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Abstract
Objectives: This study aimed to compare pupil diameters in light and dark conditions after instillation of 0.15% brimonidine drops in eyes with and without pseudoexfoliation syndrome (PES).
Methods: Forty eyes of 40 patients in whom 0.15% brimonidine drops were instilled to their right eyes between March
2019 and June 2019 were analyzed in this study. Study groups included 20 subjects without PES (group 1) and 20 patients
with PES (group 2). Pupil diameters before and 30 and 90 min after brimonidine application were recorded and analyzed.
Results: In group 1, the mean pupil diameters before brimonidine drop instillation were 4.8±1.2 mm and 5.8±1.2 mm
in light and dark conditions, respectively, while those in group 2 were 4.4±1.2 mm and 4.9±1.3 mm, respectively. At 30
min after brimonidine drop instillation, the pupil diameters in light and dark conditions were 4.3±1.1 mm and 5.3±1.0
mm in group 1 and 4.1±1.1 mm and 4.5±1 mm in group 2, respectively. In group 1, the mean pupil diameters at 90 min
were 4.2±1.1 mm and 5.1±1.1 mm in light and dark, respectively, and in group 2, they were 4.0±1.1 mm and 4.4±1.2 mm,
respectively. In the dark, the pupil diameters before drop instillation were significantly smaller in group 2 than in group 1
(p≤0.05). A significant difference was found between the groups with respect to the measurements in the dark at 30 min
(p≤0.05). When the differences at 30 and 90 min and the initial pupil diameters in light condition were compared between
the groups, the change in the pupil diameter at 30 min was statistically significant (p≤0.05). At 90 min, differences in both
light and dark measurements were statistically significant (p≤0.05).
Conclusion: Brimonidine causes significant miosis in eyes with PES compared with eyes without PES. Brimonidine may
have positive effects on spherical aberrations, glares, and halos. However, inadequate pupillary dilation may make it more
difficult to perform cataract surgery and may further increase the complication rate.
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Introduction
Ocular pseudoexfoliation syndrome (PES), which was first
described by Lindberg, (1) is characterized by progressive
and extensive production and accumulation of gray-white
fibrillar material, called pseudoexfoliation material (PEM), in

the basement membranes and extracellular matrices in eye
tissues such as in the conjunctiva, corneal endothelium, trabecular meshwork, zonules, anterior lens capsule, anterior
vitreal surface, optic nerve, and extraocular muscles. Electromicroscopic studies have demonstrated the presence of
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PEM in various organs or tissues, including the kidney, lung,
gallbladder, skin, myocardium, blood vessels, liver, meninx,
and inner ear (2-5). PES is an important risk factor for the
development of secondary open-angle glaucoma (OAG) because of the accumulation of PEM and the degeneration in
the trabecular meshwork (2-7).
PES rarely occurs before age 50 years, and its incidence
increases markedly with age (2-5). It has a high prevalence in
Scandinavia, Ethiopia, and South Africa. In Scandinavia, more
than 50% of secondary OAG cases were due to PES. Pseudoexfoliative glaucoma is the most common form of secondary
OAG worldwide (2-7).
Except for glaucoma, PES is often associated with fibrillary deposits on anterior segment structures (such as
the conjunctiva, lens, iris, zonules, and ciliary processes),
peripapillary iris transillumination defects, iris fibrosis, increased pigmentation of the trabecular meshwork, pigmentation anterior to Schwalbe’s line (Sampaolesi’s line), poor
pupillary dilation, and weak zonules (2-5). Especially, poor
pupillary dilation and weak zonules increase the difficulty
of performing anterior capsulorhexis and may lead to posterior capsular rupture and lens dislocation during cataract
surgery (2-5, 8-11). Scotopic, mesopic, and low photopic
pupil diameters are smaller in eyes with PES than in eyes
without PES (2-5, 8,9,11,12).
Brimonidine tartrate, a selective prejunctional alpha-2
adrenergic receptor agonist, is often used in the treatment
of glaucoma and ocular hypertension for the reduction of
intraocular pressure and neuroprotection (13-17). Brimonidine was reported to cause a significant reduction in pupil
size due to the suppression of the sympathetic nervous system under scotopic conditions, so it was used to reduce
night vision difficulties, such as halos, starbursts, glares, and
monocular diplopia, after refractive surgery. Briefly, brimonidine inhibits pupil dilation under scotopic vision (18,19). Brimonidine reduces norepinephrine release in the synapse.20
Pupillary size is an important indicator of patient satisfaction,
as abnormal pupil size can cause deterioration of night vision
quality, halos, glare, and spherical aberrations (21,22). Studies
have reported that brimonidine tartrate reduces pupil diameter and thus has positive effects on visual functions (8,9,23).
With this knowledge, brimonidine tartrate may have a pupil
diameter-reducing effect on eyes with PES and thus may have
a positive effect on the patient's visual functions. This study
aimed to investigate the effect of brimonidine tartrate on
the pupil diameter of eyes with PES.

Methods
Ethics and General Information
This study adhered with principles of the Declaration of
Helsinki. Informed consent was obtained from the patients
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and volunteers. As a pilot work, this institutional controlled
comparative study enrolled 40 eyes of 40 patients in whom
0.15% brimonidine were instilled to their right eyes between
March 2019 and June 2019.
Clinical Examinations
All participants underwent full ophthalmologic examination
including visual acuity, slit-lamp biomicroscopy, intraocular
pressure measurement, and dilated fundoscopy. PES was diagnosed based on the presence of PEM deposited on the
anterior lens capsule and/or pupillary borders. The demographic characteristics of the patients were recorded.
Groups
Group 1 included 20 individuals without PES, and group 2
included 20 patients with PES. Patients who have intraocular pathology that affected pupillary response, who received
medication that affected the pupillary size, and who had irregular and non-symmetrical pupils, iris abnormality including rubeosis iridis, and optic nerve diseases were excluded
from the study.
Measurements
Pupil diameters in both light and dark conditions before and
30 and 90 min after brimonidine instillation were recorded.
The pupil diameters were measured with the ZEISS IOLMaster 500 Biometer.
Statistical Analysis
The mean pupil diameters obtained at two different amplitudes, including dark and light settings, were compared within the group using Student’s t-test. Results were analyzed
using IBM SPSS Statistics for Windows version 22.0 (IBM
Corp., Armonk, NY, USA).

Results
The mean patient ages in groups 1 and 2 were 67.2±10.3
and 69.2±12 years, respectively. In group 1, the mean pupil
diameters before brimonidine instillation were 4.8±1.2 mm
and 5.8±1.2 mm in light and dark, respectively, and those in
group 2 were 4.4±1.2 mm and 4.9±1.3 mm, respectively. At
30 min after brimonidine instillation, the pupil diameters in
light and dark were 4.3±1.1 mm and 5.3±1.0 mm in group
1 and 4.1±1.1 mm and 4.5±1 mm in group 2, respectively.
The mean pupil diameters in light and dark at 90 min were
4.2±1.1 mm and 5.1±1.1 mm in group 1 and 4.0±1.1 mm
and 4.4±1.2 mm in group 2, respectively. Before brimonidine
instillation, the pupil diameters in the dark were significantly
smaller in group 2 than in group 1 (p≤0.05). A significant
difference was found between the groups with respect to
the measurements in the dark at 30 min (p≤0.05). When the
differences at 30 and 90 min and the initial pupil diameters
were compared between the groups, the change in pupil size
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in the light at the 30 min was statistically significant (p≤0.05).
At 90 min, differences in both light and dark measurements
were statistically significant (p≤0.05). The mean pupil diameters in the light and dark are shown in Table 1 and Table 2,
respectively.

Discussion
The characteristic pupillary findings in PES include pigment
loss from the iris sphincter, irregular papillary borders, and
presence of grayish PEM deposits at the pupillary border.
PEMs are usually observed on the crystalline lens. PEM deposits on the iris basement membrane and bridging of the
iris crypts may occur. In most cases with PES, these pupillary
abnormalities result in poor or absence of pupillary dilation
or miotic rigid pupil (1-7).
PEM has been histopathologically demonstrated in the
pigment epithelium, stroma, smooth muscles, and vessels
of the iris. Additionally, PEM deposits have been reported
to be associated with degenerative changes in the vascular
basement membranes, vascular smooth muscle cells, and
vascular endothelial cells and loss of iris cellularity. PEM
within the stroma and the muscular layer of the iris causes
stiffening of the iris, posterior synechiae between the iris
pigment epithelium and anterior lens capsule, mechanical
restriction of pupillary movements, mechanical obstruction, muscular degeneration or atrophy in the sphincter
and/or dilator muscles, and fibrotic changes in the iris
sphincter muscle (2-4,12). On the contrary, the deposition
in the vascular endothelium of the iris may cause iridial vascular narrowing or obliteration, which reduces the number

of iris vessels, iridial ischemia and neovascularization, and
vessel wall degeneration in advanced stages. Additionally,
the pupils of patients with PES showed a reduced response
to mydriatic agents. All the above-mentioned events may
play a role in poor pupillary dilation (8-12).
PES may cause some difficulties during cataract surgery
due to poor or inadequate pupillary dilation. A small pupil diameter and zonular fragility are presumed to be the most important risk factors for the desired curvilinear capsulorhexis
and increased risk for anterior and posterior capsule tears,
iris trauma, capsular rupture, and vitreous loss during cataract surgery (2-5,8,9,11). Additionally, PEM deposits within
the iris stromal vessels can increase the risk for perioperative intraocular hemorrhage (2-5,10,11).
On the contrary, histochemical studies have demonstrated that smaller pupil diameter increases visual performance in low light by reducing high-order aberrations (24).
Moreover, alpha-2 receptor agonists were shown to reduce
the pupil diameter as well as lower the intraocular pressure
(13,14). Although studies have shown the effect of brimonidine tartrate on pupil diameter in normal eyes, to the best
of our knowledge, no study has evaluated pupil diameter in
the eyes with PES.
The generalization of the results were limited by the
small sample size, lack of measurement of visual function parameters, and lack of evaluation of the effects of brimonidine
application after >90 min.
Although brimonidine tartrate makes significant miosis
in eyes with PES compared with eyes without PES, the use
of brimonidine eye drops in patients with PES may have pos-

Table 1. Mean values of pupillary diameters at the light in study groups
Group

Mean pupillary

Mean pupillary

Mean pupillary

			

n

diameter at baseline

diameter at 30 min in

diameter at 90 min

			

in light (mm)

light (mm)

in light (mm)

Group 1

20

4.8±1.2 mm*

4.3±1.1 mm*

4.2±1.1 mm*

Group 2

20

4.4±1.2 mm

4.1±1.1 mm

4.0±1.1 mm

*Pupillary diameters of eyes in group 2 were significantly lower than those in group 1 (p≤0.05).

Table 2. Mean values of pupillary diameters at dark in study groups
Group

n

Mean pupillary

Mean pupillary

Mean pupillary

			

diameter at baseline

diameter at 30 min in

diameter at 90 min

			

in dark (mm)

dark (mm)

in dark (mm)

Group 1

20

5.8±1.2 mm*

5.3±1.0 mm*

5.1±1.1 mm*

Group 2

20

4.9±1.3 mm

4.5±1 mm

4.4±1.2 mm

*Pupillary diameters of eyes in group 2 were significantly lower than those in group 1 (p≤0.05).
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itive effects on unwanted visual problems, such as spherical aberrations, glares, and halos, especially on night vision
functions. However, inadequate pupillary dilation may make
it difficult to perform cataract surgery and may further increase complication rate. Therefore, the miotic effect of
brimonidine on PES eyes should be investigated in larger
case studies.
Disclosures
Ethics Committee Approval: The study was designed acoording to the Helsinki Declaration and approved by the institutional
ethics committee. Informed consents were obtained from the patients and the volunteers.
Peer-review: Externally peer-reviewed.
Conflict of Interest: None declared.
Authorship Contributions: Involved in design and conduct of
the study (SC, CB, BT); preparation and review of the study (SC,
CB, BT); data collection (SC, CB, .BT); and statistical analysis (SC,
CB, BT).

References
1. Lindberg JG. Clinical studies of depigmentation of the pupillary
margin and transil-lumination of the iris in cases of senile cataract and also in normal eyes of the aged. MD Thesis. Helsinki:
Helsinki University; 1917.
2. Plateroti P, Plateroti AM, Abdolrahimzadeh S, Scuderi G. Pseudoexfoliation Syndrome and Pseudoexfoliation Glaucoma: A
Review of the Literature with Updates on Surgical Management. J Ophthalmol 2015;2015:370371. [CrossRef]
3. Knight ORJ, Kaleem M, Melvani R, Bregman J, Hunter T, Couser
NL, et al. Genetic abnormalities with glaucoma. In: Couser NL,
editor. Ophthalmic Genetic Diseases. USA: Elsevier; 2019. p.
99–106. [CrossRef ]
4. Kivelä TT. Histopathology of Exfoliation Syndrome. J Glaucoma
2018;27:S38–S43. [CrossRef]
5. Ritch R. Ocular Findings in Exfoliation Syndrome. J Glaucoma
2018;27:S67–S71. [CrossRef]
6. Jeng SM, Karger RA, Hodge DO, Burke JP, Johnson DH, Good
MS. The risk of glaucoma in pseudoexfoliation syndrome. J
Glaucoma 2007;16:117–21. [CrossRef]
7. Mitchell P, Wang JJ, Hourihan F. The relationship between glaucoma and pseudoexfoliation: the Blue Mountains Eye Study.
Arch Ophthalmol 1999;117:1319–24. [CrossRef]
8. Tekin K, Sekeroglu MA, Kiziltoprak H, Yetkin E, Doguizi S,
Yilmazbas P. Static and Dynamic Pupillary Characteristics in
Clinically Unilateral Pseudoexfoliation Syndrome. J Glaucoma
2018;27:552–7. [CrossRef]
9. Tekin K, Kiziltoprak H, Sekeroglu MA, Yetkin E, Bayraktar S,
Yilmazbas P, et al. Static and dynamic pupil characteristics in
pseudoexfoliation syndrome and glaucoma. Clin Exp Optom
2019;103:332–8. [CrossRef]
10. Fontana L, Coassin M, Iovieno A, Moramarco A, Cimino L.

Cate et al., Pseudoexfoliation Syndrome

Cataract surgery in patients with pseudoex-foliation syndrome:
current updates. Clin Ophthalmol 2017;11:1377–83. [CrossRef ]
11. Sangal N, Chen TC. Cataract surgery in pseudoexfoliation syndrome. Semin Oph-thalmol 2014;29:403–8. [CrossRef]
12. Repo LP, Naukkarinen A, Paljärvi L, Teräsvirta ME. Pseudoexfoliation syndrome with poorly dilating pupil: a light and electron
microscopic study of the sphincter ar-ea. Graefes Arch Clin Exp
Ophthalmol 1996;234:171–6. [CrossRef]
13. van der Valk R, Webers CA, Schouten JS, Zeegers MP, Hendrikse F, Prins MH. Intraocular pressure-lowering effects of all
commonly used glaucoma drugs: a meta-analysis of randomized
clinical trials. Ophthalmology 2005;112:1177–85. [CrossRef ]
14. LeBlanc RP. Twelve-month results of an ongoing randomized trial comparing brimonidine tartrate 0.2% and timolol
0.5% given twice daily in patients with glau-coma or ocular
hypertension. Brimonidine Study Group 2. Ophthalmology
1998;105:1960–7. [CrossRef]
15. Ahmed FA, Hegazy K, Chaudhary P, Sharma SC. Neuroprotective effect of alpha(2) agonist (brimonidine) on adult rat retinal
ganglion cells after increased intraocular pressure. Brain Res
2001;913:133–9. [CrossRef]
16. Vidal-Sanz M, Lafuente MP, Mayor-Torroglosa S, Aguilera ME,
Miralles de Imperial J, Villegas-Pérez MP. Brimonidine's neuroprotective effects against transient ischaemia-induced retinal
ganglion cell death. Eur J Ophthalmol 2001;11 Suppl 2:S36–
40. [CrossRef]
17. Galanopoulos A, Goldberg I. Clinical efficacy and neuroprotective effects of brimoni-dine in the management of glaucoma and
ocular hypertension. Clin Ophthalmol 2009;3:117–22. [CrossRef ]
18. Lee JH, You YS, Choe CM, Lee, ES. Efficacy of brimonidine tartrate 0.2% ophthalmic solution in reducing halos after laser in
situ keratomileusis. J Cataract Refract Surg 2008;34:963–7.
19. Edwards JD, Burka JM, Bower KS, Stutzman RD, Sediq DA,
Rabin JC. Effect of brimonidine tartrate 0.15% on night-vision
difficulty and contrast testing after refractive surgery. J Cataract
Refract Surg 2008;34:1538–41. [CrossRef]
20. Kato CO, Shimizu K, Kamiya K, Ishikawa H, Igarashi A. Effects
of brimonidine tar-trate 0.1% ophthalmic solution on the pupil,
refraction, and light reflex. Sci Rep 2018;8:9003. [CrossRef ]
21. Martínez CE, Applegate RA, Klyce SD, McDonald MB, Medina
JP, Howland HC. Effect of pupillary dilation on corneal optical
aberrations after photorefractive keratectomy. Arch Ophthalmol 1998;116:1053–62. [CrossRef]
22. Fan-Paul NI, Li J, Miller JS, Florakis GJ. Night vision disturbances after corneal refrac-tive surgery. Surv Ophthalmol
2002;47:533–46. [CrossRef]
23. McDonald JE 2nd, El-Moatassem Kotb AM, Decker BB. Effect
of brimonidine tartrate ophthalmic solution 0.2% on pupil size
in normal eyes under different luminance conditions. J Cataract
Refract Surg 2001;27:560–4. [CrossRef]
24. Endl MJ, Martinez CE, Klyce SD, McDonald MB, Coorpender

Cate et al., Pseudoexfoliation Syndrome

SJ, Applegate RA, et al. Effect of larger ablation zone and transition zone on corneal optical aberrations after photorefractive
keratectomy. Arch Ophthalmol 2001;119:1159–64. [CrossRef]
25. Kesler A, Shemesh G, Rothkoff L, Lazar M. Effect of brimonidine tartrate 0.2% oph-thalmic solution on pupil size. J Cataract
Refract Surg 2004;30:1707–10. [CrossRef]

213

26. Shemesh G, Moisseiev E, Lazar M, Kesler A. Effect of brimonidine tartrate 0.10% ophthalmic solution on pupil diameter. J
Cataract Refract Surg 2011;37:486–9. [CrossRef]
27. Tordsen JE, Bower KS, Warren BB, Stutzman R. Miotic effect of
brimonidine tartrate 0.15% ophthalmic solution in normal eyes.
J Cataract Refract Surg 2004;30:1702–06. [CrossRef ]

