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EDITORIAL 

Clinical Trials in Asia 

In this issue of Asian Journal of OPHTHALMOLOGY, Rait et al report their f indings from a c l in ic-based assessment of the safety 

and efficacy of bimatoprost for manag ing ocu lar hypertension and open angle g laucoma in the Asia Pacific region.1 The study aims to 

inform general ophthalmologists of the benefits and possib le adverse effects of using b imatoprost to treat the broad range of patients i n  

their practices. Rait e t  a l  rightly point out that research protocols used in g laucoma cl in ical trials, and  in particular the  enrolment criteria, 

often stipu late the abi l ity to reproducibly perform visual field tests to very h igh standards, or that patients should have clear ocular media 

allowing h igh-qual ity disc photography. Such conditions are necessary when attempting to answer specific scientific questions. However, 

they do l im it the general isabi l ity of data to the usual patients seen in c l in ical practice, who may have some lens opacity and may not be 

able to perform visual f ield tests to consistently h igh  standards. Th is study is de l i berately inclusive, i nvolving 1954 patients of 1 95 

ophthalmolog ists in 1 68 practices, spann ing 6 d ifferent countries. Patients were excluded only if they had a h istory of adverse reaction 

to one of the components of the eye drop, or if there was a clear relative contrai nd ication .  The outcome measures were change i n  

i ntraocu lar pressure ( IOP)  and adverse events. One m ight q uestion whether l ack  of  measures such as  cal ibration of  equ ipment, 

standardisation of observers and methods, and possib le variations i n  the thresholds of report ing side effects wi l l  have influenced the 

results. It seems un l i kely that any of these factors wil l  have exerted a systematic b ias to drive the results consistently in one d i rection . 

More l i kely, if they d id  occur, they wi l l  have increased the variab i l ity of results (making a true effect more d ifficu lt to detect). Clearly 

this was not a hindrance, as highly significant reductions in IOP were demonstrated for monotherapy, replacement therapy, and 

adjunctive therapy. 

The authors point to the role of stud ies such as this as a method of surve i l lance and audit of the safety of med ications. Top ical 

non-selective �-b lockers are sti l l  widely used for the management of g laucoma. Their resp iratory side effects can cause s ignificant 

d isabi l ity and often go unrecognised .2 

The authors h igh l ight  safety issues relati ng to the recent withdrawal of rofecoxib ,  a cyclooxygenase-2 i nh i b itor used for the 

treatment of arthritis, which was found to be associated with a more than 2-fold increased risk of serious cardiovascu lar side effects 

compared with a standard non-steroidal anti - inflammatory drug .3 In an ed itorial in the British Medical Journal, experts cal l  for various 

safety measures to be put i n  p lace,  inc lud ing the imposit ion of c l ear 'fi nancia l  firewal ls '  between pharmaceutical companies and 

researchers performing  systematic reviews and cl in ical studies. This is clearly the counsel of perfection. However, without the patronage 

and sponsorsh ip  of the company market ing b imatoprost, this very worthwhi le  study would a lmost certa in ly not have been poss ib le .  

Pharmaceutical and medica l  equipment industries play an increasing ly prominent and important ro le i n  supporti ng conti nu ing medical 

education and in funding research .  With the development of econom ies in the Asia Pacific region, and i ncreasingly h igh  costs of medical 

research i n  Europe and the USA, it seems l ikely that medical research wil l become increasingly prom inent i n  the region. The best way of 

financing and promoting high-qual ity research that addresses important questions in an unbiased manner is not clear, but it is an issue 

that needs to be addressed. 

References 
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REVIEW ARTICLE 

lntraocular Pressure-independent Risk 
Factors for Progression of Glaucoma 

Yoshiaki Kitazawa 
Gifu University, Tokyo, Japan 

Although i11trnocu!ar pressure is the 111ost widely studied risk factor for progression 
of ope11 angle glauco11in, tliere is growing evidence tliat other factors 111ay affect the 
prognosis of this disense. A111011g tlie i11trnocu!ar pressure-i11depe11de11t risk factors, 
disc haemorrhage a11d peripapil!ary atropliy Jiave been associated with progression 
of ope11 angle glauco11111. There is a re!atio11ship between tlie !ocntio11 of t/1e disc 
haemorrhage a11d t/1e area of progression of visual field loss. Peripapillary atropliy 
occurs more freq11e11t!y i11 eyes with gl11uco11in than i11 lien/thy eyes. This paper 
reviews the evidence suggesting t/1at disc /1ae111orrhage ond peripapil!ary otropliy 
11111y be i11depende11t prog11ostic factors for progressio11 of gl11uco11111. 

Key Words: Atrophy, Glaucoma, open angle, Hemorrhage, Optic disk, Prognosis, Risk Factors 

Asian J Ophthalmol 2005;7(3):78-81. 

Introduction 

l ntraocular pressure (IOP) is undoubted ly 

the most s i g n if icant r isk factor for the 

progress ion of optic d i sc damage and 

visual f ield defect in  open angle glaucoma 

(OAG) and normal tension g laucoma (NTG). 

However, there is growing  evidence that 

ocu lar factors other than I O P  affect the 

prognosis of OAG . Ocu lar r isk factors for 

g laucoma prog ression can therefore be 

d iv ided i nto 2 groups of !OP -dependent 

and ! OP - i ndependent  r isk factors. D i sc  

haemorrhage and peripapil lary atrophy are 

the 2 most important I OP- i ndependent risk 

factors for progression. 

Features of Disc 

Haemorrhage 

non-g laucomatous eyes (Table 1 ) . 1  In th is 

study, d isc haemorrhage was not noted i n  

eyes with angle closure g laucoma (ACG). 

D isc haemorrhage is a trans ient con­

dit ion,  last ing for a few weeks to several 

months . 2  I t  i s  poss i b l e  that the l i m ited 

duration of each episode of d isc haemor­

rhage contr ibutes to underest imates of 

the preva lence rate .  The probab i l ity of 

occurrence of d isc haemorrhage is 38.4% 

for NTG and 1 6 .9% for OAG i n  1 1  and 1 4  

years, respectively. 3 

It has been noted that disc haemorrhage 

occurs most frequently in the i nferotem­

poral marg in  of  the d isc ,  with the i nfero­

nasal side of the d isc being least i nvolved.2 

The appearance of notch ing of the neuro­

ret inal rim at the site of the d isc haemor­

rl1age has been observed . 

Recurrence is another important char­

acter ist ic of d i s c  haemorrhage ,  and  i t  

occurs i n  1 2% to  64% of  pat ients with 

glaucoma. u Kitazawa et al noted that 1 8  

of 28 eyes with d i sc haemorrhage (64%) 

had recu rrent ep isodes. 1 The number of 

recurrences ranged from 1 to 7. In 13 eyes 

(72%) ,  the recurrent haemorrhages oc­

curred i n  the same quadrant of the optic 

d i sc  where the previous  haemorrhages 

had been present. Th i s  f i nd i ng  was also 

described by Sh ihab et a l  i n  3 of 25 pa­

tients who had disc haemorrhage . 2  This is 

c l i n ical ly important because d isc haemor­

rhage tends to precede the deterioration of 

visual f ie ld and ind icates an unfavourable 

prognosis. 

Disc Haemorrhage as a Risk 

Factor for Progression 

I n  1 998 ,  I sh i da  et al reported that d i sc  

haemorrhage was a risk factor for  the rate 

of v isual  fi e ld progression i n  NTG . I n  this 

study of 1 1 0  patients with NTG , several 

c l in ica l  factors were i nvestigated to find a 

poss ib le  associat ion with progression of 

g laucomatous visual f ie ld . 4 Change in the 

v isual  f ie ld was found to be s ign ifi cantly 

assoc iated with treatment with cal c i um 

channel blockers, recovery rate from a cold 

recovery test, systol ic blood pressure, d isc 

haemorrhage, corrected pattern standard 

deviation, mean deviation ,  and d iurnal f luc­

tuation of IOP. These authors concluded that 

factors other than IOP  are associated with 

visual f ie ld loss in NTG. 

Th is  conc l u s i on  was supported by 

the f inding that the rate of visual f ield pro­

g ress ion is s i g n i f i cant ly h i gher  in eyes 

with NTG with d i sc haemorrhage than in Disc haemorrhage i s  not uncommon  in 

OAG , with a reported prevalence rate of 

20% in NTG. I n  Japan ,  the preva lence  

rate of  d isc haemorrhage is reported to be  

20 .5% i n  NTG , 4 .2% i n  OAG , and  0 .4% i n  

Table 1 .  Prevalence o f  disc haemorrhage in glaucoma in Japan. 

This paper w11s presented i11 part nt the 20th Asia 

Pacific Arnde111y of Opht///7/1110/ogy Congress, 
K11a/a L11111p111; Malaysi11, 28 Mnrc/1 2005. 
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Glaucoma type 

Primary open angle glaucoma 

Normal tension glaucoma 

Primary angle closure glaucoma 

Ocular hypertension 

Healthy eyes 

Number of patients/Total (%) 

8/192 (4.2) 

16/78 (20.5) 

0/113 (0) 

1/204 (0.5) 

2/473 (04) 
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Table 2. Progression of eyes with and without disc haemorrhage according to mean deviation definition 

and pointwise definition of progression. 

Mean deviation definition 

Pointwise definition 

Eyes with disc 

haemorrhage (n = 32) 

17 

26 

Eyes without disc 

haemorrhage (n = 38) 

4 

17 

p Value 

0.0002 

0.004 

Table 3. Progression of eyes with and without recurrent disc haemorrhage according to mean deviation 

definition and pointwise definition of progression. 

Mean deviation definition 

Probability of no further visual 

field deterioration (%) 

Pointwise definition 

Probability of no further visual 

field deterioration (%) 

Eyes with 1 disc 

haemorrhage (n = 9) 

4 

67 ± 16 

3 

42±17 

those without d isc haemorrhage and that 

recurrent d isc haemorrhage i nd i cates a 

h igher probabi l ity for the v isual  f ie ld  to 

deteriorate .5 Ishida et al i nvestigated the 

relationship between d isc haemorrhage in  

NTG and the progression of v isua l  f ie ld  

defects in  70 eyes of  70 patients to deter­

m ine  the extent to which progression of 

visual f ie ld loss in NTG is affected by d isc 

haemorrhage . 5  D isc  haemorrhage,  age ,  

corrected -patte rn stan dard dev i at i o n ,  

systo l i c  b lood pressure,  a n d  pu l se  rate 

were found  to be s ign if icant risk factors 

for visual field progression. 

When eyes were d iv ided i nto 2 sub­

g roups accord ing to  the presence or ab­

sence of d isc haemorrhage, s ign ificantly 

more eyes with d isc haemorrhage pro­

gressed than eyes without d i sc haemor­

rhage (Table 2) .  S im i larly, progression was 

shown i n  more eyes with recurrent d isc 

haemorrhage (;::2 occurrences) than in  eyes 

with only 1 d isc haemorrhage (Table 3) . I n  

addit ion ,  there was a s ign ificant relat ion­

sh i p  between the l ocat ion  of  the d i sc 

haemorrhage and the area of progression 

of visual field loss in  65.4% of patients with 

d isc haemorrhage who progressed . These 

f indings suggest that disc haemorrhage is 

a s i g n if icant negative prognost ic  factor 

for patients with NTG and may be a sign of 

progressive damage of the ret ina l  nerve 

Asian Journal of OPHTHALMOLOGY 

Eyes with :::2 disc 

haemorrhages (n = 23) 

13 

27 ± 13 

23 

0±0 

p Value 

0.0001 

f ibre l ayer (RN FL), lead ing to funct ional  

deterioration of the visual f ie ld .  

I n  2001 , D rance et a l  c lear ly demon­

strated a higher rate of  v isual  fie l d  pro­

gression in eyes with d i sc haemorrhage 

than i n  eyes without d isc haemorrhage.6 

Visual f ield data from 1 60 eyes of 1 60 pa­

tients enrol led in the Col laborative Normal 

Tension G laucoma Study showed that the 

presence of d isc  haemorrhage affected 

the s u bsequent  c o u rse of v i sua l  f i e l d  

deterioration . 6  The mean ti me to  demon­

strab le progression for eyes without an 

i n itial d isc haemorrhage was 21 59 ± 1 09 

days compared with 1 1 87 ± 1 96 days for 

eyes with a base l i ne  d isc  haemorrhage 

(p = 0 .0034) . The adjusted odds ratio for 

the presence of a base l i ne  d isc haemor­

rhage was 2 .72 (95% confidence i nterval , 

1 . 39-5.32) . The presence of d isc haemor­

rhage sign ifies an additional risk factor for 

progression .  

D isc haemorrhage often occurs at , 

or close to , the border of the ret inal nerve 

fibre layer defect (RNFLD) . In a study of the 

topographic correlation between optic disc 

haemorrhage and RNFLD,  Sug iyama et a l  

eva luated the relat ionsh ip  between the 

prec ise locat ions of d isc haemorrhage 

and RNFLD in  42 pat ients with NTG .7 Sixty 

fou r  d i sc  haemorrhages were noted i n  

4 8  eyes o f  42 patients and RNFLDs were 

REVIEW ARTICLE 

observed i n  47 of the 48 eyes. Of the 64 

disc haemorrhages, 5 1  coincided with the 

location of RNFLDs ,  i n  that the 5 1  d isc 

haemorrhages were present on the border 

or adjacent to the border  between the 

RNFLD and the apparently healthy-looking 

RNFL. The c l in ical sign ificance of this f ind­

ing is that d isc haemorrhage might indicate 

the l ocation of an RNFLD even in patients 

in whom such a defect may be d iff i cu l t  

to  d i scern by ophthal moscopy. F igure 1 

demonstrates an RNFLD 5 years after a 

d isc haemorrhage. 

A later study in  which Sug iyama et al 

evaluated the frequency of localised wedge­

shaped defects of the RNFL in 83 eyes 

with NTG and in 20 eyes with OAG with and 

without d isc haemorrhage confirmed th is 

finding .8 Local ised wedge-shaped defects 

of the RNFL occurred s ign if icantly more 

often among patients with d isc haemor­

rhage  than  among  those w i thout  d i sc 

Figure 1 .  Enlargement of cupping and retinal 

nerve fibre layer defect during a 5-year period. 

(a) A small splinter haemorrhage is present at 

the 5-o'clock position in December 1 995; and (b) 

the retinal nerve fibre layer defect is widened in 

August 2000. Photograph courtesy of Dr Kazuhisa 

Sugiyama. 
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haemorrhage i n  both NTG (p < 0.0001 ) and 

OAG (p < 0 .05) .  Most disc haemorrhages 

were present in the v ic in ity of the border 

between the local ised RNFLDs and rela­

tively healthy- looking RNFL in eyes with 

POAG and those with NTG. 

Wh i l e  I O P  is the most exte n s i ve l y  

studied intrinsic ocular factor, the aetiology 

of d isc haemorrhage remains to be elucid­

ated .  However, stud ies have shown that 

d isc haemorrhage is more l i kely to develop 

at a relatively lower I OP  dur i ng  therapy 

with ocular hypotensive agents .9 The rea­

son for this phenomenon may be that IOP  

reduction causes anter ior d i sp lacement 

of the lamina cr ibrosa, thereby increas ing 

venous res istance ;  an i n c rease i n  the 

pressu re d ifference across the vascu lar  

wal l ;  and changes in haemodynamic factors, 

possibly lead ing to haemorrhage. 

The presence of d isc haemorrhage is 

thought to ind icate an ongoing, active pro­

cess that damages the optic d isc in OAG.1 

Therefore ,  d i sc  haemorrhage may be a 

useful and re l iable ind icator to d isti ngu ish 

pat ients who have progress ive v i sua l  

f ie ld loss from those who are less l i kely to 

progress, and may thus be c l in ica l ly  help­

ful for develop ing a management plan for 

patients with OAG . 5  

Peripapi/lary Atrophy as a 

Risk Factor for Progression 

Peripapi l lary atrophy is also bel ieved to be 

an !OP- i ndependent risk factor for progres­

sion of g laucoma. It is widely accepted that 

peripapi l lary atrophy is more frequent and 

more extensive i n  patients with g laucoma 

than i n  healthy ind ividualsrn Associations 

have been detected between the extent of 

per ipap i l lary atrophy and the amount of 

optic d isc damage, and between the loca­

tion of peripap i l lary atrophy and the loca­

tion of both optic disc damage and visual 

field defects. 

In OAG, both structural and functional 

d i sc  changes are c lose ly re lated to the 

Volume 7, Number 3, 2005 

Table 4. Optic disc progression and visual field progression in patients with and without progressive 

peripapillary atrophy. 

Progressive peripapillary 

atrophy 

Non-progressive peripapillary 

atrophy 

Optic disc progression 

Visual field progression 

75% 

54% 

size of per ipapi l lary atrophy. 10 In a study 

to determine the inc idence and degree of 

progression of peripap i l lary atrophy in 75 

eyes with progressive and non-progressive 

g laucoma, Uchida et al found that 28 eyes 

(37%) showed progression of peri papi l lary 

atrophy. 10 Thirty three eyes (44%) showed 

progressive opt ic d isc damage .  Twenty 

one of the 33 eyes with progressive d isc 

damage (64%) showed progression of 

peri pap i l lary atrophy compared with 7 of 

42 eyes without progressive disc damage 

( 1 7%) [p  < 0 .01 ] .  

Optic d isc progression and visual f ield 

progression were both s ign ificantly more 

frequent among patients with progres­

sion of peri pap i l l ary atrophy than among 

those without progression of peripapi l lary 

atrophy (p < 0 .0 1 ; Table 4). No correlation 

was found between progression of peripap­

i l lary atrophy and mean IOP. These findi ngs 

suggest that progression of per ipapi l lary 

atrophy is associated with progressive 

optic d isc damage and progressive visual 

26% 

1 1 %  

signif icantly greater in eyes with peripapil­

lary atrophy (0 .36 + 0 . 09) than i n  eyes 

without peripapil lary atrophy (0.34 + 0 .07), 

and the ratio of peripapi l lary atrophy area 

to d isc area was s ign if icantly greater in 

eyes with d isc haemorrhage (0.26 + 0 .34) 

than i n  those without d isc haemorrhage 

(0.09 + 0 . 1 8) .  Moreover, in eyes with peri­

papi l lary atrophy, the ratio of cup area to 

d isc area was s ign ificantly larger in eyes 

with disc haemorrhage (0.48 + 0 .08) than 

in those without d isc haemorrhage (0.36 + 
0.09). These results suggest an association 

between peripapi l lary atrophy and g lauco­

matous optic neuropathy. 

Sug iyama et al studied the association 

of peripap i l lary atrophy and disc haemor­

rhage in  patients with NTG. 7 These authors 

found that 39 of 40 eyes (97.5%) with d isc 

haemorrhage had per ipap i l l ary atrophy 

compared with 42 of 51 eyes (82.4%) with 

no d isc haemorrhage (p = 0 . 0385) . The 

area, angu lar  extent, and rat io  of per i ­

pap i l l ary atrophy area to d isc area were 

field loss in g laucoma and may be a use- s i g n i f icant ly  g reater in eyes with d i sc  

fu l  marker fo r  progressive g laucomatous 

damage. 

The size of peripap i l lary atrophy rela­

tive to that of the d isc and the cup-d isc 

ratio is significantly greater in  eyes with d isc 

haemorrhage than i n  those without d isc 

haemorrhage.'' Peripapil lary atrophy there­

fore appears to be associated with a higher 

degree of cupp ing  of the optic d i sc and 

d isc haemorrhage. 

Hayakawa et al investigated the asso­

c iati on of the per ipap i l lary atrophy area 

with d isc cupp ing area and disc haemor­

rhage in 8842 eyes of 4421 people under­

go i ng  a ro u t i ne  hea l th exam i nat i on . 1 1  

The ratio of c u p  area to d i sc  area was 

haemorrhage than in eyes without d i sc 

haemorrhage (p = 0 .0446, p = 0 .0263, and 

p = 0 .0246,  respective ly) . These f ind ings 

suggest a s ign ificant association between 

disc haemorrhage and peri pap i l lary atro­

phy in NTG . 

Uchida et al noted d ifferent peripap i l ­

lary atrophy characteristics between eyes 

with ACG and eyes with OAG , suggesting  

d ifferent pathological processes o f  g lau­

comatous change for the 2 types of g lau­

coma. 1 2  E ight of 2 1  eyes with ACG (38%) 

and 21  of 31 eyes with OAG (68%) had peri­

papi l lary atrophy (p = 0 .048). The ratio of 

per ipapi l lary atrophy area to disc area of 

eyes with OAG was significantly larger than 
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that of eyes with ACG (p = 0 .005) . There 

was no sign ificant correlation between the 

rat io  of pe r i pa p i l l a ry atro p h y  area to 

disc area and the ratio of cup area to d isc 

area or visual field mean deviation in eyes 

with ACG. However, there was a s ign ificant 

corre lat ion  between  the  pe r i pap i l l ary 

atrophy area to d isc area and the rat io  

of  cup area to disc area (p = 0 .003) and the 

visual field mean deviation (p < 0 .001 ) i n  

the  eyes with OAG. 

A lthough  l i tt l e  is known about the 

pathogenesis of  peripapi l lary atrophy, and 

further study is requ i red ,  progression of 

per ipap i l lary atrophy is assoc iated with 

progressive g laucomatous damage and 

may provide c l in ical ly relevant information 

about the status of g laucomatous opt ic 

nerve damage. 
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Patients with Open Angle Glaucoma or 
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Aim: Bi11111toprost, 11 11ew trent111e11t for ope11 1111gle gl11uco11111 1111d orn/11r 
hyperteusion, /111s been studied pri11111rily under stringt'llf cli11irnl tri11/ conditions. 
However, regul11tors l111ve stipul11ted tl111t drugs sliould 11/so be studied i11 clinirnl 
pmctice setti11gs. Tlie purpose of tl1is study w11s to evo/1111te bi11111toprost i11 
cl i11 irnl pmctice. 
Patients and Methods: Tl1is 111ultice11tre 3-111011tl1 c/i11irn/ pmctice study used 
011 open-l11bel 11011-comp11mtive prospective design. Oplitl111l111ologists prescribed 
bi111otoprost 0.03% oplitl111/111ic solutio11 os 111011otl1empy, reploce111ent thempy, 
or odju11ctive tliempy for 1954 p11tients with open 1111gle glouco11111 or orn/11r 
l1yperte11sion wlio required i11tmoculor pressure loweri11g. 
Results: Bi11111toprost wos ossoci11ted witl1 11 sig11ifirnnt reductio11 i11 i11tmornlor 
pressure (p < 0 .0001), wl1ether prescribed os 11w11otl1empy (33.3% reductio11), 
repl11ce111t'llf tl1empy (17.7% reduction), or odju11ctive tliempy (20.9% reduction). 
Bi11111toprost tre11t111ent e1111bled sig111firn11tly more p11tieuts to 11cl1ieve o low forget 
pressure co111p11red witl1 pre-existi11g tre11t111e11t (p < 0.0001) Sig11ifirnnt reductio11s 
in i11tmorn/11r pressure 11fter bi11111toprost treot111e11t ocrnrred regordless of boseli11e 
intmorn/11r pressure 011d 011wug potients wliose intmorn/11r pressure liod bee11 
difficult to co11trol. Bi11111toprost w11s mted liigli!y by potients 1111d opiltl111/111ologists, 
/111d 11 fovoumble sofety profile, ond wos well tolemted. 
Conclusions: In a clinirnl pmctice setting witli 11 brood mn,�e of p11tients, bi11111toprost 
w11s well tolemted ond prouided suhst1111ti11/ reductio11s in intmornlor pressure. 

Key Words: Bimatoprost, Glaucoma, open-angle, lntraocular pressure, Ocular hypertension 

Asian J Ophthalmol 2005;7(3):82-90. 

This 11111/ticenlre n:scarc/1 study w11s C<J111iucted l1y ·19s i11vestig11lors al '168 sites i11 tl1c Asi11 Pacific 

rcgio11. The p11rlicipali11g i11vestig11tors 1111d i11slil11lio11s are listed i11 the Aclwmuledge111c11ts seclio11. 

Volume 7, Number 3, 2005 

Introduction 

G laucoma and ocu la r  hypertens ion are 

amon g  the m ost common patho log i es 

encountered in ophthalm ic  practice. 1 The 

chal lenge of g laucoma in the Asia Pacific 

reg ion h as been em phas ised for some 

time ,  partic ular ly in  terms of  t he ageing 

popu\at ion . 2 -4 Research  from the  As ia 

Pac if ic reg ion has shown that with in the 

next 20 years ,  as the popu lat ion ages ,  

the inc i dence  of g laucoma and ocu l a r 

hypertension is predicted to increase 2- to 

3-fol d . 5 6  Opti mal  management of these 

conditions wi l l  requ ire new treatments that 

have been shown,  in both c l in ica l  tr ia ls 

and c l in ical practice, to be effective, safe, 

and well tolerated.7 

B imatoprost, a new ocu lar hypotensive 

agent, is a synthetic prostamide that has 

potent intraocular p ressure ( IOP)- lowering 

activity 8 Bimatoprost lowers IOP by increas­

ing the outflow of aqueous humour through 

the trabecular meshwork and uveoscleral 

routes. 9· 11 

B imatoprost has been we l l  studied i n  

stringent c l in ical trial settings. Studies have 

shown that b imatoprost is more effective 

than timolol12 1 5  and as effective as, or more 

effective than, latanoprost or travoprost16 21 

for lowering IOP. Furtl1ermore, b imatoprost, 

as monotherapy or a component of dua l  

therapy, appears to be as effective as ,  or  

more effective than , combinations of  other 

!OP- lowering agents. 7·22 

Further study is requ i red to clearly iden­

tify how app l icable the b imatoprost c l in­

i cal t r ia l  find ings are to c l in ica l  p ractice . 7  

To date, there has been on ly 1 publ ished 

c l in ical practice study of b imatoprost. In a 

study performed in the USA, b imatoprost 

appeared to be c l in i ca l l y  effective and 

wel l  to lerated when used as replacement 

therapy for latanoprost or  as in it ial mono­

therapy for 8 weeks .23 24 C l in ica l  pract ice 

studies of new drugs are part icu lar ly im­

portant fo r  d i seases affecting o l de r  age 

g roups. In c l in ical practice studies, in which 
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e l i g i b i l ity cr iteria are less stringent than the risk of bimatoprost treatment outweigh events that occurred during the study were 

those in c l in ical  tr ia ls ,  the effectiveness its benefits in the opin ion of the ophthal- recorded. 

of new drugs can be exam ined against a molog ist (e . g . ,  pregnancy and lactation) .  

broader range  of coex ist ing con d it ions  Statistical Analysis 

and concom i tant med icat ion s .  Indeed , Treatment Protocol Descr i pt ive stat ist ics are reported .  For 

regu latory authorities have sti pu lated that Patients were evaluated according to each pati ents receiv ing b imatoprost treatment 

c l in i cal practice studies are essential for ophthalmolog ist's standard c l in ica l  prac- in both eyes , a s ing le  I OP ,  based on the 

assessing the optimal use of new d rugs.25 t ice .  One or both eyes were assessed for mean IOP from both eyes, was used for the 

Recent withd rawals of marketed d rugs each patient. Before treatment, target IOP analys is .  Mean I OP  values at  each t ime 

(e . g . ,  rofecox i b) owing  to safety issues levels were set for each patient on the basis point, in each group,  were compared with 

have reinforced the need for postmarketing of their assessed risk of progressive visual the basel ine .  Probabi l ity values were cal-

surve i l lance studies. damage. Patients received treatment with cu lated using a paired sample t test (with 

The purpose of this study was to evalu- b imatoprost 0 . 03% (Lum igan®, Al l ergan ,  p < 0 .05 considered sign if icant). Percent-

ate the efficacy and safety of b imatoprost I rvine ,  USA) ophthalmic solution as mono- ages of patients in each group ach ieving 

for patients with open ang le  g laucoma or therapy (for treatment-na'lve pat ients) , defined I O P  va lues were ca lcu lated for 

ocular hypertens ion in a c l in i cal practice replacement therapy (previous treatments each time point. Probabi l ity values for the 

setting .  In this open- label non-comparative replaced by b imatoprost), or as adjunctive com par ison of percentage va lues were 

3 -month su rve i l l ance  study in the As ia  therapy (bimatoprost added to the previous calcu lated using the Chi squared test (with 

Pac if i c  reg i on ,  pa rt i c i pat ing ophtha l - treatment reg imen) .  At each visit, patients p < 0 .05  cons idered signif icant) . Un less 

molog ists selected patients to treat with were prov ided with one 3 -ml bott le of otherwise specified , bimatoprost treatment 

b imatoprost as monotherapy, replacement b imatoprost 0 . 03%,  which was suffic ient refers to results obtained from the pooled 

therapy, or adjunctive therapy. for 1 month of treatment. One drop of medi- b imatoprost mon otherapy, rep lacement 

cation was app l ied to each affected eye therapy, and adjunctive therapy groups. 

Patients and Methods once dai ly in the evening for 3 months. 

Study Design and Setting Results 

T h i s  stu dy was des igned to ena b l e  a Clinical Evaluation Patient Demographics 

large-scale commun ity-based prospective A l l  patients were schedu led  for rev iew The study involved 1 954  pati ents from 

eva luation of the safety and effi cacy of at baseline, and after 1 ,  2, and 3 months of Austral ia (n = 769) , Thai land  (n = 458) ,  

b imatoprost for the treatment of g laucoma treatment. The primary efficacy variables Malaysia (n = 31 7) ,  The Phil ippines (n = 1 84), 

and ocu la r  hypertensi on .  A m u lt i centre were measu res of I O P  and satisfaction New Zealand  (n = 1 6 1 ) ,  and S ingapore 

open- label  non-comparative surve i l lance with b imatoprost. During each v is it ,  I OP  (n = 65). Most patients had a d iagnosis of 

design was used . The study involved 1 95 was measured according to the ophthal- open angle g laucoma, were older than 50 

ophthalmolog ists at 1 68 c l in i cal practice mologists' standard cl inical practice . The years, and had IOPs that were d ifficult to 

s ites in 6 countries (Austral ia ,  Malaysia, ophthalmo log ists and patients assessed control (Table 1 ). Three-month data were 

New Zealand ,  The Ph i l i pp ines,  Singapore, satisfaction at the 3-month visit. The oph- available for 1 397 patients who completed 

and Thai land) .  tha lmo log i sts made an overa l l  assess- the study (72%). Of the patients who did 

ment and rated b imatoprost against other not comp lete the study (n = 557) ,  8 . 1  % 

Patients ! O P-red uc ing  med ications (on a 4-po int (n = 1 59) withdrew because of adverse 

All pat ients provided  vol untary wr i tten scale rang ing from poor to excel lent) . Pa- events, 8.4% (n = 1 65) were lost to follow-

informed consent before part ic i pating in t ients com p leted a self-eva luat ion , and up, 4 . 1  % (n = 80) withdrew for 'other' rea-

the study. Patients with open ang le  g lau- stated whether they would use bimatoprost sons or lack of efficacy, and 7.8% (n = 1 53) 

coma or ocular hypertension who requ i red in the future for treatment of their elevated had no data explaining their withdrawal. 

reduction of e levated IOP were e l ig ib le for IOP. Patients were also asked to rate the 

partic i pation in the trial . Excl usion criteria ocular comfort of b imatoprost compared Effect of Bimatoprost on 

were any known al lergy to b imatoprost with other treatments previously used (on lntraocular Pressure 

or any of the formu lation 's components, a 5-point scale rang ing from very uncom- B i m atoprost treatm ent was assoc iated 

and any other condition that would make fortab le to very comfortable) . Al l  adverse with a significant reduction in IOP, whether 
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Table 1 .  Patient demographics and baseline characteristics. produced a s ign if icant reduct ion in I OP  

with i n  1 month o f  start ing treatment; this 

positive effect was sustained over 3 months 

(Figure 1 ) .  

Characteristic 

Age (years) 

�50 

<50 

Sex 

Female 
Male 

Race 

Asian 

Black 

Caucasian 

Other 

Diagnosis 

Open angle glaucoma 

Ocular hypertension 

lntraocular pressure at time of enrolment* 

Very difficult to control 

Difficult to control 

Somewhat difficult to control 

Not difficult to control 

No previous data 

Prescribed treatmentt 

Bimatoprost monotherapy 

Bimatoprost replacement therapy 

Bimatoprost adjunctive therapy 

Number (%) 

1692 (86.6) 

262 (13.4) 

1000 (51.2) 
954 (48.8) 

1057 (54.1) 

15 (0.8) 

860 (44.0) 

22 (1.1) 

1747 (89.4) 

207 (10 6) 

107 (5.5) 

444 (22.7) 

680 (34.8) 

414 (21.2) 

309 (15.8) 

314 (16.5) 

809 (42.6) 

777 (40.9) 

B i m at o p rost  t reat m e n t  e n a b l e d  

s ign if icantly more patients to ach ieve a 

low target I O P  com pared with p revious  

m a n a g e m e n t  o r  t reatment  re g i m e n s  

(Figure 2) .  

Subgroup Analyses 

* Ophthalmologists rated the difficulty of control l ing intraocular pressure on t11e basis of patients' responses to previous ocular 

hypotensive therapies. 

Baseline lntraocular Pressure 
Bimatoprost treatment p rovided a s ign if i­

cant reduction in  IOP, regardl ess of base­

l i ne I O P  (Fi g u re 3). The decrease in I OP  

was  ev i d ent  w ith i n  1 mon th  and  was 

sustained for 3 months .  Even for patients 

with a low base l i ne  I OP  (:s'. 1 7 . 9  mm Hg) ,  

b imatoprost treatment was assoc iated 

with a fu rther lowering of IOP. 

t Prescription data were not provided for 54 patients 

the drug was prescribed as monotherapy, 

replacement therapy, or adjunctive therapy 

(Fi g u re 1 ) . Between the base l i ne  and 3-

month v is its, the mean reduct ion in I OP  

with bimatoprost treatment was 8 . 8  mm Hg 

Difficult to Control lntraocular Pressure 
(33 . 3 % ;  p < 0 . 0 00 1 ) as monotherapy,  B i matop rost treatment was assoc iated 

4.1 mm Hg (1 7 .7%; p < 0 .0001 ) as replace- with s ign ificant reductions in  IOP ,  regard-

ment therapy, and 5 . 5  m m  Hg ( 20 . 9% ;  less of how difficu lt i t  had been to control 

p < 0 . 0 00 1 ) as adj unct ive therapy. For IOP in the 6 to 1 2  months before the study 

e a c h  g ro u p ,  b i m ato p rost  t reatm e n t  (Fi gu re 4 ) .  T h i s  reduction in  I OP  occurred 

Figure 1 .  Effect of bimatoprost monotherapy, replacement therapy, and adjunctive therapy on mean 

intraocular pressure. 

within 1 month and was sustained during 

the study period. 

* p < 0.0001 compared with baseline. 
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(n = 796) 

C=:J Basel ine 

C=:J Month 1 
- Month 2 

C=:J Month 3 

Bimatoprost 
adjunctive therapy 

(n = 765) 

Medications Replaced with Bimatoprost 
Bimatoprost treatment sign ificantly reduced 

IOP when replac ing other ocular hypoten­

sive treatments ,  i n c l ud i ng  comb i nat ion 

therapy (Fi g u re 5) .  The most freq uent ly 

replaced medications were latanoprost or 

topical non-selective �-blockers. 

Race 
B i m atoprost treatm ent reduced I O P  at 

each t ime point, regard less of race. Three 

months of b imatoprost treatment resulted 

in  a mean IOP  reduction from basel i ne  of 

5 . 7  mm Hg in  patients from Asian races 

(54% of the study group) and 5.0 mm Hg in 

patients of races other than Asian (primarily 

Caucasian [44%]) .  
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Figure 2. Effect of bimatoprost treatment on the percentage of patients (n = 1 906) who achieved a 

target intraocular pressure. 

* p < 0.0001 compared with baseline for each month of treatment. 
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Figure 3. Effect of bimatoprost treatment on intraocular pressure relative to baseline level of intraocular 

pressure. 

* p < 0.0001 compared with baseline. 
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Patient Evaluation 

The majority of patients who provided an 

evaluation of bimatoprost treatment (1 079 

of 1 21 8  patients; 88.6%) reported that they 

wou ld  use b imatoprost again if it were 

prescribed, and 82.2% of patients reported 

that the comfort level of b imatoprost was 
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the same, better, or much better, when com­

pared with the medications previously used . 

Clinician Evaluation 

The majority of ophthalmologists who pro­

vided an evaluation of b imatoprost treat­

ment (1 26 of 1 33 ophthalmologists; 94.8%) 
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rated the pe rforman c e  of b i m atop rost 

as ' good' or 'exce l lent' compared with the 

ocu l a r  h ypotens ive  agents p rescr i bed  

previously. 

Adverse Events 

B imatoprost treatment had a favourable 

safety prof i le and was wel l  to lerated .  The 

most commonly reported adverse events 

(> 1 % incidence) were conjunctiva! hyper­

aem ia  ( 1 2 . 5 %) , i r r i tat ion an d b u rn ing  

(4 . 8%) ,  l i d  f in d ings ( 3 . 0%) ,  and p ru rit is 

(2 . 1 %) .  Most adverse events were m i ld or 

moderate in severity. 1 59 patients (8 . 1  %) 

d iscontinued the study because of adverse 

events. The most com mon adverse event 

assoc i ated w i th  d i scont in uat i on was 

con j unct iva !  hyperaem ia  (68 pat ients ;  

3 .5%) . 

Discussion 

To the best of the authors' knowledge, this 

is the first study to report the effects of bi­

matoprost as monotherapy, replacement 

therapy, and adjunctive therapy in a large 

cohort of patients from a number of coun­

tries in the Asia Pacif ic region .  Th is study 

extends the find ings from c l in ical  tr ia ls ,  

providing cl in ically relevant information on 

the effectiveness of b imatoprost in cl inical 

practice. The study shows that bimatoprost 

treatment can provide substantial and sus­

tained reductions in IOP, whether prescribed 

as monotherapy, replacement therapy, or  

adjunctive therapy. Furthermore, this study 

has shown that clinically relevant reductions 

in !OP can be consistently achieved across 

a b road range of patients, inc lud ing those 

classified as difficult to treat. In this study, 

set in cl inical p ractice, b imatoprost had a 

favourable safety and tolerab i l ity p rof i l e ,  

with patients and ophthalmologists rating 

b imatoprost posit ively in com parison to 

other ocular hypotensive agents. 

The effectiveness of b imatoprost in 

lowering !OP in th is c l in ical practice study 

compares well to the efficacy demonstrated 
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Figure 4. Effect of bimatoprost treatment relative to baseline control of intraocular pressure. 

* p < 0.0001 compared with baseline. 
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adjunctive therapy, for a group of patients 

with a b road range of base l ine IOPs and 

even for pati ents with I OPs c lassified as 

d ifficu lt to contro l .  With a 3-month treat­

ment period , the positive effects that were 

observed are un l i kely to be due to an inad­

equate wash-out period from the previous 

agents 

In this study, low target pressures were 

more l i ke ly to be ach i eved with b i mato­

prost treatm ent than with the pati ents '  

previous treatments. A low IOP (:S:1 7 mm Hg) 

is c r i t i ca l  to s l owin g or h al t ing v i sua l  

f i e l d  loss in  pat ients with g laucoma.26 27 

Com pared with prev ious treatments , 3 

months of b imatoprost treatment enabled 

3 t imes as many patients to achieve a tar­

get IOP of 1 7  mm Hg or lower. This finding 

is particularly important in c l in ical practice, 

where sound justification is requ ired before 

ask ing pati ents to switch med ications .  

The  low target pressu res ach ieved in th is 

study compare wel l  to those reported in 

c l in ical trials of bimatoprost . 1 2· 1 3 1 5 1 8 2128 

Lim ited publ ished information is avai l ­

ab le on the effect iveness of new ocu lar  

hypotensive agents for  patients from Asia. 

Although differences between studies l im it 

d i rect comparisons, p revious studies have 

shown that patients from lnd ia29 and The 

Phi l ipp ines30 experienced a reduction in IOP 

with latanoprost treatment. 

S imi lar to other studies, 1 7· 1 9·23 this study 

has been able to demonstrate that bimato­

prost can p rovide further reductions in IOP 

when used as replacement therapy for other 

ocular hypotensive agents. Th is find ing is 

consistent with the results of other studies, 

i n  which bimatoprost has been shown to pro­

vide greater IOP lowering than latanoprost 

for patients with bi lateral glaucoma or ocular 

hypotension, or normal tension glaucoma.31 ·32 

Adverse events recorded during the trial 

in previous randomised control led c l in ical 

tria ls . 12 · 1 3 · 1 5·20 This comparab i l ity helps to 

counter criticism that the favourable results 

ach ieved in this open- label c l in ical practice 

setting may reflect investigator bias. This were generally rated as mi ld to moderate in 

Volume 7, Number 3, 2005 

study has also demonstrated the effective- severity The most frequent adverse event, 

ness of b imatoprost, whether prescribed conjunctiva! hyperaemia, has been reported 

as monotherapy, replacement therapy, or in other studies, and appears to occur more 
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frequently with bimatoprost than with other 

ocular hypotensive medications.7 1 6 1 8·21 In a 

recent investigation of hyperaemia associ ­

ated with  the use of  bimatoprost, Abelson 

et al reported that the severity peaked 24 

hours after commencing therapy (84.6% of 

patients were "hardly/not troubled" by their 

ocular redness), and returned to near base­

l ine levels by day 28.33 Hyperaemia was not 

regarded as a sign ificant safety concern .33 

Although not observed in the study reported 

here, there has been a s ing le case report 

of b imatoprost treatment being associated 

with reactivation of herpes s imp lex v i rus 

keratiti s .  34 Caut ion should be exercised 

when prescri b ing phospho l i p id  drugs for 

patients with a h istory of keratitis caused 

by herpes simplex v i rus .  

The pat ients '  and ophtha lmo log ists' 

evaluations of bimatoprost i n  this tr ial were 

highly favourable. The positive experiences 

gained with b imatoprost in th is study are 

l ikely to reflect the broader experiences of 

patients and ophthalmolog ists in c l i n i cal  

practice i n  the Asia Pacific reg ion .  

From study ing b imatoprost i n  c l i n ical 

practice, rather than in a formal cl in ical trial 

sett ing ,  further questions have arisen that 

shou ld  stimu l ate c l i n ical  d i scuss ion and 

additional research .  These questions are as 

fol lows: 

• Are pressures lowered with b imatoprost 

low enough? C l i n ical trials have estab­

l i shed that lower ing I OP  can delay the 

progression of g laucomatous damage 

and v isual  f ie ld loss . 26·27 35 Desp ite the 

variabi l ity in ,  and prognostic l im itations 

of, IOP ,  ophtha lmolog ists shou ld strive 

to lower IOP to a specific target for each 

pati ent and maintai n  that target pres­

sure.36 Evidence from cl in ical trials does 

not def ine ' how low is low enough '  for 

an i nd iv idual patient, but evidence from 

c l i n ical trials and cl i n ical practice i nd i ­

cates that bimatoprost can assist a broad 

range of patients to achieve their target 

pressure. 16-24,3 1 .32 
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• Should bimatoprost be used as fi rst l ine 

treatment? In th is  study, bimatoprost was 

associated with c l in ical ly relevant reduc­

tions in IOP in a broad range of patients, 

even in patients with IOPs classified as 

d ifficu lt to control and in patients previ ­

ous ly treated with other  agents. Us ing 

fi rst- l i ne  b imatoprost therapy to obta in  

an early, fast, and substantial drop in IOP 

may be preferable to  us ing  b imatoprost 

to ach ieve a second drop in I OP  when 

previous agents have not enabled target 

pressures to be reached. The importance 

of considering bimatoprost as a first- l ine 

opt ion is a lso rei nforced by the resu lts 

achieved with b imatoprost monotherapy 

in this study. B imatoprost monotherapy, 

as a first- l i ne option, could prove benefi­

cial in terms of conven ience ,  cost, and 

compl iance - issues that are part icu­

lar ly i mportant i n  general  ophtha lm ic  

practice.3738 

I n  concl usion , th is study, set in  c l i n ical 

practice ,  demonstrates the efficacy and 

safety of b imatoprost for treat i ng  open 

angle g laucoma and ocu lar  hypertens ion 

i n  pat ients from the Asia Pac if ic reg ion .  

B imatoprost was associated with s ign ifi ­

cant reduct ions  i n  I O P  when  used as 

monotherapy, replacement therapy, or ad­

j unctive therapy. B imatoprost enabled a 

large number of patients to achieve c l i n i ­

cally relevant low target pressures_ B imato­

prost was we l l  to lerated ,  and pat ients '  

and ophthal mo log ists ' sati sfact ion with 

bimatoprost was h igh .  
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Prevalence of Oblique Insertion of the 
Arcuate Nerve Fibre Layer Bundle in 
Normal Eyes and its Influence on GDx 
Parameters 

Prema Raju ,  Hemamalini Arvind, Ronnie George, Sathyamangalam 

Ve Ramesh, Mani Baskaran, Lingam Vij aya 

Glaucoma Project, Vision Research Foundation, Sankara Nethralaya, 

Chennai, India 

Aim: Anatomicnl variations of the retinal nerve fibre layer are known to influence 
G Dx parameters, but have not been extensively st11died. The aim of this study was 
to assess the prevalence of obliq11e insertion of the temporal nrcuate retinal nerve 
fibre bundle nt the optic disc and its influence on GDx parameters. 
Patients and Methods: 463 /1enlthy eyes of 234 pnrticipn1 1 ts 1 1 1 1derwent 
complete ophthalmic examination, including scanning laser polarimetry by G Dx. 
Participants with optic nerve pathology, tilted discs, or split nerve fibre bundles 
were excluded. The retardation images of the symmetry analysis printouts were 
analysed by 2 masked observers for oblique or normal insertion of the temporal 
arcunte nerve fibre bundle, which was confirmed 11sing act uni thickness values. 
An oblique insertion was defined ns an arcunte bundle, one-third or more of which 
crossed the nasal or temporal demarcation lines. A co11trol group of 25 eyes with 
11onnnl insertion (defined as those i11 which the bundles lay entirely within the 
demarcation lines) was selected for comparison. GDx parameters were compared 
between the groups using Student's t test. 
Results: Sixteen eyes (3 .46 % )  had oblique insertion in the superior quadrant, 
nnd 7 (1 .51 % )  in the inferior quadrant. Superior, inferior, and superior/nasal 
ratios, maximwn modulation, nasal and temporal averages, and nasal and 
temporal medians differed significantly between those eyes with oblique insertion 
of the nerve fibre bundles and those with normal insertion (p :::; 0.001 ) .  
Conclusions: Oblique insertion of  the temporal arcunte retinal nerve fibre bundle 
was found in 4.97% of eyes. Significant changes in G Dx parameters were noted in 
eyes with oblique insertion, which may lend to misinterpretation of n healthy eye as 
glaucomatous. Hence, GDx parameters in patients noted to have oblique insertion 
of the temporal nrcuate retinal nerve fibre bundle need to be interpreted with caution. 

Key words: Optic disk, Optic nerve, Prevalence 

Asian J Ophthalmol 2005; 7(3):9 1-95. 

Introduction loss . 1  NFL  loss is cons i dered an ear ly 

Glaucoma is characterised by progressive sign of glaucoma and is thought to precede 

degeneration of the reti nal gangl ion ce l ls  the onset of defects on standard wh ite-

and their axonal f ibres, wh ich eventual ly on-wh ite perimetry.2 Scanning laser polar-

l eads to nerve f ibre layer (NFL) th i n n i ng ,  imetry is a non-invasive diagnostic method 

optic d isc cupping ,  and gradual visual field that was developed to assess the reti nal  
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nerve fibre layer (RNFL) thickness at a par­

ticular location by measuring retardation -

that is, the change of the state of polarisa­

tion of l i ght reflected from the reti na.  Be­

cause the RNFL  is form b i refri ngent ,  its 

opt ica l  ax is  is a l i gned  with  the ret ina l  

nerve fi bre bund le or ientat ion ,  and its re­

tardance is proportional to its thickness 3·4 

The normal pattern shows a th icker  NFL 

in the superior and i nferior reg ions. These 

areas of h i g h e r  retardat ion represent  

the tem poral arcuate ret ina l  nerve f ibre 

bund les. The retardation image is d ivided 

i nto the fol lowing 4 segments : 1 20° seg­

ments superior and inferior to the optic disc, 

a 70° segment nasal ly, and a 50° segment 

temporal ly .  

In addit ion to the RNFL ,  the cornea 

also exhibits birefringence properties, which 

add to the change i n  po larisation of the 

i nc ident beam.  The polarisation properties 

of the anterior segment (cornea) are com­

pensated by an opto-electronic device,  the 

' cornea-po larisation compensato r ' .  The 

n erve f ib re ana lyser  (NFA) G Dx uses a 

fixed corneal compensator (FCC), which has 

been modif ied in the latest version with a 

variable corneal compensator (VCC) . 

It has been observed that ,  i n  some 

healthy eyes, the temporal arcuate retinal 

nerve f ib re b und l e  does not strictly l i e  

within the superior and  i nferior quadrants 

but is i nserted obl ique ly ,  partly spreading 

to the adjacent nasal quad rant. As the 

superior and i nferior NFL thickness is taken 

i nto account for a l l  der ived GDx  para­

meters, any change i n  the normal nerve 

fibre bund le insertion could i nf luence the 

derived va lues .  G laucomatous NFL loss 

preferential ly affects the superior and infe­

rior RNFL; any factor that could modify these 

val ues wou ld  be a potential confounder  

i n  d iagnos ing g laucomatous RNFL loss .  

Th is  study was designed to document the 

preva lence  of o b l i q u e  arc u ate b u n d l e  

insertion i n  healthy eyes and to study its 

i nfluence on GDx parameters. 
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Patients and Methods 

This study is part of the Chennai Glaucoma 

Study (CGS) ,  a popu lat ion- based cross­

sectional study of g laucoma among people 

aged 40 years o r  o lder, conducted at a 

tertiary eye care centre. The study popu­

lation i nc luded for G Dx analysis consisted 

of 463 eyes of 234 healthy South I nd ian  

peop l e .  Written i nformed consent  was 

o btai ned  f rom a l l  parti c i pants and  the 

study was performed i n  accordance with 

the tenets of the Declaration of Helsinki . The 

Instituti onal  Review Board approved the 

study. 

All participants underwent a complete 

ophthal m i c  examination ,  i nc l ud ing  best­

corrected visual acuity using the D istance 

Visual  Acu i ty Test Modif ied ETDRS chart 

(L ight  House Low V is ion  Products, New 

York, USA) , NFL analysis us i ng  the N FA 

GDx (Version 1 .0 . 1 6 ; Laser Diagnostic Tech­

nologies, San D iego, USA), frequency dou­

b l i n g  pe r imetry ( FOP ;  Zeiss H u m p h rey 

Systems,  Dub l i n ,  USA) , s l it lamp examin ­

ati o n ,  app lanat ion  ton o m etry, f u n d u s  

exam ination us ing a n  ind i rect ophthalmo­

scope, and d isc evaluation with 78 D at the 

sl it lamp. 

The i nstru m e nt used i n  t l1 i s  stu dy  

was the NFA GDx, which has a fixed corneal 

compensator with a magnitude of 60 nm ,  

and  a slow axis ori ented downwards 1 5° 

nasal ly .  GDx was performed on al l  partic i ­

pants enrolled in the study by 1 of  2 optomet­

rists experienced in glaucoma diagnostics. 

The test was done with ambient room i l l u ­

m i nation and with  und i lated pup i l s .  One  

h igh-qual ity image was captured per  eye 

The image had to be wel l  focused, was cen­

tred with adequate i l l um ination ,  and cov­

ered al l  quadrants. The test was repeated 

up to a maximum of 3 times to obtain a good 

image. Poor-qual ity images were excluded. 

The e l l i pse was placed on the d isc marg in  

and  sym m etry ana lys is  pr i ntouts were 

taken .  Partic i pants with ocular hyperten ­

sion, narrow angles, glaucoma o r  glaucoma 

suspect, large zones of peripapillary atrophy, 

optic nerve pathology, s i gn if icant media 

haze, ti lted d iscs, or sp l i t  nerve f ibre bun­

dles were excl uded. 

The sym metry ana lys is  pr i ntout for 

each participant was analysed by 2 masked 

observers for the presence or absence of 

ob l ique insertion of the temporal arcuate 

reti nal  nerve fi b re bund le .  An ob l ique i n -

sertion was defi ned as  an  arcuate bund le ,  

one-th i rd or more of wh ich  crossed the 

nasal or temporal demarcation l i nes. If the 

su per ior arcuate bund le  was ob l i que ,  it 

was classified as superior ob l ique (Figure 

1 )  and if the i nferior arcuate bund le  was 

obl ique, it was classified as i nferior obl ique 

(Figure 2) .  For comparison ,  a control group 

of 25 eyes of 25  part ic i pants with normal 

i nsertion of the tem poral arcuate reti nal  

nerve f ibre bund le  was also identifi ed .  A 

normal  i nsert ion was def ined as one i n  

wh ich  the  bund le  l ay ent ire ly with i n  the 

demarcation l i nes (Figure 3) .  I n  case of a 

d i sagreement i n  c lassification ,  the 2 ob­

servers re-examined the partic ipant and a 

consensus was reached. Part ic i pants who 

did not satisfy the criteria for either group 

were excluded from the analysis. 

To conf irm an ob l i q ue  i n sert ion ,  the 

actual th ickness val ues of the NFL were 

exam ined .  The mach i ne  provides these 

as a gr id of 1 6  x 1 6  squares overlying the 

captu red image of the optic d isc and the 

per ipapi l lary NFL. The th ickness value i n  

each square represents the actual thickness 

in m icrons of the u nder ly ing N FL at that 

po in t . 5  Each marg i n  of the b u n d l e  was 

Figure 1. Oblique insertion of the superior arcuate nerve fibre layer bundle. Figure 2. Oblique insertion of the inferior arcuate nerve fibre layer bundle. 
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defined as the border between 2 adjacent 

squares at the level of the e l l i pse with a 

d ifference i n  actual th ickness val ues of 

greater than 5 µm.  The nasal and temporal 

borders of each bundle were def ined . The 

width of the bund le was measured i n  de­

grees usi ng a protractor. If more than 30% 

of the bundle crossed the nasal or tempo­

ral d e marcat ion l i n es ,  the b und l e  was 

confirmed to be obl ique.  

The 1 4  parameters i n  the sym metry 

analysis pri ntout were compared between 

the normal  g roup and each of the ob l i ­

que groups (super ior and  i nferior) us ing  

Student's t test. I n  addition ,  4 other  para­

meters - namely, the temporal average, 

nasal average, temporal median, and nasal 

median - were selected from the numeri­

cal printout and s imi larly analysed . 

Results 

Of the 463 eyes analysed , 24 eyes were 

identified to have obl ique insertion on the 

basis of retardation maps. Of these, 23 eyes 

were confirmed to have oblique insertion on 

the actual thickness map, a prevalence of 

4 .97%. All of the eyes with oblique insertion 

were uni lateral - 5 were in the right eye and 

Asian Journal of OPHTHALMOLOGY 

eye. Obl ique insertion 

of the superior bundle 

was noticed in 1 6  eyes 

(3 .46%),  and 7 eyes 

( 1 . 5 1  %) had ob l ique 

insertion of the inferior 

bundle. 

There  were 1 1  

men and 1 2  women 

with ob l ique insert­

ion. The control group 

consisted of 1 O men 

and 1 5  women .  The 

mean age of the par­

ticipants with obl ique 

i nsertion of the tem­

poral arcuate ret inal  

ne rve f ibre b u n d l e  

ORIGINAL ARTICLE 

pants with superior ob l ique i nsertion ,  the 

superior/nasal (p = 0 . 001 ) and the supe­

r ior ratio (p < 0 .001 ) parameters were sig­

n if icant ly affected .  Among parti c i pants 

with i nferior i nsertion, the i nferior ratio was 

s i g n i f icant ly affected (p < 0 . 0 0 1  ) .  The 

effects of  ob l i que  i nsertion on  the G Dx 

parameters compared with normal eyes 

are shown i n  Tables 2 and 3. 

Discussion 

was 45.91 ± 6.63 years (range ,  40 to 60 

years), and of those with normal insertion was 

47.64 ± 6.76 years (range, 40 to 70 years). 

No sign ificant d ifference in age was found 

between the 2 groups. The mean refractive 

error among participants with oblique inser­

tion (-0. 1 6  D ± 1 . 1 9  D) and normal insertion 

(-0.23 D ± 1 .65 D) did not d iffer significantly. 

A n u mber  of var iab les can affect G Dx 

measurements. Improvements in corneal 

compensation have reduced some of the 

confounders. However, variabi l ity i n  retinal 

ne rve f i b re anatomy has rece ived less 

attention . 6  Co len and Lemij recently h igh­

l i ghted the effect of a sp l i t  nerve f ib re 

bund le insertion on GDx parameters .7  The 

current paper descri bes another variant of 

the retinal nerve fibre layer bundle anatomy 

in a healthy popu lation. 

Although the criteria for ob l ique i nser­

tion in this study were arbitrary, the retar­

dat ion maps seem to accurately dep ict 

obl ique nerve f ibre bundle insertion ,  as 23 

of  24 bundles that were considered to have 

an obl ique insertion on the retardation maps 

A statistical ly sign ificant difference was 

noted between the 2 groups in most of the 

Table 1. GDx parameter values for eyes with normal nerve fibre bundle insertion compared with eyes 

with oblique insertion. 

Parameter Normal Oblique superior p Value Oblique inferior p Value 

insertion insertion insertion 

Number (neural network) 21.24 ± 14.73 20.06 ± 13.51 0.798 20.57 ± 09. 78 0.911 

Superior maximum 81.95 ± 15.37 91.73 ± 13.51 0.064 110.38 ± 19.95 <0.001 

Inferior maximum 78.24 ± 14.90 84.95 ± 16.95 0.200 98.54 ± 13.40 0.003 

Symmetry 01.05 ± 00.08 01.10 ± 00.20 0 .299 01.12 ± 00 .11 0 .077 

Superior/nasal 02.36 ± 00 .28 02.40 ± 00.29 0 .001 01.78 ± 00.19 <0.001 

Superior ratio 02.48 ± 00.40 02.20 ± 00 .29 <0.001 01.82 ± 00.30 <0.001 

Inferior ratio 02.36 ± 00.38 01.86 ± 00.27 <0.001 01.63 ± 00.26 <0.001 

Average thickness 56.08 ± 09. 77 60.06 ± 10 .48 0.223 75.57 ± 11.15 <0.001 

Ellipse modulation 02.59 ± 00.44 02.92 ± 00 .52 0.035 02.82 ± 00.62 0.279 

Maximum modulation 01.60 ± 00.34 0 1. 11 ± 00.28 <0.001 00.90 ± 00.23 <0.001 

Superior integral 00.20 ± 00.35 00.18 ± 00.04 0.054 00.26 ± 00.06 0.002 

Ellipse average 60.59 ± 09.69 63.49 ± 10.61 0 .373 78.68 ± 10 .87 <0.001 

Superior average 70.30 ± 1 1.57 64.11 ± 11 21  0.099 90.51 ± 14.81 0.001 

Temporal average 36.62 ± 07.95 47.59 ± 10.36 <0.001 65.17 ± 18.41 <0.001 

Inferior average 71.24 ± 11.87 73.79 ± 14.27 0.539 79.03 ± 09.59 0 .122 

Nasal average 40.61 ± 07.54 55.18 ± 10.17 <0.001 65. 71 ± 08.41 <0.001 

Temporal median 33.96 ± 09.06 46.07 ± 09.72 <0.001 62.15 ± 14.34 <0.001 

Nasal median 35 .33 ± 08.56 45 . 75 ± 10.54 0.001 62.04 ± 09.42 <0.001 
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Table 2. GDx parameters showing an increase with oblique nerve fibre layer insertion. 

Parameter Oblique superior insertion Oblique inferior insertion 

Superior maximum 

Inferior maximum 

Symmetry 

Average thickness 

El l ipse modulation 
Ellipse average 

Temporal average 

Inferior average 

Nasal average 

Temporal median 

Nasal median 

Superior integral 

Superior average 

• p > 0.05. 
t p "' 0.05. 

Increase* 

Increase* 

Increase* 

Increase* 

lncreaset 

Increase* 
lncreaset 

Increase* 

lncreaset 

lncreaset 

lncreaset 

lncreaset 

lncreaset 

Increase* 

lncreaset 

Increase* 
lncreaset 

lncreaset 

Increase* 

lncreaset 

lncreaset 

lncreaset 

lncreaset 

lncreaset 

Table 3. GDx parameters showing a decrease with oblique nerve fibre layer insertion. 

Parameter Oblique superior insertion Oblique inferior insertion 

Superior/nasal 

Superior ratio 

Inferior ratio 

Maximum modulation 

Superior integral 

Superior average 

* p "'  0.05. 
t p > 0.05. 

Decrease* 

Decrease* 

Decrease* 

Decrease* 

Decreaset 

Decreaset 

were confirmed on the thickness map Us­

ing a lesser degree of ob l iqu ity on the re­

tardation maps may not give s imi lar results. 

The prevalence of ob l ique nerve f ibre 

layer insertions was 4.97% of 463 eyes that 

were stud ied . Ob l i q u ity was noted to be 

un i lateral i n  al l  participants and a superior 

ob l i que  i n sert ion was found  to be more 

common ( 1 6 of 23 eyes). The retardation 

values i n  the nasal quad rant (nasal aver­

age and nasal med ian) were increased in 

eyes w ith superior as well as inferior ob­

l i que bund les .  S ince these bund les were 

rotated nasa l l y, i ncreased th i ckness i n  

these regions would b e  expected However, 

the temporal  retardation values (temporal 

average and temporal median) also showed 

an i n c rease a m o n g  part i c i pants w i th  

ob l ique insertion .  A s im i lar temporal rota­

tion of the opposite bund le ,  result ing in an 

ob l ique insertion of the tem poral arcuate 

nerve f ibre bund le  in the correspond ing  

quadrant wou ld exp la in  th is  f i nd ing .  The 

degree of rotation of the opposite bund le ,  
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Decrease* 

Decrease* 

Decrease* 

Decrease* 

wh i l e  present, d i d  not meet the cr iteria 

for an ob l ique i nsertion on the retardation 

map,  possib ly because the ob l i qu ity was 

not suffic iently large to be i nc luded in the 

defin ition .  

Among the part ic ipants with superior 

ob l i q ue  i n sert i o n ,  the super ior  average 

parameter showed a decrease in  the retar­

dation value compared with normal eyes, 

perhaps due to a nasal sh ift of the arcuate 

bund le with a th icker nasal NFL. This also 

resulted in a decrease in the superior and 

inferior ratios. 

Among eyes w i th o b l i q u e  i nsert ion 

inferiorly, a statistically s ignificant i ncrease 

was noted in both su per ior and infer ior 

thickness values. Eyes with inferior obl ique 

i nserti on had h i g l1er  average th ickn ess 

than eyes with either normal insertion or 

superior obl ique i nsert ion. None of these 

eyes had hyperop i c  o r  crowded d i scs ,  

wh i ch  cou ld  be  assoc iated with an i n ­

crease in  the overall thickness of  the  NFL. 

Both the superior and infer ior rat ios for 

these eyes decreased,  suggesti ng  that 

wh i l e  the su per ior and i nfer ior average 

th i ckness was h i g her  than norma l ,  the 

tem poral bund le  was sti l l  relat ively th ick 

compared to normal, ind icating a temporal 

sh ift of the nerve f ibre bund le  with a cor­

respo n d i n g  dec rease i n  the  rat i o .  The  

prevalence of  an ob l i que  NFL  may not be  

large, bu t  does show the  i nter- i nd iv idual  

var i a b i l i ty in N FL patte rn .  Large i nter­

i nd iv idua l  variations i n  the optic d isc are 

a known factor and can be relatively eas i ly 

quantified c l i n ical ly .  It is more d iffi cu lt to 

detect such differences c l in ically in the NFL 

due to absence of equ ivalent methods of 

c l i n ical exam ination. 

A recent paper showing the split nerve 

f ibre pattern7 and this paper showing the 

ob l i q ue  NFL  i n sert ion  suggest that the 

NFL has more i nter- i nd iv idua l  var iab i l ity 

than previously suspected.  Recent reports 

have suggested that the GDx with the fixed 

corneal compensator (GDx FCC) that was 

used in this study is inadequately compen­

sated for corneal polarisation. This has been 

corrected in  later versions of the instrument 

(GDx VCC) ,  wh ich  use a var iable corneal 

compensator. However, using the GDx VCC 

to repl icate this study is difficult, as the GDx 

VCC does not provide  the th i ckness map 

that was used to confi rm obl ique insertion 

in this study and the colour codes for the 

retardation maps are d ifferent for the 2 

instruments. It is possib le that part of this 

ob l i q u ity may be re lated to i nadequate 

corneal compensation .  However, when the 

GDx  NFA was used to perform macu lar 

scans i n  a subset of the part ic i pants with 

an obl ique insertion, it was found that 8/1 4 

(57%) were adequately compensated on 

the macular scan . As 57% of th is subset 

had adequately compensated scans, it is 

un l i kely that the ob l iqu ity is secondary to 

corneal compensation issues alone. 

This study has been performed only for 

normal eyes GDx parameters show differ­

ences in values between eyes with obl ique 
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insertion and normal insertion of the tem­

pora l  arcuate ret ina l  nerve f i b re bund l e  

a t  t he  optic d isc .  GDx parameters related 

to the superior and i nferior quadrants are 

bel ieved to be sign ificantly affected in glau­

coma. Changes i n  these parameters have 

been noted in  eyes with ob l ique insertion 

in  this study. This may lead to m isinterpret­

ing a normal eye as being g laucomatous. 

Hence, GDx parameters i n  eyes noted to 

have ob l i q ue  i nsert ion of the tem poral  

arcuate reti nal nerve f ibre bund le need to 

be interpreted with caution. 
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Comparison of Subscleral Partial 
Thickness Sclerectomy plus 
Trabeculotomy with Trabeculectomy for 
Primary Open Angle Glaucoma 

Harish C Agarwal, P Elankumaran, Viney Gupta, Jeevan S Titiyal 

Dr Rajendra Prasad Centre for Ophthalmic Sciences, All India Institute 

of Medical Sciences, Ansari Nagar, New Delhi- 1 1 0029, India 

Aim: To co111p11re tlze success mte 1111d co111plicntio11s of subscleml p11rti11/ tlzicklless 
sclerecto111y plus tmbern/oto111y wit/1 tl1osc of tmbcrnlecto111y 11/ollc for pri11111ry 
open 1111gle gl11uco11111. 
Patients and Methods: Sixty seue11 eyes of 67 p11tic11ts with pri11111ry opel l 1111gle 
gl11uco11111 were el l rolled i11 tlzis m11do111ised co11trolled tri11/. Thirty four eyes of 34 p11tie11ts 
underwent subscleml p11rti11/ t/1ick11ess sclerccto111y plus tmbewloto111y witlz 111ito111yci11 C 
1111d 33 eyes of 33 p11tiel lts l l l lderwcllt 11wdified C11im's tmbewlecto111y witlz 111ito111yci11 C. 
A co111plete op/1tlz11/111ic ex11111il111tio11 w11s pe1fon11cd /Jeforc sl l ls,ery 1111d 011 postopcmtiuc 
d11ys 1 ,  3, 5, 1111d 7, 1111d 11fter 2, 3, 1111d 4 weeks, 111ld 3 ,  6, 1 2, 1 8, 1111d 24 11w11t/1s. 
Results: T/1e rn11111/11tiuc prob11bility of colllplctc success (i11tmorn/11r pressure 
<2 1 nlln Hg wit/1011t 111edicntio11) 11fter 2 ycnrs, 11sillg K11pl11l l-Meier suruiu11! 
111111/ysis, w11s 76% ill the eyes tlz11t ul lderwellt tmbernlecto111y 11/011e co11lp11rcd 
witlz 52 % i11 tlzc eyes t/111t u11derwe11t subscleml p11rti11! tlz ick11css sclerectol l ly plus 
tmbernlotollly (/og-mllk test, p = 0.07) .  Two eyes ill tlze tmbcrnlecto111y-11lolle 
group /111d fl11t 1111terior cl111111bers with comeole11tirn/11r to11clz 1111d required 1111terior 
cl111111ber refor11111tio11. Hyplz11e11111 1111d deuelopllle11t 111uf progrcssio11 of cnt11mct 
were observed ll/ore frequel ltly i l l  p11tiellts receiving tmbernlecto111y tlt1 1 l l  i l l  tlzosc 
receiui11g subscleml p11rti11/ tlzickness sclerecto111y with tmbcrnlotoll ly. 
Conclusion: Subscleml p11rti11/ thickness sclerccto111y plus tmbernlotollly witlz 
111itolllyci11 C offers 1111 11/tm111tiue to st1111d11rd tmbernlccto111y with 111itoll lyci11 C. 

Key Words: Glaucoma, open angle, Trabeculectomy 
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Introduction 

Trabeculectomy is general ly considered to 

be the gold standard of su rgery to reduce 

i ntraocu la r  pressu re ( I O P) i n  eyes with 

p r im ary open  angle g laucoma (POAG) .  

However, th is  techn ique is  associated with 

comp l i cations ,  i nc lud ing  anter ior uveit is ,  

excessive fi ltrat ion lead i ng  to sha l low or 

flat anterior chamber, hypotony, hypoton ic 

maculopathy, choroidal detachment, and 

endophthalmitis. 1 ·4 Non-penetrating filtering 
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surgery has been attempted to decrease 

the incidence of compl ications and achieve 

control of IOP in  these eyes. 

Epste i n  not iced ooz ing  of aqueous  

humour  from the  para l imbal area d ur ing 

dissection of deep-seated pteryg ium 5 This 

author suggested that paral i m bal deep 

sclerectomy may be performed to lower 

the IOP in patients with g laucoma. Sub­

sequently, Epstein described the  technique 

of para l imbal deep sclerectomy overly ing 

Sch l e m m 's canal , with a 1 80°  c i r cum­

ference, whi le avoiding entry into the ante­

r ior chamber. The techn i que  resu lted i n  

short-term success because of scarring of 

the conjunctiva overlying Schlemm's canal 

and episcleral  t issue. Krasnov reported a 

s im i lar operation dur ing  the same period 

and named the procedure s in usotomy 6 

The  non - penetrat i ng  f i l trat ion  su rgery 

reduced the I OP  by a mean of 50%;  the 

longevity of successfu l fi ltration ranged 

from 1 9 .0  to 37.0 months and the mean 

duration was 29.9 months.7 To prolong the 

duration of filtration ,  col lagen or hyaluronic 

acid implants were used under the scleral 

flap . 8 1 1  Mizoguch i  et a l  eval uated the re­

su lts of trabecu lotomy with s i n usotomy 

in  40 eyes with POAG and reported a 7 4% 

cumu lative success rate for I O P  control 

(::;1 9  mm Hg) after 4 years . 1 2  However, there 

has been no prospective randomised study 

to compare and eval uate partial thickness 

sclerectomy combined with trabeculotomy 

versus standard trabecu lectomy in  eyes 

with POAG . The purpose of this randomised 

contro l l ed trial was to c l i n ica l ly  analyse 

whether  part ia l  t h i ckness sc lerectomy 

comb ined with trabecu lotomy with i ntra­

operative use of m itomycin  C (MMC) can 

i mprove the success rate of the combined 

surgical procedure without produc ing the 

comp l i cat ions assoc iated with trabecu­

lectomy with MMC.  

Patients and Methods 

Sixty seven eyes of 67 consecutive patients 

with POAG from the Glaucoma Cl in ic at the 

Dr Rajendra Prasad Centre for Ophthalmic 

Sc iences ,  Al l  I n d i a  I n stitute of Med ica l  

Sciences, New De lh i ,  I nd ia ,  were enrol led 

in  the study. Al l  patients were Asian. 

Inclus ion criteria were IOP not control­

led (>21 mm Hg) with maximal ly to lerated 

med ical therapy, presence of glaucomatous 

visual f ie ld loss, and cupping of more than 

0 . 5 : 1  in the presence of open ang les at 

gonioscopy. Exclusion criteria were corneal 

Asian Journal of OPHTHALMOLOGY 



ORIGINAL ARTICLE 

opacity that prevented re l iable IOP meas- corneal  touch  was observed (grade 3 ) .  humour  on t he  2 s i des  o f  t he  tri angu lar  

u rement by Go ldmann applanation tono- Chronic anterior chamber inflammation was corneoscleral bed .  Harm 's trabeculotome 

metry, secondary g laucomas, h i story of present when cel ls 1 + or flare 2+ were seen was passed i nto the lumen of Schlemm 's 

i ntraocular su rgery, and inab i l ity to main- by b iomicroscopic examination for more canal and was rotated towards the pup i l  to 

tai n a regu lar follow-up schedu le .  than 2 postoperative weeks .  Choro ida l  rupture the inner wal l  of  Sch/emm 's canal 

I nformed consent was obta ined from detachment was considered present when on both sides as previously described. 1 3  The 

all patients after the risks and benefits of d etected by i n d i rect ophtha lmoscopy .  superf ic ia l  scleral f lap was approximated 

the surgery had been explai ned .  Approval Cataract was noted to be a d i rect result of with 3 i nterrupted 1 0-0 nylon sutures. The 

of the Eth ics Comm ittee of the All I nd i a  surgery and defi ned as  ' surgery-related cut edges of Tenon 's capsu le  and the 

Institute of  Medical Sciences was obtained cataract' when  th ere was no previous  conjunctiva/ f lap were approximated by  a 

before commencing the study. l ent icu lar opac ity and the cond it ion was conti nuous 8-0 vicryl suture. 

A detai led cl in ical h istory was recorded associated with a rapid decrease in visual 

for a l l  patients. The ophthalm ic  examina- acu ity of more than 2 Snel len l i nes (within Trabeculectomy 

tions performed at the screen ing visit and 1 month of su rgery) . When the cataract A l imbus-based conjunctiva/ flap was pre-

1 day p r i o r  to su rgery i nc l uded  best- was associated with a slowly progressive pared and 0 . 2  ml of MMC 0 . 2  mg/ml in a 

corrected Sne l len v isual acu ity, s l i t  lamp decrease i n  v isual acu ity of more than 2 4- x 6 - m m  sponge was app l i ed under  

b iom ic roscopy, d i rect ophthal moscopy,  Sne l len l i nes,  it was defi ned as 'cataract Tenon's capsule for 2 minutes and thoroughly 

optic d isc eval uation with a lens of +90 D progression ' .  washed off. After a triangu lar superf ic ia l  

on a s l i t l a m p ,  Go l dmann  app lanat ion  Pati ents were randomised preopera- scleral flap of 4 x 4 mm had been dissected, 

tonometry, gon ioscopy, and perimetry with t ive /y (by computer-generated random- a 2- x 2-mm corneoscleral bed was dis-

a Humphrey 30-2 program me (Humphrey isation) to receive either subscleral partial sected to include the trabecular meshwork. 

f ie ld analyzer; Zeiss, San Leandro, USA) . thickness sclerectomy p lus trabeculotomy A peripheral iridectomy was performed. The 

Antig /aucoma medications were continued with MMC (SST) or mod ified Cairn's trabe- superfic ia l  scl eral flap was closed with 3 

pr ior to surgery. After surgery, the same cu /ectomy with MMC (TE). Al l  surgical pro- interrupted 1 0-0 nylon sutures. The sutures 

examinations, except for gonioscopy, were cedures were performed under peribu lbar were adj usted to a l low m i n i ma l  l eakage 

performed on postoperative days 1 ,  3 ,  5 ,  anesthaesia by  the same surgeon. during reformation of the anterior chamber 

and 7 ,  and after 2 ,  3 ,  and 4 weeks, and 3,  with balanced salt solution .  The edges of 

6, 1 2  , 1 8 , and 24 months. The visual f ie ld Subscleral Partial  Thickness Tenon's capsule and the conjunctiva were 

examination was repeated after 6 ,  1 2 , 1 8 , Sclerectomy with Trabeculotomy approximated with 8-0 vicryl sutures. Sub-

and 24 months.  If a pati ent d id  not attend After a l i m b us-based conj u n ct iva /  f lap conjunctiva/ steroid and anti b i ot ics were 

for a scheduled visit ,  the mean /OP  read- had been made, 0 .2  ml of MMC 0 .2 mg/ml adm in i stered to a l l  patients. Postopera-

ings of the previous and subsequent visits in a 4- x 6-mm sponge was appl ied under tively, each eye received topical steroid and 

were used for analysis. Anterior chamber Tenon 's capsule for 2 m i nutes and thor- antibiotic eyedrops 4 times a day. The ster-

depth was measured preoperative/y and ough ly washed off .  A tr i angu la r  sc leral  oid dose was gradual ly tapered depending 

aga i n  fro m the f ifth postoperative day thickness superficial f lap of 4 x 4 mm was on the i nf lam matory response of the eye 

using u ltrasonography (Nidek Echoscan US prepared An i nne r  sc leral  f lap of 3 . 5  x and stopped after 4 weeks. All antiglaucoma 

- 3300; Nidek,  Tokyo, Japan).The optom- 3 .5  mm from the sclera/ bed extend ing for treatment was stopped in  the operated eye 

etrist perform ing  the i nvesti gations was approximately 1 mm inside the l imbus was after surgery. 

b l i nded to the surgery performed. d issected and pul led up  whi le the floor of 

Compl ications were defined as hyph- Sch lem m 's canal and Descemet's mem- Statistical Analysis 

aema when red blood cel ls were observed brane were depressed with the tip of the The difference between the paired samples 

i n  the anterior chamber, and as hypotony ce l l u lose sponge unt i l  the dark-coloured between groups were analysed with the 

when the /OP decreased to below 6 mm Hg. uvea/ tissue could be seen .  The membrane Wi lcoxon s igned rank test. Kaplan- Me ier  

The anterior chamber depth was graded was cleaved from the cornea for a distance analysis for IOP  survival was done to as-

as shal low in the presence of i ridocorneal of 1 mm and the i nne r  sc /eral  flap was certain the cumulative probabi l ity of corn-

touch i n  the per iphery (grade 1 )  or m id - excised . The  cut  end of  Sch lemm's canal p lete success for achieving an /OP of less 

pe r i p he ry (g rade 2 )  and f lat i f  a l e n s  was i dentif ied b y  ooz ing o f  the aqueous than 2 1  mm Hg and less than 1 4  mm Hg 
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without ant i  g laucoma therapy, and the Figure 1 .  lntraocular pressure during 1 year of  follow-up. 

log-rank test was used to compare the 2 

groups. Qua l if ied success was defi ned as 

an IOP of less than 2 1  mm Hg with top ical 

an t i g laucoma therapy. The Stati sti ca l  

Package fo r  the  Socia l  Sc iences version 

1 0 . 0  was used for statistical analyses. 

Results 

Thirty three eyes underwent TE and 34 eyes 

underwent SST There were 40 men and 

27  wo m e n .  Tab l e  1 shows the c l i n i ca l  

profiles of the 2 groups. The  mean (± stand­

ard deviation) fol low-up duration was 20.0 

± 2.4 months for the SST group and 20.2 ± 

2 . 1  months for the TE group.  Al l patients i n  

both groups were fo l lowed up for a m in i ­

mum of  1 2  months, and  23 patients i n  the 

TE group and 20 i n  the SST group were fol ­

lowed up  for 2 years. 

The mean preoperative IOP was 29.6 ± 
5 . 6  m m  Hg i n  the TE g roup  and 3 1 . 2  ± 
6.8 mm Hg in the SST group.  At the 1 -year 

fol low-up  visit , the IOP  decreased to 1 3. 1  

± 2 . 7  m m  H g  (57.3%) in  the T E  group and 

1 5 .8 ± 4.3 mm Hg (51 .4%) in the SST group 

(Figure 1 ). After 1 year, complete success 

was achieved for 24 eyes (71 %) and qual i ­

f ied success for 8 eyes (23%) after SST 

compared w ith complete success for 32 

eyes (97%) and qualified success for 1 eye 

(3%) after TE. The 2 eyes in the SST group 

i n  wh ich  the IOP was not contro l led with 

max imum tolerable antig laucoma therapy 

(designated as failure of surgery) underwent 

trabeculectomy after 6 months. Figures 2 
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Figure 2. Cumulative probability of complete success (IOP <21 mm Hg without antiglaucoma 

medication) using Kaplan-Meier life-table analysis. 

- �  0 > 0.9 
0 - - - - - - - - - - -,..L, 

>, � :=: :::i :-=: (/) {il � 0.8 
.0 :::J 
0 ({) � ({) 0. QJ 0 7  
(]) 0.. . 

.=::: )..... 
]i � 0.6 
:::J 0 
E o 

LJ- - - - - - - - - - - ... 

0- - - - - - - - - - -

I 

8 _g 0.5 0--0 Trabeculectomy D 
c D - D Subscleral partial thickness sclerectomy with trabeculotomy 

O O-t-��-.-��-.-��-,-��-,-��--,-��--,-��--.-��-.-
0 1 00 200 300 

and 3 show the Kap lan-Me ie r  curves for 

comp lete success fo r I O P  of less than 

2 1  mm Hg and less than 1 4  mm Hg for a 

2-year fol low-up period . In each case, the 

d ifference between the 2 groups us ing  

the  log-rank test was not  s ign ificant. For 

exam p l e ,  the c u m u lat ive probab i l i ty of 

complete success (<21 mm Hg) was 76% 

400 
Time (days) 

500 600 700 800 

for the TE group and 52% for the SST group 

(p = 0 .07). 

The mean  n u m b e r  of med i cat ions  

decl ined from 1 .  7 ± 0 . 5  to 0 .8 ± 0 .2  in the 

SST group and from 1 .8 ± 0.9 to 0.5 ± 0 . 1  

in  the TE group ( p  = 0.02) .  Two eyes i n  the 

TE group had a flat anterior chamber that 

requ i red reformation with 2% hydroxypropyl 

methylcel lu lose (HPMC) .  
Table 1 .  Patients' characteristics (mean ± standard deviation). Anterior chamber reaction during the first 

week after surgery was present in a l l  eyes 

in the TE group,  but in none of the eyes in 

the SST group.  The cel ls and flare subsided 

in  al l  eyes after the first week of treatment 

with topical steroids. None of the eyes had 

chronic anterior chamber inflammation per­

sisting beyond 1 week. Other complications 

such as hyphaema and development and 

progression of cataract were observed more 

Characteristic 

Sex 

Male 

Female 

Age (years) 

Follow-up (months) 

Preoperative intraocular pressure (mm Hg) 

Subscleral partial 

thickness sclerectomy 

plus trabeculotomy (n = 34) 

22 

1 2  

44.1 ± 2.8 

20.0 ± 2.4 

31 . 2 ± 6.8 

Mean number of preoperative topical medications 1 .7 ±  0.5 

Duration of preoperative topical medication (months) 6.2 ± 2.3 
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Trabeculectomy 

(n = 33) 

1 8  

1 5  

46 .6  ± 3.5 

20.2 ± 2. 1  

29 .6  ± 5 .6  

1 .8 ± 0 .9  

6.4 ± 2.3 

p Value 

0 . 1  

0 .2  

0 .6 

0.06 

0.07 

0 .4 
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Figure 3. Cumulative probability of complete success (IOP <14 mm Hg without antiglaucoma 

medication) using Kaplan-Meier life-table analysis. 
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Table 2. Postoperative complications. 

Complication Subscleral partial Trabeculectomy (%) p Value 
thickness sclerectomy plus [n = 33] 
trabeculotomy (%) [n = 34) 

Hyphaema 2 (6) 

Hypotony 0 
Shallow anterior chamber 

Total 0 
Grade 1 0 
Grade 2 0 
Grade 3 0 

Chronic anterior chamber inflammation 0 
Failed surgery 2 (6) 

Cataract 

Total 1 (3) 
Development 0 
Progression 1 (3) 

frequently in the TE group than in the SST 

group (Table 2) . 

At the last fo l low-up ,  best-corrected 

visual acuity decline of more than 2 Snellen 

l ines occurred in 6 eyes in the TE group; th is 

was due to a flat anterior chamber and sub­

sequent surgery-related cataract develop­

ment in 2 eyes and cataract progression 

in  the other 4 eyes. Hypotonic maculopathy 

was not observed in any of the eyes unt i l  

the last follow-up.  In the SST group,  visual 

acuity decl ine of greater than 2 Snellen l ines 

occurred in 1 eye because of progression 

of cataract. Accidental perforation was not 

encou ntered d u r i n g  deep sc lerectomy, 

and none of the eyes in  the SST group had 

haemorrhagic Descemet's detachment. 
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5 (1 5) 

3 (9) 

1 0  (30) 
5 (1 5) 

3 (9) 
2 (6) 

0 
0 

6 (1 8) 

2 (6) 

4 (1 2) 

0.4 
0.22 

0.0017 

0.44 

0.1 

Visua l  f ie lds and optic d iscs did not 

show defin ite g laucomatous prog ression 

in any of the eyes during the 2-year follow­

up period. 

Discussion 

It is i ncreas ing ly  understood that an IOP  

of less than 21  mm Hg  and stable perimetry 

results are not the best measures of suc­

cess for treat ing patients with g laucoma. 

Preservation of functional v is ion with m in i ­

mal d isturbance to qual ity of  l ife are  the 

idea l  measures .  Owing  to  the potent ia l  

v is ion th reaten ing compl ications of trabe­

cu lectomy with or without antimetabolites, 

many surgeons prefer to de lay su rgery, 

espec ia l l y  for pat i e nts with  a g ross ly  
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reduced field of vis ion. If the safety marg in  

of g laucoma surgery cou ld be i nc reased 

without sacrif ic ing efficacy, surgical  i nter­

vention for g laucoma may be considered 

ear l ier .  Recentl y ,  there has emerged an 

i n te rest in pe rform i n g  non -perforat i ng  

f i lteri ng  surgery such  as  non-penetrat ing 

trabecu lectomy, 1 4  viscocanalostomy,15 deep 

sclerectomy with wick drains and col lagen 

imp lants,9· 1 0 · 1 1 · 1 6  trabecular vacuum ing ,  1 7 

and ab i nterno gon iotrabecu lectomy18 i n  

an attempt to  decrease the  postoperative 

compl ications of standard filtering surgery. 

The advantages of these techn i ques are 

avoidance of prolonged hypotony, reduced 

postoperative i nf lammation, m in imal need 

for postoperative medications, and rapid 

v isual recovery. However, pre l im i nary re­

su lts show that IOP reductions w ith these 

p rocedu res are lower than with trabecu­

l e cto my . 1 9  U s i n g  c o l l ag e n  i m p l a n t s ,  

Shaarawy e t  a l  reported 9 5 %  q ua l i f ied 

success and 62% complete success rates 

after 5 years in a prospective study of 1 05 

eyes that underwent deep sclerectomy.20 

Co l lagen  and hya luron ic  acid i m p l ants 

are costl ier and therefore not feasible to use 

for al l  patients undergoing non-penetrat ing 

fi ltering surgery. 

An advantage of c o m b i n i n g  deep  

sclerectomy with trabeculotomy and using 

i ntraoperative M M C  was cons i dered to 

i m p rove the resu lts i n  re lat ion to I O P  

contro l .  The mechanisms proposed for the 

drainage of aqueous after deep sclerectomy 

inc lude episcleral d rainage via Schlemm's 

canal ,  the i ntrascleral b leb ,  and the sub­

conjunctival b leb ,  and partly through the 

subchoroidal passage.21 

Several researchers have used MMC 

du ri ng  trabecu lectomy and  reported im ­

proved success rates compared with trabe­

cu lectomy without M M C . 22-25 Nakaiz um i  

e t  al26 and  Kozobol is  e t  al27 also reported 

g reater success with the use of MMC for 

deep sclerectomy. In the patients with POAG 

reported in this study, the complete or quali-
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fied success rate for IOP  control after 1 2  

months for TE ( 1 00%) was comparab le  

to  that for SST (94%), although the  abso­

l ute success rate for the fo rmer proce­

dure (97%) was greater than for  the latter 

procedure (71 %) .  These results are better 

than those reported by Ambresin et a l ,  who 

performed deep sclerectomy with col lagen 

implants i n  1 eye and compared the results 

with the contralateral eye, which underwent 

trabeculectomy.28 However, these authors 

a lso i nc l uded pat ients with  secondary 

open angle g laucoma i n  their study. 

In th is  study, 2 eyes undergo ing SST 

had uncontrol led IOPs, even with maximally 

tolerated antiglaucoma therapy; the 2 eyes 

subsequently underwent trabeculectomy. 

More eyes had shal low anterior chambers 

after TE than SST Two eyes developed cor­

neolenticu lar touch after TE and requ i red 

reformation of the anterior chamber with 2% 

HPMC .  At the f inal  fo l low-up vis it ,  visual 

acu ity decreased i n  6 eyes by more than 

2 l i nes after trabecu lectomy because of 

cataract, whereas only 1 eye had a decrease 

of more than 2 l i nes after SST. S im i lar re­

sults have been reported by other authors.29 

Compl ications such as anterior cham ber 

reaction, hyphaema, and hypotony were ob­

served more frequently after trabeculectomy 

Although the number of eyes was l im ­

ited ,  th i s  pre l i m i nary study shows that 

appl ication of MMC during SST is a promis­

ing alternative to convent ional  trabecu ­

lectomy with M M C .  A thorough eval uation 

in a larger ser ies of eyes with a longer  

fol low-up may substantiate these results. 
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Influence of Age, Race, Sex, and 
Socioeconomic Status on False-negative 
Rates of Visual Fields in Glaucoma 
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Aim: An increased freqlte11cy of false-11egative rates for visltal fields in glaucoma lias 
been associated with worse visual field status. This study examines whether this 
finding might also vary according to age, mce, sex, or socioeconomic status - demo­
graphic factors unrelated to glaucoma that may affect visual field performance. 
Pa tients and Methods: This study was a retrospective observational cnse series. 
Of 1 200 charts of patien ts 1 1 1 1dergui11g visual field testing, 297 were included. The 
i11c/usio11 criteria were l l l l ilateml glauco11wto11s field loss, prior experience with 
visual field testing, and a visual field defect in 1 eye 011 at least 2 examinations. 
Data were analysed using the Wilcoxon signed m11k test, Wilcoxon rank sum test, 
and Kruska/1- Wallis test. 
Results: Of 297 patients with unilateral glaltcomatous field loss, there were 
1 75 men and 1 22 women. 123  patients were Caucasian and 128  were black. 
Seventy four patients (24.92 % )  were enrolled from a private clinic, 90 (30 .30 % )  
from a Veterans Administration hospital, and 1 33 (44 . 78 % )  from a county 
hospital. The mean false-negative rate in affected eyes was 1 2 .56, while that 
i11 unaffected eyes was 4 . 1 9 .  The intmpatient intereye difference in false-negative 
rates was 8.43 (p < 0.001 ) .  However, i11trapatient intereye differences 
in false-negative rates did not vary significantly by patients' age, race, sex, or 
socioeco11omic status. 
Conclusions: High false-negative mtes are closely associated with worsening 
glauco111atous visual field defects, but age, race, sex, and socioeconomic status do 
not appear to significantly influence false-negative rates. 

Key Words: Demography, False negative reactions, Glaucoma, Visual fields 
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Introduction 

It has been shown that false-negative rates 

(FNRs) for v isual f ie lds i ncrease with se­

verity of visual field loss . 1 ·3 FNRs ind icate a 

fai lure to respond to a stimulus that is 9 dB 

brighter than a stimulus previously seen at 

Tl1is p11per wns presented i11 p11rl nl !lie A111erirn11 

Arnde11111 of Op/J tlw/1110/ogy Meeli11g i11 New 
Orle1111s, USA, n Nove111/1cr 200'!. 
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the same location .  A patient may become 

fatigued during visual f ield testi ng and fai l 

to respond to a stimulus that has previously 

been seen . 4·6 FNRs may also s ign ify that a 

patient is unable to see the brighter stimu-

1 us  on second presentation owing to a 

widely damaged visual fie l d . 1 •3 Therefore, 

FNRs in advanced glaucoma do not neces­

sar i ly  mean that the test is u n re l i ab l e .  
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However, g iven the demands of automated 

visual f ie ld testi ng ,  it is unc lear whether 

i nd ividuals of lower socioeconomic status 

or with certain demographic characteristics 

may f ind the test more d ifficu lt to perform 

than other individuals, and thus have higher 

FNRs that might confound the test results. 

There is an impression among some practi­

tioners that patients of lower socioeconomic 

status may have unreliable results. However, 

th is may not be a refl ection of re l iab i l ity 

as much as severity of d isease, because it 

has been shown that ind iv iduals of lower 

socioeconomic  status present later and 

with more severe d isease.7 

This study examines whether socioeco­

nomic status (represented by the general 

c l i n i c  popu lation) is related to decreased 

re l iab i l ity i n  v isual field test performance 

after adjusti ng for severity of v isual f ield 

loss. The study also a imed to determ ine  

whether  oth er  demograph i c  factors of 

age, race, and sex affect rel iabi l ity ind ices, 

specifical ly FNRs, for automated perimetry. 

Th is is the first study to exam ine  whether 

rel iabi l ity ind ices are affected by external 

factors. 

Patients and Methods 

1 200 consecutive charts of patients under­

go i ng  v i sua l  f i e l d  test i ng  at 3 centres 

between Apri l 1 996 and December 2000 

were retrospectively reviewed .  The study 

protocol was approved by the institutional 

review board or eth ics comm ittees of the 

3 c l in ics. 

Pat i ents i nc l uded  in the study were 

known to have g laucoma, as wel l  as un i ­

l atera l  g laucomatous f i e ld  l oss ,  p r io r  

exper ience with v isual f i e ld  test ing ,  and  

a visual f ie ld defect i n  1 eye on at  least 2 

exam inations. E l ig ib le visual f ie ld defects 

were defined as having at least 2 adjacent 

po ints of -5 dB or less.  Exc lus ion criteria 

i ncluded visual f ie ld defects from reti na l ,  

macular, or neurological d iseases. Diagno­

s is  of g laucoma was based on s i gns  of 
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a g laucomatous optic d isc such as vert i - a stimulus brighter than the one previously of re l i ab i l ity measures and of MD values 

ca l ly oval cupp i ng ,  d i spar ity of c ups i n  seen i n  the same location .  The intrapatient were not normal. Therefore, non-parametric 

both eyes, neural rim th inn ing or notch ing ,  i ntereye d ifference i n  FNR (L'.}FNR) was cal- tests were used for these measures. MNRs 

saucerisation ,  nasa l isation of vessels ,  or cu lated by taki ng the d ifference between were calcu lated and compared us ing the 

total cupp ing ,  and on the correspond ing  the FNR in affected eyes and the FNR in the Wi lcoxon signed rank test The relationship 

visual f ie ld defects such as nasal step,  or contralateral eye with normal visual f ie ld between L'..FNRs and MD values and demo-

paracentral or arcuate scotoma ,  with or test ing .  The amount of f ie ld loss was esti- g rap h i c  c haracter ist ics were tested by 

w i thout  e l evated i ntraoc u l ar press u re mated by 2 methods. Fi rstly, if the defect the Wilcoxon rank sum and Kruskal l-Wal l is 

( IOP) .  Of the 1 200 patients reviewed, 297 was ma in ly  confi ned to 1 q uadrant ,  the tests for u n ivar iab le analyses and with 

were e l ig ib le for the study. damage was considered mi ld ,  field defects analysis of variance on the ranks of the out-

The 3 centres included a private c l in ic ,  i n  2 quadrants were considered moderate, come measures for mu ltivariable analyses. 

a Veterans Ad m in i strat ion (VA) hosp ita l ,  and scotomas in 3 o r  more quadrants were A p value of 0 .05  or less was considered 

and a county hospita l .  The pr i vate c l i n i c  considered severe. Secondly, a g lobal esti- statistica l ly s i gn if i cant S im i la r  analyses 

(cl i n i c  A) is attached to the Un iversity of mate of the extent of f ie ld loss was esti- were a l so performed for fa lse-pos it ive 

Texas Southwestern Med ica l  Center at mated by mean deviation (MD) ,  which has rate (FPR) and fixation loss rate (FLR) . 

Da l las ,  USA. The pati ents attend i ng  th is  been shown to correlate wel l  w i th  visual 

c l i n i c  have health i nsurance or are self- f ie ld scores from the Col laborati ve I n iti al Results 

payers. For the purpose of this study, pa- G laucoma Treatment Study (CIGTS).8 Demographics 

tients attending c l in ic A were considered to Data analyses were performed us ing The patients' demograph ics  are shown 

be long to a h igher socioeconomic group ,  t he  Stat is t i ca l  Ana lys is  System (SAS in Tab l e  1 .  Age was s im i l a r  among the 

with a median annual income of US$50 ,000 Institute I nc ,  Cary, USA) . The d istr ibutions 3 groups; the mean (± standard deviation) 

per household and no upper l im it C l in ic  B 

is located at the local VA hospita l .  Accord-
Table 1. Patients' demographics. 

ing to the Publ ic Affairs off ice, the average 
Variable (n = 297) Number (%) Age ± standard deviation (years) 

househo ld  i ncome for these patients i s  Age (years) 63.74 ± 1 2.69 

Range 1 5  - 88 
US$2 3 , 500  per year. The patients from Sex 

the VA hospital were arbitrarily considered Male 1 75 (58.92) 64.53 ± 1 3.29 

to be i n  the midd le socioeconom ic  group.  
Female 1 22 (41 .08) 62.61 ± 1 1 .74 

Race 

C l i n i c  C represents the cou nty hosp i ta l  Caucasian 1 23 (41 .41 ) 67.73 ± 1 1 .98 

(Parkland Memor ia l  Health and Hosp ital 
Black 1 28 (43 . 1 0) 61 .27 ± 1 3.37 

Hispanic 36 (1 2 . 1 2) 59.69 ± 9.71 
System in Da l l as ,  USA) , wh i ch  provides Asian 1 0  (3.37) 60.90 ± 9.09 

health care to res ide nts of Da l l as and Socioeconomic status 

Upper (clinic A )  74 (24.92) 61 .39 ± 1 2.43 
Tarrant Counties. This c l in ic is mainly staffed Middle (clinic B ) 90 (30.30) 68.68 ± 1 1 .63 

by the Med ica l  Center 's ophtha lmo logy Lower (clinic C )  1 33 (44.78) 61 .71 ± 1 2.67 

residents under fu l l -t ime supervis ion .  The 
Affected eye 

Right 1 41 (47.47) 

health care cost for each patient is based Left 1 56 (52.53) 

on the patient's income and abi l ity to pay. Refraction 

Hyperopia 91 (31 .93) 
The average annual i ncome is US$1 2 ,000 Myopia 1 21 (42.46) 

and these patients were considered to be Piano 73 (25.6 1 )  

i n  the lower socioeconomic group.  
Severity of  visual field loss 

Mild 1 05 (33.35) 

A l l  pat ie nts were tested us i ng  the  Moderate 99 (33.33) 

Humphrey SITA Standard white-on-wh ite Severe 93 (31 . 3 1 )  

Type of glaucoma 
30-2 programme (Humphrey Instruments, Open angle 271 (91 .86) 

San Leandro, USA); right eyes were routinely Angle closure 24 (8. 1 1 )  

Number of medications 
tested first The FNR was calcu lated from 0 34 (1 2.06) 

the percentage val ue on the printout, which 1 -2 1 90 (67.37) 

represents how frequently a patient misses 
>2 58 (20.57) 
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age was 63. 7 4 ± 1 2 .69 years. The subtypes (cl i n i c  A) had a MNR of 5 . 2 1 , wh ich was 

of glaucoma were d istri buted evenly among lower than the values for the patients from 

the c l i n ics. the middle (cl in ic B) and lower (cl i n ic  C) in-

ORIGINAL ARTICLE 

(FNR = 1 4 .03), and 60 eyes were unaffected 

(FNR = 5 .30) .  

come groups of 1 0 .24 and 9.06,  respectively. Visual Field 

False-negative Rate 

The mean FNR in affected eyes was 1 2 .56 

versus 4 . 1 9 i n  unaffected eyes (Table 2) .  

The MNR was 8 .43 (p < 0 .001  ) .  The FNR 

was h igher i n  affected eyes i n  more than 

half of the patients ( 5 1 . 43% ;  1 5 1 /288,  

with 9 patients exc luded owing to lack 

of i nformation ) .  The MNRs exceeded 5 

in both eyes in 5 1  pati ents. In these pa­

t ients, the MNR was 3 .09 .  Comparison 

of �FNR among the var ious races was 

not s i g n if icant ,  but the mean FNRs i n  

affected eyes were h i g her  than i n  non­

affected eyes , with MNR rang i ng  from 

7 .26 to 9.66 (Tab le 2). 

The mean FNRs in affected eyes of men 

and women were also h igher  than in un­

affected eyes. The change i n  FNR between 

the sexes was not s ign ificantly d ifferent. 

Pat i ents from the h i gher  i ncome g roup  

The  MNRs among the 3 groups were not 

sign ificantly different. 

False-positive Rate 

The mean FPR was 3 .39 (range,  0 .00  to 

37 . 50)  i n  g laucomatous eyes and 3 . 83  

(range, 0 . 00  t o  44 .44) in healthy eyes. The 

average difference i n  mean FPR response 

was -0.44.  Comparisons of the change i n  

FPR among  races and sexes were not 

s ign if icant. Com parison of the change in 

FPR between c l in ics showed a statistical ly 

s ign ificant d ifference (p < 0 .001 ) . 

Fixation Loss Rate 

The FLR was 9 .67 (range, 0 .00 to 95 .45) 

in g l aucomatous eyes, com pared with  

1 2 .65 (range, 0.00 to 1 00 .00) in  unaffected 

eyes. Of those eyes with FLRs of more 

than 20, forty two eyes were glaucomatous 

Table 2. Mean false-negative rates (FNRs) associated with demographic factors.* 

Variable FNR, affected eyes (range) FNR, unaffected eyes (range) 

Overal l  1 2.56 (0.00 - 1 OD.OD) [n = 290] 4. 1 9  (0.00 - 50.00) [n = 295] 

Race 

Caucasian 1 1 .21 (0.00 - 1 DO.OD) [n = 1 20] 4.24 (0.00 - 33.33) [n = 1 23] 

Black 1 3.90 (0.00 - 1 OD.OD) [n = 1 25] 4 . 1 5  (0.00 - 50.00) [n = 1 26] 

Hispanic 1 2.65 (0.00 - 75.00) [n = 35] 4 .37 (0.00 - 1 4.29) [n = 36] 

Asian 1 1 .  77 (0.00 - 33.33) [n = 1 OJ 3.33 (0.00 - 1 6.67) [n = 1 OJ 

Sex 

Male 1 3. 73 (0.00 - 1 OD.OD) [n = 1 72] 3.98 (0.00 - 33.33) [n = 1 75] 

Female 1 0.85 (0.00 - 54.54) [n = 1 1 8] 4.50 (0.00 - 50.00) [n = 1 20] 

Socioeconomic status 

Upper (clinic A) 8.82 (0.00 - 66.67) [n = 74] 3.61 (0.00 - 50.00) [n = 74] 

Middle (clinic B) 1 4.36 (0.00 - 1 OD.OD) [n = 88] 4.37 (0.00 - 33.33) [n = 90] 

Lower (clinic C) 1 3.49 (0.00 - 75.00) [n = 1 28] 4.39 (0.00 - 50.00) [n = 1 31 ]  

* Taken together, none of the demographic factors (race. sex, socioeconomic status) were statistically significant. 

t p Value based on the Wilcoxon signed rank test. 

t p Value based on the Kruskall-Wallis test. 

§ p Value based on the Wilcoxon rank sum test. 

Table 3. Mean false-negative rates (FNRs) associated with mild, moderate, and severe visual field loss. 

Visual field loss* 

Mild 

Moderate 

Severe 

FNR, affected eyes (range) 

6.69 (0.00 - 54.54) [n = 1 05] 

1 1 .56 (0.00 - 54.54) [n = 99] 

20.88 (0.00 - 1 00.00) [n = 86] 

FNR, unaffected eyes (range) 

3.68 (0.00 - 50.00) [n = 1 05] 

4.48 (0.00 - 40.00) [n = 98] 

4.47 (0.00 - 25.00) [n = 92] 

The relationsh ip  between MNR and the 

degree of v isua l  f i e l d  damage demon­

strated a positive correlation .  I n  g laucoma­

tous eyes, as the amount of v isua l  f ie ld  

damage increased, the FNR also increased. 

As expected,  th is  re lat ionsh i p  was not 

seen in the unaffected eyes that did not 

have visual f ie ld damage (Table 3) .  There 

was a s ign ificant d ifference among visual 

f ield loss categories in  terms of the MNR 

(p < 0 .001  ) . After Bonferron i  adjustments 

(p = 0 .0513 = 0 .01 67) , the d ifference be­

tween mi ld and moderate damage was not 

s i gn if icant .  Comparisons of m i l d  versus 

severe damage (p < 0.001 ) and moderate 

versus severe damage (p < 0 .0 1 1 )  were 

stati sti ca l ly  s ign if icant. The relat ionsh i p  

between FPR and t he  degree of v isua l  

f i e l d  damage as measured by MD was 

not  s ign if icant. For FLR ,  there was on ly a 

t.FNR (range) 

8.43 (-50.00 - 1 00.00) [n = 288] 

7.26 (-1 8.00 - 1 DO.OD) [n = 1 20] 

9.66 (-50.00 - 33.33) [n = 1 23] 

8.1 5 (-1 4.29 - 75.00) [n = 35] 

8.34 (-1 6.67 - 33.33) [n = 1 OJ 

9.96 (-20.00 - 1 OD.OD) [n = 1 72] 

6 . 1 6  (-50.00 - 54.54) [n = 1 1 6J 

5.21 (0.00 - 66.67) [n = 74] 

1 0.24 (-1 8.00 - 1 00.00) [n = 88] 

9.06 (-50.00 - 75.00) [n = 1 26] 

t.FNR (range) 

3 01 (-50.00 - 54.54) [n = 1 05] 

7.08 (-27.50 - 54.54) [n = 98] 

1 6.69 (-1 4.28 - 1 OD.DO) [n = 85] 

p Value 

<0.001 t 

0.382* 

0 . 1 58t 

p Value 

<0.001 t 

* There was a borderline significant difference between mild and moderate degrees of field loss (p = 0.059). There was a statistically significant difference between mild and severe visual field 

loss (p < 0.00 1 )  and between moderate and severe visual field loss (p = 0.01 1 )  
t p Value based on the Kruskall-Wallis test. 
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Table 4. Mean deviation in affected eyes associated with demographic factors. 

Variable Mild (range) Moderate (range) 

Overall -4.96 (-1 1 .53 to -0.34) (n = 1 04] -7.85 (-23.34 to - 1 .85) [n = 94] 

Race 

Caucasian -4.58 ( - 1 1 .53 to -0.57) [n = 43] -7.27 (-21 .68 to -1 .85) [n = 35] 

Black -5.39 (-1 0.48 to -0.74) [n = 46] -7.91 (-23.34 to -3.00) [n = 42] 

Hispanic -3.69 (-1 0.47 to -0.34) [n = 1 1 ]  -8.69 (- 1 5 .95 to -4.72) [n = 1 5] 
Asian -7.65 (-1 1 .20 to -3.36) [n = 4] - 1 0.51 (- 1 6.72 to - 1 0.50) [n = 2] 

Sex 

Male -5.22 (-1 1 .20 to -0 63) [n = 52] -8.43 (-23.34 to - 1 .85) [n = 50] 

Female -4.72 (-1 1 .53 to -0.34) [n = 53] -7.20 (-1 5.95 to -3.00) [n = 44] 

Soc ioeconom ic status 

Upper (clinic A) -3.91 (-9.89 to -0.34) [n = 35] -7. 1 1  (-23.34 to - 1 .85) [n = 22] 

Middle (clinic B) -4.88 (-1 0.48 to -0.63) [n = 24] -8.53 (-21 .68 to -3.46) [n = 3 1 ]  

Lower (clinic C) -5.82 (-1 1 .53 to -0.74) (n = 45] -7.89 (- 1 6.72 to -3.00) [n = 50] 

* p Value based on the Kruskall-Wallis test. 

t The d ifference in clefects between t11e races. sexes. and socioeconomic levels were not statistically significant. 

mi ld  positive correlation with v isual f ie ld 

damage, wh ich was of borderl i ne  s ign if i ­

cance (p = 0 .054). 

Analysis of median MD i n  the g lauco­

matous eye is shown i n  Tab le  4 .  With re­

spect to worsening visual field loss, the MD 

s ign ificantly decreased (p < 0 .001  ) . Th is  

trend held for al l  racial g roups, sexes, and 

socioeconomic levels. Overa l l ,  M Ds in  pa­

t ients with m i l d ,  moderate , and severe 

visual f ie ld loss were -4 .76 ,  -7 . 20 ,  and 

-20 .09 ,  respectively. 

MD .  There were no sign ificant interactions. 

Next, the models were rerun ,  om itti ng the 

interaction terms .  None of the p red ictors 

were s ig n if icant in the presence of M D .  

Then ,  several pairwise i nteract ions were 

inc l uded (sex-age, sex-cl i n i c ,  race-cl i n ic ,  

etc) a long with the correspond i ng  ma in  

effects. None of  these i nteractions were 

s ign ificant. F inal ly, a l l  predictors were i n ­

c luded in  a model together (with n o  i nter­

action terms}, along with MD .  None of the 

pred ictors were s i gn if icant .  These ma in  

effects were s ing ly e l im i nated i n  order of 

Severe (range) p Value 

- 1 9.43 (-30.97 to -4.88) [n = 83] <0.00 1 *  

- 1 8 .77 (-30. 1 5  to -9.77) [ n  = 34] 

- 1 9.93 (-30.97 to -4.88) [n = 34] 

- 1 9 .83 (-28.34 to -1 2.79) [n = 9] 

- 1 9.65 (-23.28 to - 1 5.09) [n = 3] 

-20.03 (-30.43 to -7.64) [n = 58] 

-1 8.05 (-30.97 to -4.88) [n = 25] 

- 1 5.25 (-30.43 to -4.88) [n = 1 4] 

- 1 9.26 (-30. 1 5  to -7.64) [n = 3 1 ]  

-21 . 1 2  (-30.97 to -5.85) [ n  = 38] 

l east s i gn if icance and the mode ls were 

refit. At the end of this process , no pred ic­

tors were s ig n if icant i n  the p resence of 

mean deviation .  

Discussion 

The relationsh ip  between M D  and MNR 

between eyes fou nd  by Bengtsson and 

Heij l 1  was corroborated in  th is  study. Th is  

relationsh ip  is shown in  the scatter p lot 

with a l i near regression l ine fit to the data 

(Figure 1 ) . There was no relationsh ip found 

with FPR or FLR. There was a border l ine With respect to race ,  b lack patients 

had overal l worse M Ds than Caucasians 

for a l l  categor ies of v isual f ie ld loss. The 

d ifference among defects between the 

races was not s ign if icant. With respect to 

sex, men had worse MD scores than women 

at all l evels of v isual  f ie ld loss. However, 

the  d iffe rence among defects between 

the sexes was not s i gn if icant .  Pati ents 

from c l i n i c  A had the l owest mean M D  

values for a l l  stages of v isual f ie ld dam­

age ( -3 . 3 1 , - 6 . 3 1 , and - 1 3 . 75 for  m i l d ,  

moderate , and severe, respectively) . The 

d iffe rence i n  defects between t l1e c l i n i cs 

was not s ignificant. 

Figure 1. Relationship between intrapatient intereye differences in false-negative rates (FNRs) and 

mean deviation (MD) in glaucomatous eyes. FNR_diff = -1 .596709 - 1 .01 4676*MD_affected. 

To investigate the combination of effects 

of socioeconom ic  status ,  race,  sex,  and 

age on i n  6FNRs, the fo l lowing steps were 

car r ied  out .  F i rst ,  each  p red i ctor was 

inc l uded ind iv idua l ly in  a model with MD 

and the i nteraction of the p red ictor and 
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s i gn if icant d ifference between m i ld and 

mode rate deg rees of v i sua l  f i e l d  loss 

(p = 0 .059). There was a s ign ificant d iffer­

ence between m i ld and severe damage 

(p < 0 . 00 1 )  and between moderate and 

severe damage (p < 0 .01 1 ) .  

The role of sex, race ,  and socioeco­

nomic status  on MNRs were evaluated 

with separate regression l i nes fit for each 

group (Figure 2). In this study, blacks tended 

to have h igher  FNRs than H ispan ics ,  fo l ­

l owed by Asians and ,  lastly, Caucas ians ,  

who had the  lowest FNRs .  Men tended to 

have h ig her  FNRs than women .  Pat ients 

from c l in ic C had a h igher mean FNR than 

those from c l i n ic  B and patients of h igher  

socioeconom i c  status (c l i n i c  A) had the 

lowest mean FNR.  However, none of these 

demograph i c  factors had a statisti ca l l y  

s ign ificant effect on �FNR. 

Although visual f ield analysis provides 

an acceptable means of evaluati ng  g lau­

coma, the degree of the rel iabi l ity depends 

on the patient's performance.  Sensit iv ity 

and specif ic ity rates for Humph rey g lau­

coma per imetry are lower for  u n re l iab le 

f ie lds than for those considered rel iable.9 

Both f ixation losses and FNRs are more 

common among patients with glaucoma.2 

FLR i s  a lso the most corn mon error for 

healthy and g laucomatous eyes and can 

reduce  both sens it iv ity and spec if i c ity .  

I ncreased FPRs reduce sensit iv ity, wh i le  

excess FNRs decrease specific ity. 

Original ly, FNRs were thought to repre­

sent patient inattention or  fat igue. 3-5 Katz 

and Sommer demonstrated that i ncreased 

FNRs are more c lose ly assoc iated with 

g laucomatous eyes than with normal eyes 

or those with ocular hypertens ion .  2 Thus,  

FNRs may be more indicative of glaucoma­

tous damage than of re l iabi l ity. 3 Bengtsson 

and Heij l  also showed that FNRs are asso­

c i ated with the amount  of v i sua l  f i e l d  

damage. 1 However, their study focused pri­

mari ly on the Swed ish popu lation. The role 

of race in g laucoma is well recognised r n-1 3 
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Figure 2. Relationship between intrapatient intereye differences of false-negative rates (FNRs) and mean 

deviation (MD) for sex, race, and socioeconomic status. (a) FNR_diff (Sex:Female) = 0.362563 -

0.763693*MD_affected, FNR_diff(Sex:Male) = -2.724057 - 1 .1 10714*MD_affected; (b) FNR_diff(Race:Asian) = 

-4.846157 - 1 .158106*MD_affected, FNR_diff(Race:Black) = 0.593972 - 0.8n12*MD_ affected, FNR_diff(Race: 

Hispanic) = -7.988546 - 1 .71 1 148*MD_affected, FNR_diff(Race:Caucasian) = -1 .91 1 1 4 - 0.959512*MD_affected; 

and (c) FNR_diff(Clinic:A) = -1 .751795 - 0.892577*MD_affected, FNR_diff(Clinic:B) = -0.0514n -

0.887671*MD_affected, FNR_diff(Clinic:C) = -3.134661 - 1 .201259*MD_affected. 
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This study was un ique in  that it eval uated 

the cosmopol itan popu lation of the Dal las 

metropolitan area, which comprises a vari­

ety of racial groups. In this study, the pa­

tient popu lat ion was com posed of 43% 

black, 41  % Caucasian, 1 2% Hispanic, and 

3% Asian. 

The difference in FNRs among eyes with 

glaucoma and normal eyes has been shown 

to be i ndependent of age,  pup i l  d iameter, 

and visual acu ity. 1 4 In a study of a popula­

tion with g laucoma from an urban area, 

most of whom came from an i nner city area, 

fewer than two-th irds of Humphrey visual 

f ie lds were rel iable. 1 5  I nfl uential factors i n ­

cl uded severity of  visual field defect, length 

of test t ime ,  and age of the patient. Th is  

study sought to identify the ro le of  demo­

graph ic factors, particu larly age ,  race, sex, 

and socioeconomic status, on FNR in a more 

cosmopol itan popu lation from Dal las .  

M D  is considered a re l iab le i ndex for 

mon itor ing  v isua l  f ie lds . 1 6  I n  th is  study, 

b lacks demonstrated worse MD scores 

(and more severe v isua l  f ie ld  loss) than 

Caucasians. H ispanics tended to have the 

least severe visual f ield loss i n  m i ld visual 

f ie ld damage,  but had worse visual f ie ld 

loss t11an b lacks and Caucasians for mod­

erate v isual  f ie ld  loss. I n  the late stages 

of the d i sease, b lacks had worse v isua l  

f ie ld  loss compared with a l l  other races.  

I nteresti ng ly ,  although the subg roup was 

smal l ,  Asians did worse than all other races 

in the mi ld  and moderate visual f ie ld loss 

categories. Men had worse MD scores than 

women for all stages of damage and were 

approximately 2 years older. Accord ing to 

CIGTS,8 qual itative factors towards variabi l ­

ity in this score include factors such as male 

sex, b lack race, decreased alertness, lower 

visual acuity, higher IOP (>30 mm Hg), poor 

f ie ld  re l i ab i l ity, card iovascu lar  d i sease, 

and testing centre. The data from th is study 

demonstrate several i nterest ing patterns 

in MD ,  although it did not evaluate these 

other possible confounding factors. 

Vol ume 7, N umber 3, 2005 

In  terms of socioeconomic status, ind i ­

viduals i n  the h igher socioeconomic group 

had the least amount of damage during al l 

stages of the d isease process. Those from 

c l in ic B had worse damage in the mi ld and 

moderate stages of disease. These patients 

also tended to be approx imately 7 years 

o lder than patients from the other c l i n i cs 

and also had more concom itant med ical  

problems such as d iabetes and hyperten­

s ion .  On the basis of  MD ,  i nd ividuals i n  the 

lower socioeconomic  group (cl i n i c  C) had 

the most severe v isua l  f i e l d  loss in the 

early stage as we l l  as at the end of the 

d i sease process,  with the h i g h est M D .  

These data may b e  a result of earl ier de­

tect ion and screen i ng  i n  i n d i v i dua l s  of 

h igher  soc ioeconomic status and poorer 

compl iance in those of lower socioeconomic 

status.  As ass ignment of socioeconomic  

status was done by  hosp ital s ite (wh ich  

may not accurate l y  represent true socio­

economic status) instead of income,  there 

was a b ias towards the nu l l  hypothesis i n  

th i s  cross-sectional study. 

Frequently, it is d ifficu lt to d istingu ish 

visual fields of  healthy eyes from those with 

early g laucoma. Some c l in ic ians consider 

that in  early g laucoma, localised scatter on 

automated perimetry testi ng may be a re l i ­

ab le  precursor. 1 7  The G laucoma Hemifield 

Test a lgor ith m takes advantage of the 

asy m metry of g l aucomatous f i e ld  loss 

ac ross the  h o r i z o nta l  m e r i d i a n ;  t h i s  

algorithm i s  useful for detecting early visual 

f ie ld  loss, y ie ld ing  a sensit iv ity of 1 00% 

and a spec ifi c ity of  84%. 1 8 1 9 Experience 

with automated perimetry and the learn ing 

effect may play a role , 20 although several 

studies refute this theory. 21 This aspect was 

not assessed in this study because patients 

without pr ior  exper ience of v isua l  f i e ld  

test ing were excluded from the study. 

There were several l im itations of th is 

study. Th is was a retrospective chart re­

v iew, with assoc iated se lection b ias .  As 

stated earlier, there was also a bias towards 

the nu l l  hypothesis because the patients 

were ass igned to certa in  socioeconom ic 

g roups on the basis of  the i r  hosp ital site, 

whereas socioeconomic  status should be 

based on income. The sample size, although 

larger than in prior studies, was not large. 

To detect a s ign ificant d ifference between 

the 4 races ,  1 1 47 people in each rac ia l  

group wou ld  be needed ;  th is  study had 

1 2% power. To detect a statistical ly s ignif i­

cant d iffe rence between the sexes, 337 

men and 337 women wou ld  be requ i red ;  

th is  study had 46% power. To detect a 

s ign ificant d ifference between the c l i n ics, 

2 1 3 patients wou ld  be needed i n  each of 

the 3 groups to achieve 80% power; th is 

study had 45% power. 

The study could not demonstrate that 

FNR-related visual f ie ld loss was affected 

by age, race, sex, or socioeconomic status. 

I n  this h igh ly selected retrospective cross­

sectional study, blacks, men, and ind iv idu­

a ls  of lower socioeconomic  status were 

most severe ly affected by g laucomatous 

visual f ield loss. 
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Clinical Study of Ophthalmopathy in 
Patients with Graves' Disease 

Mohammad Reza Besharati, Abolghasem Rastegar 
Department of Ophthalmology, Shahid Sadoughi Medical University, 

Yazd, Iran 

Aim: The aim of this study was to evaluate oplitlwlmopathy in patients wit/1 
Graves' disease according to sex, age, a11d duratio11 of t/1e disease. 
Patients and Methods: Ninety five patic11ts with Graves' disease were i11c/11dcd 
i11 the study. Sixty two perce11t of patients were wo111e11 and 38% were lllell. All 
patients u11derwe11t a complete oplitlw/111ic exa111inatio11. 
Results: Tlie frequency of ophthalmopathy was 60% . The most co111111011 sig11s 
were proptosis and eyelid retraction. 1ntraocular pressure and ocrnrre11ce of 
chemosis were significantly higlier a111011g 111e11 tlia11 a111011g wo111e11. Eye lesio11s 
occurred more freque11tly in patie11ts aged bctwce11 50 a11d 70 years. / 11 additio11, 
the frequency of che111osis, periorbital oede111a, corneal irritatio11, co1 1vcrge11ce 
insufficiency, diplopia, a11d proptosis had a positive correlatio11 with age. 011/y 
1 6 %  of patients fwd oplitlwlmic co111plaints a/011e during the first visit. The 
incidence of lid retraction decreased d11ri11g the course of tlie disease, but the 
severity of che111osis, co11ju11ctival co11gestio11, a11d extraocular 111uscle e11/arge 1 11e11t 
increased with longer duration of tlie disease. 
Conclusion: The fi11di11gs of tliis study are si111ilar to those of previous studies, 
although there are some differe11ces, 11otably a higlier i11cide11ce of proptosis a11d lid 
retraction. 

Key words: Graves ' disease, Hyperthyroidism 
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Introduction 

Graves' d isease was fi rst recogn ised by 

the I ran i an  sc i en t ist Sayyid I sma i l  A l ­

Ju rjan i ,  1 ·2 who  descri bed the  relationsh ip  

between exophtha lmos and the d i sease 

in the twelfth century.2 Later, Parry et al fur­

ther described the condition and it was rec-

thyro id it is .  2 3 The male to female ratio of 

patients with systemic hyperthyroid ism is 

4 : 1 , whereas the male to female ratio for 

pati ents with ophthal mopathy is 2 . 5 : 1 . 4  

More than ha l f  of  the patients who have 

hyperthyroid ism present with ophthalmo­

log ical s igns and symptoms at some time 

ognised as Graves' d isease in 1 835.2 Graves' during the course of the disease, and these 

Patients and Methods 

This study used a descriptive cross-sectional 

des i gn .  The study popu lat ion cons isted 

of 95 consecutive patients with Graves' dis­

ease who were referred to the endocrinology 

cl in ic at Afshar Hospital , the ophthalmolog i ­

ca l  c l i n i c  at  Shahid Rahnemoon Hospital , 

and private c l i n ics in Yazd ,  I ran ,  between 

January 2001 and June 2002. 

Hyperthyro id ism was d iagnosed us­

ing sero log ica l  tests, i nc lud ing  those for 

tri - i odothyron ine ,  thyrox ine ,  thyrotrop in ,  

T
3 

res i n  u ptake, free thyrox ine ,  free tri ­

iodothyronine, and antiperoxidase antibody. 

The patients underwent an ophthalmologi­

cal  exam i nati on ,  wh i ch  i n c luded  v isua l  

acu ity, exam i natio n  by Haag Stre it s l i t  

lamp, measurement of  intraocular pressure 

( IOP) by applanation tonometry, exophthal­

m o m etry u s i n g  the H erte l  exop hth a l ­

m o m eter, exam i n at i o n  of e y e l i d  a n d  

g lobe position ,  and external ocular muscle 

movement us ing  the cover test, corneal 

l ight reflex and forced duction test, fundos­

copy to check  the  status of the  opt ic  

nerve ,  and  com puted tomography (CT) 

or magnet ic  resonance  i m ag i n g  ( M R I )  

w h e n  req u i red .  A l l  c l i n ica l  fi n d i ngs  and 

personal deta i ls were noted i n  a special ly 

designed questionnaire .  

The dependent variables were ophthal­

m i c  s i gns  and symptoms;  i ndepend ent 

var iables inc l uded age,  sex,  d u rat ion of 

i l lness, and treatment. Data were analysed 

using the Statistical Package for the Social 

Sc iences (Ch i squared and F isher  exact 

tests, and analysis of variance). 

d isease usual ly occurs i n  conjunction with 

hyperthyroid ism, although patients may be 

euthyro id .  Ophthalmopathy is most com­

monly observed among patients who have 

active or treated Graves' d isease. However, 

ophthalmopathy is also observed in patients 

who have Hash i moto's d isease, pr imary 

hyperthyroid ism, carcinoma of the thyro id ,  

or other forms of thyroid d isease such as 

signs and symptoms could be un i lateral or Results 
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bi latera l ,  or m i ld to severe. These ophthal- Of the 95  pati ents with Graves' d isease 

mological  s igns can appear before other evaluated in this study, 62.1 % were women 

signs of hyperthyroid ism or even after re- and 37.9% were men. The mean age of the 

gression of the disease.4 Therefore, ophthal- patients was 36.5 years (range, 1 6  to 70 

mological signs may lead to a d iagnosis of years), with 31 .6% of patients in the 1 6- to 

Graves' disease. This study was conducted 29-year age group, 53. 7% in the 30- to 49-

to i nvestigate ophthalmological s igns and year age group,  and 1 4. 7% in the 50- to 

symptoms of Graves' d isease in Iran. 70-year age group.  
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Table 1 .  Prevalence of ophthalmopathy by age. 

Age group {years) 

1 6-29 

30-49 

50-70 

Total 

Number of patients 

30 

51 

1 4  

95 

Ophthalmopathy was present in 60.0% 

of the study population (95% confidence 

i nterva l ,  50 .2%-69.8%) .  Ophtha lmopathy 

was present in 23 of 36 men (63.9%) and 

34 of 59 women (57.6%) .  This d ifference 

was not stati sti ca l ly  s i gn if icant. The i n ­

c idence o f  ophtha lmopathy was s im i lar  

in  al l  age groups, but the i ncidence of b i ­

lateral ophthalmopathy was s ign if icantly 

h i g he r  than u n i l ateral  ophtha l mopathy 

with increasing age (p = 0 .006) . In general, 

the occurrence of bi lateral ophthalmopathy 

was greater than that of un i lateral d isease, 

with a ratio of 2 . 2 : 1 ;  the ratio was 3 : 1  i n  

the 30- to 49-year age  group.  No cases of 

un i lateral ophthal mopathy were detected 

among the patients aged 50 years or older 

(Table 1 ) .  

The most common ocular s igns among 

the study populat ion were exophthal mos 

or proptosis (49.5%) and eyel id  retraction 

(48.4%). Proptosis was detected in 47 pa­

tients, of wh ich  1 4  cases were un i lateral 

and 33 were bi lateral .  The majority of these 

patients (30 of 47; 63 .8%) were aged 30 

to 49 years. None of the patients had optic 

neuritis or papi l l it is (F igure 1 ) .  

The frequencies of ocular compl ications 

were different for each age group. The pre­

valence of lid lag, diplopia, i ncreased bl ink­

ing ,  ptosis, proptosis ,  stari ng ,  strabismus, 

chemosis,  periorb ital oedema, and corneal 

i rr itat ion  i ncreased with  age ,  whereas 

the frequency of I id  retraction decreased 

with age. The frequencies of ophthalmologi­

cal signs in the different age groups were 

as follows: 

• 1 6  to 29 years - lid retraction (53.3%), 

proptosis (30.0%), and l id lag (30 .0%) 

Asian Journal of OPHTHALMOLOGY 

Ophthalmopathy 

Uni lateral Bilateral Total 

Number {%) Number {%) Number {%) 

1 0  (33.3) 7 (23.3) 17 (56.7) 

8 (1 5.7) 24 (47 . 1 )  32 (62.7) 

8 (57 . 1 )  8 (57 . 1 )  

1 8  (1 8.9) 39 (41 . 1 )  5 7  (60.0) 

• 30 to 49 years - proptosis (56.9%), l id 

retraction (51 .0%) ,  and l id  lag (47 . 1  %) 

• 50 to 70  years - proptosis (64 .2%) ,  

periorbital oedema (57 . 1  %) ,  and  l id  lag , 

en largement of extraocular muscle (EOM) 

on CT scan, and chemosis (50.0%). 

The mean numbers of ocular findings in  

the d ifferent age groups were as fo l lows: 

1 .9 in  the 1 0- to 29-year age group, 6.1 in 

the 30- to 49-year age group,  and 6 .9 i n  

the 50- to 70-year age group,  suggesti ng 

that the number of ocular findings increases 

with age. In addition ,  the number of ocular 

Figure 1.  Frequency of ocular signs and symptoms. 
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f i nd i ngs  was g reater for men  than for 

women (9.6 versus 7.2, respectively). 

The prevalence of ocu lar  f ind ings by 

sex were as fo l lows:  proptos is - men ,  

61 . 1  % ;  women ,  42 .4%;  l i d  retraction -

men, 50.0%; women, 47.5%; and l id lag -

men,  42 .2%;  women ,  42 .4%. Increase i n  

IOP  and chemosis were noted more fre­

quently in men than in women (p = 0 .007 

and p = 0 .049, respectively) .  The d i ffer­

ences between men and women for the 

other  ocu lar f ind i ngs were not statist ic­

ally s ignificant. The prevalence of l id retrac­

t ion ,  l i d  l ag ,  ptos is ,  per iorb ital oedema,  

l im itation of ocu lar  moti l ity, orbital con­

gest ion ,  convergence i nsuff ic iency, EOM 

en largement on CT scan , keratit is, prop­

tosis ,  ophthal moplegia ,  and optic atrophy 

were more common among men, whereas 

i ncreased b l i nk i ng  and strab ismus were 

more common among women .  

I 
I 

I 

I 

I 

I 

I I I I I I I I 
0 5 1 0 1 5  20 25 30 35 40 45 50 

Number of patients 
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The frequency of l i d  retracti o n  de ­

creased with increased duration of d isease 

(p = 0 .029). In contrast, EOM enlargement 

on CT scan (p = 0.047), chemosis (p = 0.009), 

and eye congestion (p = 0 . 22) i nc reased 

with increased duration of d isease . 

Thyro id ophtha l  mopathy was noted 

i n  43.8% of patients 1 8  months from the 

d iagnosis of Graves' hyperthyro id i sm ,  in 

24 .6% of patients between 1 8  months 

and 5 years , and i n  3 1 .4% after 5 years. 

The most common compla ints at the f i rst 

consultation were non-ocular signs (50.5%), 

fo l lowed by concomitant ocular and non­

ocular s igns ( 28 .4%) ,  and ocular s i gns  

a l one  ( 1 5 . 8%) . The i n it ial compla int was 

unknown for 5 .3% of patients. Orbital CT 

was performed for 38 of the 57 patients 

with ophthalmopathy. EOM en largement 

was noted in 27 patients (71 . 1  %) . 

Discussion 

In thyroid eye d isease (TED) ,  the eyes are 

usual ly involved asymmetrically and rarely 

i nvolved un i laterally. Therefore, for un i lat­

eral proptosis, assessment for retrobu lbar 

tumour is necessary.4 In this investigation ,  

b i l ateral ophtha lmopathy occurred more 

frequently than un i lateral ophthalmopathy 

and the frequency increased with age -

al l  the pat ients with ophtha l mopathy i n  

the 50- to 70-year age group had b i lateral 

ophthalmopathy. In general , ophthalmopa­

thy was seen more frequently in women 

tl1an i n  men ( 1 . 5 : 1 ) .  A total of 60.0% of 

pat ients had ophthal mopathy, with the 

greatest overal l  prevalence (un i lateral or 

b i lateral) observed i n  the 30- to 49-year 

age group. The most common signs of oph­

thalmopathy were proptosis (49 . 5%) and 

l id retraction (48.4%). None of the patients 

had optic neuritis. 

In the study by S i eradzk i  et a l ,  r isk 

factors for  o p h t h a l m opathy  i n c l u d e d  

recurrent hyperthyro id ism,  late d iagnosis, 

delay i n  treatment, and no treatment with 

thyrox i ne . 5  Hypertrophy of EOM a lone is 

Volume 7, Number 3 ,  2005 

not considered to be active d i sease or a 

risk factor for TED.6 

Graves' ophthalmopathy is associated 

with extensive ocular morbid ity in more than 

90% of patients with hyperthyroidism . One 

of the most valuable d iagnostic tests for 

ophthalmopathy is an orbital CT scan, i n  

conjunction with a c l in ical exam ination and 

thyro id function tests .7  I n  th is study of 57 

patients with ophthalmopathy, 38 under­

went CT The CT scan showed hypertrophy 

of the EOM in 27 patients (71 . 1  %). 

I n  a long-term fol low-up study (mean, 

9.8 years) of 1 20 patients, Bartley et a l  

found a 2 .2% visual  acuity decrease sec­

ondary to optic neuropathy and constant 

d iplopia.8 Of one-third of patients with eye 

d iscomfort, the most common compla int 

was d ry eye (72%). In tota l ,  60 .5% of the 

patients bel ieved that the size of their eyes 

had not returned to normal and 40.0% were 

not satisfied with the apparent condition of 

their eyes. Park et a l  showed that thyroid 

ophtha l mopathy affects qua l ity of l i fe , 9  

a lthough  th i s  was not eva l uated i n  the 

study presented here. 

Bartley also showed that the rat io of 

women to men was 1 : 0 . 6  with a b imodal 

inc idence i n  the 40- to 44-year and 60- to 

64-year age groups. 1 0  Approximately 90% 

of the patients had hyperthyro id ism ,  3% 

had Has h i moto 's d i sease and  5% had 

euthyro id ism. Un i lateral or b i lateral l i d  re­

traction was the most common sign in 90% 

of patients. Uni lateral or bi lateral l id lag was 

common and was noted in 50% of patients 

dur ing the primary c l in ical examination .  At 

the t ime of d iagnosis of Graves' d isease, 

the most common ophthalmological symp­

tom was pain (30%). Signs and symptoms 

that s i gn if icant ly changed between the 

fi rst and the f inal  visits i ncl uded tear ing ,  

pai n ,  ocu lar  d iscomfort, photophobia ,  l i d  

retraction ,  l i d  lag ,  conjunctiva! i njection ,  

chemosis, l id fu l l ness, and  exophthalmia.  

I n  a c l i n ical review by Carter, ophtha l ­

mopathy was present  i n  2% to 7 %  of 

pat ients with  Graves '  hyperthyro i d i sm 

and t he  ma i n  man ifestati ons were pro­

ptosis, ophthalmoplegia, optic neuropathy, 

and l id  retraction . 1 1  In th is study, the most 

common manifestations among men were 

proptosis (61 . 1  %) ,  l i d  retraction (50 .0%) ,  

and l id  lag (42 . 2%) ;  among women ,  they 

were l id retraction (47.5%),  l id lag (42.4%), 

and proptosis (42.4%). 

Marcocc i  et a l  showed that there is  

no clear re lat ionship between treatment of 

hyperthyroidism and the course of ophthal­

mopathy. Antithyro id drugs may improve 

ocular manifestations, whereas prescription 

of rad ioactive iod ine  and thyroidectomy 

cause worsen i n g  of ophtha lm opathy. 1 2  

Emergency cond i t ions assoc iated with 

G raves '  oph tha lm opathy i nc l u de  opt ic  

n e u ropathy ,  cornea l  u l c e rati o n ,  g l obe  

sub l uxat ion ,  and  periorbital oedema with 

chemosis. Early d iagnosis and treatment is 

important, as there is a d i rect relationship 

between decreased vis ion and the effect of 

treatment. 1 3  

Ampudia et a l  i nvestigated the occur­

rence of exophthalmos d iagnosed by Hertel 

exophthalmometry and CT 1 4  Exophthalmos 

by Hertel exophthalmometry was measured 

as 22 . 5  ± 2 . 5  mm for the r ight eye and 

23 .2 ± 3 .2  mm for the left eye The meas­

urements made by CT were smaller (20.8 ± 
3 .2  mm and 20 .9  ± 2 . 9  mm for the r ight 

and left eyes, respectively) but th is d iffer­

ence was not statistica l ly s ign ificant. The 

study showed that the muscles were not 

eq�ally involved and the medial rectus and 

i nferior rectus muscles were most com­

monly involved. The width of  the medial rec­

tus muscle was not related to the course or 

severity of the d isease. 

Treatm ent  of G raves '  d i sease with  

rad ioactive iod ine causes exacerbation 

of ocular s igns that can be prevented by 

adm i n istrat ion of p red n iso lone .  1 5  Orb ital 

decompression us ing the nasal approach 

results i n  visual im provement and reduc­

t ion of proptosis. 1 6 
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Thyro id -assoc iated ophtha l mopathy 

(TAO) may appear before, dur ing ,  or after 

systemic presentations of thyroid d isease . 

For 20% of patients, ocular complaints such 

as l id retraction , proptosis, chemosis, peri-

orbital oedema, ocular moti l ity changes ,  

and cosmetic problems are of greater con-

cern than thyroid d isease . 1 7 Strab ismus is 

common i n  TAO and usual ly presents i n  

hypotropic or esotropic form. In  this study, 

21 % of patients had strabismus, the ma-

jority of whom had hypotropia or esotropia. 

Strabismus was more common i n  women 

than in men (1 .5 :  1 ) .  Anterior segment symp-

toms included corneal i rritation secondary 

to dry eye (27.0%), keratitis ( 1 0 .5%) ,  con-

junctivitis (20.0%), chemosis (27.0%), high 

IOP (1 7 .0%), and upper eyelid ptosis (5.2%). 

Visual f ie ld and colour vis ion tests may help 

to detect early decreased visual function. 17 

I nferior rectus restrict ion can m im i c  

double elevator palsies. Regulation o f  thy-

raid function does not improve TAO and may 

worsen the cond iti on in some euthyroid 

patients. I n  patients with hyperthyroid ism, 

ophthalmopathy usual ly occurs w ith i n  1 8  

months of d isease onset. Th is study also 

showed this result. If TAO is c l i n ical ly diag-

nosed , there is  no need for further imaging, 

but if imag ing is  necessary, MRI is more 

sensitive than CT to show compression of 

the optic nerve, 1 4 1 8 although CT is requ ired 

for optic nerve decompression to visual ise 

the orbital bony structures. 19 

Thyro id  ophtha lmopathy is c l i n i ca l l y  

apparent i n  approximately 50% of  patients 

with Graves' d i sease . 2  In th is  study, the 

rate was 60 .0%,  wh ich  is  s im i lar  to that 

reported by Vangheluwe et a l 1 9  (62.3%), but 

lower than the rates reported by Nordyke 

et a120 (91 .4%) and Bartley et al8 (90 .0%) .  

The ratio of women to men with ophthal-

mopathy was 2 .5 : 1  in the study by Devron 

and Char,21 2 .7 : 1  in that by Wiersinga et al,22 

and 6 : 1  in that by Vanghe luwe et a l . 1 9  I n  

this study, the ratio of women to men with 

ophthalmopathy was lower at 1 . 5 : 1 . 
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Ophthal mopathy was more prevalent 

i n  the 30- to 49-year age group,  which is 

sim ilar to the study by Nordyke et a l , 20 with 

the most common ly  affected age group 

being 30 to 50 years, and that by Teshome 

and Seyoum23 with a mean affected age of 

35 years. Other studies have shown oph-

thalmopathy occurr ing more frequently in 

the h igher age groups.  The mean age of 

affected patients in the study by Wiers inga 

et al22 was 44 .5 years wh i le ,  in the study 

by Marcocci and Bartalena,24 ophthalmopa-

thy was more prevalent in the fifth decade. 

In the study by Vanghe luwe et al, ophthal-

mopathy was more prevalent in the 40- to 

44-year and 60- to 64-year age groups 

i n  women and i n  the 45- to 49-year and 

65- to 69-year age groups i n  men . 1 9 The 

mean age was 43 years, which was the 

same as i n  the study by Bartley et al .8 

Un i lateral i nvolvement was reported 

to be 1 0% to 20% by Gorman25 and 1 4% 

by Wiers inga et al .22 The rate of un i lateral 

i nvolvement of 3 1 .6% in th is  study was 

h igher than in the studies by Gorman25 and 

Wiers inga et a l 22 but the rate was lower 

than that reported by Devron and Char2 1  

(66 . 0%) .  Ocu lar i nvolvement dur i ng  the 

f i rst exam ination was detected i n  1 5 .8% 

of  patients in th is  study. This rate was 5 .0% 

to 25 .0% i n  the study by Gorman25 and 

3.7% i n  the study by Bartley et al .8 

The most common ocular signs among 

patients with thyro id  ophthalmopathy in 

this study were proptosis (47; 82 .4%) and 

l id retraction (46; 80.7%). The rate of prop-

tosis in this study was higher than that found 

by Wiers inga et al22 (30%) ,  Bartley et a l8  

(62 .0%) ,  and Vanghel uwe et a l 1 9  (60 .0%) .  

The rate of l id  retraction in th is  study was 

s im i lar to or s l ightly lower than the rates 

reported by Eden and Trotter3 (94 . 0%) ,  

Bartley e t  a l 8  (90 .0%) ,  Vanghe luwe e t  a l 1 9  

(90 . 0 % ) ,  and  Teshome  and  Seyo u m 23 

(83 .8%) .  Furthermore, the prevalence of 

l id lag in this study was 73.6% (42 patients) , 

which was h igher than the rates reported 
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by Vangheluwe et al19 (50.0%) and Gruters26 

(37.0%). 

The prevalence of restrictive myopathy 

in the stud ies by Vanghe luwe et a l 1 9  and 

Bartley et al8 were 40% and 43%, respec-

tively. In this study, the prevalence of EOM 

i nvolvement and convergence i nsufficiency 

was 35%. 

The i nc idence of d iplopia i n  this study 

was 2 8 . 1  %, wh ich  was h igher  than that 

reported by Vang he luwe et a l 1 9  ( 1 7 .0%)  

and  Bartley e t  a l 8  ( 1 6 .6%) . The rates of  ex-

ophthal mia and corneal damage reported 

by Wiersinga et al22 were 30.0% and 9 .0%, 

respecti vely, and by Vanghe l uwe et a l 1 9  

were 26 .4% and 7 .5%,  respectively. I n  this 

study, the rates were 82 .4% and 3 . 5 % ,  

respectively. T h e  rate of ocular and orbital 

i nf lam mation in th is  study was 57 .8% ,  

wh i ch  i s  s i m i l a r  t o  5 0 . 9% reported by  

Vanghe luwe et a l . 1 9  I n  th is study, t he  rate 

of euthyroid ophthal mopathy was 5 . 2% ,  

which i s  s imi lar to the rate of 5.0% reported 

by Vanghe luwe et a l . 1 9  The rate reported 

by Marcocci and Bartalena24 was 8.6% and 

by Teshome and Seyoum23 was 1 3.5%.  

The i nc idences of  d ifferent s igns and 

symptoms of  ophtha lmopathy i n  G raves' 

d i sease have been the subject of many 

studies. Th is study was conducted to evalu-

ate these i n c i dences  in I r an .  The data 

showed that many of the f i nd ings  were 

s im i lar to those of other i nvestigation ,  a l -

though there were also some differences. 

Proptosis and lid retraction were the most 

important signs of the d isease and propto-

sis mostly occurred in the 30- to 49-year 

age group.  The prevalence of proptosis in 

th is study was h igher than i n  other studies. 

The prevalence of most of the ocular corn-

p l ications increased w ith i ncreasi ng age, 

but the frequency of l id retraction decreased 

with age. The inc idence of b i l ateral oph-

thalmopathy was s ign ificantly h igher than 

that of un i l ateral ophthalmopathy among 

o lder pati ents . IOP and chemosis had a 

sign ificantly h igher frequency among men 
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Nasopharyngeal Carcinoma Presenting 
as Exudative Retinal Detachment, 
Haemorrhagic Choroidal Detachment, 
and Secondary Angle Closure Glaucoma 

Mae-Lynn C Bastion, Howe S Kok, Muhaya Mohamad 

Department of Ophthalmology, Hospital Universiti Kebangsaan 

Malaysia, Kuala Lumpur, Malaysia 

This report is of a 68-year-old woman with an unusual association of anaplastic 
nasopharyngeal tumour and exudative retinal detachment, subsequent choroidal 
haemorrhage, and high intraocular pressure.  The patient had unexplained poor 
vision after cataract surgery and developed a bu llous exudative retinal and 
c/wroidal detachment and angle closure glaucoma 5 years later. Computed 
tomography revealed a tumour involving the contralateral right nasal cavity 
without direct extension into the left orbit. Histopathological examination of the 
tumour showed an undifferentia ted nasopharyngeal carcinoma. Retrospective 
review of the left fundus fluorescein angiogram taken 5 years earlier suggested 
pigmentary changes and peripheral exudation .  Similar pigmentary changes 
were evident in the fellow eye in association with subtle serous detachments and 
poor vzswn .  

Key Words: Glaucoma, angle-closure, Nasopharyngeal neoplasms, Retinal detachment 
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Introduction 

Exudative retinal detachment (ERO) is usu­

al ly caused by i ntraocular inflammation but 

may, rarely, be associated with malignancy. 

Tumours commonly associated with ERO 

i nclude uveal melanoma, 1 lymphoma,2 and 

metastatic d isease .3 Occu lt mal ignancies 

may also cause ocular man ifestat ions of 

a pa raneop l ast i c  s y n d ro m e  s u c h  as 

carc i noma-associated retinopathy (CAR) or 

d iffuse uveal  me lanocyt i c  pro l ife ration 

(DUMP).4 Nasopharyngeal carc inoma (NPC) 

has not prev ious ly been reported to be 

associated with ERO ,  CAR, or DUMP. 

after uncomplicated left extracapsular cata­

ract surgery 5 years previously presented 

in 2004 with sudden painful deterioration 

of vision with exudative retinal and choroi­

d al detach ment. Her v is ion deteriorated 

to perception of l ight as the eye developed 

a total haemorrhagic choroidal detachment 

and secondary angle closure 2 days after 

presentation (Figure 1 ). Her intraocular pres­

sure was 45 mm Hg but was controlled with 

max imum med ica l  therapy. Gon ioscopy 

showed a 360° closed angle. Her r ight eye 

had perception of l ight vis ion owing to a 

dense r ight cataract; v is ion im proved to 

counting fingers after uncomplicated phaco-

Case Report emulsification surgery performed i n  2004. 

A 68-year-old Malay woman who had un- Her re l evant med ica l  h i story i nc l ud -

explained poor vision (6/36) i n  he r  left eye ed treatment w i th  warfar i n fo l l ow i ng  
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Figure 1 .  Anterior segment photograph of the left 

eye showing haemorrhagic detachment visible 

through a dilated pupil. This photograph was 

taken 2 days after presentation. 

i n se rt ion of a prosthetic heart valve for 

chron ic rheumatic heart d isease and hae­

moglobin H d isease (cx-thalassaemia) with 

chron ic anaemia ( international normalised 

ratio ,  3.41 [therapeutic range for oral anti­

c o a  g u I a t i  o n ,  2 . 1 - 4 . 8 ] ;  h aemog l o b i n ,  

6 8  g/L [normal range ,  1 20-1 50 g/L] ; and 

p l ate lets ,  1 58 x 1 09/L [norma l  ran g e ,  

1 50-450 x 1 09/L] ) .  

Computed tomography of the  head 

revea led an enhanc i ng  l obu lated mass 

in the r ight nasopharynx that measured 

2 .6 x 2 .0  cm; there was no g lobe or orbital 

i nf i ltrati on (F igu re 2 ) .  B iopsy and h i sto­

patho log ica l  exam i nat ion of the l es ion  

confirmed an undifferentiated NPC .  Radio­

therapy was i n itiated but the patient d ied 

sudden ly  from myocard ia l  i nfarct ion  2 

weeks later, before ocular e lectrophysio­

logical tests could be performed. Autopsy 

was not performed. 

Figure 2.  Computed tomography image showing 

axial section of the brain at the level of the orbit 

and nasopharynx revealing a mass in the right 

nasopharynx contralateral to the exudative 

detachment in the left eye. 
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Figure 3. Findings in the patient's right eye following uncomplicated cataract extraction. (a) Colour 

fundus photograph showing widespread pigmentary changes; (b) red-free photograph highlighting the 

contrast between pigmented and less pigmented areas; (c) fundus fluorescein angiogram showing the 

right superior temporal retina with peripheral exudation; and (d) fundus fluorescein angiogram of the 

right posterior pole demonstrating choroidal hyperfluorescence in relation to the pigmentary changes. 

Similar findings were noted in the patient's left eye 5 years previously. 

Retrospective review of a left fundus 

f luoresce in angiogram that had been ob­

ta i ned 5 years previously showed wide­

spread p i gmentary changes and subt le 

areas of per i pheral  exudati o n .  Fundus  

fl uoresce in  ang iography performed after 

the uncompl icated cataract su rgery of her 

r i g ht eye showed s i m i l a r  p i g m e ntary 

changes, peripheral exudation ,  subtle serous 

detachments, and poor vision (Figure 3). 

Discussion 

The ocular presentation of NPC is usual ly 

associated with s ixth cranial nerve palsy 

and other features of d i rect i nvasion .  This 

patient is therefore unusual, with intraocular 

carc i noma  causes b i l atera l  b l i n d ness 

by uveal thicken ing ,  serous retinal detach­

ment, and rapid cataract formation . 4  DUMP 

is poss ib le  i n  v iew of th is  pat ient 's sub­

sequent c l i n ica l  course ,  which i nvo lved 

exudative detachment. The conversion of 

serous detachment to a rapidly progressive 

haemorrhagic detachment may have been 

influenced by treatment with warfarin or the 

presence of cx-thalassaemia. However, it is 

noteworthy that there was min imal exuda­

tion dur ing the i n it ial fundal assessment 

of the patient's left eye 5 years previously. 

Therefore ,  another hypothes is may 

be sought to exp la in  the poor v is ion and 

s imi lar b i lateral fundal appearance fo l low-

presentation of NPC as part of a paraneo- ing cataract surgery. CAR is a paraneoplastic 

p lastic syndrome. There are a number of 

possib i l i t ies for the patient's i n it ia l  poor 

v i s i on  fo l l ow i ng  cataract su rgery.  O n e  

hypothes is  for u nexp la ined poor v is ion  

is  DUMP ,  wh ich  i s  a rare paraneoplastic 

d i sorder in wh i ch  an under l y i ng  ma l i g ­

n a n cy such  as ova r i an  o r  panc reat ic  
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process of photoreceptor degeneration, be­

l ieved to be the remote effect of a pr imary 

ma l i g nan cy - nam ely ,  p hotoreceptor 

toxic ity caused by cross- reactive tumour 

ant igen or ret inotoxic tumour products.5 

Electroretinography may be non-recordable 

or show markedly reduced amp l itudes 6 

The explanation for the poor vision in this 

patient's r ight eye may be the presence of 

subtle DUMP or CAR . CAR may have been 

the u nder ly ing cause of the i n it ial photo­

receptor dysfunction and poor vision. 

I nd iv iduals with �-thalassaemia have 

been documented to d i sp lay a mott led 

fundal appearance,7 but  visual impairment 

is not usua l l y  a feature .  I n  th is  patient, 

d i rect i nvasion was un l ikely to be due to 

the contralateral locat ion of the pr imary 

tumour bu lk because no d irect invasion was 

vis ib le on imaging .  The exudative detach­

ment  may represent metastas is to the 

choro id ,  wh ich is extremely rare i n  NPC.8 

The b i lateral ity and s imi larity of fundal 

appearance in both eyes prior to the occur­

rence of the left haemorrhagic detachment 

and unexplained decrease in visual acu ity 

support the f i nd i ng  of a paraneoplasti c 

syndrome .  Another po i nt to cons ider  i s  

that desp ite s im i lar fundal appearances, 

cataract surgery i n  her left eye preceded 

surgery in her r ight eye by 5 years. Although 

anap last i c  t u m o u rs g e n era l l y  be h ave 

aggressively and progress with i n  a short 

t ime,  it is poss ib le that the tumour began 

its paraneop lastic man ifestat ions in the 

carcinoma in situ or early stages.9 Further­

more,  there is ev idence that anap lastic 

tumours may develop from more ben ign 

forms of  mal ignancy. 1 0 

Th is  report descr i bes a un i que  case 

of N P C  present i ng  with paraneop last ic 

syndrome .  The cause may i n it ia l ly  have 

been CAR , but the cond it ion progressed 

to D U M P  and haemorrhag ic  detachment 

owing  to system i c  b lood dyscras ia and 

anticoagu lation. 
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Terminology for Angle Closure Glaucoma 

From the 20th Asia Pacific Academy of Ophthalmology Congress, 

Kuala Lumpur, Malaysia, 27- 3 1 March 2005 

Dr T A11 11g 

Si11gapore Nalio1111/ Eye Cmlre 
Singapore 

Primary angle closure g laucoma (PACG) is 

an i m portant cause of g laucoma wor ld­

wide ,  especial ly i n  Asia. PACG is estimated 

to affect 30 m i l l i o n  peop le  and causes 

more b l i ndness than pr imary open ang le 

g laucoma (POAG). 

Traditional ly, PACG has been classified 

accord ing to whether the presentation is 

acute or  chron i c .  Prev ious defi n it ions i n ­

clude acute or symptomatic PACG ,  chronic 

or asymptomat ic  PACG ,  o r  i nterm ittent 

o r  su bacute PAC G .  A l i m itat ion  of t h i s  

system is lack o f  standard isation ,  and  the 

system does not take into consideration the 

degree or consequences of angle obstruc­

tion or the presence of g laucomatous optic 

neuropathy. I n  addition ,  there may be over­

lap i n  the c l i n ica l  presentati on ,  as eyes 

with acute angle closure (AAC) may have 

underly ing chron ic  d isease and eyes with 

c h ron i c  d i sease may deve lop an acute 

episode. 

I n  1 998 ,  g laucoma spec ia l i sts from 

around the world met to discuss the defi n i ­

tions used for glaucoma. The classification 

for PACG that was proposed was based on 

the presence of structural and functional 

consequences of angle closure, with em­

phasis on t he  presence o f  g laucomatous 

damage to the optic nerve ,  pe r i phe ral  

anterior synechiae (PAS), and raised i ntra­

ocular pressu re ( IOP) .  Th ree new catego­

ries of angle closure were determined within 

this new classification ,  as fo l lows: 1 

• narrow ang le or pr imary angle closure 

suspect (PACS) 

• pr imary angle closure (PAC) 

• primary angle closure g laucoma (PACG) .  

I n  the fi rst stage of PACS, there is no 

other abnormal ity other than angle closure. 

The term 'ang le  c losure '  i s  used when 

an  observer can not see the p ig me nted 

trabecu lar meshwork for a certain extent 

of the angle on indentation gonioscopy. The 

Figure 1. Natural course of primary angle closure glaucoma. 

I Primary angle closure suspect I 

1 0% to 40% in 1 0  years 

I Primary angle closure I 

25% to 30% in 5 years 

I Primary angle closure glaucoma I 
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exact amount is arbitrary and has been 

quoted as 270°.  However, recent stud i es 

have shown that th is  def i n it ion may be  

too strict and  that 1 80°, or even 90° ,  may 

be the m i n i m u m  phenotypic criter ion to 

defi ne angle closure. 

For a definition of PAC,  the presence of 

a narrow ang le  i s  comb ined with some 

consequence of the angle closure process 

such  as PAS and/or ra ised I O P  d u e  to 

closure of the angle (defined as >2 stand­

ard deviations above the norm for the popu­

lation studied) .  

PACG is classif ied as a narrow ang le 

i n  the presence of g laucomatous  opt ic 

neuropathy outside the l im its of the popu­

lat ion stud ied ,  with or  without v isual  f ie ld 

loss .  Th is c lassif icat ion is ana logous to 

POAG . 

Th is  new classif ication d ifferentiates 

patients with true d isease from suspects 

who are at increased risk for d isease . The 

term 'g laucoma' is thus reserved for those 

who have i nj ury to the optic nerve, j udged 

by en largement of the cup/disc ratio out­

side the l im its for the population combined 

with visual f ield abnormal ity. 

Lim ited evidence from epidemiological 

studies, many with small samples, suggests 

that the natu ral course of PACG beg ins  

with PACS, wh ich may worsen to  become 

PAC in  approximately 1 0% to 40% of pa­

tients over 1 0  years, and further develop 

into PACG in approximately 25% to 30% of 

patients over 5 years (Figure 1 ) .  

An acute ep isode of  ang le  c losure is 

now termed acute or sym ptomatic PAC .  

This condition may occur at any stage dur­

ing the d isease and,  if it results in g lauco­

matous damage, should be termed PACG .  
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1 9-24 

World Ophthalmology Congress 

XXX International Congress of Ophthalmology 

XXVI Panamerican Congress of Ophthalmology 

XVll Brazilian Congress of Prevention of 

Blindness 

Sao Paulo, Brazil 

Contact: Congress Secretariat, Rua Cel. 

Joaquim Ferreira Lobo, 244, 04544-1 50 Sao 

Paulo - SP, Brazil 

Tel: (55 1 1) 3849 0379 

Fax: (55 1 1 )  3845 6818 

E-mail. info@ophthalmology2006.com.br 
Website: www.ophthalmology2006.com.br 

MARCH 2006 

1 8-22 

American Society of Cataract and Refractive 

Surgery 

San Francisco, CA, USA 

Tel. (1 703) 591 2220 

Fax. ( 1  703) 591 0614 

E-mail: ascrs@ascrs.org 

Website: www.ascrs.org 

Future ASCRS/ASOA Meetings 

2007 - San Diego, CA, USA, 28 April-2 May 

2008 - Chicago, IL, USA, 1 2- 1 6  April 

2009 - San Francisco, CA, USA, 4-8 April 

201 0 - Washington, DC, USA, 10- 1 4 April 

APRIL 2006 

30-5 May 

Association For Research In Vision & 
Ophthalmology (ARVO) 

Fort Lauderdale, FL, USA 

Website: www.arvo.org 

BULLETIN BOARD 

Note to Readers 

This page is intended to highlight activities 

of interest to glaucoma specialists and oph­

thalmologists in Asia. Please let us know of 

any forthcoming activities that you may be 

organising or wish to feature on this page. 

Future ARVO Meetings 

Fort Lauderdale, FL, USA 

2007 - 6-1 0 May 

2008 - 27 April-1 May 

2009 - 3-7 May 

201 0 - 2-6 May 

1 8-22 

MAY 2006 

Annual Symposium and Congress of the 

American Society of Cataract and Refractive 

Surgery 

San Francisco, CA, USA 

Contact: ASCRS-ASOA, 4000 Legato Road, 
Suite 850, Fairfax, Virginia 22033, USA 

Tel. (1 703) 591 2220 

Fax: (1 703) 591 061 4  

25-28 

International Congress on Glaucoma Surgery 

Toronto, Canada 

Contact Continuing Medical Education Office 

Tel. (1 416) 978 2719 

Fax: (1  416) 946 7028 

AUGUST 2006 

1 6- 1 8  

1 1 th International Myopia Conference 

Singapore 

Contact: Colleen Koh 

Tel. (65) 6435 3670 

Fax: (65) 6438 9757 

Next SEAGIG Meeting 

The next SEAGIG/AOGS meeting will be held 

in Chennai, India, in 2006, in conjunction 

with the Glaucoma Society of India. T he 

details have yet to be confirmed. See this 

page for further information. 

TEACHING COURSE ON RETINAL AND VITREOUS SURGERY 
Workshop with I nternational Faculty 

30-31 October 2005 

Hangzhou, China 

Scientific organisation: Prof Ingrid Kreissig 

E-mail: ingrid.kreissig@augen.ma. uni-heidelberg.de 

Local contact: Prof Jing Wang 

Tel: (86 571 ) 8721 4083; Fax: (86 571 ) 8721 4 1 28; E-mail: zyec@mail.hz.zj.cn 
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WORLD OPHTHALMOLOGY CONGRESS 

The World Ophthalmology Congress, com­

pr is ing  the XXX I nternat ional  Congress 

of Ophthalmology, the XXVI Panamerican 

Congress of Ophthalmology, and the XVl l  

Brazilian Congress of Prevention of Blindness, 

is to be he ld  in Sao Pau lo ,  B raz i l ,  from 

1 9-24 February 2006. 

The scientific programme is very attrac­

tive to ophthalmolog ists from around the 

world, as it embraces international specialty 

issues, with special attention to the state of 

the art i n  ophthalmology. Programme h igh­

l ights wi l l  inc lude Symposia and Sessions 

with themes, Courses, Workshops, Video 

Presentations, Posters, and Free Papers. 

More than 4000 scientific presentations 

w i l l  be d e l i vered  by m o re than  2 5 0 0  

speakers . T h e  p rogram me i nc l udes  the 

most comprehensive update on new trends, 

with spec ia l  emphasis on the resu lts of 

recent c l in ical trials and their cu rrent and 

potential impact on patient care. Hundreds 

of educational opportun it ies have been 

designed to he lp ophthalmologists del iver 

the very best care to patients. 

To he l p  nav igate the congress pro­

gramme, the sessions have been organised 

around several ma in  topics, coordi nated 

by the world 's best experts Such topics 

include cataract, contact lens and refraction, 
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external disease and the cornea, eye trauma, 

g laucoma, neurophthalmology, oculoplasty, 

oncology, paediatric ophthalmology, refrac­

tive surgery, the retina, uveitis, gene therapy, 

new technology, and bl indness prevention .  

As we l l  as t he  ma in  p rogram m e ,  

subspecialty 1 -day immersion programmes, 

l ed  by some of the wor ld 's top ophth­

a l -mo l og ists , have been organ i sed for  

cataract, reti na,  g laucoma, and refractive 

surgery Each subspecialty day has a unique 

format and programme tai lored to fit its 

subspecialty focus. 

The World Forum of Non Profit O rgan i ­

zation in Vision and  Prevention of B l indness 

and the World Forum of Ophthalmological 

Journal Ed itors are also important additions 

to the main programme 

The social s ide should not be forgotten ,  

as  the  congress takes p lace immed iately 

before the Carn iva l ,  so stay an extra few 

days and enjoy the festival atmosphere 

and the Braz i l ian hospitality. 

What the Experts Say 

" Ophthalmology has a history of leadership 

in Medicine. The 30th International Con­

gress of Ophthalmology in Brazil establishes 

another first, linking an International Con­

gress with a regional Congress (PM O) and 

a very large National Congress. The social 

and intellectual opportunities are enormous." 

- Bruce E Spivey 

" /CO is always an excellent occasion in 

which we can see the latest development 

of science and technology in ophthal­

mology. " - Dennis SC Lam 

" I  look forward to an opportunity of 

exciting scientific clinical exchange, the 

warm hospitality of the Brazilians and the 

camaraderie of ophthalmologists from all 

over the world. " - Mark OM Tso 

" Professor Rubens Belfort has put 

together a forceful team of organizers to 

plan a truly superb meeting . . . .  we will be 

able to come together, to hear the latest 

information in plenary sessions, scientific 

and clinical presentations, courses, and 

symposia, to cross-fertilize with our co/­

leagues from around the world, to see old 

friends and make new ones, all united in 

the wish to bring ophthalmology to the 

highest state of the art throughout the globe 

and to fight together against blindness. " -

Robert Ritch 

" The scientific programme features the 

leading ophthalmologists of the world, and 

is going to be exciting and enlightening with 

the state of the art in ophthalmology. " -

S Selvarajah 

For further information, visit the website 

at : www. o p htha l m o l ogy2006 . c o m . b r/ 

support .php 

Asian Journal of  OPHTHALMOLOGY 



Asian Journal of OPHTHALMOLOGY 

is the official publ ication of the South East 

Asia G l aucoma I nterest Group ,  and is a 

peer-reviewed quarterly publ ication for the 

practising ophthalmologist. The Journal is 

indexed in EMBASE/Excerpta Medica. 

The Journal welcomes contri but ions 

with i n  the categories of or ig inal research ,  

inv ited papers, review arti c les ,  case re­

ports, conference reports, and letters to the 

editor. Submissions may be sent by e-mail 

or on disk to the fo l lowing address: 

The Editor 

Asian Journal of OPHTHALMOLOGY 

Scientific Communications International Ltd 

Su ite C, 1 O/F 

Wo On Bu i ld ing 

1 0  Wo On Lane 

Central ,  Hong Kong 

E-mai l :  ed itor@seag ig .org 

Manuscript Criteria 

Subm itted manusc r i pts shou l d  adh ere 

to the stated format .  Manuscr i pts that 

do not conform to the approved format 

w i l l  be retu rned without review. Authors 

shou ld  refe r to the  l atest version of the 

Uniform requirements for manuscripts 

submitted to biomedical journals: writing 

and editing for biomedical publication 

for gu idance. 1 

A cove r i n g  l ette r  stat i n g  that t h e  

submitted material has not been previously 

pub l ished and is not u nder consideration 

for  p u b l i cat i o n  e l s e w h e re s h o u l d  be 

i nc luded .  The rece ipt of submiss ions w i l l  

be acknowledged . A l l  accepted papers 

become the permanent property of As ian 

J ournal of  OPHTHALMOLOGY and 

may not be publ ished elsewhere without 

written permission from the Journal . 

Manuscript Preparation 

The  manusc r i pt must be acco mpan ied  

by a t i t l e  page ,  an abstract ,  a nd  key  

words. The  title page must contain the  title 

(no more than 40 characters, i n c l ud i ng  

spaces) ; the  fu l l  names o f  a l l  authors 

and  t he i r  2 h i g h est q u al i f i cations ;  the 

department(s) and institution (s) to which 

each author i s  aff i l i ated ;  and  the  fu l l  

name, address, telephone and fax numbers, 

and e-mai l  address of the correspond ing 

author. The abstract for ori g i nal  art ic les 

m ust be  structured with  the fo l l ow ing  

subheadings: Aim(s), Patients and  Methods, 

Results ,  and Conc lus ion(s) . Abstracts for 

all other art ic les must be u nstructured . 

Abstracts shou ld  be no longer than 250 

words. The key words must be Med ical  

Subject Head i ngs  taken from Med l i ne/ 

Index Medicus. 

Tab les and F igures must be c ited i n  

t h e  text i n  n u mer ica l  order. Tab l es and 

F igu res m ust be subm itted i n  separate 

e lectron ic  f i les and c lear ly label led with 

a legend. The resol ution of F igures must 

be at least 350 dp i .  When symbols, arrows, 

n u mbers, or letters are used to identify 

part of an i l l ustrat ion ,  each one shou ld  

be identified and  clearly explained i n  the 

legend .  If only hard copies of Fi gures are 

subm itted ,  each one shou ld have a label 

pasted on the back ind icating the number 

of the F igure ,  the author's name, and the 

top of the Fi g u re ( F i gu res must not be 

written on and paper c l ips must not be 

used) . Abbrev iat ions shou ld  be avo ided 

in Tab les .  If abbreviat ions are necessary, 

they must be explained in a footnote. Foot­

notes for Figures and Tables must use the 

fol lowing symbols, i n  this order: * , t ,  t ,  §
, 

11
, 

11 ** H H §§ 1111 1111 
1 ' 1 ) l , 

References must be cited in superscript 

in  numerical order in the text. References 

should follow the Uniform requirements for 

manuscripts submitted to biomedical 

journals: writing and editing for biomedical 

publication.1  The accuracy of the references 

is the responsib i l ity of the authors. Journal 

titles should be abbreviated in  accordance 

with Med l i ne/lndex Medicus. The fo l lowing 

of the man uscr i pt; a short ru nn i ng  title are examples of reference style :  
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AUTHORS 

Standard journal article 

Cheung JC, Wright MM ,  Mural i  S, Pederson 

JE. I ntermediate-term outcome of variable 

dose mitomycin C filtering surgery. Ophthal­

mology 1 997 ; 1 04:1 43-1 49. 

Supplement 

Taylor A, Jacques PF, Epstein EM.  Relations 

among  ag i n g ,  ant iox idant  status ,  and  

cataract. Am J C l i n  Nutr 1 995;62 (6  Suppl) : 

1 439-1 447. 

Books and other monographs 

Kupfer C ,  Underwood B ,  G i l len T. Lead ing 

causes of v isua l  impairment worldwide .  

I n :  A l ber t  O M ,  J a k o b i e c  FA, e d i to rs .  

Pri nc ip les and  practice of ophthalmology. 

Phi ladelphia: WB Saunders Company; 1 994: 

1 250- 1 251 . 

The fo l lowing style should be used: 

• all papers m u st be written in Eng l i sh ;  

spe l l i ng should comply with the Concise 

Oxford Engl ish D ictionary 

• Arabi c  numerals should be used for a l l  

numbers, except for numbers below 1 0  

at the beg i n n i ng of sentences ,  wh ich  

should be  spel led out 

• abbreviations shou ld not appear in the 

title or abstract and their use in the text 

should be l im ited; abbreviations shou ld 

be def ined at the fi rst ment ion i n  the 

text un less they are standard un its of 

measurement 
• Systeme International (SI) measurements 

must be used for all laboratory values 

• generic drug names must be used unless 

the specific trade name of a study drug is 

d i rectly relevant to the d iscussion. 
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Editors (ICMJE). Uniform requirements for 
manuscripts submitted to biomedical 
journals: writing and editing for biomedical 
publication. ICMJE; 2004. www.icmje.org 
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FOR POWERFU L INCREM ENTAL IOP REDUCTION 
AFTER IN ITIAL MONOTH ERAPY 

1 -d rop-da i ly XALACO M  provides you r  pat ients with 

• Powerful incremental intraocular pressure (IOP) reduction1•2 
• Tolerability that supports therapeutic goals 
• Added power without the added drops 

XALACO M  is i nd icated for the reduction of I O P  i n  patients with 
open-angle g laucoma and ocular hypertens ion who a re insufficiently 
responsive to topical beta-b lockers. 

XALAC OM i s  contra ind icated in  patients with reactive a i rway d isease, 
i nc lud ing  bronch ia l  asthma,  a h i story of bronch ia l  asthma, or severe 
chronic obstructive pu lmonary d i sease; s i nus bradycardia;  second- or 
th i rd-degree atrioventricu la r  b lock; overt card iac fa i l u re; cardiogen ic  
shock; o r  hypersensitivity to any component of th is  prod uct. 

XALACOM has been reported to cause changes to p ig mented t issues. The 
most freq uently reported changes have been i ncreased p igmentation and 
growth of  eye lashes. The i ris p igmentation changes may be permanent.  

I n  the 6-month registration tr ia ls, the most frequent adverse events were 
eye i rritat ion , i nc lud ing  sting ing , burn ing , and itch ing ( 1 2 .0%) ; eye 

hyperaemia (74%); corneal d isorders (30%); conjunctivit is (30%); 
blepharitis (2 . 5%); eye pa in  (2 .3 %); headache (2 .3 %); and sk in  rash 
( 1 3%) .  

Please refer to  product i nsert for  fu l l  prescr ib ing i nformation.  

References: 
1 .  Higginbotham EJ, Feldman R, Stiles M, Dubiner H, for the Fixed Combination Investigative Group. 
Latanoprost and timolol combination therapy vs monotherapy: one-year randomized trial. Arch Ophthalmol. 
2002; 120:91 5-922. 2. Data on file. Pfizer Inc, New York, NY. 

Once Daily t1ll!f; 
----lacom,M latanoprost,ltimolol maleate 
1 Drop for Incremental Power 

Suite 701, Pacific Place, 
88 Queensway, 
Hong Kong 





When you see CHANGE in your patient's disease ... 

Good enough isn't low enough anymore 

LUMIGAN® 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 (failed to achieve target IOP determined after multiple 

measurements over time) to another !OP-lowering medication . 

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. 

LU MI GAN® 
(�imaw�rn�t ���t�almi� ��l�ti��) �.�J% 
Real efficacy�· 

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. Approximately 3% of patients discontinued therapy due to 

conjunctiva! hyperemia. See www.allergan .com for prescribing information . 

=:: ALLERGAN ©2005 Allergan. Inc., Irvine. CA 92612 .. Marks owned by Allergan, Inc. 


