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The effect of pilocarpine on the glaucomatous
visual field

Andrew R Webster, Andrew J Luff, Christopher R Canning, Andrew R Elkington

Abstract
Patients with chronic open angle glaucoma are
traditionally managed by medical therapy
during the early stages of the disease.
Pilocarpine is a well established topical agent,
but suffers troublesome sequelae, the most
apparent of which is pupillary constriction.
This study assesses the effect of miosis (pro-
duced by one drop of 2% pilocarpine) on the
static threshold perimetry of 20 subjects with
chronic open angle glaucoma and documented
visual field loss, using the 30-2 program of the
Humphrey field analyser. Following miosis,
the Statpac mean defect deteriorated by an
average of -1-49 dB compared with baseline
(p=0-004). This dB deterioration is twice that
reported in studies on younger normal subjects
following miosis. The decrease in mean defect
showed a positive correlation with the degree
of pupillary constriction, the correlation being
greater in those eyes with a miosed pupil
diameter of 2 mm or less. There was no
significant decrease in the other Statpac global
indices following miosis. A parallel study using
the fellow eye of the same glaucoma patients
showed a high degree of intertest variability,
but no significant learning or fatigue effect. We
conclude that pilocarpine-induced miosis
causes a significant deterioration in visual
field in a population of patients with chronic
open angle glaucoma: this factor should be
considered when choosing therapy for
glaucoma particularly in cases where field loss
approaches the permitted legal minimum for
driving.
(BrJ Ophthalmol 1993; 77: 721-725)
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Pilocarpine is an important topical agent in the
treatment of glaucoma, a condition in which
perimetry plays a pivotal role in diagnosis and
management.`'3 Pilocarpine diminishes visual
fields in normal subjects as measured using both
kinetic and static perimeters.45 It is clinically
relevant to determine whether glaucomatous
patients have a different, or exaggerated,
response to pilocarpine when compared with
previous results on normal subjects.

This study assesses the effect of pilocarpine on
full threshold visual field testing in glaucomatous
patients with pre-existing field loss. It also
examines the intertest variability ofsuch patients
during field testing, and determines any learning
or fatigue effects that might occur on consecutive
testing.

Patients and methods
Twenty volunteers were recruited from patients
with chronic open angle glaucoma (COAG)

attending Southampton Eye Hospital. All
patients were on medical therapy, or had pre-
viously undergone trabeculectomy, and had
glaucomatous field loss on Goldmann or
Humphrey perimetry. Patients already on miotic
therapy were excluded, as were those with
normal perimetry, other potential causes of field
defects or advanced media opacity. Other groups
excluded were those with a Snellen visual acuity
of less than 6/36 in either eye, those incurring
many fixation losses (greater than 20%), and
those with many false positives or negatives
(greater than 33%) on the Humphrey field
analyser (HFA).

Written informed consent was obtained from
each patient entering the study, local ethical
committee approval having been granted. One
eye ofeach patient was designated the 'study eye'
and the other the 'fellow eye' by the investi-
gators. Often if the field loss was particularly
asymmetrical, the eye with the greater field loss
was chosen as the study eye. At no time in the
analysis ofthe data were the results from each eye
compared directly, and the allocation of the
study eye was not and did not need to be
undertaken randomly.
A baseline exanmination included refraction for

near (1/3 metre) and distance, corrected near and
distance acuities, slit-lamp examination, and
biomicroscopic funduscopy. The baseline pupil
diameter was measured using the HFA monitor
(magnification factor 1 5) to the nearest 0 5 mm
at the test background luminance of 31-5
apostilbs (10 Nit). Each subject, if not familiar
with the HFA, underwent a short practice
session. Four 30-2 full threshold tests were
performed, two on each eye, on the same day.
The study eye underwent a baseline test, and
then a second test 30 to 40 minutes after instil-
lation of one drop (from a minim) of2% pilocar-
pine. The fellow eye underwent two tests
without pilocarpine. Before each test, refractive
error for near (1/3 metre) was corrected using the
Humphrey trial frame. Before testing the miosed
eye, the pupil diameter measurement and refrac-
tion for near were repeated and the optical
correction modified as required. The order of the
test sequence was alternated between subjects
such that the study eye was analysed first in half
of the group. The subject was observed closely
during the tests and any pseudo-loss of fixation
was recognised and remedied as has been pre-
viously described.6 The four Statpac global
indices, mean defect (MD), pattern standard
deviation (PSD), short term fluctuation (SF),
and corrected pattern standard deviation
(CPSD), were used in subsequent analysis. The
results from the study eye were used in the
determination of the effect of miosis, and those
from the fellow eye in the determination of
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Table I Pupil diameter measurements

Study eye pupil (mm) Fellow eye pupil (mm)

Baseline Miosed Difference Ist test 2nd test

Mean 5-5 2-0 3-5 5-5 5-5
Range 2-7-7-7 1-0-3-3 1-3-5-3 2-7-8-7 3 0-7 3

learning or fatigue effects and variability. A non-
algebraic mean value of the difference in MD of
the two tests on the fellow eye was calculated
thus and was taken as an indication of the long
term or intertest variability in this group of
glaucomatous subjects:

20 IMD2i-MDlii
20

MDni=mean defect during nth test of ith
subject.

Results
Of the 20 subjects, 14 were male. The mean age
was 70-6 (SD 9-3) years with a range of 48-83
years.

Pupil diameter measurements are shown in
Table 1. Although the mean pupil diameter of
the fellow eyes did not change between the first
and second tests, individual fluctuations occur-
red with seven pupils dilating (range 0-3 to 1-0
mm), five constricting (range 0 3 to 2-0 mm),
and eight remaining the same. Two patients had
anisocoria of greater than 2 mm: one was using
dipivalyl adrenaline unilaterally and the other
had a marked relative afferent pupil defect, the
pupil diameter being measured with the non-test
eye occluded. Eighteen patients were found to
have an unchanged refraction for near following
miosis. One became 1-25 dioptres myopic (48
years) and one became 1-0 dioptre hyper-
metropic. Ofthe 40 eyes at baseline examination,
the visual acuities were: 30 eyes 6/9 or better,
four eyes 6/12, two eyes 6/18, three eyes 6/24,
and one eye 6/36. Of the four eyes seeing 6/24 or
worse, only one incurred greater than 20%

Table 2 Baseline global indices

All eyes (n=40) Study eye (n=20) Fellow eye (n=20)
Index
(dB) Mean SD Mean SD Mean SD

MD -12-42 8-88 -15-58 7-47 -9-26 9-22
PSD 8-07 3-75 9 91 2-77 6-23 3-76
SF 2-41 1 19 2-87 1 16 1-94 1-06
CPSD 7-41 3 90 9-20 2-99 5-61 3 93

MD=mean defect.
PSD=pattern standard deviation.
SF=short term fluctuation.
CPSD=corrected pattern standard deviation.

Table 3 Changes in global indices in study eye (moised minus baseline) andfellow eye (second
test minusfirst test) for all 20 subjects, and those with good miosis (pupil constricting to 2 mm or
less): p values calculated using paired Student's t test (two tailed)

All subjects (n=20) Subjects with good miosis (n= 13)

Study eye Fellow eye Study eye Fellow eye

Mean p Mean p Mean p Mean p

MD -1-49 0 004 -0-72 0-102 -1-73 0-006 -0-56 0 333
PSD 0 45 0-134 -0 47 0 094 0-6 0-083 -0-67 0-048
SF 0-24 0-498 -0-32 0-371 -0-08 0-866 -0-22 0-614
CPSD 0 5 0-351 -0-31 0-406 0 93 0-204 -0 55 0-298

For all global indices, a minus sign indicates a deterioration.

Table 4 Deterioration inMD according to degree ofmiosis.
p Values cakulated using paired Student's t test (two tailed)

Pupil diameter Pupil diameter
All study eyes 2 mm or less over 2 mm
(n=20) (n= 13) (n=7)

Mean pupil
diameter (mm) 1-98 1-61 2-62

Fall in MD (dB) 1-49 1-73 1-04
p Value 0 004 0-006 0-314

fixation losses (16/62) and this was remedied by
relocation of the blind spot.6 In those subjects
with scotomata adjacent to the blind spot the
fixation test was not adequate, and these patients
were observed closely using the monitor. In none
ofthe tests on the 20 subjects did false positive or
negative responses equal or exceed 33% (the
manufacturer's recommended maximum value
for a reliable test).
The initial global indices of the 40 eyes, with

breakdown into study eyes and fellow eyes, are
shown in Table 2. The mean MD of the study
eyes before miosis was - 15-58 dB, and of the
fellow eyes -9-26 dB. Of the 20 study eyes
receiving pilocarpine, 17 showed a deterioration
in MD, with a range of -0 39 to -4-69 dB. An
improvement in MD was seen in three eyes, the
range being 1-24 to 1I75 dB. These three subjects
included the youngest and second youngest in
the study (ages 48 and 49), neither of whom
constricted to a pupil diameter of 2 mm. The
third had severe glaucomatous field loss in the
study eye, with a baselineMD of -24-23 dB.
The changes in the global indices in the study

eyes following miosis, and in the fellow eyes
between the first and second tests, are shown
in Table 3. The mean MD following miosis
deteriorated by -1-49 dB and was statistically
significant (p=0 004). There was a non-
significant deterioration in MD of -0-72 dB
(p=O0 102) in the fellow eyes. The PSD following
miosis improved by 0-45 dB overall but was not
significant at the 5% level (p=0 134). The non-
algebraic mean value of the difference in MD of
the two tests on the fellow eye was found to be
1-45 dB and was taken as an indication of the
average intertest variability in the 20 glauco-
matous subjects in this study.

Thirteen of the 20 study eyes achieved a 'good
miosis', constricting to pupil diameters of 2 mm
or less. Analysis of this subgroup showed a
slightly greater absolute loss of retinal sensitivity
with a mean deterioration in MD of -1 73 dB
(p<0006), as seen in Table 4. The mean defect
of the fellow eyes decreased by -0 56 dB, but
was not statistically significant (p=0 333).
The deterioration in MD of the study eye was

examined for correlation with the decrease in
pupil diameter, using the product moment
correlation coefficient. This showed a correlation
coefficient of 0-62 (p=0 004) for all 20 eyes, and
0-76 (p=0 004) for those eyes with 'good miosis'.
Similar analysis using the pupillary area differ-
ence gave similar results, with a correlation
coefficient of 0-52 (p=0 022) for all 20 eyes and
0-80 (p=0 002) in those eyes with 'good miosis',
the latter being illustrated in Figure 1 (n= 12 as
baseline pupil diameter measurement was lost on
one subject).
The suspicion of an inverse relationship
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between baseline MD and degree of deteriora-
tion following miosis was explored. The mean
baseline MD was -19-49 (SD 5 73) dB in eyes
suffering a less than average drop in MD with
miosis, and -9-71 (SD 5 84) dB in eyes suffering
a greater than average drop in MD with miosis
(the average drop being -1-49 dB). The product
moment correlation coefficient between
deterioration in MD and baseline MD for all 20
study eyes was calculated to be -0-51 (p=
0-023). When restricted to the 13 eyes with 'good
miosis', a more marked inverse correlation,
-0-83 (p<0-001), was seen (Fig 2). For statisti-
cal purposes an estimation of baseline MD was
taken as ½/2 baseline MD+ '/2 miosed MD (see
Discussion).

Discussion
Despite the documented deterioration in the
visual field of normal subjects following miosis,
little is known of the effect on the glaucomatous
patient. Engel showed that physostigmine con-
stricted the visual field to a 5 mm red (but not
white) target at 300 mm.' Forbes documented
cases ofglaucomatous patients on miotic therapy
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Figure 2 The relationship
between baseline mean defect
and change in mean defect in
subjects with good miosis.
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whose fields improved with pupillary dilatation,8
and more recently Rebolleda et al reached similar
conclusions with patients on pilocarpine show-
ing a 3-14 dB improvement in MD following
dilatation with 10% phenylephrine.9

Certain physiological principles would predict
a deterioration in visual function with decreasing
pupil size: firstly, retinal illumination falls as the
pupil constricts, illumination being approxi-
mately proportional to pupillary area; and
secondly, increasing miosis results in diffraction
of light at the pupil margin, reducing the quality
of the retinal image. Conversely, there are three
principal physiological considerations that may
explain an improvement in visual function with
decreasing pupil size. Firstly, a smaller pupil
might increase threshold sensitivity by reducing
image blurring due to spherical and chromatic
aberrations. Secondly, the depth of focus would
increase, reducing the blur circles of any
ametropia (the pinhole effect). Thirdly, for a
given degree of retinal illumination a more
effective visual response would result from a
reduction in the Stiles-Crawford effect, as light
traverses a miosed pupil closer to the visual axis.
Indeed, mydriasis (as well as miosis) in normal
subjects has been found to reduce the MD on
computerised field testing.'0 The positive and
negative effects of pupillary constriction are
thought to balance out at an optimal pupil size of
2-4 mm." The effective area of the pupil is also
reduced at greater perimetric angles, but this
effect is small and would be negligible when
examining the central 30 degrees of the visual
field.'2 13

The effect of change in retinal illumination
should be considered with regard to Weber's
law:

AI
AS=-

I
in which S is a measure of sensation and I is a
measure of stimulus intensity. For a threshold
sensation the change in stimulus required would
vary in proportion to the background stimula-
tion; the brighter the background, the brighter
the stimulus required:

fIWeber-Fechner fraction= =constant
I

This law has been found to apply widely in
sensory neurophysiological systems. In the con-
text of perimetry, if the law holds then a reduc-
tion in pupillary area would reduce both the
stimulus and the background intensity by the
same factor and the threshold sensitivity would
subsequently remain unchanged. However,
evidence suggests that at low levels of retinal
illumination, particularly at the mesopic and
scotopic range of retinal adaptation, the Weber-
Fechner fraction increases such that a propor-
tionately larger stimulus is required to achieve
threshold sensation. This effect has been studied
using neutral density filters, a decrease in retinal
illumination resulting in deterioration in
threshold sensitivity on the Octopus perimeter."
The HFA (31-5 apostilbs) has a background
illumination nearly one log unit greater than that
of the Octopus (4 apostilbs), so such a tendency
would be much less marked.

Figure I The relationship
between degree ofmiosis and
change in mean defect in
subjects with good miosis.

Z5 0 5 10 15 20 25
Initial mean defect (dB)

(Oldham's transformation)
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This study showed a deterioration of -1-49
dB in mean threshold sensitivity of glauco-
matous eyes following miosis. Lindenmuth et al,
in a similar study on normal eyes, showed a
deterioration in MD of -067 dB following
miosis.4 However, the mean age of the normal
subjects in this study was 28-9 years (range 24 to
43), and in ours 70-6 years (range 48 to 83). The
HFA, when calculating the global indices, com-
pares the retinal threshold values at.each point in
the field with that ofa p-'pulation ofage-matched
normals. This would, to some extent, allow
comparison of the global indices of the two
studies. However, it remains a possibility that
older individuals are more susceptible to a
change in retinal sensitivity following miosis and
this may be a factor in the difference in the
findings in the two studies. To separate the two
factors of age and glaucoma on the effect of
miosis on visual field would require further
study. The age range of subjects in this study was
thought to be typical of patients affected by
COAG who receive miotic treatment and there-
fore more appropriate when investigating this
side effect in the usual clinical setting.

It must be remembered that retinal sensitivity
measured on the HFA is expressed on a decilog
scale; a given change in MD represents the same
proportional base unit change in any patient,
irrespective of the baseline MD. Thus the -1 49
dB change in MD shown in this study corres-
ponds to a 29% base unit decrease in retinal
threshold sensitivity.

In a study by Quigley et al, histological
findings were correlated with previous perimetry
in glaucomatous eyes showing that a 20% to 40%
loss ofnerve fibres occurred in areas ofretina that
corresponded to a 5-10 dB loss of sensitivity.'5
We were interested to determine whether such
areas of retina would be more vulnerable to a
decrease in retinal illumination or to an increase
in retinal blurring, and that such an eye would
show an exaggerated response to miosis. This
potential effect is best estimated by reference to
the PSD, which responds to changes in the shape
of the hill of vision rather than to a uniform
change in retinal sensitivity. In this study the
PSD did not significantly deteriorate following
miosis, which suggests that those areas of retina
more highly compromised by glaucoma did not
show an exaggerated decrease in sensitivity.
Indeed, a mean improvement of 0-45 was
observed in the PSD following miosis, although
this was not statistically significant. Therefore,
the PSD compensates adequately for the effect of
miosis. The PSD has been shown to be equally
useful in interpreting the reduction inMD due to
media opacity'6 or pupillary dilatation.'0
The sensitivity of automated perimetry in the

detection of true field loss is limited by short
term fluctuation, or intratest variability (as
measured by the SF global index) and long term
fluctuation, or intertest variability. Such inter-
test variability has been found to be greater
in older age groups,'7 and in patients with
glaucoma'8 or suspected glaucoma.'9 The
interpretation of the clinical significance of any
change in sensitivity in this study must be made
with caution. A parallel study on the fellow eyes
of our subjects showed no significant learning or

fatigue effects; a non-significant mean deteriora-
tion in the second test compared with the first
was found in MD (-0-72 dB) and PSD (-0 47
dB). The value of -0 72 dB is greater than
the mean deterioration found in normals by
Lindenmuth et al (-0 67). It must be remem-
bered that, in the study by Lindenmuth et al, this
was a statistically significant finding in a popula-
tion of normals whose results had a small disper-
sion. The glaucomatous patients in our study
had a widely dispersed range of results, which
therefore needed to show a greater difference in
mean values for a given level of significance (p=
0-102 for fellow eye MD, see Table 3). This wide
dispersion in our glaucomatous patients was
confirmed by a calculated non-algebraic average
value for the variability in MD of 1-45 dB,
suggesting that an average subject would be
expected to have a 1-45 dB difference in MD
between the first and second tests, which may be
either an 'improvement' or a 'deterioration'.

Further analysis of the deterioration in MD
following miosis has been made by constructing
two subgroups on the basis of the degree of
miosis. Analysis of those eyes with pupil dia-
meters of 2 mm or less ('good miosis') after
pilocarpine was performed as any deleterious
effect should be more marked with pupil dia-
meters less than 2 4 mm. Table 4 shows that the
mean drop in MD in the 13 eyes with 'good
miosis' is -1-73 dB, and remains statistically
significant (p=0 006). The decrease in pupil size
showed a positive correlation with deterioration
in MD (r=0-62, p=0 006), the effect being
greater in those eyes with 'good miosis' (r=0 76,
p=0004), and the coefficient being slightly
higher when pupil area was considered (r=0 52,
p=0022 and r=0-8, p=0 002).
The results suggest that the deterioration in

MD following miosis varied directly with the
baseline MD. Extrapolation of this observation
to examine the correlation between baselineMD
and change in MD following miosis is not
straightforward. Any attempt to correlate a
'change in value' against 'initial value' is apt to
produce a spurious correlation as a result of
interdependence of the variables being plot-
ted.202' This can be minimised by statistical
manipulation, substituting '½/2 initial value+
½/2 final value' for 'initial value' (Oldham's
transformation). When this is done, a weak
negative correlation of -0-51 (p=0 023) is
demonstrated between change in MD and base-
line MD. Applying the same criteria to those
eyes with 'good miosis' produced a correlation
coefficient of -0-83 (p<0001). Despite the
mathematical and statistical uncertainties, it
remains a pertinent clinical observation that in
this study, the deterioration in MD was greater
in those eyes with less marked field loss.
The deterioration in visual field of the miosed

eye documented in this study should be con-
sidered by all those routinely prescribing
pilocarpine in the treatment of glaucoma, with
particular reference to those patients whose
visual field loss approaches the permitted legal
minimum for driving. The enhanced effect of
pilocarpine in reducing the field of a glauco-
matous eye, when compared with a normal eye,
may make a significant difference to visual
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function. This may be exacerbated in many
elderly patients by the presence of lens opacity.
In all patients, the potential visual handicap
must be added to the well recognised complica-
tions of pilocarpine therapy, and considered in
the light of reports in favour of early glaucoma
surgery.22-24
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