
Eye (1990) 4, 563-571 

The Progress of the Visual Field in Chronic Simple 
Glaucoma and Ocular Hypertension Treated Topically 
with Pilocarpine or with Timolol 

R. P. CRICK/ R. B .  NEWSON,2 M. 1. SHIPLEY,2 H. B LACKMORE,4 AND C. 1. 
B ULPITT. 2 
London 

Summary 
It is theoretically possible that the vascular effects of topical sympathetic beta­
blocking therapy in chronic simple glaucoma (CSG) might tend to neutralise the ben­
eficial effect of a reduced intraocular pressure on the preservation of the visual field. 
We therefore followed the progress of 422 right eyes and 420 left eyes of 483 patients 
with CSG and 119 right eyes and 132 left eyes of 151 patients with an original diag­
nosis of ocular hypertension (08). These patients were observed for a minimum of 
one year and up to 13 years, being followed for an average period of 5.1 years in the 
case of CSG and of 4.5 years in 08. The majority of eyes with CSG were treated top­
ically with a miotic and 38% of these received beta blocking therapy in the form of 
topical timolol. 

It was concluded that despite suggestions that beta blockers might reduce vascular 
perfusion of the optic nerve head, which might in turn cause an adverse effect on the 
visual field progress, the results of this analysis showed that there was less mean 
deterioration of visual field in eyes treated with beta blocker plus miotic treatment 
compared with those on miotic therapy alone. 

In an attempt to assess the visual field pro­
gress in patients with chronic simple glaucoma 
(CSG) and ocular hypertension (OH) treated 
with a number of therapeutic agents, particu­
larly topical pilocarpine and timolol, the anal­
ysis of the computerized Glaucoma Data base 
at King's College Hospital was extended.1,2 
CSG and OH refer to the original diagnosis 
made using the criteria adopted by Hollows 
and Graham for the Ferndale Survey.3 This 
paper reports the result of analyses aimed at 
measuring and comparing the influence of 
topical treatment with either pilocarpine 

alone or timolol and pilocarpine on the pro­
gress of the visual field. 

This is a prospective study as the data base 
was designed to examine the factors affecting 
visual field progress in patients with CSG and 
OH but within the constraints imposed by the 
resources available and current management 
methods. 

Patients and Methods 
In this 13 year investigation 422 right eyes and 
420 left eyes of 483 patients with chronic 
simple glaucoma were followed for an aver-
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K.C.H. COMPUTERISED DATA BASE METHOD OF VISUAL 
AELD REPRESENT AnON (APPUED TO FRIEDMANN ANALYSER) 

THE ZONAL THRESHOLD SCORES 
ARE RECORDED AS A 
'FIELD CROSS' 

I 
I 

... 161 2 I 5 I 4 I 3 171 
7 7 7 7 7 7 UNITS ARE (4dB + 1) AVERAGETHRESHOlD-5.SVAlUE 

EACH QUADRANT OF THE FIELD IS DIVIDED INTO 3 ZONES 
INNER OO-Hr, MIDDLE 100-200, OUTER 200-300 

Fig. 1. Field cross method of visual field representation. 

age of just over five years and 119 right eyes 
and 132 left eyes of 151 patients with ocular 
hypertension were followed for an average of 
4.5 years. 

The progress of visual fields using the Fried­
mann Visual Field Analyser was followed by 
the method described previously by Crickl 
(Fig. 1) using a calculated visual field coeffi­
cient (VFC) to measure the average threshold 
sensitivity of a number of loci tested in a speci­
fied area of the visual field expressed in units 
of (4db + 1) x 10. In this case the average 
threshold sensitivity expressed as a Visual 
Field Coefficient (VFC) throughout the 30° 
visual fields was calculated. 

Exclusions were made for the following 
reasons: 
(1) Less than two dated follow up visual 

fields. 
(2) Less than one year between first and last 

follow up visual fields. 
(3) Age and sex unrecorded. 
(4) Unknown duration of beta blocker or 

miotic treatment in the time between first 

follow up visual field and last follow up 
visual field. 

Statistical Methods 
The Visual Field Coefficient (VFC) gives a 
measure of the average threshold sensitivity 
of all the loci tested in the visual field exam­
ined. One of the simplest ways of estimating 
the progress of the visual field is to subtract 
the last VFC from the first and to divide the 
result by the number of years of follow up to 
give the change per year. We call this the over­
all (unadjusted) change in VFC per year. Four 
eyes were excluded with annual rate of change 
of visual field coefficient less than-IS or 
greater than 15. 

As the data record the results of normal 
clinical work the treatment groups could dif­
fer in important respects so that a mathemat­
ical model using multiple linear regression 
techniques was used to express the final follow 
up VFC in terms of the following variables: 
(l)The first follow up VFC. 
(2) The total time elapsed in years between 
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Table I Unadjusted change in visual field coefficient (SE*) in right eyes with chronic simple glaucoma according 
to whether or not treatment was given with miotics or beta blockers at some time. Corresponding presenting and 
mean treated intraocular pressures in mmHg are also recorded 

Miotic Therapy 

At some time Never Total 

Change in VFC n n n 

... >. At some -0.64 (0.17) 140 -1.68 (0.40) 32 -0.83 (0.16) 172 ", "0.. time -� '" " u ... 
-1. 24 (0.17) 220 -0.54 (0.56) 30 -1.555 (0.16) 250 .0 0 " Never al� Total -1. 00 (0.12) 360 -1.13 (0.35) 62 -1.02 (0.11) 422 

Presenting lOP mm Hg 
... >. At some 24. 8 (0.6) 139 23.2 (1.1) 31 24. 5 (0.5) 170 

5 � g. time " u ... 
22.0 (0.6) 208 19. 5 (1.9) 21. 7 (0.5) .0 0 " Never 30 238 -..c: 

.of-< Total 23.1 (0.4) 347 21.4 (1.1) 61 22.9(0.4) 408 

Mean treated lOP mm Hg 
... >. At some 19.4 (0.2) 137 18. 5 (0.4) 32 19. 2 (0.2) 169 

'" " 0.. time -� '" " u .... 
.0 0 " Never 18. 1 (0.2) 206 15.5 (0.7) 30 17.7(0.2) 236 -..c: 

.of-< Total 18.6(0.1) 343 17. 0 (0.4) 62 18. 3 (0.1) 405 

* SE Standard errors (SE) are given in parentheses. 
** In the large group a miotic p=O.OI for the difference between those ever given a beta blocker and those never 
given this treatment. 

the first follow up VFC and the final follow up 
VFC. 
(3) The presence or absence of miotic therapy 
at the time of the first follow up VFC. 
(4) The presence or absence of miotic therapy 
at the time of the final follow up VFC. 
(5) The duration in years of various individual 
treatments between the first follow up VFC 
and the final follow up VFC. 
(6) The age at the time of the first follow up 
VFC. 
(7) Sex. 

The aim of the model was to assess the rate 
of visual field loss under various treatments. 
The variables three and four were introduced 
to ensure that the estimation of these rates 
would not be affected by the reduction in VFC 
attributable to miosis. The coefficients for 
variable five singly or in combination with 
variable two give a measure of the change in 
VFC per year adjusted for the other terms in 
the model for subjects on various treatments. 
We call this measure the change in the 
adjusted VFC per year. 

Results 
(1) Unadjusted change in VFe per year 

(a) Chronic Simple Glaucoma 
The unadjusted change in VFC per year for 
those with chronic simple glaucoma according 
to whether or not treatment was given with 
miotics or beta blockers at some time, 
together with corresponding presenting and 
mean treated intraocular pressure, is shown in 
Tables I and II. The data show that for 422 
right eyes and 420 left eyes of all the patients 
treated the calculated mean VFC changed by 
-1.02 units per year in the right eyes and by 
-1.12 per year for the left eyes. For those 
treated at any time with a beta blocker, the 
calculated change in mean VFC was -0.83 
units per year for the right eyes (n = 172) and 
-0.88 units per year for the left eyes 
(n = 165). 

For those treated with miotics at some time 
the calculated change in mean VFC per year 
was -1.0 unit for the right eyes (n = 360) and 
-1.1 units for the left eyes (n = 355). In those 
who were treated with miotics and who never 
received a beta blocker the mean change per 
year was -1.24 units for right eyes and -1.37 
units for the left eyes. However, for those who 
were treated with both a miotic and a beta 
blocker the mean annual change was much 
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Table II Unadjusted change in visual field coefficient (SE*) in left eyes with chronic simple glaucoma according to 
whether or not treatment was given with miotics or beta blockers at some time. Corresponding presenting and mean 
treated intraocular pressures in mmHg are also recorded 

Miotic Therapy 

At some time Never Total 

Change in VFC n n n 

.... >, At some -0.64 (0.21) 131 -1.82 (0.54) 34 -0.88 (0.20) 165 
,, <UP. time ** �..><: " <U U .... 

-1.37 (0.17) -0.59 (0.46) >Q0 <U Never 224 31 -1.27 (0.16) 255 -..c:: >QE-< Total -1.10 (0.13) 355 -1.23 (0.36) 65 -1.12 (0.12) 420 

Presenting lOP mm Hg 
.... >, At some 24.8 (0.7) 124 23.7 (Ll) 33 24.6 (0.6) 157 

,, <UP. time �..><: " <U U .... 
>Q0 <U Never 22.2 (0.6) 215 18.1 (1. 6) 31 21.7 (0.5) 246 -..c:: >QE-< Total 23.2 (0.4) 339 21.0 (1.0) 64 22.8 (0.4) 403 

Mean treated lOP mm Hg 
.... >, At some 19.1 (0.3) 128 18.6 (0.6) 34 19.0 (0.2) 162 

,, <UP. time �..><: " <U u .... 
18.4 (0.2) 209 14.1 (0.7) 17.9 (0.2) >Q0 <U Never 29 238 -..c:: >QE-< Total 18.6 (0.1) 337 16.6 (0. 5) 63 18.3 (0.1) 400 

* SE Standard errors (SE) are given in parentheses. 
** In the large group a miotic p<0.05 for the difference between those ever given a beta blocker and those never 
given this treatment. 

less both for right eyes, -0.64 (n = 140) and 
for the left eyes, -0.64 (n = 131). The differ­
ence between the annual reduction in those 
given miotics alone and those given miotics 
plus a beta blocker was statistically significant 
(p = 0.01 right, p<0.05Ieft). When consider­
ing the group who did not receive a miotic the 
change with a beta blocker alone was -1.7 
units/year (right eyes) and -1.8 units/year 
(left eyes). However, this small sub-group 
only included 34 patients and statistically 
these rates did not differ significantly from 
those on pilocarpine alone. The relevance of 
presenting and mean treated intraocular pres­
sure to these findings is considered below. 
(b) Ocular Hypertension 
Tables III and IV show the unadjusted change 
in VFC per year and corresponding present­
ing and mean treated intraocular pressure for 
119 right eyes and 132 left eyes diagnosed as 
OH on entry to the study, the change in unad­
justed mean visual field coefficient per year 
was -0.63 units for the right eyes and -0.47 
units for the left eyes. Of those who received a 
beta blocker at any time, the right eyes 
(n = 40) showed a mean annual change in 
VFC of -0.12 units and the left (n = 43) 

-0.34 units. For those who received a miotic 
at any time the annual rate of change was 
slightly greater

' 
-0.75 right (n = 65) and 

-0.64 left (n = 70). Those who received only 
a miotic showed an annual visual field coeffi­
cient change of -1.37 units right eyes (n = 41) 
and -0.78 units left eyes (n = 43). 

For those ocular hypertensive patients ever 
given a miotic, those also given a beta blocker 
at some time had an average change in VFC of 
-0.43 units per year in the left eyes and an 
average change of + 0.29 units per year in the 
right eyes. The incrJase in the right eyes dif­
fered significantly from the fall observed in 
those right eyes only treated with a miotic 
(p<0.05). However, statistical significance 
was not achieved in the left eyes. Intraocular 
pressure readings and their relevance to visual 
field changes are considered below. 
2. Adjusted change in VFC/year 
Table V gives the multiple regression equa­
tions when the final VFC was expressed in 
terms of the first follow up VFC, duration of 
follow up, age, sex, miotic use at the begin­
ning and end of follow up, the duration of 
miotic use and the duration of beta blocker 
use. The first column, for example, gives the 
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Table III Unadjusted change in visual field coefficient (S£*) in right eyes with ocular hypertension according to 
whether or not treatment was given with miotics or beta blockers at some time. Corresponding presenting and mean 
treated intraocular pressures in mmHg are also recorded 

Miotic Therapy 

At some time Never Total 

Change in VFC n n n 

.... >, At some +0.29 (0.47) 24 -1.73 (0.44) 16 -0.12 (0.34) 40 
Cd °o. 

time ** _ � Cd 
o t.) .... 

-1.37 (0.46) -0.39 (0.29) -0. 90 (0.28) � 0 0 Never 41 38 79 - .J:I �E-< Total -0.75 (0.35) 65 -0.49 (0.24) 54 -0.63 (0.22) 119 

Presenting lOP mm Hg 
.... >, At some 25.1 (Ll) 23 24.1 (Ll) 16 24. 7 (0.8) 39 

Cd 0 0. time _ � Cd 
o t.) .... 
� 0 0 Never 22.7 (0.8) 41 23.1 (0.5) 38 22. 9 (0.5) 79 �� Total 23.6 (0.6) 64 23.4 (1.5) 54 23. 5 (0.4) 118 

Mean treated lOP mm Hg 
.... >, At some 21. 0 (0.6) 24 20.3 (0.8) 16 20. 7 (0.5) 40 

Cd °o. 
time _ � Cd 0) t.) .... 

� 0 0 Never 19.2 (0.4) 38 20.7 (0.4) 37 20. 0 (0.3) 75 -.J:I �E-< Total 19.9 (0.3) 62 20.6 (0.4) 53 20. 2 (0.2) 115 

* SE Standard errors (SE) are given in parentheses . 
•• In the group prescribed a miotic p<0.05 for the difference between those ever given a beta blocker and those 
never given this treatment. 

results for CSG and the right eye. The final 
VFC was expressed in terms of 0.86 x the 

initial VFC, fell by 0.57 units per year of the 
follow up and by 0.17 units per year of age, 

Table IV Unadjusted change in visual field coefficient (S£*) in left eyes with ocular hypertension according to 
whether or not treatment was given with miotics or beta blockers at some time. Corresponding presenting and mean 
treated intraocular pressures in mmHg are also recorded 

Miotic Therapy 

At some time Never Total 

Change in VFC n n n 

.... >, At some -0.43 (0.45) 27 -0.19 (0.49) 16 -0.34 (0.33) 43 
to 0 0. time .... � Cd 0) t.) .... 
� 0 0 Never -0.78 (0.45) 43 -0.31 (0.37) 46 -0.54 (0.29) 89 -.J:I �E-< Total -0.64 (0.32) 70 -0. 28 (0.30) 62 -0.47 (0.22) 132 

Presenting lOP mm Hg 
.... >, At some 25. 9 (Ll) 26 24. 5 (1.3) 16 25. 4 (0.8) 42 

to 0) 0. .... � Cd time 0) t.) .... 
�o o Never 22.7 (0.8) 42 21. 9 (0.5) 46 22. 3 (0.5) 88 �� Total 23. 9 (0.7) 68 22. 5 (0.5) 62 23. 3 (0.4) 130 

Mean treated lOP mm Hg 
.... >, At some 21.2 (0.5) 27 20.7 (0.8) 16 21. 0 (0.4) 43 

to 0 0. time .... � Cd 
o t.) .... 
� 0 0 Never 19.2 (0.4) 39 20.6 (0.4) 44 19. 9 (0.3) 83 -.J:I �E-< Total 20.0 (0.3) 66 20.6 (0.3) 60 20.3 (0.2) 126 

• SE Standard errors (SE) are given in parentheses. 
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Table V Regression analysis of final visual field coefficients of eyes with CSG or OH in the KCH glaucoma 
database 

CSG OH 

Right eye 

First follow-up field coefficient 0.86 (0.03) 
units [(4dB+ l)x 10] •• * 

Follow-up duration (years) -0.57 (0.31) 

Age (years) -0.17 (0.04) 
* •• 

Sex (F=I, M=O) 0.53 (0.84) 

miotics at first follow-up visit 3.41 (1.23) 
(yes=l, no=O) *. 

Miotics at last follow-up -3.33 (1.30) 
• 

Duration of miotic treatment (years) -0.44 (0.33) 

Duration of B blocker treatment 0.86 (0.34) 
(years) 

Constant 14.21 (3.68) 

***p=<O.OOI, *'p=<O.OI, 'p=<0.05. 

was higher by 0.53 units if the patient was 
female, fell by 3.33 units if the patient was on 
a miotic at the end of follow up (and increased 
as expected by a similar amount if they had 
been on a miotic at presentation presumably 
due to miotics reducing the VFC by making 
the pupil area smaller). For every year on a 
miotic the VFC also fell by 0.44 units per year 
but this was not statistically significant. For 
every year on a beta blocker, however, the 
VFC increased by 0.86 units (p<0.05). If we 
assume that a patient did not receive a miotic 
yet did receive a beta blocker, then the annual 
change in VFC according to this model was 
+0.86 (due to beta blockers) less 0.57 due to 
the passage of time, the net change + 0.29 is 
given in Table VI. (If we include the age term 
(-0.17) patients becoming one year older 
over a one year duration of follow up, the net 
change would be + 0.12 units per year). 

Similar results were obtained for CSG in 
the left eyes and for OH in both eyes. These 
results, however, did not quite reach conven­
tional levels of statistical significance for the 
benefits of beta blockers although all indicate 
a tendency to improve (0.63 to 1.09 units per 
year of use of beta blockers). 

Other factors were also consistent, for 

Left eye Right eye Left eye 

0.79 (0.03) 0.93 (0.10) 0.91 (0.07) 
**. *.* ... 

-0.55 (0.33) -0.35 (0.33) 0.03 (0.33) 

-0.19 (0.04) -0.07 (0.07) -0.15 (0.06) 
..* * 

-1.17 (0.93) -3.26 (1.33) -2.79 (1.27) 
* 

1.13 (1.31) 8.56 (2.07) 7.08 (1.73) 
.*. 

-3.25 (1.37) -3.81 (1.79) -4.91 (1. 99) 
• • * 

-0.06 (0.37) -0.87 (0.45) -0.64 (0.45) 

0.63 (0.38) 1.09 (0.57) 0.73 (0.48) 

18.27 (3.86) 8.24 (7.99) 13.05 (5.81) 

example, a deterioration of 0.07 to 0.19 units 
per year of age and a lower VFC when miotics 
were given. The effect of duration of follow 
up was small in OH and the sex effect was 
variable. 

Table VI summarises the above analyses 
and records the net effect of the use of beta 
blocker therapy. There was an estimated 
increase in VFC of 0.29 units per year for right 
eyes and 0.08 units per year for left eyes in 
CSG and of 0.74 units per year for right eyes 
and 0.76 units per year for left eyes in OH. 
After further adjusting for effects of ageing, 
the effect of a beta blocker still resulted in a 
theoretical increase in VFC except in left eyes 
in CSG where the deterioration was small 
(O.ll/year). 

Discussion 
The basis of treatment of chronic simple glau­
coma at present is the reduction of intraocular 
pressure. The degree to which this can be 
effective is limited by the extent to which the 
level of the intraocular pressure contributes to 
loss of visual function. This is usually assessed 
by changes in the sensitivity of the visual field. 
It is important to be aware that many factors 
are involved in glaucomatous optic atrophy 
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Table VI The change in adjusted visual field coefficient per year 

CSG 

Effect of therapy with 
B blocking 

OH 

Effect of therapy with 
B Blocking 

agent miotic agent miotic 

Right eyes 

Left eyes 

+0.29 
( +0.12) 

+0.08 
( -0.11) 

-1.01 
( -1.18) 

-0.61 
( -0.80) 

+ 0.74 
(+0.67) 
+0.76 

( +0.61) 

-1.22 
( -1.29) 

-0.61 
(-0.76) 

The table records the net change in VFC per year due to a one year treatment with either a topical beta blocking 
agent or a topical miotic for CSG and OH for right and left eyes. The figures in parentheses also take account of 
the patient ageing by one year. 

and that field changes are a relatively late sign 
of optic nerve damage of this type. 4 The analy­
sis. concerns mean visual field sensitivity and 
local changes of sensitivity are not indicated. 
However, in these patients the changes in 
visual fields have tended to be generalized. 5 A 
search for earlier signs of impaired visual 
function such as reduced contrast sensitivity6,7 
or colour vision defect is in progress. 8,9,10 

Impairment of the optic nerve in the region 
of the optic disc depends on various influences 
which are incompletely understood but are 
partly dependent on racialll,12 and other gen­
etic factors.I3-15 Other variables include the 
intraocular pressurel6-19 and the anatomy and 
blood supply of the optic nerve head and the 
nature of its connective tissue support. 20,21 In 
other analyses we have presented evidence to 
show that an elevated intraocular pressure is 
relevant to visual field loss in CSG, 2,22-24 

We alsQ considered it important to try to 
discover whether agents which undoubtedly 
lower the intraocular pressure and which, 
therefore, might be expected to have a 
favourable effect on field loss in CSG, do or 
do not also adversely affect other factors, such 
as the circulation of the optic disc, because 
any adverse effect may reduce or neutralize 
their usefulness in maintaining the visuAl 
field. This has been suggested25 and would 
mean that the enormous effort and expense in 
developing beta blocking agents to lower 
intraocular pressure, and thereby help to pre­
serve the sight of CSG patients, might have 
been in vain, 

The present investigation has compared the 
progress of the visual field in patients with 
CSG and OH treated with a topical miotic 

alone and a miotic with the addition of a top­
ical beta blocking agent. The unadjusted 
figures indicate that the addition of topical 
timolol therapy in a large group of patients 
with CSG and a smaller group with OH 
receiving pilocarpine drops resulted in a 
reduced rate of visual field loss. This was 
statistically significant in both the right and 
the left eyes of those with CSG, In the case of 
OH the same trend was noted but only the 
findings for the right eyes were statistically 
significant. The beneficial effect of beta block­
ade in right eyes was not due to achieving a 
lower mean treated intraocular pressure 
(Table I). However, the small number of 
patients who received treatment with neither 
drug and had a good visual field outcome, did 
have a low mean lOP during follow up 
(15.5 mmHg), On the other hand the group 
who had both treatments had a higher pres­
enting intraocular pressure of 24, 8 mmHg 
reduced by a mean of 5.4 mmHg compared 
with a lower presenting intraocular pressure 
of 19,5-23.2 mmHg and a mean reduction of 
3,9 to 4,7 mmHg in the other three groups, 
The same tendency was observed for left eyes 
with chronic simple glaucoma (Table II) and 
for both eyes with ocular hypertension 
(Tables III and IV), The effect of these differ­
ences in intraocular pressure on the visual 
field in the groups is difficult to assess. The 
results suggest that a greater reduction in 
intraocular pressure is more important than a 
lower mean treated intraocular pressure but 
there may be other explanations, such as 
reduction in diurnal variation or better com­
pliance in the case of beta blocker therapy. 
There is no strong evidence for the effect of 
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beta blockers being due to mechanisms over 
and above the intraocular pressure changes 
although these are of course possible. The 
mathematical model using multiple regres­
sion techniques to allow for several relevant 
variables showed a positive association 
between the maintenance of the VFC and the 
duration of beta blocker treatment. This 
association was present in the right and the 
left eyes for both CSG and OH and statistical 
significance was achieved for right eyes in 
CSG. 

In a smaller but prospective controlled 
study (unpublished data) of CSG it has been 
shown that the mean intraocular pressure in a 
timolol treated group was never more than 
1-2 mmHg lower than in the pilocarpine 
treated group and the difference only reached 
statistical significance on one occasion. The 
diurnal range was also similar in both treat­
ment groups. 

Conclusions 
The results do not support the theoretical 
possibility that the vascular effects of topical 
sympathetic beta blocking agents might coun­
teract the mean beneficial effect that their 
lowering of the lOP may have on visual field 
survival in CSG. It is important for CSG 
management to appreciate that, on the con­
trary, the present analysis indicates that com­
pared with patients on miotic treatment 
alone, even though the effect of changes in 
intraocular pressure are difficult to assess, 
there is in practice a relative mean preserva­
tion of visual field in those patients receiving 
both miotic and timolol drops. 
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