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The amount of intraocular pressure rise during
pharmacological pupillary dilatation is an indicator of the
likelihood of future progression of glaucoma
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Aim: To determine if there is a relationship between the amount of increase in IOP following dilatation with a
cycloplegic agent and the future course of glaucoma.
Method: A retrospective chart review of 100 eyes from 55 subjects with open-angle glaucoma who had had
IOP measured before and after pharmacological pupillary dilatation was performed to establish the rate of
progression of glaucoma, based on serial evaluation of the visual fields using the glaucoma staging system 2
(GSS 2), and optic discs using the disc damage likelihood scale (DDLS). Progressive visual field loss was
defined as an increase of two or more stages with the GSS 2 and progressive deterioration of the disc was
defined as an increase of two or more stages with the DDLS. Mean follow-up time was 7.2 years.
Results: A total of 26 eyes showed glaucomatous progression. The likelihood of progression of glaucoma was
related to the amount of IOP increase after pharmacological pupillary dilatation. For every 1 mmHg increase
in IOP, the odds of progression increased 24% (p = 0.008). The likelihood of progression of glaucoma,
however, was not related to the baseline IOP, which was 20.63 mmHg (SD = 4.59 mmHg) in those showing
deterioration of disc or field and 19.72 mmHg (SD = 5.32 mmHg) in those not worsening according to our
definition.
Conclusion: In patients with open-angle glaucoma, the amount of increase in IOP caused by pharmacological
pupillary dilatation is related to the likelihood of future progression of glaucoma.

T
he disability caused by glaucoma is due to the disease’s
progressive damage to the optic nerve. A goal of treatment
is to prevent such progression.1 Knowing which patients

are likely to get worse is therefore of great importance, and
consequently many prognostic factors have been considered.2–4

Here, we evaluate the possibility that the degree of elevation of
intraocular pressure (IOP) following dilatation of the pupil
might be a useful prognostic indicator, the value of which is
increased by its simplicity and low cost.

MATERIALS AND METHODS
We performed a retrospective chart review of 100 eyes from 55
subjects aged 21 years or more with open-angle glaucoma who
had been seen in the Glaucoma Service Department of Wills
Eye Institute (Philadelphia, Pennsylvania, USA). Patients with
angle-closure glaucoma, anatomically narrow angle, any con-
dition or disease that affects pupillary dilatation, and any
condition other than glaucoma that decreases the visual field or
visual acuity or causes optic nerve cupping were excluded from
the study. Also excluded from the study were patients with less
than 5 years of follow-up. Data collected from each patient’s
chart included age, gender, type of glaucoma, visual acuity on
the first and last visit, Goldmann applanation IOP before and
after dilatation on the first visit, Goldmann applanation IOP on
the last visit, and the follow-up period. The criteria for
progression of glaucoma was based on serial evaluation of the
visual fields (using the glaucoma staging system 2 (GSS 2)5

that has a range of 0–5) and the optic discs (using the disc
damage likelihood scale (DDLS),6 a classification scheme that
stages glaucomatous optic nerve damage based upon the
narrowest radial width of neural rim and vertical disc diameter,
and which has a range of 1–10). GSS 2 and DDLS scores were
collected for the first and last visit of each patient. GSS 2 scores

were assigned retrospectively based on the mean defect and
corrected pattern standard deviation of the patients’ visual
fields, taken at the first and last visit, as described earlier.5

DDLS scores used in this study had already been recorded in the
chart of each patient for the first and last visit by the treating
physician. Progressive visual field loss was defined as an
increase of two or more stages with the GSS 2 and progressive
deterioration of the disc was defined as an increase of two or
more stages with the DDLS.

Logistic regression analysis was used to assess the relation-
ship between the incidence of progression and the change in
IOP after pupillary dilatation. Standard errors of parameter
estimates were adjusted to account for using multiple eyes from
the same subjects using generalised estimating equation (GEE)
methods. Student’s t-test was used to compare means.

RESULTS
The patients included 30 women and 25 men. A total of 21
patients were less than 70 years old and 34 patients were
70 years old or more (mean ¡ SD: 73.1¡11.7 years; range: 46–
98 years). The mean follow-up time was 7.2 years (range: 5–
15 years).

The average DDLS score for all eyes was 4.0¡1.8. For those
who progressed, the average was 3.8¡1.8, and for those who
did not progress 4.0¡1.9. A total of 78 eyes (78%) had a DDLS
score of five or less, and 22 eyes (22%) had a DDLS score of six
or more.

Abbreviations: DDLS, disc damage likelihood scale; GEE, generalised
estimating equation; GSS, glaucoma staging system; IOP, intraocular
pressure
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The average GSS 2 score for all eyes was 2.0¡1.2. For those
who progressed, the average was 1.5¡1.0, and for those who
did not progress 2.0¡1.2.

In total, 74 eyes (74%) in 38 patients did not show progression
and 26 eyes (26%) in 17 patients showed progression according to
our criteria (fig 1). In all, 24 eyes (24%) in 15 patients showed
progression with the DDLS, and 4 eyes (4%) in four patients
showed progression with the GSS 2. Two eyes (2%) in two
patients showed progression in DDLS and GSS 2.

The change in IOP after dilatation ranged from 28 to
+10 mmHg. The likelihood of progression of glaucoma was
related to the amount of IOP increase after pharmacological
pupillary dilatation (fig 2). For every 1 mmHg increase in IOP, the
odds of progression increased 24% (p = 0.008). This relationship
was independent of the baseline IOP, which was 20.6¡4.6 mmHg
in those showing glaucomatous progression of the disc or field,
and 19.7¡5.3 mmHg in those not worsening, according to our
definition. There was no significant relationship between age and
progression or change in IOP postdilatation.

DISCUSSION
Mydriatic drugs can cause a significant rise in IOP in patients
with open-angle glaucoma.7 Kristensen showed that 48% of
eyes with open-angle glaucoma had an IOP rise of 8 mmHg or
more when dilated with 10% phenylephrine.8 Harris demon-
strated that approximately 23% of patients with primary open-
angle glaucoma had a significant rise in IOP following
administration of cycloplegics.9 Lee found IOP elevations of
up to 27 mmHg in selected patients with open-angle glaucoma

following pupillary dilatation.10 Studies have suggested that the
rise in IOP reaches its maximum between 45 and 120 min after
cyclopentolate drops are administered, and lasts for 4–6 h if left
untreated.9 11 The exact mechanism by which this increase in
pressure takes place is not known, though it might result from
pigment liberation into the anterior chamber and subsequent
obstruction of the trabecular meshwork.8 Alternatively, it might
result from decreased pull on the trabecular meshwork due to
ciliary muscle paralysis, leading to a drop in aqueous outflow.11

The stage of glaucoma in a person is presently based on
consideration of the amount of visual field loss and/or optic
nerve damage. When the field or the disc shows increased
damage the glaucoma is said to be ‘‘progressed.’’ Progression
has been related to the level12 and fluctuation13–15 of IOP. It is
reasonable to assume that eyes with greater rise in IOP
postdilatation have higher IOP to start with. However, this
was not the case in our study. Therefore, it is not likely that the
worse clinical course in the cases in the present study is due to
having a higher IOP in those who progressed than those who
were stable. Change in IOP with pupillary dilatation is a type of
IOP fluctuation. It is reasonable to assume that the eyes with
changes in IOP following dilatation had larger than usual
fluctuations of IOP in other times.

In our study, we found that likelihood of progression of
glaucoma was related to the amount of IOP rise after
pharmacological pupillary dilatation (p = 0.008). This progres-
sion was independent of baseline IOP and age, in contradiction
to other studies.12 16 17 As control of IOP is largely a function of
the nature of the trabecular drainage system,18 our results
suggest that the amount of IOP increase secondary to dilatation
can be used as a surrogate measure for some factors related to
progression, possibly trabecular function.

There was a large discrepancy in the number of eyes showing
progression according to the different methods used to
determine this, the DDLS or the GSS 2. There are a number
of possible explanations. The DDLS is a system of quantifying
the amount of optic nerve change from none (stage 1) to end
stage (stage 10). The GSS 2 is a method of staging the amount
of visual field loss, from no loss (stage 0) to end stage loss
(stage 5). Because each DDLS stage is ‘‘smaller’’ than a GSS 2
stage, less glaucomatous change is needed to define an eye as
having progressed when using DDLS than when using GSS 2.
Furthermore, 78 eyes were scored as 5 or lower on the DDLS
scale, indicating early glaucoma, while only 22 eyes were scored
as 6 or more. Changes in the optic disc can be seen before the
occurrence of perimetric abnormalities,19 so it is to be expected
that in some cases progressive change in the disc will be seen in
the absence of field change.20 Progression was considered
present only if one or both of these systems, DDLS and GSS 2,
changed by more than one scale unit. This change was
considered sufficient evidence for progression because, for
DDLS, intra-observer variability has been established as less
than two scale units.6 With the GSS2 there should be ‘‘no’’
intra-observer variability, because the system is based on using
numbers on a field chart. However, there is variability in the
results of field tests when they are repeated. These variabilities
might be small and well within the range of normal fluctuation
but yet large enough to result in the first field being graded in a
different stage from a repeat field. Therefore, in order to be sure
that progression has occurred, that is, that the second field is
actually worse than the first, we required a change in the GSS2
of two units. The sensitivity of this system is thus much lower
than the sensitivity of the DDLS.

A shortcoming of this study is its retrospective design, which
can lead to bias. However, because the data were based on
notes written at the time of the patients’ earlier visits, and were
simply collected and analysed retrospectively, we do not believe

Figure 1 Bar graph of the frequency of progression and non-progression
in relation to change of intraocular pressure after dilatation.

Figure 2 Scatter plot of progression of glaucoma against increase in
intraocular pressure after dilatation.
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that this is a problem. DDLS scores were already noted on the
patients’ charts and GSS 2 scores were assigned objectively
using information on the Humphrey visual fields that had
already been performed.

Another possible shortcoming in this study is that most of
the patients had two eyes enrolled. Because two eyes of a single
patient are not fully independent, it is possible that the effect of
IOP change on the odds of progression could be overestimated
in this study. However, a statistical analysis method (GEE) was
employed to lessen this problem.

In conclusion we found that in patients with open-angle
glaucoma, the amount of increase in IOP caused by pharma-
cological pupillary dilatation is related to the likelihood of
future progression of glaucoma.
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