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Aim: To test the effect of pharmacological mydriasis on intraocular pressure (IOP) in eyes with functioning blebs compared with
normal eyes.
Patients and Methods: The cross-sectional study included 39 eyes, of which 19 eyes had filtering trabeculectomy blebs (group A),
and 20 eyes with no previous surgeries (group B). IOP was measured using the Goldmann applanation tonometer before, and 30 min
after the application of tropicamide 1% eye drops.
Results: In group A eyes, the IOP level changed from 13.68 ± 3.4 mmHg before pupillary dilatation, to achieve a level of 11.95 ± 3.03
mmHg following mydriasis, with an average IOP drop of 1.73 mmHg (p < 0.0001). On the other hand, the pre-dilatation IOP in group
B eyes was 15.9 ± 3.00 mmHg, had increased after mydriasis to 18.4 ± 2.9 mmHg, with an average rise of 2.5 mmHg (p < 0.0001).
The difference in IOP change following mydriasis between both groups was significant (p < 0.0001).
Conclusion: Surprisingly, pharmacological pupillary dilatation resulted in a reduction of IOP in eyes with successful trabeculectomy,
which is different from the usual effect of raising the IOP as in the control group. This effect has not been previously studied.
Keywords: mydriasis, intraocular pressure, trabeculectomy, filtering bleb

Introduction
Mydriatic eye drops are frequently used in Ophthalmology outpatient clinics for the diagnosis of posterior segment and
lens disorders. Tropicamide is an anticholinergic drug frequently used for dilating the pupil. Tropicamide acts within 20
minutes and its duration of action is approximately 4–8 hours.1 An elevation in IOP level has been observed after
pharmacological mydriasis.2 This IOP rise following pupillary dilatation may be attributed to the reduction in aqueous
outflow secondary to the decreased traction on the trabecular meshwork resulting from ciliary muscle paralysis.3

Moreover, iris pigment dispersion in the anterior chamber can cause obstruction of the trabecular meshwork representing
a possible mechanism of IOP rise after mydriasis.4

It is known that narrow angle is a predisposing factor for acute IOP elevation following pupil dilatation; however,
IOP elevation has also been found to occur following mydriasis in eyes that do not have narrow angles.5

The current study aimed to study the changes in IOP following mydriasis in eyes with filtering blebs compared to
non-operated eyes.

Patients and Methods
This cross-sectional pilot study, held in a clinical practice, included 39 eyes of patients attending the Ophthalmology outpatient
clinic in the university hospital with various complaints that required pupil dilation for lens and fundus examination. This
study adhered to tenets of the Declaration of Helsinki. This study was approved by the ethical committee of the Ain Shams
university. Informed consent was obtained from all the patients. The examinations performed represent part of the general
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ophthalmic examination done at the ophthalmology outpatient clinics, which carried no additional risks for the patients. The
eyes were divided into the following two groups:

Group A: included 19 eyes of with filtering blebs following successful trabeculectomy. Trabeculectomy was
performed in these eyes previously for primary open-angle glaucoma (POAG) non-responding to maximum topical
therapy.

Group B: This group included 20 eyes that had no previous surgeries.
Exclusion criteria included eyes with closed or narrow angles, eyes with poorly dilating pupils, eyes with failed

trabeculectomy blebs (flat or encapsulated blebs associated with high IOP), eyes using antiglaucoma drops, as well as
eyes with anterior segment pathology such as corneal scars, edema, or thinning.

Gonioscopy was performed using the Goldmann three-mirror contact lens (Haag-Streit Diagnostics, UK), which was
performed under topical anaesthesia and methylcellulose was used as a coupling agent for the lens. The aim of
gonioscopy was to determine the angle width (according to the Shaffer system),6 and to check the patency of the
trabeculectomy internal ostium. Only eyes with wide-angle grades 3 or 4 were included. Eyes with narrow angles as well
as eyes with occluded trabeculectomy internal ostium were excluded.

Then, IOP was measured using the Goldmann applanation tonometer (Haag-Streit Diagnostics, UK). Topical
anaesthetic benoxinate 0.4% was applied first, followed by the application of a fluorescein strip in the lower conjunctival
sac for 3 seconds, then the IOP was measured using a well-calibrated Goldmann applanation tonometer, by an
experienced Ophthalmology consultant. The tonometer knob was masked during IOP examination, unmasking was
done after commencing the IOP measurement to reduce possible bias. IOP measurement was performed once before
pupil dilatation. Tropicamide 1% eye drops were applied in the lower conjunctival fornix twice, 10 min apart. IOP
measurement was repeated 30 min following the application of the first dose of tropicamide after checking the pupil
diameter to confirm full mydriasis.

Furthermore, slit lamp examination was performed for anterior segment examination, in addition to examining the
bleb to determine bleb extent, elevation, vascularity, and Seidel test.

In group A, bleb morphology was assessed according to the Indiana Bleb Appearance Grading Scale.7 Blebs included
in the current study had at least moderate (H2) or high (H3) bleb elevation, horizontal extent of at least 1 clock hour (E1
at least), avascular or have mild vascularity (maximum V2), with no bleb leak. Flat blebs and encapsulated blebs
(Tenon’s cysts) were excluded.

All examinations were performed gently to avoid eye compression.
Data were recorded and subjected to statistical analysis using the t-test for comparison of means, Pearson’s

correlations, and linear regression analysis, using MedCalc version 20.006 (© 2021, MedCalc Software Ltd, Ostend,
Belgium). Differences were considered significant at p ≤ 0.05.

Results
The average age of the patients in group Awas 67.1 ± 13.4 years, the group included ten males and nine females. Group
B included ten males and ten females, with an average age of 60.4 ± 5 years. Group A included 9 eyes with mild
hyperopia (≤2.00 D), 4 eyes with mild myopia (up to −2.00 D), and 6 emmetropic eyes. While group B included 7 eyes
with mild hyperopia, 6 eyes with mild myopia, and 7 emmetropic eyes.

In group A, the IOP level measured before mydriasis was 13.68 ± 3.4 mmHg, and after full mydriasis, the IOP
was 11.95 ± 3.03 mmHg, with about 1.73 mmHg drop of IOP (P < 0.0001). IOP level reduction following mydriasis
was the case in 15 eyes (78.9%), the amplitude of IOP drop ranged from 1 to 4 mmHg, while the IOP remained the
same in 4 eyes (21.1%). On the other hand, the pre-dilatation IOP in group B was 15.9 ± 3.00 mmHg, while the IOP
level was 18.4 ± 2.9 mmHg following pupillary dilatation, with an average rise of 2.5 mmHg (P < 0.0001). The rise
of IOP following mydriasis in this group occurred in 19 eyes (95%), the magnitude of IOP rise was 1 mmHg in one
eye, while in other eyes it rose 2–4 mmHg, IOP remained the same following pupil dilatation in one eye (5%). There
was a significant difference in pre-dilatation IOP between the two groups (P < 0.05). IOP levels are shown in
Figure 1.

The difference in IOP change following mydriasis between the two groups was significant (P < 0.0001).
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Moreover, gonioscopy performed using the Goldmann three-mirror gonio lens showed open anterior chamber angles
(grades 3 and 4) in all examined eyes. In group A, gonioscopy revealed a patent trabeculectomy internal ostium in all eyes.

Slit lamp examination showed successful trabeculectomy with filtering blebs in group A (according to the Indiana
bleb grading scale as described before), while in group B, there was no evidence of previous ocular surgery. There were
no anterior segment pathologies in any of the eyes.

There was a negative correlation between pre-dilatation IOP and the difference in IOP (pre-dilatation – post-
dilatation) in group A (r = −0.4491, P = 0.0537). Moreover, a strong correlation was found between pre-dilatation and
post-dilatation IOP levels in group A (r = 0.9149, P < 0.0001). Similarly, pre-dilatation and post-dilatation IOP levels in
group B were strongly correlated (r = 0.9376, P < 0.0001). A less significant correlation was found between pre-dilatation
IOP and the difference in IOP (pre-dilatation – post-dilatation) in group B (r = −0.2497, P = 0.2883).

Figures 2 and 3 show the results of linear regression analysis. The correlations between the pre-dilatation IOP and the
difference in IOP (pre-dilatation – post-dilatation) in both groups are shown.

Discussion
Pharmacological pupillary dilatation is known to cause an IOP elevation. The current study showed that this was not the
case in eyes with a filtering trabeculectomy bleb, where these eyes attained lower IOP level following pharmacological
mydriasis, a novel finding which has not been addressed in any previous study. On the other hand, eyes with no previous
surgeries (group B) had an IOP rise following pupillary dilatation in a similar manner to the outcome of previous studies.

Many studies had shown that pharmacological pupillary dilatation is associated with an increase in IOP. This IOP rise
was attributed to reduced aqueous drainage due to decreased traction on the trabecular meshwork, secondary to ciliary
muscle paralysis.3

For example, in one study, there was a significant increase in IOP following pharmacological mydriasis.8 Similarly,
significant IOP elevation occurred in 32% of patients with open-angle glaucoma following pupil dilatation with 2.5%
phenylephrine and 1% tropicamide in another study.9 Other studies reported comparable rise of IOP following pupil
dilatation.3,10–12 These findings were comparable to the results of our study group B, in which IOP achieved higher level
following mydriasis.

The trabecular meshwork is the site of aqueous outflow resistance in normal eyes and in POAG. However, in eyes
with successful trabeculectomy, the scleral flap and the episcleral tissue determine the resistance to aqueous outflow.13

So, the usual resistance to aqueous outflow at the trabecular meshwork has been bypassed by the trabeculectomy, which
could explain the lack of IOP rise following mydriasis in the current study group A.

Figure 1 Pre-dilatation and post-dilatation IOP levels in group A and group B eyes.
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Figure 3 Linear regression analysis showing the correlation between the difference in IOP (pre-dilatation – post-dilatation) and the pre-dilatation IOP in group B.

Figure 2 Linear regression analysis showing the correlation between the difference in IOP (pre-dilatation – post-dilatation) and the pre-dilatation IOP in group A.
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Moreover, in another study, the aqueous inflow and outflow rates through the trabecular meshwork were compared in
responders and non-responders to cyclopentolate. The main difference found was the inflow rate, which decreased in
non-responders but slightly increased in responders, while all patients had decreased aqueous humour outflow rate out of
the trabecular meshwork.14 Similarly, in the current study group A, the reduction in the IOP following mydriasis could be
explained by the enhanced inflow towards the trabecular meshwork caused by the response to mydriatic,14 which
together with the enhanced aqueous outflow through the trabeculectomy can provide a hypothesis to explain the
paradoxical reduction of IOP following mydriasis in trabeculectomy eyes.

Kim et al found that the anterior chamber depth increases with pupil dilatation, leading to a wider contact area
between the trabecular meshwork and the aqueous.8 Moreover, in another study,15 the anterior chamber angle became
wider with pupillary dilatation, possibly due to the posterior pull of the iris-lens diaphragm, leading to deepening of the
anterior chamber. The widened anterior chamber angle created a larger surface area between the trabecular meshwork
and the aqueous humour, eventually leading to an improvement in the aqueous outflow, which subsequently led to a drop
in the IOP more than 6 h following pupillary dilatation after the initial IOP rise. Depending on the findings of the two
above-mentioned studies,8,15 it could be assumed that pupil dilatation in the current study, resulted in widening of the
anterior chamber angle, hence the trabeculectomy internal ostium, eventually leading to enhanced aqueous flow through
the ostium, which could explain the drop in IOP following pupillary dilatation.

Quigley et al16 found that the iris thickness measured by optical coherence tomography (OCT) increases following
pupil dilatation. This can cause angle crowding and impairment of aqueous drainage, resulting in raised IOP.

In the current study, group A eyes had peripheral iridectomy, which means that there is no iris tissue present opposite
the trabeculectomy internal ostium, so the peripheral iris is unlikely to obstruct aqueous flow, even after dilating the
pupil. Moreover, the peripheral iridectomy in these eyes diverts aqueous humour flow from the posterior chamber to the
anterior chamber directly, bypassing its normal pathway through the pupil.

Furthermore, the trabecular meshwork obstruction with the iris pigments liberated following pupillary dilatation was
supposed to be one of the mechanisms responsible for raising the IOP following mydriasis.4,17,18 As trabeculectomy
bypasses the usual drainage of aqueous humour through the trabecular meshwork, and as the tiny iris pigments are
unlikely to obstruct the relatively large trabeculectomy internal ostium, it is unlikely that iris pigment liberation will
cause raised IOP in eyes with functioning trabeculectomy.

So, in summary, trabeculectomy bypasses the usual trabecular meshwork resistance. In addition, peripheral iridect-
omy opposite the trabeculectomy internal ostium makes it unlikely for the iris tissue to obstruct the ostium. Moreover,
iris pigments liberated following mydriasis are unlikely to obstruct the ostium.

In group A, the IOP level was unchanged following mydriasis in 4 eyes, these 4 eyes (21.1%) had IOP 12 mmHg or
less, however, the other 15 eyes (78.9%) showed a drop of the IOP following pupillary dilatation, no eyes had IOP rise
following mydriasis. On the other hand, the IOP rose in 95% of group B eyes following mydriasis, only one eye (5%)
had the same IOP post-dilatation, no eyes had IOP drop following mydriasis, which is comparable to the usual effect of
mydriasis on IOP shown in previous studies.3,8–12 There was a strong negative correlation between the pre-dilatation IOP
and the difference (pre-dilatation – post-dilatation), which means that higher pre-dilatation IOP was associated with
higher negative (broader) difference. This means that the drop in IOP following pupillary dilatation was higher in group
A eyes with higher IOP values than in eyes with less IOP. This could be attributed to the fact that eyes with lower IOP
values following trabeculectomy already have excellent drainage through the trabeculectomy site which is less likely to
be enhanced by minor factors such as pupillary dilatation. Although the small sample regression analysis could be
associated with higher false positive and false negative results, a study found that this mainly occurred at samples smaller
than <8, but data shape was clearly identified at N ≥ 8.19

Limitations of this study included the small number of eyes included. Moreover, the IOP measurement by the
applanation tonometer could carry more bias compared to other techniques as non-contact tonometer, or tonopen.

In clinical practice, this novel finding could help to predict the actual IOP in a non-dilated pupil in case a patient
presents to the clinic with already dilated pupil. Furthermore, this work could represent a possible novel sign for
assessment of bleb function with further studies.
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Précis
In this study, there was a drop of intraocular pressure after mydriasis in eyes with functioning trabeculectomy blebs, in
contrast to the usual effect of mydriasis on intraocular pressure as in the control group.
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