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Suggested Formula for 
Setting Target lntraocular 
Pressure 

Mario V Aquino 
Department of Ophthalmology and Visual 
Sciences, University of the Philippines College of 
Medicine, Manila, The Philippines 

Glauco111a is n group of oculnr disenses chnracterised by n distinct 
progressive optic neuropnthy. Elevnted intmoculnr pressure is expo11e11tially 
associated with nn incrensed rnte of retinnl gnnglion cell loss and visual 
field progression nnd is considered to be tlie 111ost i111portn11t risk fnctor for 
gin 11coma. Several rn 11do111 ised co11 trolled gin 11co11m trinls have reinforced 
the importance of lowering intrnoculnr pressure and it is currently the 
only fnctor that can be modified. The concept of n target i11trnoculnr 
pressure therefore provides a bnsis for n rational npproach to the trent111e11t 
of patients with glaucoma. 

Key words: Glaucoma, lntraocular pressure, Optic neuropathy 

Asian J Ophthalmol 2004;6(1}:2-6. 

G 
laucoma is a group of ocular dis

eases characterised by a distinct 

progressive optic neuropathy as a 

result of gangl ion cel l  loss and correspond

ing visual field loss. 

There are many risk factors for and 

causes of g laucoma, but intraocular pres

sure ( IOP) is considered to be the most 

important risk factor and the only factor 

that can be modified at the present t ime. 

Numerous c l i n ical  studies strong ly  sug

gest that lowering the IOP is beneficial for 

glaucoma. 

Reducing the IOP is currently the only 

c l in ical ly proven way to stop or slow down 

the progress ion  of g l aucoma .  A l l  Food 

and Drug Admin istration (FDA) -approved 

medications for the disease are based on 

their abi l ity to lower the IOP. 
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Elevated IOP is exponentia l ly associated 

with an increased rate of retinal gangl ion 

cel l  loss. Low pressure changes have very 

l ittl e  effect on the spontaneous rate of 

gang l ion  ce l l  loss.  At h igher  pressures ,  

the curve is steep, and the rate of cel l  loss 

becomes increasingly pressure-dependent. 

The point at which the cell loss becomes 

pressure-dependent could be defined as 

the 'threshold pressure ' .  1 

Threshold pressure varies in every eye 

and is never fu l ly known. It is i nfluenced by 

many risk factors. The eyes were not cre

ated equal ,  but ophthalmologists must esti

mate these target pressures to establish a 

rational plan of therapy and set a target !OP. 

Lower ing the threshold pressure w i l l  

reduce the rate of  gang l i on  ce l l  death 

and visual field loss. This is the 'benefit of 

therapy' ,  and it justifies treatment to lower 

IOP in a particu lar patient. 

The underlying pathology in all types 

of glaucoma is the loss of retinal gangl ion 

cel ls . Reducing the rate of retinal gangl ion 

cel l  loss to the normal rate of loss over 

time that naturally occurs during the age

ing process i s  the fundamental goal of 

g laucoma therapy. 

In managing patients with g laucoma, 

the intent is to achieve an IOP that is l ikely 

to slow or stop further retinal gangl ion cel l 

loss. This is the target pressure. Untreated 

g laucoma can prog ress to total loss of 

vis ion, although treatment slows the rate 

of retinal gangl ion cel l  loss, potentially pre

serv ing functional v is ion throughout the 

patient's l ifetime (Figure 1 ) . 1  

T h e  th resho ld  p ress u re cannot  b e  

measured, and i t  varies for each i ndividual 

patient. F igure 2 shows 2 pati ents with 

different threshold pressures. 1 The patient 

with the h i gher  threshold pressure can 

tolerate having a h igher IOP without accel

erated gang l ion cell loss than the patient 

with the lower threshold pressure Th is  

variabil ity in  the susceptibil ity of  different 

individuals to pressure-dependent gangl ion 

cell loss is the reason why some patients 

have ' low-tension' glaucoma. 

The susceptibi l ity of patients to pressure

dependent gangl ion cel l loss is l i kely to 

vary as the disease progresses. Patients 

with advanced g laucoma are more l ikely 

to be suscepti b le  to !OP-mediated optic 

nerve damage. Indeed, I OPs that are not 

cons idered a r isk factor for damage i n  

early g laucoma may cause progression i n  

advanced g laucoma. For th i s  reason ,  the 

target IOP for each patient may need to be 

adjusted during the course of the disease 

and patients with advanced g laucoma 

may req u i re very  l ow target p ressures 

(Figure 3). 1 

In the early 1 960s, Chandler said: "Eyes 

with advanced g laucoma require a pressure 

below the average whi le eyes with l im ited 

Asian Journal of OPHTHALMOLOGY 



Figure 1. Slowing the rate of ganglion cell loss to the age-dependent rate is the fundamental goal of 

glaucoma therapy.' 
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Figure 2. Individual variation in susceptibility to pressure-dependent damage.' No single target 

pressure level is approprate for all patients. 
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Figure 3. Change in the susceptibility to increased intraocular pressure during the course of glaucoma.' 
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cupping, confined to one pole of the disc , 

appear to withstand pressure better, and 

eyes with a normal disc appear to withstand 

pressure wel l  over many years'' . 2  

Resu lts from several US National In

stitutes of Health (US N IH) and Glaucoma 

Research Foundation random ised mu lti

centre trials, namely the Ocular Hyperten

sion Treatment Study (OHTS),3 Collaborative 

In itial Glaucoma Treatment Study (CIGTS),4 

Col laborative Normal Tension Glaucoma 

Study (CNTGS),5 Advanced Glaucoma Inter

vention Study (AGIS) ,6 and Early Manifest 

Glaucoma Treatment Study (EMGTS) , 7  have 

reinforced the long-held assumption that 

lowering the IOP benefits patients, whether 

the patient just has h igh IOP and is at risk 

for g laucoma, whether they are in  the early 

or late phase of the disease, or even if they 

have g laucoma but have never had very 

h igh IOP. 

Ocular Hypertension 

Treatment Study 

......... 

In the OHTS, 1636 patients with ocular 

hypertension were randomised to observa

tion or treatment with topical medications. 3 

A minimum reduction of 20% from base

l ine was set as the target pressure. After 

60 months of observation, the treated group 

achieved a 22 .5% reduction in IOP, com

pared with a 4 0% reduction in the untreated 

grou p .  After 60 months of observation ,  

t he  cumulative probab i l ity o f  developing 

primary open angle g laucoma (POAG) was 

4.4% in the treated group, compared with 

9 .5% in the observation group. 

Collaborative Initial 

Glaucoma Treatment 

Study 

......... 

The a im of the CIGTS was to determine 

whether newly diagnosed patients with 

POAG are better treated i n itial ly with medi 

cation or f i lter ing surgery. 4 307 patients 
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were randomised to the med ication group 

and 300 patients to the surgery group. Very 

aggressive !OP lowering was a hal lmark 

of this study. Both treatment modal ities 

lowered the !OP - surgery lowered !OP 

more than medications, but they also low

ered the !OP very wel l .  For patients in the 

med ication group, a 37% reduction of IOP 

from 27.0 to 1 7 . 5  mm Hg resulted in no net 

visual field progression, and a better qual ity 

of l ife than for those in the surgical group.  

Surgical patients had the ir  IOPs reduced to 

Early Manifest Glaucoma 

Trial 

TTT 

The EMGT aimed to compare the effect of 

immediate treatment to lower !OP against 

no treatment on the progression of newly 

detected POAG. 7 255 patients with POAG 

were random ised to observation versus 

laser trabecu lop lasty p lus betaxo lo l . On 

average, the !OP of the treated group was 

reduced by 2 5 %  from base l i n e .  After 

5 years of follow-up,  62% of the untreated 

treatment that wi l l  least l i kely affect the 

patient's qual ity of l ife is the goal we strive 

to achieve in the management of glaucoma. 

Bel ieving that lowering the !OP is bene

ficial for glaucoma, a fundamental question 

is the degree to which the !OP should be 

lowered to be safe for the optic nerve. Un

fortunately, there is no si ngle !OP measure

ment  be low w h i c h  g laucoma w i l l  not 

progress and above which glaucoma wi l l  

progress - we have to make an educated 

guess of what pressure w i l l  match the 
1 4  mm Hg. After a 5-year fol low-up period, group and only 45% in t11e treated group threshold pressure. A possib le answer to 
there was no significant d ifference between progressed .  Th is  study showed that for th is question is the concept of a target 
the 2 groups as far as progression was each mm Hg decrease in !OP, there was an pressure. This provides a basis for a more 

4 concerned.  associated 1 0% decrease in the risk of rational approach to the treatment of pa-

Collaborative Norma/

tension Glaucoma Study 

TTT 

The CNTGS aimed to determine whether 

!OP lowering is effective i n  reduc ing the 

progression of normal-tension glaucoma.5 

1 40 patients were randomised to receive 

either medication or surgery to lower !OP 

by 30%, or no treatment. Th i rty five per

cent of the untreated eyes and only 1 2% of 

the treated eyes progressed. This study also 

showed that lowering !OP is important no 

matter what type of glaucoma the patients 

have . 

Advanced Glaucoma 

Intervention Study 

TTT 

The objective of the AG IS was to deter

m ine the effect of trabeculectomy or laser 

trabeculop lasty in patients with IOP un 

control led by  medications.6 780 eyes were 

randomised to e ither trabecu lectomy or 

trabeculoplasty. If neither of these attempts 

worked, a reverse procedure was performed 

fol lowed by a trabeculectomy. The asso

c i at ive ana lys is  of data after 5 years 

showed that those patients who ach ieved 

the lowest IOPs consistently had the least 

chance of progression . 
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glaucoma progression. 

Conclusions from the 

Landmark Studies 

TTT 

The randomised controlled glaucoma trials 

reinforce the importance of lowering !OP, 

no matter what type of glaucoma the pa

tients have. Every m i l l imetre of mercury 

drop in IOP correlates with a decrease in 

the progression to glaucomatous damage 

and visual f ie ld loss. Early and aggressive 

tients with glaucoma. 

lntraocular pressure is without question 

the most important risk factor for glaucoma 

and it is the only factor that can be modified 

at the present t ime. The idea of a target 

pressure formula was in itial ly proposed by 

Jampel at the 1 995 American Academy of 

Ophthalmology Glaucoma Update.8 Jampel 

i ncorporated the i n it ia l  pressure to the 

equat ion  re lat i ng to the extent of ! O P  

lowering needed to attain the target pres

sure. His proposed target !OP formula was 

Figure 4. Target pressure range, 1999 (modified from Jampel8). 

I TP =IP (1 - IP/100) � z + 2 

TP = Target pressure 

IP = Initial pressure 

Z = Functional status 

(disc damage/field changes) 

Figure 5. Target pressure range, 2004. 

Z-0 Glaucoma suspect (LR) 
Z-1 Glaucoma suspect (HR) 
Z-2 Early glaucoma 

Z-3 Moderate glaucoma 

Z-4 Severe glaucoma 

Z-5 End-stage glaucoma 

r TP = JP (1 - IP/100) - Z ± 2 

TP = Target pressure 

IP = Initial pressure 

Z = Functional status 

(disc damage/field changes) 

Z-0 Glaucoma suspect (LR) 
Z-0 Glaucoma suspect (HR) 
Z-1 Early glaucoma 

Z-3 Moderate glaucoma 

Z-5 Severe glaucoma 

Z-7 End-stage glaucoma 
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TP = IP (1 - I P/100) where TP is the target 

IOP and IP is the in itial pressure. Clearly, the 

selection of a target pressure is not merely 

a relation of the in itial pressure and a per

centage IOP lowering. An equation of target 

IOP must take i nto account the patient's 

h istory, the IOP at presentation, the degree 

of damage, the rate of progression, the age 

of the patient or life expectancy, the con

d ition of the other eye, and other factors 

involved in the glaucomatous status of a 

patient's eye. 9 

In 1999, I modified Jampel's formu la and 

inc luded a Z constant and correction factor 

to result in a range of IOP values and the 

resulting formula is: TP = IP (1 - IP/1 00) - Z 

± 2. The Z constant was incorporated to 

emphasise that the extent of IOP lowering 

is dependent on patient-related factors 

(Figure 4) . 

The value of the Z constant would vary 

accord i ng to the stage of the patient's 

glaucoma. A patient with a more advanced 

stage of glaucoma wi l l  necessitate a larger 

reduction in IOP, whereas for a pat ient 

with suspected glaucoma, a m i ld reduction 

in IOP  would suffice. 

A factor of± 2 mm Hg was incorporated 

into the formula to take i nto account the 

d i u rnal  I O P  f l u ctuation .  An eye with a 

d ifference of more than 4 mm Hg between 

its highest and lowest IOP, or a difference 

of more than 4 mm Hg between the left 

and the right eye was considered to be 

abnormal .  The result ing target pressure 

range wou l d  be more c l i n i ca l ly relevant 

than a s ingle point value in enabl ing the 

c l i n i cian to tai lor it to i nd ividual patients 

and estimate the level at which glaucoma 

wil l progress or be halted. 

I nf luenced by the outcomes from the 

US NIH and Glaucoma Research Foundation 

studies, I again revised the formula in  2004. 

Lowering IOP has been shown by these re

cent trials to be important for the treatment 

of glaucoma of al l  types, with a decrease 

in IOP correlating with a decrease in the 
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Table 1. The 'Z' constants in the proposed target intraocular pressure formula and corresponding clinical 

features 

Z-0 Glaucoma suspect (low risk) 

lntraocular pressure 

History and phys ical examination 

D isc 

Fields 

Z-0 Glaucoma suspect (high risk) 

lntraocular pressure 

History and physical examination 

D isc 

Z-1 Early glaucoma 

Disc 

Fields 

Z-3 Moderately advanced glaucoma 

Disc 

Fields 

Z-5 Severe glaucoma 

Disc 

Field s 

Z-7 End-stage glaucoma 

Disc 

Fields 

>21 mm Hg but in th e 20s 

No family history of glaucoma 

Central corneal th ickness normal 

Normal 

• Cup <0.3 C/D 

• No cup asymmetry 

• Rosy neuroretinal rim 

Normal 

High 20s with functional status as low risk 

Family his tory of glaucoma 

Pseudoexfoliation 

Krukenberg s pindle 

Pigment dispersion 

Angle recession 

Iris transillumination (ruff/periph ery) 

Pupillary abnormalities 

Thin central corneal thickness 

Other 

Normal 

• Cup <0.3 CID 

• No cup asymmetry 

• Rosy neuroretinal rim 

0.3-0.5 C/D (vertically oval) 

Cup asymmetry of �0.2 

Rim variable but rosy 

Disc h aemorrhage 

Nasal s tep 

Paracentral scotoma 

Seidel's scotoma 

Generalised depression 

Increased s h ort-term fluctuation 

0.5-0.7 C/D (vertically oval) 

Rim variable with area of pallor 

Notching (may extend to the disc margin) 

Lamellar dots (+ or-) 

Bayoneting 

Slight nasalisation of vessels 

Complete arcuate scotoma (upper or lower) 

0.8-0.9 C/D (vertically oval) 

Rim extremely narrow and pale mostly extend ing 

to th e disc margin 

Marked nasalisation of vessels 

Lamellar dots and bayoneting 

Double Bjerrum scotoma 

Breaking through periphery 

Th reatening fixation 

Almost total cupping 

Rim completely pale 

Lamellar dots 

Bayoneting 

Extreme nasalisation of vessels 

Tubular and/or temporal island 
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Comparative Clinical Trial 
of Topical Cyclosporine A 
and Mitomycin C for the 
Management of Refractory 
Vernal Keratoconjunctivitis 

Mohammad N Hashemian, Firoozeh Rahimi, 
S Farzad Mohammadi 
Eye Research Center, Farabi Eye Hospital, 
Tehran University of Medical Sciences, 
Tehran, Iran 

Objective: To compare the short-term efficacy and safety of topical 
cyc!osporine A and mitornycin C in the treat111ent of refractory vernal 
kera toconj L111ct iv it is. 
Patients and Methods: A fellow-eye controlled trial in which topical 
cyc!osporine A 2% and mitomycin C 0.005% were ad111inistered 
concurrently 4 times daily for 4 weeks, one medication to each eye 
of 21 patients. 
Results: Cyclosporine A brought aboL1t significant objective i111prove111ent 
relative to baseline (p = 0.012) and more objective illlprovernent in 
co111parison to mito111yci11 C (p = 0.046). Cyc!ospori11e A was associated 
with greater improve111ent in ocular comfort (p = 0.003). Mito111ycin C 
was associated with 14 new cases or exacerbations (67%) of punctate 
kemtopathy and 5 cases (24%) of hypoto11y. Hypoto11y wns nssocinted 
with limbal involvement, disease dL1ratio11, and severity (p < 0.05). 
Six pn t ien ts (29%) reported a re111a rkable burning sensation following 
application of cyc!ospori11e A. 
Conclusions: Topical mitomycin C, even at low doses and in the 
short term, does not seem to be a safe treatment for vernal 
kemtoconjunctivitis as it can result in significant punctate kemtopathy 
and hypotony. Short-term topical cyclosporine A is an efficacious safe 
ad) uva n t to current 111odali ties for severe vernal kera toconj imctivi tis. 
T he long-term efficacy a 11d safety (including tolembil i ty of its 
pharmacological formulation) are areas for fllture research and 
development. 

Key words: Cyclosporine, Mitomycin, Vernal keratoconjunctivitis 

Asian J Ophthalmol 2004;6(1):7-12. 
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Introduction 

............ 

V
ernal keratoconjunctivitis (VKC) is 

a chronic i nflammatory d isease of 

the exte rnal  eye,  with seasonal 

exacerbation and recurrence . 1  ·2 The d isease 

is self- l im it ing in the long run ,23 but its 

severe form is debilitating and potential ly 

sight-threatening and the associated func

tional disabi l ity sometimes interferes with 

the school ing of ch i ldren. 

Mast cel l  stabi l isers have several l im i

tat ions, namely lack of compl iance with 

long-term appl ication,  delayed onset of the 

therapeutic response, and poor control of 

symptoms and signs, especially i n  corneal 

forms and severe disease.2.45 Topical, supra

tarsal, and even systemic steroids, are quite 

effective in control l ing the disease but at the 

cost of dependence and major compl ications 

such as cataract and g laucoma. 1 

Topical cyclosporine A (CSA) was re

ported to be effective for VKC in 1 986 by 

BenEzra et al,6 and several reports have rep

l icated that result and provided further evi

dence of its safety.4rn Topical m itomycin C 

(MMC) 0 .01 % for 2 weeks has been shown 

by Akpek et al to be effective in contro l l ing 

refractory VKC i n  a p lacebo-contro l l ed  

doub le- masked random ised tria l . 5  More 

recently, Sodhi et al found MMC to be safe 

and com parat ively more effective than 

azelastine i n  the treatment of al lergic con

junctiviti s . 1 2  The objectives of the current 

study were to com pare the short-term 

efficacy and safety of topical CSA and MMC 

for refractory VKC. 

Patients and Methods 

............ 

This study was conducted at Farabi Eye 

Hospital, which is a major referral centre for 

eye d iseases in Iran. Patients with severe 

bi lateral VKC were referred to the hospital 

during late July to early October 2001 . Pa

tients who had no satisfactory response to 
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a recent course of topical cromolyn sodium symptomatic re l ief of both eyes by the 2 hypotony >6 m m  H g .  Ch i  sq uared and 

for 6 weeks and a 1 -week course of  i ntense medications; i ntolerance impl ied the short- student's ttests were used in the statistical 

topical betamethasone were incl uded in the term effect of the topical medications i n  analyses.  Comparab i l ity o f  the  severity 

study. I nclusion criteria incl uded a h istory terms of an associated burning sensation of i nvolvement of CSA-assigned eyes with 

of seasonal exacerbation and at l east 2 fo l low i n g  app l i cati o n .  The cornea was that of the M M C-ass igned  eyes were 

years' h istory of severe symptoms. Patients checked for punctate keratopathy with fluo- checked with Wi lcoxon rank test: mean 

with active vernal u lcerative keratitis or rescent stai n ing under cobalt l ight and then basel ine severities were not s ign ificantly 

suspected of having ocular herpes were the IOP was measured. Medications were different (p = 0 .483). 

excluded . No patient had a h istory of renal , renewed at weekly vis its (the manufactur-

l iver, or co l lagen vascu lar d iseases and ers produced the medications under steri le Results 

none was taking concurrent steroids, anti- hoods and suppl ied them weekly to ensure ............ 
h istamines, non-steroidal anti- inflammatory maintenance of steril ity and activity). The From 20 July 2001 to 1 0  October 2001 , 
d rugs, and/or aspir in .  need for d i fferential usage of drops for twenty s ix patients were included in  the 

The study was approved by the hos- each eye despite perceived differences in study. Twenty one patients were compl iant 
p ital review board . Written consent was relative efficacy and to lerabil ity by the pa- with fo l low-up and medications. The mean 

8 obta i ned from e l i g i b l e  pati ents or the i r  tient was emphasised . At the fourth-week age was 1 6.0  years with a standard devia-
p rox ies .  Each eye of every pat ient was follow-up,  the medications were d iscontin- tion of  6 .2  years Two patients (1 0%) were 
randomly assigned to receive topical CSA ued and palpebral and l imbal views were female. The mean reported d isease dura-
2% or MMC 0 .005% 4 times dai ly for 4 once again photographed. t ion was 5 years (range, 2 to 1 0  years). Six 
weeks. Med ications were preservative-free Preset term inat ion c riteria were any of the patients (29%) were from Afghani-
- CSA was dissolved i n  ol ive o i l  and MMC anter io r  segm ent f i n d i n gs of  cataract, stan - on average, they were 5.5 years aide 
in d isti l led water. Any current medication ocular hypertension/hypotony, or any other than the I ranian patients (p = 0.089); other-
was d isconti nued. Due to the fel low-eye s ign ificant adverse event. wise, there were no significant differences 
design of the study a wash-out phase was Base l i ne  and posti ntervent ional pal- i n  base l ine and outcome measures. N ine 
not considered . pebral and l imbal photos of the eyes were patients (43%) had pa lpebral  VKC, one 

At base l ine ,  the type of VKC,  relative compared in a paired fashion.  Attention was (5%) had l imbal d isease, and 1 1  (52%) were 
ocu lar d i scomfort (patients were asked g iven to reduction i n  the crowdedness and of m ixed types. Five patients (24%) had 
"Which eye feels worse?"), intraocular pres- oedema of the papilla and reduction in l imbal bilateral punctate keratopathy at present-
sure ( IOP), and degree of keratopathy were oedema and gelat inous hypertrophy. The ation. Other findings were bi lateral advanced 
recorded, palpebral and l imbal views were right eye responses were compared with glaucoma (1 patient), posterior sub-capsular 
photographed ,  and the first med ications those of the left eye and relative objective cataracts (2 patients), pannus (7 patients), 
were supp l i ed .  I n struct ions on punctal improvements were determ ined.  Observers subep i t he l i a l  scars (5 pat ients) ,  g iant  
pressure for 1 m inute fo l lowing appl ication , were masked and d id not know the pre-/ papi l la (3 patients), advanced keratoconus 
storage of bottles in  cool dark places, and postinterventional status of the photographs, (2 pati ents) ,  and pseudogero ntoxon (2 
exclusive use of each medication for the or the respective medication groups. Based patients) . 
respective eye were provided. Bottles were on relative ocular comfort at the basel ine As shown i n  Table 1 ,  CSA-assigned eyes 
opaque and identical and had 'right' or ' left' exam and weekly fol low-ups, it was deter- improved s ign ificantly in comparison with 
labels. m i ned which eye had better overall ocular the base l ine and also in comparison with 

Patients were fol lowed up weekly (3 comfort. their MMC-assigned fe l low eyes (Figure 1 )  
times) by a single masked observer when Occurrence of new punctate kerato- The safety profi le, including the tolerabil-
the relative ocular comfort of each eye was pathy or aggravation of pre-existing kerato- ity of the medications, is presented in Table 
directly questioned ("Which eye feels better?") pathy was cons i de red  as an adverse 2 .  Punctate keratopathy was exacerbated 

and self-report on intolerance following ad- outcome (keratopathy was g raded from in 5 of 5 eyes and was induced i n  9 new 

min istration of the medication (sign ificant trace to 4+; trace punctate erosions were MMC-assigned eyes, whi le the contralateral 

burning and/or self-discontinuation due to neglected). Ocu lar hypotony was defined as CSA-assigned eyes improved in 3 of 4 pa-

severe sti ng ing)  were recorded.  Relative IOP S7 mm Hg , IOP decrease of >6 mm Hg tients and 3 new cases of ke ratopathy 

ocu lar comfort denoted overa l l  re lative (relative to the basel ine read ing), or relative occurred.  Occurrence or  exacerbation of 
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Table 1. Efficacy analyses. 

Improvement over baseline 

p Value 

Cyclosporine A

assigned eyes* 

1 3/1 6' 

0.01 2 

Mitomycin C

assigned eyes* 

1 0/1 61 

0.31 7 

Relative 

improvementt 

1 2/1 61 

0.046 

Relative ocular 

comfort1 

1 6/1 9' 

0.003 

*The proportion of eyes that showed improvement was compared to the proportion of eyes t11at showed exacerbation or l1ad 

no change and expected values of proportions were assumed to be 0.5 for Cl1i squared testing. 

t Relative comparison was made between t11e proportion of cyclosporine A-assigned eyes wit11 more improvement/better ocular 

comfort and proportion of cyclosporine A-assigned eyes that did not l1ave/gain more improvement/better ocular comfort in 

comparison to mitomycin C-assigned fellow eyes. Expectecl values of proportions were assumed to be 0.5 for Chi squared testing. 

t Relative ocular comfort was compared in 19 of 21 pairs of eyes and a complete set of photographs were available for 16 pairs. 

punctate keratopathy in M M C-ass igned 

eyes was related to the basel ine severity 

(p = 0 .016). 

Five patients had hypotony - all were 

in MMC-assigned eyes, had l imbal involve

ment ( l imbal or m ixed forms) [p = 0 .046], 

had a sign ificantly longer duration of d is

ease (mean duration difference, -3 years; 

p = 0. 027), and had more severe disease 

(p = 0 .049) . The average time of onset of 

hypotony was less than 3 weeks (Table 3). 

Pat ients with hypotony and severe 

punctate keratopathy were excluded and 

conventional treatment was re instated . In 

2 of the CSA-assigned eyes, the medication 

was perceived to be stinging so much that 

the patients themselves d isconti nued the 

respective medication.  For these patients, 

the other med ication (MMC) was i nst i

tuted. One patient found both medications 

intolerable. 

Discussion 

............ 

This study provides evidence for the effi

cacy of CSA in the treatment of severe VKC 

ORIGINAL ARTICLE 

consistent with previous reports.468•9 Addi

tional ly, it underscores the superiority of 

CSA over MMC i n  terms of improvement 

in palpebral and l imbal photographs and 

ocular comfort. Th-2-mediated and immuno

g lobu l in  E/mast ce l l -mediated responses 

have been impl icated in the pathogenesis of 

VKC113·1 7 and these findings provide cl inical 

evidence for the importance of the former, 

whose role has also been proven in immuno

h istochem ical and i mpression cyto logy 

studies .  18·1 9  CSA is a specific i nh ib itor of 

interleukin-2 synthesis and accordingly has 

the potential to specifically halt the patho

log ic  process at the beg i n n i ng through 

inh ibition of Th-2 prol iferation.  

MMC may non-specifically inh i bit pro

l iferation of inflammatory cel ls and fibro

b lasts causing the symptoms and signs 

associated with VKC. MMC 0 .01  % was given 

for 2 weeks in Akpek et a l 's study, in which 

significant improvement of MMC for refrac

tory VKC was shown.5 In addition ,  MMC 

Figure 1. Sample tarsal photographs. ( a  and b )  Application o f  cyclosporine A from 25 July t o  3 0  August 2001 resulted i n  significant atrophy o f  palpebral 
papilla; (c and d) cyclosporine A brought about marginal improvement (determined in the masked ranking); and (e and f) the mitomycin C-assigned fellow 

eyes experienced exacerbation, as is evident from the associated discharge (arrows). 
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Table 2. Safety profile of cyclosporine A (CSA) and mitomycin C (MMC).* 

Punctate keratopathy 

Newly occurred 

or exacerbated 

Cyclosporine A-ass igned 3/19 

All eyes 

Baseline versus post-interventional 
(p Value) 

Hypotony Self-reported intolerance 

0 6 

Mitomycin C-assigned 1 4  (67%; 95% confidence 

interval, 47%-87%) 

4 vs 4/1 9 

(1 .000) 

5 vs 14 

(0 01 2) 

5 (24%, 95% confidence 

interval, 6%-42%) 

Odds ratio 1 2  (MMC VS CSA) 

p Value 0.001 

* Data are presented as frequency of observations and denominators are all 21 if not specifically mentioned. 

Table 3. Ocular hypotony. 

Patient Onset lntraocular pressure (mm Hg) 

number (weeks)* Mitomycin C- Drop from Cyclosporine A-

assigned baseline assigned fellow eye 

1 2 7 8 1 7  

2 3 7 4 1 5  

3 2 5 12 1 3  

4 3 6 6 1 4  

5 4 6 6 1 6  

*Onset refers to t11e time lag between the institution of topical mitomycin C to the time t11at liypotony was first detected. 

t Lost to further follow-up. 

0 .002% for 3 months was given in Sodh i  

e t  a l 's study for the treatment of al lergic 

conjunctivitis, in which sign ificant therapeu

tic response was observed . 1 2  We could not 

rep l icate their work as we did not find sig

nif icant imp rovement in M MC-ass igned 

eyes in comparison to basel ine .  However, 

this may be explained by the lower concen

tration of MMC i n  our study i n  compari

son to Akpek et al 's study5 (0.005% versus 

0 .01 % for 4 weeks versus 2 weeks, respec

tively, although the cumu lative dose was 

comparable), shorter duration of appl ication 

of M MC ,  and/or the d iffe rent nature of 

the d isease in comparison to Sodh i  et al 's 

study, 12 and/or inadequate statistical power. 

Punctate keratopathy has been previ

ous ly  reported as an adverse effect of 

topical MMC.20-23 Akpek et al also observed 

punctate keratopathy in their study of MMC 

and VKC and considered i t  reversib le .5 They 

reserved MMC for refractory cases for a 

short per iod of t ime.  Although punctate 

keratopathy is itself a s ign of severe VKC, 

our comparative data l eave l ittl e  doubt 

that MMC was the primary cause. Punctate 

keratopathy may be a result of stem cell 

Volume 6, Number l, 2004 

toxic ity and not merely due to a s imp le  

chem ical i nsult to  the corneal epithe l ium 24 

Therefore, i n  the long term it may play a 

role in the development of l imbal stem cel l  

deficiency, especia l ly  i n  severe corneal 

VKC in which stem cel ls are already under 

toxic effects of local mediators. Patients 

with VKC experience very d istressing ocu

lar d iscomfort and development of s ign ifi

cant punctate keratopathy would seriously 

compl icate their wel l-being.  

Hypotony i s  a wide ly reported com

plication of MMC-augmented filtering sur

gery. Excessive f i ltration and c i l iary body 

toxi city are the cu rrent exp lanations for 

this compl ication .25 26 Several experimental 

studies provided f l uorophotometric and 

morphologic evidence in support of aque

ous hypoproduction and the c i l iary body 

toxicity hypothesis. 26-30 Our study provides 

c l in ical evidence in favour of the c i l iary body 

toxic ity hypothesis, suggesting that MMC 

could transconjunctivally i nduce hypotony at 

very low concentrations that have previously 

shown no evidence of toxicities in animal 

models. 27 There is growing evidence that the 

permeab i l ity of the conj unctiva to smal l  

8 (CSA v s  MMC) 

0.093 

lntraocular presure course at monthly follow-up 

Low at month 1 t 
Normalised at month 3 

Normalised at month 1 
Normalised at month 2 

Low at month 1 t 

water-solub le molecu les is 20 times that of 

the cornea and peri l imbal conjunctiva offers 

an effective trans-scleral route for del ivery 

of drugs to anterior segment structures.31 

The observation that the eyes that devel

oped hypotony had a severe l imbal form of 

the d isease and a long-stand ing course 

further substantiates the plausibi l ity of this 

hypothesis as severe chronic inflammation 

and congestion of the peri l imbal vessels 

may facil itate transconjunctival c i l iary body 

access. The long-term impact of this unto

ward effect is not clear but an experimental 

study by M ietz et al documented evidence 

of toxicity up to 6 months fol lowing MMC 

appl ication . 28 As shown i n  Table 3, IOP may 

not normal ise for several weeks. Further 

studies are needed to clarify the primary 

focus of hypotony, i . e . ,  the c i l iary epithe

l i um ,30 the c i l iary nerve,32 and/or the trabe

cular meshwork.26 Akpek et a l 's report d id 

not include IOP measurements.5 

Lack of tolerabi l i ty could be a major 

drawback for CSA (3 patients noted that 

although the o i ly one stung ,  it was more 

effective) .  The i rritating nature of topical 

CSA has been previously reported33-35 and 
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is attributed to the oi ly base of the medica- comp l iance seemed att r i butab le  to the  and Dr M Mohebbi for case selection and 

t ion.36 On the other hand, ol ive oi l  alters the issue of access as 3 were l iv ing i n  other refe rra l .  It is noteworthy that the study 

surface permeabil ity37 and this may fac i l i - cities and fai led to  return to  the first follow- was the residency thesis of Dr S Farzad 

tate the therapeutic response. As we did not up,  or personal motivation ,  which was ap- M o h a m m a d i  de fended  at Fara b i  Eye 

p lan a routine (relative) tolerabil ity measure parent at the fi rst visit in 1 patient. Only one Hospital, 2003. 

i n  advance (we d id not d i rectly question it) , of the 5 patients was actively excluded 

intolerance to CSA might have been under- due to i ntolerance to both med ications .  References 

estimated. The reported intolerance in our Photograph losses (5 sets) were accidental 
......... 
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SEAGIG and EMBASE 

It gives the editors great p leasure to announce that Asian Journa l  of OPHTHALMOLOGY has joined forces with the South 

East Asia G laucoma Interest Group (SEAGIG) to become the official SEAGIG Journal. The journal wi l l  continue to publ ish relevant 

articles related to ophthalmology, whi le the focus will remain on glaucoma. 

We are also proud to announce that Asian Journal of OPHTHALMOLOGY is now indexed in the EMBASE database. The database 

can be found on the Internet at www.elsevier.com/locate/esbd and there will be l inks to the Asian Journal of OPHTHALMOLOGY 

website at www.scientific-com.com/AJO 

We are grateful for the support that Asian Journal  of OPHTHALMOLOGY has received from our authors and readers, which 

has enabled both of these steps to take place. Please continue to send your contributions to the Editorial Office. 
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Ocular Paintball Injury with 
and without Eye Protection 

Raneen Shehadeh-Masha'our, Haneen 
Jabaly-Habib, Hanna Garzozi 
Ha Emek Medical Center, Afula, Israel 

'Paintbal/' is a war game in which 2 teams use special carbon dioxide or 
air compressed guns to shoot gelatin or latex balls filled with paint. T he 
balls rupture on impact marking the victim with the extruded dye. Ocular 
paintball injuries are increasingly being reported, probably due to the 
popularity and unrestricted use of this game without consideration for safety. 
This report presents the first 2 incidences of ocular paintball injury in lsmel. 

Key words: Eye, Pellet, Rupture, Trauma 

Asian J Ophtha/mol 2004; 6(1):13-14. 

Case Report 1 

21 -year-old man presented to the 

emergency room immediately after 

sustai n ing an ocular paintbal l  in

j ury to h is right eye (RE) after temporarily 

removing his protective eyewear to clean it. 

At presentation, RE best corrected visual 

acuity (BCVA) was hand movements, i ntra

ocular pressure was 1 4  mm Hg, there was 

a lower l i d  haematoma, subconjunctival 

haemorrhage, m i ld corneal oedema, hyph

aema, 2 hours ir idodialysis, and traumatic 

mydriatic pupi l  with reverse relative affer

ent pupi l lary defect (RAPD). The lens and 

posterior segment were in itial ly obscured 

by hyphaema and vitreous haemorrhage 

(Figure 1 ), wh ich was partial ly absorbed 

after 2 days to reveal a clear lens, supra

choro ida l  haemorrhage with suspected 

rupture of the choroids, and the posterior wall 

of the eye. U ltrasound (US) exami nation 

CASE REPORT 

showed suprachoroidal haemorrhage and 

possib le rupture of the posterior wal l of the 

eyeball inferonasally, with an attached retina. 

The patient was treated conservatively with 

systemic and top ical corticosteroids and 

mydriatics for 1 week. 

Two m onths after the i n j u ry, BCVA 

improved to 20/400. Anterior segment ex

amination showed the i ridodialysis and the 

mydriatic pup i l ;  the lens remained clear. 

Fundus examination showed foveal scar, 

nasal area of retinal p igment epithe l i um 

(RPE) hyperplasia, choroidal rupture tempo

ral to the optic d isc, and the eyeball rupture 

scar i nferonasally (Figure 2). On e lectro

physiology of both eyes, the visual evoked 

potent ia ls  were normal  and symmetri c 

b i lateral ly, the pattern e lectroretinogram 

was normal for the left eye (LE) but de

pressed for the RE. 

Case Report 2 

.......... ..... 

A 1 9-year-old man presented to the emer

gency room after sustai n i ng an ocu lar 

paintball i njury to h is  left eye He was in

j u red whi le weari ng protective goggles ,  

when the pai ntball h it h im  lateral ly between 

the goggles and orbit. 

At presentation, LE uncorrected visual 

acu ity (UCVA) was 6/7, i ntraocular pressure 

was 1 2  mm Hg, and there was upper l id 

Figure 1. Fundus photograph at presentation showing the posterior segment Figure 2. Panoret fund us photograph 2 months after the injury showing the 

obscured by vitreous haemorrhage. nasal area of retinal pigment epithelium hyperplasia and the eyeball rupture 

scar inferonasally. 
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haematoma, subconjunctival haemorrhage wearing such protection devices. Although to continue long-term fol low-up due to the 

temporally, microhyphaema, mildly traumatic eye protection devices not meeting the ASTM angle recession and the risk of developing 

pupi l ,  and clear lens. Fundus examination standards don't provide ful l protection, they g laucoma in  the injured eye . 

revealed a restricted area of retinal oedema may reduce the severity of the injuries, as was Wearing adequate protective face masks 

and m icrohaemorrhages at the temporal noted for patient 2 compared with patient 1 .  may prevent most of the above injuries. These 

per iphery. He was treated with top ica l  The b lunt shape, the soft texture, and devices should never be removed in  areas 

corticosteroids. Three days later the micro- the low muzzle velocity of the paintbal l  pro- of play. 124-6 Participants should be older than 

hyphaema resolved as well as the retinal jectiles of 80 to 1 30 m/second compared 1 8  years and instructed not to shoot towards 

oedema and microhaemorrhages. Gonio- with an airgun of 260 m/second make the the head and neck.2 

scopic examination revealed angle recession. ocular i njury s imi lar to that of b lunt trauma 

with coup-countercoup  mechanisms and References 
Discussion 

............... 

War games with pa intba l l  pal l ets were 

first played in 1 981 in New Hampshire. Since 

then ,  the sport has become increasi ng ly 

popular, with m i l l ions of people partic i 

pating . 1 ·2 The  increasing popularity o f  this 

game, the avai lab i l ity of these weapons 

for i nformal use,  and the i ntroduction of 

cheap locally made paintbal ls with a hard 

plastic coat ing in some countries have con

tributed to the i ncrease i n  ocular injuries.2 

It is estimated, that proper use of eye 

protection may lead to the prevention of up  

to 90% of i njuries i n  sports.3 I n  most cases 

of ocular pai ntba l l  i nj u ry reported in the 

literature, 1 -24·5 the injuries occurred when 

the players were not using eye protectors 

or when they temporarily removed them dur

ing a game as in the first patient described 

i n  this report. However, cases have been 

reported in which eye protection was worn 

and eye i njury sti l l  occurred as in the sec

ond patient. In some of these patients, the 

paintbal l  entered under the mask57 or 'dis

placed' the goggles , 5 8 while i n  others, the 

goggles were projected i nto the eye .5 9 1 0 

None of our patients were wearing an 

eye protection device meeting the current 

American Society of Testing and Materials 

(ASTM) standards for paintball sports. The 

ASTM upgraded the goggles from simple 

ocular protection to fu l l  facial protection . Not 

only does this provide better protection to 

the face and ears, but also makes it less 

l i kely that ocular i nj u ry wi l l  occur wh i le  

Volume 6 ,  Number 1 ,  2004 

anterior-posterior compression of the eye

ball with equatorial expansion.4 This mecha

nism might explain the choroidal rupture 

tem poral to the optic d isc and the ir ido

d ialysis seen in patient 1 .  The smal l d iam

eter of the paintball (1 2 to 1 7  mm) al lows 

d i rect transmiss ion  of energy i nto the 

g lobe, bypassing the protective effect of the 

orbital r im.  In addition ,  s ince the paintbal ls 

are designed to rupture on impact, there 

is no exit wound ,  and all of the energy is 

released at the site of impact.4 Fortunately 

the released material is neutral and does 

not cause chem ical burns. 

Hyphaema and vitreous haemorrhage are 

the most commonly reported anterior and 

posterior segment paintball injuries, respec

t ive ly. Other corn mon anterior segment 

injuries are traumatic cataract, dislocation of 

the crystal l ine lens, angle recession, irido

dialysis, and traumatic keratopathy. Regard

ing posterior segment injuries, commotio 

ret ina, choroidal  ruptu re, ret inal  breaks, 

retinal dialysis, and retinal detachment also 

frequently occur. Macular hole and rupture 

of the globe are less frequently reported. 1 .24 5  

Patient 1 was a young man without 

ocular protection. He had both choroidal and 

g lobe rupture, which i l l ustrates the serious 

damage of these h igh -energy i njuries with 

severe visual impairment. The second pa

tient, was also a young man but who was 

weari ng ocu lar  protection .  Although h i s  

goggles d id not meet the ASTM standards, 

they provided some protection lead ing to a 

less severe i njury. This patient was advised 
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Management of Ocular 
Hypertension and Glaucoma 

From a sponsored symposium held by Pfizer at the 
European Glaucoma Society Meeting, Florence, 
Italy, 1 June 2 004 
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more sensitive and specific could be a corre

sponding structural or structural-functional 

abnormal ity such as a disc abnormal ity with 

a corresponding RNFL defect; a disc or RNFL 

abnormal ity with a corresponding functional 

defect; or a progressive structural or functional 

change such as a progressive change in disc, 

RNFL, or visual field. A number of new tests 

have emerged that have great promise for 

the d iagnosis of glaucoma. Therefore, the 

future looks bright for detecting glaucoma 

The Glaucoma Continuum 

............ 

become apparent, that g laucoma usual ly at an early stage, enabl ing treatment of pro-

Robert N Wei11reb 
J-/a n1 ilton Glancon1a Centre 
Un iversity of California 
San Diego 
La Jolla 

Ca/ifomia, USA 

The g laucoma conti nuum ranges from a 

normal healthy eye through undetectable 

d isease and detectable asymptomatic dis

ease to functional impairment and ultimately 

b l indness (F igure 1 ) . Early d iagnosis is es

sential for early treatment and prevention 

of loss of vision across the continuum.  

Examination of  the optic d isc and re

tinal nerve fibre layer (RNFL) is essential for 

both diagnosis and monitoring of glaucoma. 

Early in g laucoma, reti nal gangl ion cel ls 

(RCGs) have morphologic changes such as 

shrinkage of the dendritic field and the cell 

can be detected. gression at an earl ier stage. Several c l in ical 

It appears that, in young glaucoma and stud ies have now confirmed that treat-

ocular hypertension patients, progressive 

RNFL injury often precedes the development 

of functional visual field loss. As many as 

85% of patients with ocular hypertension 

have RNFL injury at the time they develop 

glaucomatous visual fi e ld loss and 60% 

of patients have RNFL injury up to 5 years 

before visual function damage becomes 

apparent. Whi le standard automated peri 

metry remains the most widely used func

tional test for d iagnosing glaucoma, there 

are several important l im itations, inc luding 

the long fol low-up period and the number 

of exam inations requ i red to confi rm the 

endpoint and detect mean ingful changes. 

Standard automated perimetry has poor 

sensitiv ity and poor reproducib i l ity. 

By the t ime a v isua l  f ie ld  defect is  

present, as many as 50% of  the RGCs may 

ment by loweri ng intraocular pressure has 

benefits across the glaucoma continuum.  

In Summary 
Exam ination of the optic disc and RNFL is 

essential for both d iagnosis and mon itoring .  

Earlier diagnosis allows for earlier treatment. 

Treatment prevents loss of vision across the 

conti nuum.  

Comprehensive 

lntraocular Pressure 

Management 

............ 
Mitc/1 M enage 
Leeds Ge11eml / 1 1fim111ry 
Leeds, UK 

body. A process of accelerated apoptosis is be lost. This has impl ications for the current 

in itiated. At this stage, cell function may sti l l  

be normal .  With in  the central visual path

way, relay neurones in the lateral geniculate 

nucleus - the target of the RGCs - and 

visual cortex also undergo structural changes. 

It is not u nt i l  the stage of asympto

matic disease, when changes in the RNFL 

Figure 1. The glaucoma continuum. 

Undetectable 

staging for glaucoma, in that what is now 

considered to be early g laucoma may in 

reality be moderate to advanced d isease. 

Cu rrently, many c l i n ic ians only d iag

nose glaucoma when there is a visual field 

defect and a corresponding change in  the 

optic disc. Alternative definitions that may be 

atic � Functional Normal 
disease o impairment 

Blindness 

Asian Journal of OPHTHALMOLOGY 

The goals of g laucoma treatment are to 

ma intain the patients'  q ual ity of l ife by 

prevent i ng  or de lay ing visual d i sab i l ity, 

and also by min im ising the side effects, in

conven ience,  and cost of treatment. The 

endpoints of treatment inc lude the optic 

d isc, visual field, and intraocular pressure 

( IOP) ,  as well as qual ity of l ife. 

I t  is c lear  that comprehens ive I O P  

management with effective IOP  contro l ,  

maximum reduction, m in imal f luctuation,  

long-term efficacy, and persistency pre

vents or delays d isabi l ity. The side effects, 
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i nconven ience, and cost of treatment are 

m i n i m i sed by safety and  comp l i ance ,  

tolerabi l ity, low potential for systemic side 

effects, and convenient dos ing .  

The therapeutic impl ications of restag

ing g laucoma are manifold .  Restag ing glau

coma adds impetus to the need for medical 

therapy as patients beg in treatment earlier, 

are asymptomatic for longer, and wi l l  be 

treated for longer. 

Treatment effectiveness encompasses a 

number of separate issues, including both ef

f icacy and effect iveness (Tab le  1 ). The 

effectiveness of a medication for glaucoma 

Compl iance is important to ensure con

stant dai ly IOP contro l .  Approx imately 1 0% 

of g laucomatous visual field loss is due to 

poor compl iance.  Successful compl iance 

depends on patients using the right medi

cation , at the r ight t ime,  i n  tl1e prescribed 

amounts, and in tl1e proper way. 

Factors that affect compliance include 

safety and tolerabi l i ty, lack of visual symp

toms, forgetfu lness, inconvenience, difficulty 

in app l ication ,  cost, and patients' under

standing of the preventative nature of the 

treatment. Ocular and topical side effects 

are most important for compl iance as they 

and ocu lar  hypertens ion  i nc l udes I O P- are easily noticed by patients and l i nked 

1 6  lowering effect, tolerabil ity, long-term corn- to their med ications .  The degree of IOP 

pliance, and persistence. Measures to improve 

effectiveness include greater !OP- lowering 

effects with no change in to lerabi l ity and 

safety, or greater safety and tolerab i l ity 

with an equal pressure lowering effect. 

Several large random ised contro l l ed 

trials have recently confirmed that IOP re

duction is an evidence-based treatment for 

glaucoma. Some of the conclusions drawn 

from these trials include the fo l lowing: IOP 

reduction is of benefit at various stages of 

glaucoma or ocular hypertension; lower IOP 

means better protection against visual field 

loss; a larger in itial I OP-lowering effect has 

a favourable influence on progression in later 

years; and !OP- lowering treatment may not 

be of benefit to every patient. C l in ical ly, it is 

advisable to a im for a 30% reduction in IOP 

for mi ld  to moderate g laucoma, wh i le  a 

target pressure of 1 5  to 1 8  m m  Hg may be 

requ ired for advanced g laucoma. 

Prostagland ins have a 25% to 30% IOP

lower ing effect, fo l lowed by �-b lockers, 

a2 -agon ists, and pi locarp ine with a 20% 

to 25% reduction, while carbonic anhydrase 

inh ibitors have a 1 5% to 25% reduction .  

Table 1 . Concept o f  effectiveness. 

• Efficacy and effectiveness are 2 distinct terms 

fluctuation has been correlated with risk of 

d isease progression. Indeed, a large d iurnal 

IOP f luctuation has been associated with a 

5-fold increased risk of progression. Both 

latanoprost and timolol have been shown 

to reduce the nocturnal fluctuation in IOP 

compared with basel ine .  

�-Blockers have been shown to result 

in  a general tolerance in the form of a long

term drift, resulting in a gradual rise in  IOP 

A meta-analysis of 3 studies has found no 

such tolerance to latanoprost, which main

tained the pressure reduction over a period 

of 2 years. In addition,  there are robust 5-

year safety data for latanoprost, whi le ,  de

spite the long-term cl in ical experience with 

�-blockers, there are no long-term safety 

data avai lable. 

mmal) 

Ophthalmologists are beg inn ing to broaden 

their defin ition of efficacy beyond IOP low

ering percentages. This broader concept is 

important for the cl inical debate on restaging 

glaucoma. I n  the futu re, patients wil l  be 

treated earlier, they wi l l  be healthier, and wi l l  

• Efficacy relates to the  pharmacodynamic property of a drug to favourably ch ange a clinical parameter 

• Effectiveness relates to a dru g's overall ability to improve outcomes in clinical practice 

• Efficacy is a prerequisite of effec tiveness ,  but is only a component of th is comprehensive measure 

Volume 6, Number l, 2004 

require medication for longer. The criteria 

for optimal IOP  lowering include long-term 

efficacy with optimal IOP lowering and min i 

mal f luctuation ,  avoidance of  ocular and 

systemic side effects, and s impl ification of 

the dosing schedule to support compl iance 

and persistency. 

T he Importance of 

Persistency 

Ro/wrto Co mss11 
51111 Rafforle 1-lospitol 
Mi/1111 
ltoly 

As knowledge of the natural h istory of glau

coma increases and earl ier detection of 

visual field loss becomes possible, glaucoma 

will need to be restaged. More patients are 

be ing  treated at an earl ier  stage and a 

younger age. This means that maintain ing 

qual ity of l ife has become an i mportant goal 

for the treatment of glaucoma. Therefore, 

the goal of glaucoma treatment should be 

"the preservation of visual function adequate 

to the ind ividual needs with m in imal or no 

side effects, for the expected lifetime of the 

patient, without any d isruption of h is/her 

normal activities, at a sustainable cost" .  

There is a broad spectrum of treatment for 

glaucoma, and much is now known about 

the mechanisms of drug treatment. However, 

much of these data come from controlled 

c l in ical trials conducted among selected 

groups of patients, which may not m im ic  

cl in ical practice. Health outcomes trials tend 

to be popu lation-based and are therefore 

more representative of c l i n ica l  practice 

These trials provide a better understanding 

of the therapeutic value of a treatment 

approach. 

Patient persistence is a key measure of 

health outcomes trials and represents the 

measure of time a patient persists with con

tinuous therapy. Persistence can therefore be 
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a good measure of real -wor ld c l i n i cal  

effectiveness s ince it i ncorporates both 

physician perception of the effectiveness of 

a treatment and patient perception of the 

Table 1 ) .  It is now known that 50% of pa

t ients given i n itial �-b locker therapy re

quire a change in drug with in 2 years. This 

may be related to the issue of long-term drift 

need for therapy, eff ic iency, tolerab i l ity, with th is drug category. A managed care ad-

min istrative claims data study from the USA 

found that patients persisted with latanoprost 

for longer than with t imolol , brimonid ine ,  

betaxolol , and dorzolamide (p < 0.001 ; Table 

2). Overa l l ,  a lmost 40% of patients d is

continued the in itial drug with in  21 months. 

A French naturalistic prospective study 

of second- l ine therapy found that patients 

CONFERENCE 
REPORT 

Table 2. Persistence with antiglaucoma 

medications. 

Medication Relative risk 

Latanoprost 1 . 00 

Ti molal 1 .77 

B ri monid ine 1 . 87 

B etaxolol 2.1 4 

D orzolamide 1 .71 

latanoprost (79.8%) showed better persist

ence than com bi nation therapy w ithout 

latanoprost (44.0%) [p < 0.00 1 ] .  

In Summary 

Glaucoma is a chronic asymptomatic disease, 

convenience, and value. Persistency is usu

ally measured by drug discontinuation and 

change rates, which may be either patient

or physician- in itiated. The 2 issues of com

p l iance and pers istency are i m portant 

measures of therapeutic success in cl in ical 

practice. However, compl iance as a measure 

is associated with bias and it is difficult to 

monitor exactly. Persistency is easier to meas

ure and may be considered a su rrogate 

marker for compliance and tolerabil ity. A 2-

year retrospective European cohort study 

showed that newly diagnosed patients with 

glaucoma showed better persistence with 

in itial therapy with latanoprost than with �

blockers. The mean t ime for in itial therapy 

with latanoprost was 22 months compared 

with 1 1  months for �-blockers (p < 0.0001 ; 

pers isted for l onge r  w i th  latanop rost for which treatment compl iance and per-

(84.4%) than with �-blockers (68.9%) [p < sistence are necessary. Studies have demon-

0 .01  ]. S imi larly, combination therapy with strated the need to i mprove compl iance 

Table 1. Persistence with latanoprost and 
[}-blockers as first-line treatment. 

Latanoprost [}-Blocker 

No change 73% 29% 

Change x 1 1 8% 3 1 %  

Change x 2 4% 24% 

Change >2 4% 1 4% 

Primary Angle Closure 
From the European Glaucoma Society Meeting, 
Florence, Italy, 30 May to 4 June 2004 

Primary Angle Closure 

P Foster 
U11 iversih1 College Lo11ilo11 
Moo1fields Eye /-lospital 
Lo1 1do11, UK 

is estimated that approximately 4.5 mi l l ion 

Chinese people have PAC with glaucomatous 

optic neuropathy. Approximately 3 .5 mi l l ion 

have primary open angle g laucoma and 1 .4 

mi l l ion have secondary glaucoma. Primary 

angle closure glaucoma (PACG) is the great

est cause of bi lateral g laucoma bl indness 

among Chinese people. 

The current symptomatic classification 

Primary angle closure (PAC) occurs more for g laucoma may now be inappropriate for 

frequently among East Asian people than identifying people at greatest risk for visual 

among Europeans. Importantly, this d isease loss and for extrapolating a prognosis. With 

is usually asymptomatic among this group this in  mind ,  a revised classification scheme 

of patients, with only 30% to 40% present- for stag ing angle closure has been proposed 

ing with symptoms. By extrapolating data accord i ng  to cu rrent knowledge about 

from Mongol ia and Singapore to China, it  the natural history of the d isease. This pro-

Asian Journal af OPHTHALMOLOGY 

and persistence with medical therapies, as 

improv ing  these w i l l  i mprove outcomes. 

While the search for new effective therapies 

must continue, efforts focused on decreasing 

med ication d iscont inuation may have a 

greater overall impact on health than the 

discovery of any single new agent. 

gression is thought to start with an anatomi

cal ly narrow drainage angle (angle closure 

suspect), proceeding to establ ished angle 

closure in which appositional or synechial 

closure of the angle occurs in the presence 

of raised i ntraocular pressure ( IOP). This 

stage places people at r isk for angle clo

sure with g laucomatous optic neuropathy. 

Shaffer's grade is commonly used to 

quantify angle width as an index of risk of 

angle closure. The valid ity of this scheme in  

Asian people has, until recently, been uncer

tain .  Using data from Singapore and Mongo

l ia to ascertain the relationship between the 

angle width and risk for closure, it was found 

that the rate of peripheral anterior synechiae 

(PAS) is 1 .0% to 1 .5% with 30° to 40° angles, 

but this increases to 8% to 1 2% for a 20° 

angle and 1 7% to 33% for a 1 0° angle. There 

is a clear 'dose-response' relationship for 

risk of angle-closure and ang le  width i n  

Asians. Anterior chamber depth i s  thought 
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to be a risk factor for angle closure, although 

this is sti l l  being investigated. A study of 

Singaporean and Mongol ian eyes found that 

S ingaporean people have a h igher rate of 

angle closure with a deeper anterior cham

ber (Figure 1 ) . However, at approximately 

2 mm anterior chamber depth , Mongol ian 

people tend to develop a much greater rate 

of angle closure. Thus, it would  appear that 

the risk associated with anterior chamber 

depth d iffers between populations. 

Classification according to the mechanism 

of glaucoma has been proposed (Table 1 ) .  

Plateau iris is thought to be  due  to anterior 

rotation of the c i l iary body causing contact 

between the back surface of the iris and the 

anterior surface of the ci l iary body causing 

peripheral angulation. However, this may be 

d ifferent for Chi nese eyes, in whic l1 there 

may be a pronounced peripheral angulation 

but no contact between the c i l iary body 

and the back surface of the ir is. Indeed , the 

ci l iary body may be posteriorly rotated .  When 

considering the risk of closure for eyes with 

angulated iris configurations, the height of 

the plateau is important, in that the higher 

the plateau is in relation to the ci l iary body, 

the greater the risk for significant closure. The 

trabecular meshwork is involved in angle 

closure, and may be damaged in  asympto

matic and symptomatic d isease. In acute 

angle closure, the trabecular meshwork may 

be damaged . However, i n  asymptomatic 

'chronic' angle closure, there may be even 

Table 1 . Ritch's classification of glaucoma by 

mechanism. 

Pupil block 

Plateau (anterior, non- pupil b lock) 

Lens-ind uced 

Causes beh ind the lens 

Subclassification 
• B-type - closure starts at the base of the angle 

• S-type - first point of contact at Sc h walbe's 

line 

more gross alteration of the architecture of 

the trabecu lar meshwork, with p igment 

clumping and fused trabecular beams, and 

damage may be evident away from areas 

of PAS. While PAS are an ind ication that the 

angle has been damaged, PAS are not neces

sarily present in conjunction with damage 

to the trabecular meshwork. 

The r isk for progression from ang le  

closure suspect to  angle closure is thought 

to be 1 0% to 40% per decade, whi le that 

for progression from angle closure to angle 

closure glaucoma is 28% in  5 years. Mean

while, the pattern of visual field loss for angle 

closure glaucoma is simi lar to that for POAG. 

S rimary 

Angle closure is a leading cause of glaucoma 

bl indness worldwide. Symptomatic classifica

tion does not provide a clear understanding 

of the mechanisms or prognosis of glaucoma. 

Classification should identify both the stage 

of the disease and the mechanism of angle 

closure. The risk factors for the disease are 

s imi lar in d ifferent populations, but the way 

the risk factors exert their effect differ. 

Figure 1. Anterior chamber depth and angle closure between different populations. 
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Anterior Chamber Angles 

in Chinese People 

G11s G11==11rd 
G/1111co11in Resm rch U11il 
Moorfields Eye Hospital 
Lo11do11, UK 

There are important biometric risk factors 

for primary angle closure (PAC) and primary 

angle closure g laucoma (PACG) and age

related changes further predispose to these 

conditions. These include anterior chamber 

depth, thickening of the lens, and changes 

in lens position .  Studies have shown the 

presence of narrower angles in  people of 

increasing age. 

Dr Gazzard descr ibed a study per

formed to i nvest igate age and gender  

var iat ions i n  u ltrasound  b i om icroscopy 

(UBM)  c haracte r ist ics and to com pare 

measurement techn iques in 268 untreated 

Ch i nese S ingaporean people drawn from 

the population-based Tanjong Pagar study. 

The mean age of the parti c i pants was 

65.1 years. The methods used were UBM, 

op t i ca l  p a c h y m etry, g o n i oscopy, a n d  

Scheimpflug photography. 

Anterior chamber depth was found to 

decrease with age. All the angle measure

ments correlated well with anterior cham

ber depth . UBM found that the temporal 

q uadrant was widest. Narrower ang les 

were found in women than in men .  The in

ferior angle showed the greatest narrowing 

with increas ing age,  and the temporal and 

nasal  quadrants showed s im i lar trends .  

Al l  age-related changes were more signif i

cant i n  women than men .  

Scheimpflug photography also showed 

that women had narrower angles than men 

and narrower angles were noted with in

creasing age. UBM and gon ioscopy corre

lated well, but Scheimpflug photography and 

gonioscopy were less well correlated, as 

were Sche impflug photography and UBM. 
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In Summary 
This study confirms that there is greater an

gle narrowing in older people, women have 

greater angle narrowing, and there is a strong 

correlation with central anterior chamber 

depth. UBM correlated better with gonioscopy 

than with Scheimpflug photography. 

Prophylactic Laser 

lridotomy in Hong Kong 

no major compl ications attributable to the 

procedure were noted. However, 1 eye (2.4%) 

had appositional angle closure despite hav

ing a patent iridotomy and was subsequently 

treated with argon laser iridoplasty. No fur

ther APAC attacks were sustained throughout 

the follow-up period. 

In Summary 

Laser i ridotomy is effective i n  the long term 

CONFERENCE 
REPORT 

safety of ALPI without systemic !OP-lowering 

medications as in itial treatment for acute 

phacomorph ic angle closure. Th is was a 

prospective interventional case series of 1 0  

consecutive pati ents. The d iagnosis was 

made cl in ically. The i nterventions used were 

immediate appl ication of topical atropine, 

t imolol ,  and prednisolone acetate, followed 

by immediate ALPI. Systemic !OP-lowering 

medication was g iven only if the IOP re-

.... ........ for preventing acute angle closure i n  the mained ?:40 mm Hg 2 hours after ALPI .  

Pian Yip fellow eyes of patients with APAC, even for Fol lowing rem ission of the acute attack, 
Tnen !VInn /-lospitnl 

Hong Kong 
Chinese eyes that are known to have a h igh al l  patients underwent ophthalmic 8-scan 

i ncidence of symptomatic angle closure. ultrasound and early cataract extraction via 

phacoemuls ification or extracapsular cata-

Primary angle closure g laucoma (PACG) is 

relatively rare among Europeans and North 

Americans, but it is the lead ing cause of 

glaucoma bl indness in East Asia. Among the 

East Asian ethnic groups, Ch inese people 

have the h ighest incidence of symptomatic 

angle closure, with a rate of 1 5 .5  cases per 

1 00 ,000 population per year. In Hong Kong, 

where more than 90% of the population is 

Argon Laser Peripheral 

lridoplasty for Acute 

Phacomorphic Angle 
Closure 

............ 
jo1111thnn Cl1t111 
Tile Chinese University of 
/-long Kong 
/-long Kong 

Chinese, glaucoma is the leading cause of Acute phacomorph ic  ang le closure,  also 

registered permanent bl indness (23%). The known as ' phacomorphic glaucoma', is angle 

fellow eyes of patients with acute primary closure associated with an acutely swollen 

ang le closure (APAC) are at particular risk for mature cataract, leading to a sudden and 

developing the condition, since ocular d imen- severe elevation of intraocular pressure (IOP). 

sions are highly correlated between the 2 The conventional treatment consists 

eyes. The risk for developing angle closure of immediate lowering of IOP with combined 

glaucoma if left untreated is 51  % to 60%. topical and systemic medications, followed 

A retrospective non-comparative study 

was performed to evaluate the long-term 

outcomes of fe l low eyes of consecutive pa

tients with APAC after prophylactic laser 

i ri dotomy i n  Hong Kong Ch inese people. 

Forty two eyes were recruited to receive 

sequential Argon-Nd :YAG laser peripheral 

i ridotomy. The mean fol low-up period was 

67 months (range, 60 to 80 months) . 

All patients were successfully treated with 

laser iridotomy, with no recurrence through

out the follow-up period. lridotomies remained 

patent throughout the follow-up period, and 
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by early cataract extraction . However, there 

are serious risks associated with systemic 

!OP- lowering medications. 

The principle of argon laser peripheral 

ir idoplasty (ALPI) is that laser burns appl ied 

to the anter ior surface of the peripheral 

i ris stimu late contraction with flatten ing of 

the peripheral iris, thereby mechanical ly 

w iden ing  the angle .  Th is  treatment has 

been shown to be at least as effective as 

systemic medications for treatment of acute 

primary angle closure. A pi lot study was 

performed to determine the efficacy and 

ract extraction with poster ior  chamber 

intraocular lens implantation. 

The mean preoperative base l ine IOP 

was 56 . 1  ± 1 2 .5  mm Hg, which decreased 

to 1 3 .6 ± 4 .2 mm Hg 24 hours after ALPI 

(Tab le 2). Systemic acetazo lom ide  was 

requ ired for 1 patient 2 hours after ALPI. 

No serious compl ications were encounter

ed. The best-corrected visual acu ity (BCVA) 

rema ined u n c hanged i n  most patients 

pr ior to cataract extraction .  Subsequently, 

a l l  patients had uncomp l i cated cataract 

extraction with in 4 days of ALPI. 

At the last fo l low-up visit (mean, 8.1 ± 

8 . 6  m onths) , a l l  pat ients had B CVA of 

?:6/1 20 and 6 patients had BCVA of ?:6/30. 

All patients had an IOP <21 mm Hg .  

Table 2 .  Mean pre- and postoperative intraocular 

pressure. 

Time lntraocular pressure (mm Hg) 

Baseline 56.1 ± 12.5 

1 5  minutes 45. 3 ±  1 4.5  

30  minutes 37.6 ± 7 .5  

60 minu tes 34.2 ± 9.7 

1 20 minu tes 25.5 ± 8.7 

24 h ours 1 3.6 ± 4.2 

In Summary 

This p i l ot study shows that i m med iate 

ALPI appears to be a safe and effective 

fi rst- l i ne treatment for acute phacomorphic 

angle closure, and reduces the need for 

systemic !OP-lowering med ications. 
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