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Pupil Diameter Study: Factors Effecting Pupil Size In
Diabetic Patients

Pupil Cap1 Cahismasi: Diyabetik Hastalarda Pupil Capim1 Etkileyen Etmenler

Cetin AKPOLAT', Muhammed Mustafa KURT?, Ferhat EVLIYAOGLU", Mustafa Nuri ELCIOGLU?

ABSTRACT

Purpose: This study was designed to assess the factors affecting the pupillary diameter in patients with diabetic retinopathy.

Materials and Methods: One hundred and eight eyes of fifty-four patients were evaluated cross-sectionally to study the factors affecting the
pupillary diameter in diabetic patients. The pupillary diameter was measured using a Pentacam 30 min after the cyclopentolate administration.
The severity and duration of diabetes, phakic or intraocular lens status, pan-retinal photocoagulation history, al,-blocker usg, intravitreal in-
jection, and vitrectomy history were the items included in this study that could affect the pupillary diameter. The visual acuity and intraocular
pressure were also assessed.

Results: The outcomes of the present study revealed that the pupillary diameter was smaller in those patients with proliferative retinopathy and
long-term diabetes, and that the mean pupillary diameter was also smaller in the intraocular lens implanted patients. In addition, al,-blocker
use and a vitrectomy surgery history were related to the pupil size. Moreover, pan-retinal photocoagulation and the number of intravitreal in-
jections were insignificantly related to the pupillary diameter.

Conclusion: Among the factors studied, the severity and duration of diabetes were the prominent factors that played important roles in affect-
ing the pupillary diameter in the diabetic patients.
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Amag: Bu ¢aligma diyabetik retinopatili hastalarda pupil ¢apina etki eden faktorleri degerlendirmek amaciyla dizayn edildi.

Gerec Ve Yontem: Diyabetik hastalarda pupil ¢apini etkileyen faktorleri incelemek amaci ile elli dort hastanin 108 g6zii kesitsel olarak deger-
lendirildi. Pupil ¢api, siklopentonat uygulamasindan 30 dakika sonra Pentacam ile 6lgiildii. Diyabetin siddeti ve siiresi, fakik veya goz i¢i lens
olma durumu, panretinal fotokoagiilasyon, al -bloker kullanimi, intravitreal enjeksiyon ve vitrektomi pupil ¢apim etkileyebilecek etmenler
olarak caligmaya dahil edildi. Gorme keskinligi ve g6z i¢i basinci da degerlendirildi.

Bulgular: Calismamizin sonuglari, proliferatif retinopati ve uzun donem diyabetli hastalarda pupil ¢apimin daha kiigiik oldugunu ve intra-
okiiler lens yerlestirilen hastalarda da pupil capimin ortalamasimin daha kiigiik oldugunu ortaya koymustur. alA-bloker kullanimi ve vitrektomi
cerrahisi de pupil ¢apinda kayda deger 6neme sahipti. Pan-retinal fotokoagiilasyon ve intravitreal enjeksiyon sayisi pupil ¢capinda 6nemsizdi.
Sonug: Calisilan faktorler arasinda, diyabetin siddeti ve siiresi diyabetik hastalarda pupil ¢apinda 6nemli rol oynayan faktdrlerden belirgin
olanlariydi.

Anahtar Sézciikler: Pupil ¢ap1, diyabetes mellitus, retinopati.

INTRODUCTION the impairment of the micro and/or macrovascular circula-

Diabetes mellitus (DM) is a common health problem among tion.? In addition, DM is a leading cause of visual disabi

the worldwide systemic diseases.! DM has nephropathic, lity, which is commonly caused by diabetic macular edema
neuropathic, diabetic foot, and retinopathic effects due to (DME).2 Other than retinopathy, DM may affect the other
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ocular structures, such as the pupillary diameter. Its pupil-
lary manifestations include a small pupil size, the pupillary
response to light, and the pupillary response to pharmaco-
logical tests.* The most common pupillary sign is miosis,
which is believed to be the consequence of diabetic neuro-
pathy.® Additionally, pharmacological mydriasis is poor in
diabetic patients.®

The pupillary diameter (PD) is controlled by the autono-
mic nervous system; the parasympathetic innervation of the
sphincter pupillae muscle and sympathetic innervation of
the dilator pupillae muscle regulate the pupillary reaction.?’
Several studies have indicated that sympathetic autonomic
impairment develops earlier than parasympathetic impair-
ment in diabetic patients.®'° Although the reason for this is
not clear, it is believed to be due to the greater lengths in the
sympathetic nerve pathways.'! Thus, it has been postulated
that the main mechanism of miosis in diabetic patients is a
failure in the sympathetically-mediated pupillary dilation.*?
It is important to obtain adequate pupillary dilatation in fun-
dus examinations, retinal laser photocoagulation, and cata-
ract extractions in diabetic patients, because there may be a
poor pupillary reaction to mydriatic drugs in DM.

The aim of the present study was to investigate the factors
affecting the pupil size in diabetic patients, with regard to
the small pupillary diameter in these patients.

MATERIALS AND METHODS

A total of 54 patients were recruited for this cross-sectional
study. The study adhered to the tenets of the Declaration of
Helsinki, and the Institutional Review Board approved the
study protocol. All of the patients provided informed con-
sent prior to enrollment.

Medical history was obtained by historical questioning,
which included the patient’s age, gender, ocular history, DM
duration, and any other significant medical history, such as
hypertension, cardiovascular disease, renal insufficiency,
dyslipidemia, and smoking. The study included 108 eyes of
54 adult patients with diabetic retinopathy who were being
followed regularly in the Division of Retina, Department
of Ophthalmology. The exclusion criteria were the presen-
ce of any other ocular disorders that could affect the irises
or pupils, such as ocular trauma, rubeosis iridis, pupillary
synechiae, glaucoma, pseudoexfoliation syndrome, uveitis,
topical pilocarpine use, and any conditions that preclude the
precise measurement of the pupil size, such as significant
corneal opacity, hyphema, or poor patient cooperation. The
DM severity and duration, phakic or posterior chamber int-
raocular lens (PCIOL) status, exfoliation syndrome (XFS),
al,-blocker use, vitrectomy, panretinal photocoagulation
(PRP), and number of intravitreal injections [1.25 mg of be-
vacizumab (BEV) and/or 1 ml of 40 mg/ml triamcinolone
acetonide; we did not include the cases that were administe-

red ranibizumab because the ranibizumab was not available
during the study period] were the main factors affecting the
pupil size that were evaluated in this study. The severity of
diabetic retinopathy was scaled according to the Internati-
onal Clinical Diabetic Retinopathy Disease Severity Scale,
and the cataract status was determined by the Lens Opacities
Classification System IlI.

All of the patients underwent detailed ophthalmic exami-
nations prior to taking the pupil size measurements. The
following examinations were conducted: the best-corrected
visual acuity (BCVA) in logarithm of the minimum angle of
resolution (logMAR) units, the intraocular pressure (I0OP)
measured via Goldmann applanation tonometry, the anterior
segment evaluation via slit lamp examination, and fundus
assessment via +90D lens. Atropine requires a long period
of time to obtain maximal cycloplegia, and the recovery also
takes a long time. Cyclopentolate can achieve a more cyc-
loplegic effect than tropicamide. Therefore, standard topical
1% cyclopentolate was administered to the patients 3 times
with 10-minute intervals in order to achieve pupillary dila-
tation. The measurements were performed 30 minutes later,
following the last eye drop instillation. A single experienced
and masked technician measured the PD with Pentacam’s
(Oculus Optikgerdte GmbH, Wetzlar, Germany) automatic
release mode in diminished room light. Briefly, the subject
was asked to place his/her chin on the chin rest and their
forehead against the head rest. The subject was then asked
to open both eyes and look at the fixation target. The exa-
miner aligned the joystick so that the rotating Scheimpflug
camera automatically captured the pupil size of each eye.
The measurements were checked under the quality speci-
fication window, and only the correct measurements were
accepted (comment box reading “OK”). If the comment box
was marked in yellow or red, the examination was repeated.
The pupillary diameters were determined by the mean of the
maximum and minimum diameters in 2 right-angled meridi-
ans in oval-shaped pupils.

Statistical Package for the Social Sciences (SPSS) version
23.0 (IBM Corp., Armonk, NY, USA) was used for the sta-
tistical analysis. The distributions of the data were analyzed
with the Kolmogorov-Smirnov test. Abivariate analysis was
done to identify those factors associated with the PD. Those
variables in the bivariate analysis with P values of less than
0.05 were considered as candidates for inclusion in the mul-
tivariable linear regression model. The relationships betwe-
en the pupil size and the other variables were assessed using
Pearson’s and Spearman’s rank correlation coefficients. A 2-
tailed P value of < 0.05 was considered to be statistically
significant.

RESULTS

All data had normal distribution according to Kolmogo- rov-
Smirnov analysis. The mean age of the patients was
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58.13+£7.29 (44-78) years old, and the average DM durati-
on was 13.68+6.65 (2-25) years. Most of the patients were
females. The intraocular pressure (IOP) of the patient’s
eyes ranged between 11 and 26 mmHg, with a mean of
16.56+2.82 mmHg. The descriptive and variable data of the
patients are shown in Table 1.

Table 1. The descriptive and variable data of the patients
with diabetes mellitus

N (54) Percent (%)
Gender
Male 19 35.2
Female 85 64.8
DM Severity
Mild NDR 12 22.2
Moderate NDR 14 25.9
Severe NDR 11 20.3
PDR 17 31.6
al,-blocker usage
Use 12 22.2
Non-use 42 7.7

Table 2. The descriptive data of diabetic eyes

N (108) Percentage (%)
Lens
Phakic 77 71.3
PCIOL 31 28.7
XFS
Presence 19 17.6
Nil 89 82.4
PRP
Presence 82 75.9
Nil 26 24.1
VRS
Presence 15 86.1
Nil 93 139

The visual acuity of the patients was measured using the
Snellen chart, and then it was converted to the logMAR and
defined as the BCVA. The mean BCVA of the patients was
0.4740.01 logMAR. The PD was measured between 2.81
mm and 7.24 mm, and the PD mean was 5.09+0.91 mm.

Eighty-five (78.7%) eyes had no intravitreal BEV injections,
9 (8.3%), 9 (8.3%), and 5 (4.6%) eyes had 1, 2, and 3 inje-
ctions of intravitreal BEV, respectively. Eighty-six (79.6%)
eyes had no intravitreal triamcinolone acetonide (IVTA) in-
jections, 14 (13%), 3 (2.8%), and 5 (4.6%) eyes had 1, 2,
and 3 IVTA injections, respectively. Fifteen eyes had both
injections.

We found a significant negative correlation between the PD
and the BCVA, DM duration, and number of intravitreal
BEV and IVTA injections (Pearson correlations: r=0.404,
r=0.192, r=0.244, and r=0.398, respectively; P<0.05 for
all). Statistically significant negative Spearman’s correlati-
ons were noted between the PD and the gender, DM seve-
rity, lens, XFS, al -blocker, PRP, and vitrectomy (p=0.464,
p=0.372, p=0.600, p=0.342, p=0.261, p=0.319, and p=0.283,
respectively; P<0.05 for all). There were no significant po-
sitive correlations between the PD and any of the variables.

The results of the multivariable linear regression analysis
showed that patient gender (P<0.05), phakic or PCIOL sta-
tus (P<0.05), XFS (P<0.05), al,-blocker use (P<0.05), and
vitrectomy (P<0.05) were the factors that were independent-
ly associated with the pupil size of the patients. Overall, the
female patients, PCIOL patients, patients using al,-bloc-
kers, phakic eyes with XFS, and eyes that underwent vitrec-
tomies tended to have smaller pupils.

DISCUSSION

The iris has the autofocusing ability to regulate the PD. Pu-
pil size variability is defined as the mobility of the pupil over
time, both spontaneous and when forced by external stimu-
li.2* The methods for measuring the pupil size have impro-
ved over the years.* Currently, the Pentacam and Orbscan
are in clinical use today to evaluate the anterior segment pa-
rameters, including the PD.% The Pentacam is based on the
Scheimpflug principle, and it scans the anterior and posteri-
or cornea with a rotating Scheimpflug camera.’®

There are many factors that can affect the pupil size. Some
examples include drugs, systemic diseases (DM, hyperten-
sion), psychological conditions, ocular pathologies, ocular
injuries, refractive error, suppression amblyopia, functional
anisocoria, Horner’s syndrome, Adie’s tonic pupil, tumors
in the midbrain, internal ophthalmoplegia, luminance, and
age.r® In the current study, we investigated the factors
affecting the PD in patients with DM. To the best of our
knowledge, there are no other articles on this subject in the
literature, so the present paper might be the first study with
regard to this topic.

It has been shown that long-term diabetic patients are more
likely to develop diabetic neuropathy.? Several studies have
revealed that patients with a longer duration of diabetes
have smaller pupils.??® Moreover, a significant associati-
on between small pupils and the severity of retinopathy has
also been reported.?* Supporting the literature, in the current
study, we documented a significant association between the
PD and the DM severity or duration.

Guillon et al.®found that age was a factor affecting the pu-
pillary diameter, with a smaller diameter in older groups,
but the overall difference was only significant between the
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pre-presbyopes and the established presbyopes. However,
we did not find a significant correlation between the PD and
age.

Koh et al.® reported that female patients had significantly
greater anisocoria and a higher constriction ratio when com-
pared to male patients, which supports our results indicating
that females have smaller pupils.

The present paper showed that patients with PCIOL have
more constricted pupils, as in the study by Li et al.?® They
found that the PD might decrease after IOL implantation un-
der both photopic and scotopic conditions, which may be
caused by mechanical contact between the intraocular lens
and the posterior iris surface.

In patients using al,-blockers (tamsulosin), decreased dila-
ted pupillary diameters have been observed when compared
to the control groups.?” Additionally, Al-Kharashi et al.?®su-
ggested that pupillary diameter changes are reversible. We
also found a significant constrictor effect of a1 ,-blockers on
the PD in diabetic patients.

Unlike Yilmaz et al.,®® who demonstrated via automated in-
frared pupillary measurements that PRP may significantly
increase the pupil size, whether it is performed with a con-
ventional laser or patterned scanning laser (PASCAL), we
observed a negatively significant Spearman’s correlation
between the PD and PRP. However, this was not supported
by the regression analysis, which means that the PD may be
randomly associated with PRP.

When combined with an older age, the presence of XFS
increases the probability of observing miotic pupils during
the clinical evaluation.**We also found significant pupillary
constriction in the eyes with XFS.

We did not find any papers describing the relationship betwe-
en the PD and the BCVA, number of intravitreal injections
(with the exception of BEV), and vitrectomy. Among these
variables, only vitrectomy had a significant miotic effect on
the pupil size in the diabetic patients.

In conclusion, there are many factors affecting the pupil
size in diabetic patients, and the present study might be a
unique paper in this field. Of these factors, the DM severity
and duration were the leading reasons for pupillary constri-
ction. Additionally, the female gender, PCIOL, vitrectomy,
and a1, -blocker use were the subsequent factors associated
with asmall pupil size. Its cross-sectional nature and small
sample size were the limitations of this study. Therefore,
new studies should be conducted while considering these
limitations.
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