

-1 I -l 
1�1 -Ii i 

J ,;,z I 
a .z ., 

1! 

.A 
� 

Gl....R lictll!IR 
A Pil: � .tlb  :li"tY 

A 11 

l. ;, ii\;, 
... "" • 

-- ----

5 ,  ,j 51 tl 
11J1 1tlf!U; 

- 1.!I' � . liii 1mll11Hll 

Asian J Ophthalmol. 2006 Val 8 No 6 Supplement 4 



Structure versus Function in the Detection 

of Glaucoma Progression 

Artes and Chauhan studied the relat ionship between visual f ie ld 

changes (measured by standard automated perimetry and h igh

pass resolut ion per imetry) and optic d isc structural changes 

(measured by SLT) in  g laucoma.16 SLT and perimetry showed poor 

agreement and the study concluded that both techniques assessing 

function and structure are needed to detect progression. 

There are l im ited data on SLP and OCT. In  a smal l  study by 

Boehm et al , RNFL changes in  the eyes of patients with glaucoma 

and optic d isc haemorrhage using scanning laser polarimetry (SLP) 

were compared with those noted on peri metry. 1 7  No s ign ificant 

change in  SLP image was found ,  even in the 59% of eyes that 

progressed . Further research is needed to determine the ro le of 

SLP in  the detection of progression. On the other hand , in  a study 

comparing OCT with automated perimetry, OCT was found to have 

a g reater l i ke l i hood of i dentify ing p rogression than per imetry 

(22% versus 9%) . 1 8  However, the study results should be interpreted 

with caution as they might reflect a hypersensitivity of OCT. 

Conclusion 

Both function and structure assessments are needed to detect 

progression. Repeated tests may reduce the ' effect' of long-term 

fluctuation and help to identify progression . Trend analyses seem 

to be promising and alternative perimetry such as short-wavelength 

automated perimetry and FDT are l i kely to help in future, but more 

research is needed to confi rm their ro le .  Results from the OHTS 

i nd icated that optic d isc photography is necessary to detect 

progression. Quantitative imaging devices may become necessary 

in the near future. 
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Cost-effectiveness of Glaucoma Medical Therapy 

Abstract 

Rossn1111 Ro1111111i 
A lle1g111 1  A 11stmli11 Pty Ltd 

Sydney, A11stm/in 

Cost-effectiveness ratio is used to compare the costs of 
treatments that have different rates of efficacy on a 
predefined outcome. Cost-effectiveness can be defined as 
cost per treatment success. However, the success of a 
treatment is influenced by several factors such as patients' 
persistency and compliance. Current evidence indicates 
that persistency is equivalent among prostaglandin 
derivatives. The difference lies in the cost-effectiveness of 
these agents, for which bimatoprost has been shown in 
several large pharmacoeconomic analyses to have a lower 
cost per treatment success than other prostaglandins and 
/3-blockers. 

When assessing the val ue of an ocular medication,  several factors 

that w i l l  contribute to the overall success of a treatment should 

be considered .  Cost-effectiveness is an important factor i n  the 

management of a d isease but is not the primary factor. The efficacy 

of the med ication and persistency of patients in ref i l l i ng  the pre

scription are al l i nterl inked for treatment success. 

Figure 1 .  Mean number days for which medication was avai lable for 

bimatoprost, latanoprost, and travoprost. 

* p s 0 .05 for bimatoprost versus latanoprost. 
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Persistency with Glaucoma Therapy 

The success of pharmacolog ic therapy for g laucoma is h igh ly  

dependent on pati ents' persistency i n  f i l l ing the i r  prescr iptions 

and compl iance in  taking their med ications as d i rected . '  Stud ies 

of persistency among patients with g laucoma have main ly been 

based on retrospective analysis of pharmacy claims data. Older 

data revealed a very low overall 1 -year persistency (::;33%) across 

all med ications. 1-3 However, these studies had multiple l im itations 

such as inclusion of smal l  sample sizes and no consideration for 

d ifferent bottle s izes. 

The most recent study by Wi lensky et al that evaluated a large 

patient sample receiving b imatoprost, latanoprost, and travoprost 

showed that approx imately 70% of patients persisted for 1 year 

across all medications.4 The study used the IMS Health Lifelink,  

a USA employer-based database covering approximately 1 .8 mi l l ion 

people, to measure persistency for the 3 prostaglandin derivatives. 

Persistency was found to be equ ivalent among a l l  3 derivatives. 

A comparison of the mean number of days for which patients had 

med ication ava i lab le  for use suggests a better adherence with 

bimatoprost than with latanoprost (Figure 1 ) .  

Cost-effectiveness Comparisons of 

Glaucoma Medications 

Cost-effectiveness is defined as cost per treatment success, which 

can be calcu lated by div id ing the cost of treatment by a measure 

of effectiveness. This a l lows for comparisons of treatment with 

Figure 2. Treatment and cost-effectiveness model. 

Adjunctive therapy 
20% intraocular 

pressure-lowering 
not achieved; 

medication added 

Start (long visit) , 

L 
Month 1 (short visit) 

I Month 2 (short visit) 

I 
Monotherapy 
20% intraocular 
pressure-lowering 

Month 4 (short visit) Month 9-1 2  (short visit) 

Month 6 (short visit) 

Month 1 2  (short visit) 
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Table 1 .  Calculation of estimated annual costs per patient. 

Outcome 

20% intraocular pressure 

reduction reached at month 3 

20% intraocular pressure 

reduction not reached at month 3 

Cost included 

1 2  months cost of monotherapy 

plus 4 cl in ic visits 

1 2  months cost of monotherapy 

plus 9 months of adjunctive 

medication plus 6 cl inic visits 

Figure 3. Annual cost of bimatoprost and latanoprost per patient. Adjusted 

cost was estimated after the rate of discontinuations for adverse events 

subtracted from clinical success rate. 

d iffe rent success rates. For examp le ,  us ing  20% intraocu lar  

pressure ( I O P) reduct ion  as the endpo i nt ,  F isce l l a  and Walt 

compared the cost-effectiveness of b imatoprost with that of 

latanoprost after 6 months' treatment of glaucoma and ocular 

hypertension (Figure 2) . 5  

The average annual cost per patient represents a weighted 

average of the cost of treatment with monotherapy for 1 2  months, 

adju nctive med icat ions for 9 months ( if I O P  target was not 

reached at month 3) and cost of c l in ic visits (Table 1 ) . The costs 

were extrapo lated from a 6-month random ised tr ia l6 with the 

assumption that adjunctive therapy and more vis its to ophthal

mologists were requ i red for patients who fai led to achieve 20% 

IOP reduction at month 3. 

The strength of this study stems from the design and analysis 

of the model that m in im ised potential b ias in  the estimation of 

cost-effectiveness ratios. This included determination of efficacy 

rates measured at 3 dai ly t ime points (8 am, 1 2  noon, and 4 pm), 

and adjustment of c l i n i ca l  success rates for pat ients who 

d iscontinued treatment due to adverse events. The results showed 

that bimatoprost is more cost-effective than latanoprost (Figure 3) . 

Another pub l ished cost-effectiveness analysis by Goldberg 

and Walt compared b imatoprost with latanoprost and t imolo l . 7  

Efficacy data were extracted from randomised control led c l in ical 

comparison stud ies rang ing from 3 months to 1 year in  duration. 
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Romani 

Figure 4. Cost per treatment success (target intraocular pressure; IOP) of 

bimatoprost compared with latanoprost, timolol, and fixed combination timolol/ 

dorzolamide. 
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The cost of medication was based on average wholesale costs in  

2003 and with the assumption that 1 bottle denotes 1 month's 

supp ly. The endpoint for treatment success was determined by 

the ach ievement of target IOP in the midd le of the day ( 1 0 am or 

1 2  noon). 

Cost-effectiveness was evaluated using the average annual 

cost of treatment (weighted by the percentage of patients who 

met and d id  not meet the target pressure at month 3) d iv ided 

by the percentage of patients who ach ieved the target IOP in the 
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Figure 5. Annual  cost per patient for b imatoprost versus latanoprost 

monotherapy. 

longest trial avai lab le .  The results found a h igher percentage of 

patients achieved target IOPs with b imatoprost than with each of 

the other  med icat ions .  At most target pressures, the cost per 

treatment success for b imatoprost was less than that for other 

drugs (Figure 4) . 

The average annua l  cost of treatment for patients start ing  

with  b i m atoprost m onotherapy com pared with latanoprost 

monotherapy was also assessed. The ca lcu lat ion was s im i lar  

to that used in  the analysis by Fiscel la and Walt (Table 1 ) . 5  Again ,  

the cost of in it iat ing b imatoprost monotherapy was consistently 

lower than that of l atanoprost monotherapy across all target 

pressures (Figure 5) .  

1 8  

Conclusion 

B i matoprost has a lower cost per  treatm ent  success than  

latanoprost, t imo lo l ,  or f i xed combi nati on t imolo l/dorzolamide .  

B imatoprost is the most cost-effective treatment to reduce IOP in  

g laucoma and ocu lar hypertens ion .  The cost-effectiveness of 

b imatoprost is driven by its !OP- lowering efficacy. 
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Giving More with Less: Keys to Long-term Success 

Abstract 

Joseph Ca prioli 
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Treatment of raised intraocular pressure by setting a target 
pressure is undoubtedly effective against glaucomatous 
damage and disease progression. However, the current 
definition of target pressure has its limitations due to an 
incomplete knowledge of the disease. A new concept of 
target pressure that includes a quality component in 
addition to quantitative measure has been proposed. It is 
suggested that target pressure should be kept constant to 
avoid long-term fluctuation, which is detrimental to the 
disease. The prostaglandin derivatives have robust effects 
on intraocular pressure and the approach of switching 
from latanoprost to bimatoprost has resulted in clinically 
useful reduction in intraocular pressure. Switching rather 
than adding prostaglandin derivatives is encouraged, to 
maximise treatment adherence. 

Numerous major trials have demonstrated the benefits of reducing 

i ntraocu la r  pressure ( I OP) for i m prov i ng pat ient  outcomes .  

Aggressive IOP reduction by  30% resulted in a reduced visual field 

progression from 30% to 1 0% i n  the Normal-Tension G laucoma 

Study (NTGS) . 1  In early d isease, treatm ent of IOP reduced the 

r isk of developing damage from 1 0% to 5% over 5 years in  the 

Ocu lar  Hypertens ion Treatment Study.2 I n  the Early Man ifest 

G laucoma Tria l  (EMGT} , g laucomatous progression of patients 

with intermed iate d isease was reduced from 62% to 45% with 

treatment.3 A quasi-dose-dependent relat ionsh ip  between the 

frequency of ach ieving an IOP target and progression has been 

shown in the Advanced Glaucoma Intervention Study (AGIS}.4 A post

hoc analys is of AG IS revealed that IOP  f l uctuati ons measured 

between c l i n ic  v is its over a long durat ion may be important in 

progress ion ,  i n  addition to the mean IOP. 5 These f ind ings have 

impl ications for the general concept of 'target pressure ' .  

nerve damage in  an  ind ividual with g laucoma.6 The characteristics 

of target pressure are that it is an estimate that provides a goal for 

protecting the optic nerve, and that it may vary among individuals 

and throughout the course of d isease for an ind iv idual . However, 

there is no defin itive way of determining the IOP below which optic 

nerve damage wi l l  be slowed. In addition, some patients may have 

a pressure-i ndependent component of damage. If a variable target 

IOP is set in response to the course of disease, there is no evidence 

that it is effective in preventing progression and damage. 

New Concept of Target Pressure 

Target pressure should be defi ned not just quantitatively but also 

qual itat ively. I nstead of us ing the term ' I OP  reduction ' ,  a new 

concept of ' IOP  modulation '  has emerged. A proposed notion for 

target pressure is to set a low target of 1 0  to 1 2  mm Hg to min i

mise the r isk of progression and max im ise the treatment effect. 

Addit ional ly, there should be a qual ity component added to th is 

target pressure .  One should a im to ach ieve a cons istent IOP  

reduction by  targeting a constant IOP  o f  less than 3 mm Hg standard 

deviation. This component avoids long-term IOP fluctuation, which 

has been shown to be a negative prognostic factor for g laucoma.5 

Effects of Prostaglandins in lntraocular 

Pressure Reduction 

A retrospective comparison of i ntra-class prostaglandins conversion 

from latanoprost to bimatoprost was recently publ ished. 7 This study 

evaluated more than 43,000 patients from a nationwide health 

maintenance organ isation in  the USA, where a closed formulary 

change led to conversion from latanoprost to b imatoprost for all 

patients tak ing prostag landins .  The purpose of the study was to 

assess the feas ib i l ity of conversion and to compare the efficacy of 

2 prostaglandin derivatives. 

1 5 , 1 34 patients were switched from latanoprost to bimatoprost 

and IOP  data from 309 of these patients were analysed . Th is  

subgroup analysis revealed a statistically significant mean reduction 

of 0 .51 mm Hg in IOP (p = 0.001 ) and 1 3% of patients had an IOP 

reduction of more than 3 mm Hg.  These results may have cl in ical 

s ign ificance as the EMGT showed that even small d ifferences in 

IOP may contribute to an improved c l in ical outcome in  the long 

term.3 Overal l ,  90% of patients continued to take bimatoprost while 

Characteristics and Limitations of Target 1 0% switched back to latanoprost because of intolerance. 

Pressure More importantly, apart from a modest reduction in the mean 

Accord ing to the American Academy of Ophthalmology, the target IOP in the subgroup analysis, IOP changes with in individual patients 

pressure is an IOP range deemed un l i kely to cause further optic were evaluated by studying the d istribution of patients who had a 

Asian J Ophthalmol. 2006 Val 8 No 6 Supplement 4 1 9  



Giving More with Less 

Figure 1 .  Frequency distribution in patients with (a) lower intraocular pressure; and (b) higher intraocular pressure after the switch from latanoprost to bimatoprost. 

From Law SK, Song BJ, Fang E, Caprioli J Feasibil ity and efficacy of a mass switch from latanoprost to bimatoprost in glaucoma patients in a prepaid Health Maintenance 

Organization. Ophthalmology. 2005 ; 1 1 2 :21 23-30. Reprinted with permission. Copyright 2005, Elsevier, Inc. 
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resultant lower or h igher IOP after the switch in therapy (Figure 1 ). 

The difference between the distribution of lower versus h igher IOP 

was statistical ly s ign ificant in  favour of lower IOP 

In  summary, the conversion from latanoprost to b imatoprost 

was successful due to a h igh switch rate and a h igh percentage of 

patients conti n u i ng  to use b imatoprost. In add it ion , a usefu l 

proportion of patients who switched had a c l i n ica l ly s ign ificant 

reduction of IOP. 

Conclusion 

It is wel l  known that treatment of IOP is effective in preventi ng 

progression of  g laucomatous damage. A low in itial target IOP and 

aggressive treatment to maintai n that target is needed,  wh i le  

reducing long-term IOP fluctuation. Fluctuations cou ld  be physio

logical, pathological , or due to poor compl iance. It m ight be useful 

to study the degree and pattern of IOP fluctuation to properly assess 

treatment effects and progression .  Prostag landins p lay' a central 

role due to their long duration of action and robust effects on IOP. 

To aid patients' adherence to treatment, it is important to l im it the 

number and doses of medic ines by practising switching medications 

before adding more medications. 
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Giving More with Less: Control of lntraocular Pressure 
Reduction and Circadian lntraocular Pressure 

Abstract 

Luca Rossetti 
University of Milan 
Milan, Italy 

The control of 24-hour intraocular pressure beyond daytime 
intraocular pressure seen in the clinics is often over
looked. Research has documented considerable circadian 
fluctuation of IOP, particularly during the night. Thus, 
treatments that achieve 24-hour intraocular pressure control 
should be preferentially chosen. Target intraocular pressure 
from landmark studies is applicable to various types of 
patients in clinical practice. A difference of 1 mm Hg in 
intraocular pressure could have significant implications for 
risk of progression or damage. The efficacy of bimatoprost 
compared favourably with other prostaglandins and the 
fixed-dose latanoprost/timolol combination. 

The diagnosis and treatment of g laucoma have always been based 

on the measurements of intraocular pressure (IOP) during the 'office 

hours '  window at the c l in ics. Any f luctuations of IOP  dur ing the 

Figure 1. 24-hour intraocular pressure readings for latanoprost, travoprost, 

and bimatoprost. 

From Orzalesi N, Rossetti L, Bottol i  A, Fogagnolo P. Comparison of the effects of 

latanoprost, travoprost, and bimatoprost on circadian intraocular pressure in patients 

with glaucoma or ocular hypertension. Ophthalmology. 2006;1 1 3:239-46. Reprinted 

with permission. Copyright 2006, Elsevier, Inc. 
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n ight have not general ly been considered . However, fluctuation of Approaches to Achieve Target lntraocular 

IOP  is important and the 24-hour IOP  is a potent ia l ly important Pressure 

risk factor for g laucoma. Although c i rcadian IOP fluctuation during The target IOP used in various landmark trials of different types of 

the day is typ ical  for patients with g laucoma as wel l  as healthy g laucoma i s  a usefu l g u ide  for determ in ing  the extent of IOP  

people,  1 considerable c i rcadian fl uctuation o f  24-hour IOP was reduction needed for a particular type of patient (Table 1 ) . In Europe, 

found in  one study, with 60% of treated patients having a 24-hour the cu rrent practice is to start with a �-blocker such as timolo l ,  

IOP fluctuation >5 mm Hg. 2  and switch to a prostaglandin when the IOP reduction with timolol 

Effects of Medical Treatment on 24-hour 

lntraocular Pressure 

The importance of maintain ing 24-hour IOP prompted researchers 

to examine the effects of medical therapy on IOP control beyond 

daytime measurements. The �-blocker timolol was found to have 

no effect on nocturnal IOP despite being effective in reducing d iurnal 

IOP.3 A randomised double-masked crossover study compared the 

24-hour IOP reduction of latanoprost, travoprost, and bimatoprost.4 

Al l 3 medications were found to be equal ly effective in reducing 

24-hour IOP (Figure 1 ) .  

Asian J Ophthalmal. 2006 Vol 8 No 6 Supplement 4 

is not suffi c i ent .  The Eu ropean G laucoma Soc iety gu i de l i nes 

recom mend switch i ng  to another d rug  when monotherapy is 

not effect ive . 1 0  The reason for advocat ing  a switch is 2 -fo ld .  

Fi rstly, an  i nd iv idual  patient may respond d ifferently to  d ifferent 

prostag land ins .  Second ly, the d i fferent prostag land ins do not 

necessari ly act in the same way. 

In a pooled estimate of efficacy of bimatoprost compared with 

other prostag land ins in more than 1 OOO patients, b imatoprost 

was shown to be more effective than other prostag land ins by 

0.6 to 1 . 2 mm Hg  (p < 0.00001 ) . 1 1  The approxi mate 1 mm Hg 

d ifference i n  efficacy is comparable to a 1 0% r isk reduction ,  a 

2 1  



Circadian lntraocular Pressure in 
Glaucoma 

Table 1. Target intraocular pressures (IOPs) in landmark trials. 

Study 

Ocular Hypertension Treatment Study' 

Collaborative Normal-Tension Glaucoma Study6 

Early Manifest Glaucoma Trial' 

Collaborative Initial Glaucoma Treatment Study8 
Advanced Glaucoma Intervention Study' 

Patient type 

Ocular hypertension 

Normal tension glaucoma 

Early glaucoma 

Early glaucoma 
Advanced glaucoma 

IOP reduction Outcome 

20% 54% reduction of progression versus 

the untreated group 

30% 3 times less progression (from 60% to 20%) 

25% 45% progression 

35% to 48% No progression 
Mean intraocular pressure of No progression 

1 2 .3 mm Hg and intraocular 

pressure always <18 mm Hg 

derived estimate based on the evidence from the landmark studies medical  treatment, and when evaluati ng evidence from c l in ical 

l i sted in Table 1 .  trials. Switching rather than adding a second drug is recommended 

when monotherapy fai ls .  Bimatoprost has demonstrated superiority 

Bimatoprost versus Fixed-dose 

Combination Treatment 

One of the most frequently prescribed f ixed-dose combination 

medications is latanoprost/timolol (LTFC) . However, the efficacy of 

fixed versus unfixed combinations is sti l l  debated and there is no 

data on the effects of switching from LTFC to bimatoprost. Thus, a 

random ised doub le- masked m u lt icentre European study was 

conducted to compare the 24-hour average IOP after b imatoprost 

and LTFC after 1 2  weeks. 

The study evaluated 200 patients with either primary open angle 

g laucoma (POAG) or ocular hypertension whose glaucoma was 

well-control led ( IOP <22 mm Hg) with the unfixed combination of 

latanoprost and timolol for at least 3 months prior to the basel ine 

visit, or who were receiving monotherapy with either latanoprost 

or timolol and who were el ig ible for dual therapy due to uncontrolled 

IOP >21 mm Hg. Patients receiving monotherapy underwent a 6 -

week washout period with the unfixed combination of latanoprost 

and timolol . 

The study hypothesised that bimatoprost is not inferior to LTFC 

for lowering IOP. Inferiority was defi ned as more than a 1 mm Hg 

difference in  IOP. The analysis of covariance model was used for 

the pr i mary efficacy var iab l e .  At study endpo int ,  the agents 

showed l ittl e  d iffe rence (<1  mm Hg )  in 24-hour  I O P  profi l e .  

B imatoprost demonstrated a trend towards greater IOP reduction 

than LTFC but the d ifferences were not statistical ly s ign ificant. 

The study concluded that b imatoprost is as effective as LTFC for 

control l ing IOP. The medications showed s imi lar safety profiles and 

no increase in hyperaemia was noted after the switch to bimatoprost. 

Conclusion 

Greater awareness should be g iven to the 24-hour IOP profi le of 

patients with glaucoma, particularly when determin ing appropriate 
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to other prostag landins in  a meta-analysis and is as effective as 

LTFC in  lowering IOP of patients with POAG or ocu lar hypertension. 
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Case Study - Reducing lntraocular Pressure Fluctuation 

Abstract 
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Bangkok, Thailand 

A 48-year-old man presented with suspicion of glaucoma 
based on optic nerve changes. At presentation, his intra
ocular pressure was 20 mm Hg and baseline visual field 
was normal. After 3 years of regular follow-up, the patient 
presented to the emergency department with intraocular 
pressures of 28 mm Hg in the right eye and 24 mm Hg 
in the left eye. After a single-eye trial, bimatoprost was 
prescribed for both eyes. To date, the intraocular pressure 
has remained controlled at 15  to 1 6  mm Hg with stable 
optic disc and visual field examinations. 

Table 1 .  lntraocular pressure (IOP) measurements for 3 years. 

Year IOP level (mm Hg) Time of visit 

1 998 1 9  4:00 pm 

1 999 1 9  3:00 pm 

1 999 1 8  3:30 pm 

2000 1 8  (right eye), 20 (left eye) 4.30 pm 

2000 21 3:00 pm 

2001 1 8  4:30 pm 

2001 23 1 1 :00 am 

was 20 mm Hg. His basel ine visual field was normal. The patient 

was observed for several years with 6-month fol low-up for IOP 

measurement  (Tab le  1 ) .  D u r i n g  fo l l ow- u p ,  the  pat i ent was 

almost always seen in  the afternoon after work. The IOP was in 

the range of 1 8  to 2 1  mm Hg, except for 1 occasion when the 

measurement took place in the morn ing ;  h is IOP was 23 mm Hg. 

The patient also underwent annual exam ination of visual f ie ld ,  

which had s ince remained normal .  

In  200 1 , Humphrey v isual f ie ld test ing showed a local ised 

visual fi e ld loss of h is left eye with normal r ight v isual f ie ld .  He 

was started on t imo lo l  ophtha l m ic ge l  form ing  so lut ion once 

In  1 998, a 48-year-old man was referred for suspic ion of g lau- da i ly  i n  the morn ing .  Subsequent 1 - , 3 - ,  and 6-month fo l low-up 

coma based on opt ic nerve changes. The patient had no fam i l y  showed a stable IOP  rang ing from 1 7  to  1 8  mm Hg in  the  r ight 

h istory of g laucoma and his past medical  h istory was good . His eye and 1 5  to 1 6  mm Hg  i n  the l eft eye. Agai n ,  the fo l low-up 

ocu lar  exam ination was normal except for changes in  the optic was conducted in  the afternoon. In 2001 , the patient presented 

nerves (F igure 1 ) .  At presentation, his i ntraocular pressure ( IOP) to the emergency department at 7 :30  am due  to eye i rritation 

Figure 1 .  Disc photographs of (a) the right eye; and (b) the left eye in 1 998. In the right eye, the rim is thin but intact inferiorly and in the left eye, the rim is thin 

but intact. 
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lntraocular Pressure Fluctuation 

Figure 2. Disc photographs of (a) the right eye; and (b) the left eye in 2001 . In the right eye, there was probably more thinning at 7 o'clock and there was a superior 

temporal notch at 1 o'clock in the left eye. 

and possib le  fore ign body. H is  IOP  was found to be 28 mm Hg  

in  the right eye and  24 mm Hg in  the left eye, so  he was referred 

to the G laucoma Service for evaluation .  Stereodisc photographs 

showed probable optic nerve changes (F igure 2) but the v isual 

f ields were unchanged from basel ine .  

The pat ient 's d i u rna l  tests revealed IOP fl uctuations with 

very h igh  IOP in  the ear ly morning (Table 2) .  H i s  nocturnal I OP  

was not known . Based on the  d i u rnal resu lts, t he  pat ient was 

switched to b imatoprost once dai ly in the left eye. The South East 

Asia Glaucoma Interest Group Gu idel ines recommend a 1 -eye trial 

for new medication to evaluate the effectiveness of the medication 

in a particu lar patient . 1  However, this patient returned with hyper

aemia in the l eft eye. The symptom was effectively rel ieved by 

admin istration of artificial tears. 

The d iurnal IOP testing was repeated 3 weeks after the com

mencement of bimatoprost. The IOP of the left eye was reduced to 

Table 2. Diurnal intraocular pressure levels. 

Right eye Left eye Time Comments 

(mm Hg) (mm Hg) 

26 24 8:00 am Pre-dosing 

2 1  19  1 0:00 am Peak 

1 9  1 8  4:00 pm 

24 

1 5  mm Hg. Although abnormal ity in the right eye was not detected 

by white-on-white perimetry, frequency doubling threshold perimetry 

revealed h ints of early structural changes in the right eye and con

firmed pronounced visual field loss in  the left eye. Bimatoprost was 

in itiated in both eyes and follow-up visits were scheduled at d ifferent 

times of the day. To date, the patient's IOP has remained control led 

at 1 5  to 1 6  mm Hg with stable d isc and visual field examination. 

Conclusion 

I O P  red u ct ion  is i m portant to i m prove pati ents '  outco mes .  

Pharmacotherapy should be in itiated at  an  appropriate ti me and, 

when it fai ls ,  it is important to switch to another medication instead 

of adding a second med ication .  Adverse effects may sometimes 

be confounded by concurrent dry eye cond itions and the use of 

artif icial tears can be he lpfu l .  C l i n ic ians should be aware of the 

i nfluence of d i urnal variation on the abi l ity to detect e levated IOP. 

Achieving consistently low i nter-visit IOPs should be one of the 

aims of treatment. 
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Switch versus Add 

Abstract 
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Many pharmacological agents in different drug classes 
are now available for the medical treatment of glaucoma. 
When initial pharmacotherapy Jails to reduce intraocular 
pressure, it is recommended that the initial agent is 
switched to a substitute rather than adding a second 
medication. Substitutions can be made from a different 
drug class or within the same drug class. It is appropriate 
to switch within the same drug class when the likelihood 
of improvement in efficacy, tolerability and/or compliance 
can be envisaged. 

Many pharmaco log ica l  agents i n  d i fferent d rug  c lasses are 

now avai lab le  for the med ica l  treatment of g laucoma.  When 

i n itial pharmacotherapy fails to reduce intraocular pressure ( IOP) ,  

c l in icians tend to add a second agent. However, i t  is recommended 

Figure 1. The effects of bimatoprost on intraocular pressure of patients who 

do not respond to latanoprost. 
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Table 1. Weighted mean intraocular pressure reduction of timolol and pro

staglandin derivatives. 

Agent 

Timolol 

Latanoprost 

Travoprost 

Bimatoprost 

Weighted mean intraocular pressure reduction (%) 

22.2 
26.7 
28.7 
30.3 

that the i n it ia l  agent is switched to a substitute in cases of 

inadequate pressure control or for patients who do not respond. 

Substitutions can be made from a different drug class or within the 

same class. The rationale for switching pharmacotherapy is 3-fold :  

to achieve greater efficacy; to avoid adverse effects; and to improve 

compl iance. 

There is a general  consensus that prostag land in analogues 

and prostam ides are the most efficacious drug class among the 

g laucoma medications in  cu rrent use. Prostag land in  derivatives 

control IOP  un iformly throughout the 24-hour cycle with a good 

safety profi le, while providing the convenience of once-dai ly dosing. 

Stud ies comparing the efficacy of agents within this drug class 

have been conducted . An analyt ic review of 42 tr ia ls involv ing 

9295 patients with pri mary open angle g laucoma evaluated the 

!OP- lowering effect of b imatoprost, latanoprost, and travoprost.1 

The prostamide b imatoprost seemed to be most efficac ious in 

terms of IOP reduction (Table 1 )  and achievement of various target 

IOP levels. There were no sign ificant differences between the drugs 

in  the incidence of adverse effects. 

Pharmaco log ica l ly d ifferent from prostag land in analogues, 

bimatoprost, being a prostamide, was postulated to act on a d ifferent 

receptor than prostaglandin analogues. This hypothesis may offer 

an explanation for the effectiveness of b imatoprost observed in  

patients who do not respond to latanoprost treatment (Figure 1 ) . 2  

Conclusion 

It is appropriate to switch within the same drug class, such as 

switch ing from prostag landin analogues to a prostamide,  when 

the l i ke l ihood of improvement in efficacy, adverse effects, and/ 

or comp l iance can be env isaged .  The dec is ion  of switch i ng  

pharmacotherapy should be evidence-based and  ind iv idual ised 

for each patient. 
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LUMIGAN� (bimatoprost ophthalmic solution) 0.03% is indicated for the reduction of elevated intraocular pressure (IOP) in patients 
with open-angle glaucoma or ocular hypertension who are intolerant of other !OP-lowering medications or insufficiently responsive 
(fai led to achieve target IOP determined after multiple measurements over time) to another !OP- lowering medication. 

IMPORTANT SAFETY INFORMATION 

LUMIGAN® (bimatoprost ophthalmic solution) 0.03% has been reported 
to cause changes to pigmented tissues. These reports include increased 
pigmentation and growth of eyelashes and increased pigmentation of the 
iris and periorbital tissue (eyelid). These changes may be permanent. 

The most frequently reported adverse events occurring in approximately 
1 5% to 45% of patients dosed once daily, in descending order of incidence, 
were conjunctiva! hyperemia, growth of eyelashes, and ocular pruritus. 

See LUMIGAN� Prescribing Information. 
Visit us at www.lumigan.com 
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