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Effects of 1% cyclopentolate hydrochloride on anterior segment parameters obtained

with Pentacam in young adults

Efeitos do cloridrato ciclopentolato 1% sobre os pardametros do segmento anterior obtidos com Pentacam

em adultos jovens
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ABSTRACT

Purpose: To investigate the effects of topically applied 1% cyclopentolate hydro-
chloride on anterior segment parameters obtained with a Pentacam rotating
Scheimpflug camera in healthy young adults.

Methods: Anterior segment analyses of 25 eyes from 25 young adults (Group 1),
before and after 45 min of 1% cyclopentolate hydrochloride application, were
performed. For a control group (cycloplegia-free, Group 2), 24 eyes of 24 age- and
sex-matched healthy cases were evaluated twice at 45 min intervals. The results
obtained from the groups were compared statistically.

Results: The mean ages of the groups were 23.04 + 342 (range, 18-29) and 22.4 +
2.05 (range, 18-27) years for Groups 1 and 2, respectively (p=0.259). In Group 1,
measurements between the two analyses were significantly different for the values
of anterior chamber depth (ACD), anterior chamber angle (ACA), and anterior
chambervolume (ACV) (p<0.05), whereas no statistical difference was found for the
central corneal thickness (CCT) and keratometry (K1, K2) measurements. In Group
2,none of these parameters were statistically different between the two analyses.
Conclusions: Topically applied 1% cyclopentolate hydrochloride caused anincrea-
se in the ACD and ACV values, and a decrease in the ACA value. However, it had
no significant effect on the CCT and keratometry measurements. It is important
to consider these effects when using the Pentacam device on young adults with
cycloplegia and when applying it for various reasons.

Keywords: Biometry; Cornea; Corneal pachymetry; Cyclopentolate/administration
and dosage; Techniques, measures, measurement equipment

RESUMO

Objetivo: Pesquisarosefeitos docloridrato de ciclopentolato a 1%, aplicado topicamente,
em pardmetros do segmento anterior medidos com a camera de Scheimpflug Pentacam
em adultos jovens e sauddveis.

Métodos: A andlise do segmento anterior, de 25 olhos de 25 jovens adultos (Grupo
1), antes e apds 45 minutos da aplicagdo de cloridrato ciclopentolato a 1%, foram
realizados. Como grupo controle (sem cicloplegia, Grupo 2), 24 olhos de 24 pacientes
sauddveis pareados por idade e sexo, foram avaliados duas vezes em intervalos de 45
minutos. Os resultados obtidos com os grupos foram comparados estatisticamente.
Resultados: A média de idade dos grupos foram 23,04 + 3,42 (18-29 anos) e 22,4 + 2,05
(18-27) anos, respectivamente (p=0,259). No Grupo 1, as medidas entre os dois exames
foram significativamente diferentes para os valores de profundidade da caémara ante-
rior (ACD), angulo da camara anterior (ACA), e do volume da camara anterior (ACV)
(p<0,05 para todos), enquanto que ndo foram diferentes para a espessura corneana
central (CCT) e ceratometria valores (K1, K2). No Grupo 2, nenhum destes pardmetros
foi diferente entre os dois exames.

Conclusées: Aplicacao tépica de cloridrato de ciclopentolato a 1% causou um au-
mento nos valores de ACD e ACV e uma diminui¢édo nos valores da ACA. No entanto,
ele néo teve nenhum efeito significativo sobre as medidas de CCT e ceratometria. £
importante considerar esses efeitos sobre as medidas tomadas com Pentacam em
adultos jovens com cicloplegia quando aplicd-las em diferentes situagoes.

Descritores: Biometria; Cérnea; Paquimetria corneana; Ciclopentolato/administragéo
& dosagem; Técnicas, medidas, equipamentos de medi¢do

INTRODUCTION

The assessment of anterior segment structures has become an
important consideration for the planning of ocular refractive and
cataract surgery, as well as for diagnosing and treating glaucoma and
assessing corneal health. This assessment is typically performed by
means of slit lamp biomicroscopy in clinical applications. An objective
quantitative assessment of anterior segment structures is not adequa-
te, and direct iridocorneal angle visualization can only be achieved
using diagnostic contact lenses. Recently introduced anterior segment
imaging technologies, such as rotating Scheimpflug imaging and an-
terior segment optical coherence tomography, promise to overcome
these limitations. They offer quantitative information and qualitative
imaging of the cornea, anterior chamber, and iridocorneal angle!"9.

Cycloplegic agents, which relax the ciliary muscle, are primarily used
for detailed fundus examinations. They are also employed during
surgery, refraction, and in the treatment of some ocular diseases, such
as amblyopia, accommodative esotropia, and corneal traumas. In
addition, they can also be used in the management of uveitis, in order
to prevent adhesion of the iris. Their cycloplegic effects reduce ocular
pain and photophobia in ocular inflammatory diseases®'?. Atropine,
cyclopentolate, and tropicamide are the most commonly used cyclo-
plegic agents. Atropine produces the greatest amount of cycloplegia,
making it the gold standard, but its effects are prolonged, and it can
produce severe side effects. In contrast, cyclopentolate and tropica-
mide have relatively short durations of action, so they are used widely
in clinical practice">',
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For clinical results that involve cycloplegia, for example in cyclo-
pentolate-applied cases, it is important to determine how the condi-
tion influences anterior segment parameters. It is also important to
determine whether the changes that can arise with cycloplegia pose
arisk to patients. To the best of our knowledge, alterations to anterior
segment parameters in young adults, as measured with the Penta-
cam device following cyclopentolate-induced cycloplegia, have not
previously been reported in the literature. Therefore, we aimed to
explore this issue in this prospective study.

METHODS

This prospective study, consisting of a case series of healthy young
adult patients, was performed at the Gulhane Military Medical Facul-
ty, Department of Ophthalmology, in Ankara, Turkey. Local ethics
committee approval was granted for the study protocol and informed
consent was obtained from all the participants.

The study involved young adult patients aged between 18 and
29 years, who applied to the ophthalmology polyclinic for refractive
error examinations. Detailed demographic data was obtained and
each participant was subjected to a comprehensive ophthalmologic
examination. The best-corrected visual acuity of each patient was
recorded using a Snellen chart. Slit lamp biomicroscopy, indirect
fundus examinations, and intraocular pressure measurements (using
a noncontact tonometer) were then performed.

The inclusion criteria were: no additional ocular pathologies
other than refractive errors, with a best-corrected visual acuity of over
10/10 (on the Snellen scale) for both eyes; a refractive error (in sphe-
rical equivalent) within + 2.00 diopters; an intraocular pressure of
<21 mmHg in both eyes; a cup-to-disc (C/D) ratio of <0.4 and a C/D
ratio asymmetry of <0.2 between the two eyes, without any retinal
or optic disc anomalies as determined by a fundus examination. The
exclusion criteria were: diseases that could affect measurements in
either eye, such as corneal diseases, pterygium, cataracts, vitreous
opacity, retinal diseases, strabismus, glaucoma, and nystagmus; a
history of using topical/systemic medications; systemic diseases that
couldinterfere with the eye structure; and an unwillingness to partici-
pate. Additionally, patients who had undergone prior eye surgery for
any reason and who were not compliant during the measurements
were excluded from the study. None of the participants had a history
of contact lens use.

DEVICES USED IN THE STUDY

Potec PRK-6000 (Potec Co. Ltd, Daejeon, Republic of Korea): This
deviceis a tabletop autorefractometer that provides a rapid monocular
refraction measurement using a touch-screen function.

Pentacam (Pentacam Rotating Scheimpflug Camera; Oculus,
Wetzlar, Germany): This device can perform a complete measure-
ment of the anterior eye segment in less than two seconds, combi-
ning a rotating Scheimpflug camera with a static camera to acquire
multiple photographs of the anterior segment of the eye. The
Scheimpflug camera rotates, along with a monochromatic slit light
source, around the optical axis to obtain the slit images. This rotating
system performs a corneal scan from 0° to 180°, and each of the pho-
tographs represents an image of the cornea at a specific angle. The
static camera is placed in the center to control fixation. During mea-
surement, extraneous eye movements are detected by a static pupil
camera, and are automatically corrected for during the calculation
process. The photographs are used to reconstruct the anterior and
posterior corneal topographies using height data. The device also
analyzes the corneal central radii, corneal asphericity, various colored
maps of curvature and elevation, corneal pachymetry, crystalline lens
densitometry, and the complete anterior chamber (anterior chamber
depth, volume, and angle). The measurements are all non-contact
and are free of discomfort to the patient.
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EXAMINATIONS

All patients were divided into two groups. For Group 1, the re-
fractive errors of both eyes of the patients were measured without
cycloplegia, using the Potec PRK-6000. Anterior segment analyses of
both eyes was then performed with the Pentacam device (first exam).
Next, one drop of 1% cyclopentolate (Sikloplejin®, Abdi Ibrahim, Is-
tanbul, Turkey) was applied to both eyes of the patients. This applica-
tion was repeated 5 min later. The presence of light activation in the
pupils was checked 45 min after the first cyclopentolate application.
No pupillary activity was observed in any of the Group 1 patients. All
eye measurements were then repeated using both devices (second
exam). For Group 2 (the cycloplegia-free control group), all patients
were evaluated twice at 45-min intervals, using the same devices and
under identical conditions.

For measurements with the Potec PRK-6000, the patients were
asked to sit in a unit chair connected to the device, and to lean their
foreheads and chins to relevant locations relative to the device. The
Pentacam measurements were obtained in an environment with
dim light. Patients assumed a seated position with their chins on
the chin rest and their foreheads on the forehead bar, and they sat
looking directly at the fixation target. The researcher who obtained
the Pentacam measurements aligned and focused the images by
monitoring the ocular images from a computer monitor over time,
according to the manufacturer’s instructions. This included defining
the pupil edge and the central and corneal apices. To obtain a more
objective image, the automatic release mode of the device was used.
The device is capable of capturing a 25-slit image of the anterior
chamber and preparing the corneal pachymeter map and anterior
chamber analyses in less than two seconds.

The measurements from both groups were obtained by two
investigators under the same conditions, with each device being used
by the same investigator. All the measurements were repeated at least
three times. The averaged results were used to calculate the refractive
error and keratometry (K1, K2), central corneal thickness (CCT), anterior
chamber depth (ACD), anterior chamber volume (ACV), and anterior
chamber angle (ACA) values for a particular eye. The following formula
was used for the calculation of the spherical equivalent: spherical equi-
valent (diopter [D]) = sphere (D) + [cylinder (D)/2]7°.

STATISTICAL ANALYSIS

The measurements obtained from one randomly selected eye
from each subject in both groups were expressed as the mean +
standard deviation. Statistical analyses were performed using SPSS
software, version 13.0.1 (SPSS, Chicago, lllinois, USA; license no:
9069728, KTU, Trabzon, Turkey). Data normality was assessed using
the Kolmogorov-Smirnov test. The measurements from the two
examinations were compared with a paired samples t-test and an
independent samples t-test in both groups. P<0.05 was considered
as significant.

RESULTS

The study involved 49 eyes from 49 patients (31 male, 18 female).
The mean age of the cycloplegia group (Group 1, n=25) was 23.04
+3.42 years (range, 18-29), while the mean age of the control group
(Group 2, n=24) was 22.4 + 2.05 years (range, 18-27). There was no
significant difference between the two groups in terms of age or sex
distribution (P=0.259 and P=0.878, respectively).

Table 1 provides a comparison of the refractive error values calcula-
ted in terms of keratometry and spherical equivalent (SE), as obtained
during the two different exam sessions in both groups. No significant
changes occurred in either group in terms of keratometry values (K1
and K2) between the first and second exams. However, a hypereme-
tropic shift was observed in Group 1 in terms of the refractive error
values, while no similar significant changes were observed in Group 2.
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A comparison of the CCT, ACD, ACV, and ACA values obtained du-
ring the two different exams in both groups is provided in table 2. It
was observed that no significant changes occurred in either group in
terms of the CCT values between the first and second exams. Further-
more, no significant changes were observed in the Group 2 cases
between the two exams in terms of the ACD, ACV, or ACA values.
However, the ACD and ACV values significantly increased, and the
ACA values significantly decreased, in the Group 1 cases.

Table 1. The keratometric (K1 and K2) and spherical equivalent (SE) va-
lues obtained in two different measurement sessions for the cycloplegia
group (Group 1) and the control group (Group 2)

Exam Group 1 (n=25) Group 2 (n=24) p value**
K1 (D) First 4297412 4314 +1.34 0.6430
(41 -46) (39.9-45.7)
Second 4297 +£1.19 4315+1.34 0.6330
(40.9-45.8) (40-457)
Pvalues* 0.832 0.627
K2 (D) First 4361416 4401142 03550
(41-46.6) (40.3 - 46.9)
Second 4359+ 1.54 44 £142 0.3410
(40.9 - 46.6) (40.3 - 46.8)
Pvalues* 0.653 0477
SE(D) First -0.71+0.64 -044 +043 0.0900
(-1.75-0.13) (-1-0.5)
Second 0.28 £048 -048 +0.36 <0.0001
(-0.5-0.75) (-1-0.25)
P values* <0.0001 0.364

*= paired samples t-test; **= independent samples t-test.

Table 2. Results of the anterior segment measurements for the cyclo-
plegia group (Group 1) and the control group (Group 2), as obtained in
two different measurement sessions using the Pentacam device

Exam Group 1(n=25) Group 2(n=24) P value**

Central corneal First 53848 +34.32 55742 +3351 0.057
EE‘F;';”GSS (cn (483-617) (492 - 610)
Second 538.12+£333 556.38 £34.48 0.066
(484 -610) (489 - 606)
Pvalues 0.706* 0.269%
Anterior chamber First 308+034 3.03+0.23 0.569
depth (ACD) (mm) (202-354) (2555 - 3.54)
Second 3.19+0.34 3.02+0.23 0.047
(2.13-3.69) (2.54-3.51)
P values <0.0001* 0441%
Anterior First 3809 +8.13 39.19+4.28 0.555
f:g;;?gg:gg (227-552) (32-473)
Second 33.95+10.14 3936 +4.21 0.020
(15.1-493) (32.7-47.7)
P values <0.016* 0.631%
Anterior First 183.64 +40.38 17292 £23.15 0.263
(C:gmfnr n:?;“me (82-252) (136 - 236)
Second 190.96 + 37.89 171.5£23.46 0.037
(100-273) (136 -230)
P values <0.007* 0.183*

*= paired samples t-test; **= independent samples t-test.
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DISCUSSION

Uncorrected refractive errors are among the most common causes
of visual impairment in the world"”. In clinical practice, the most fre-
quently used methods of refractive error examination are retinoscopy
and autorefraction. During refraction examinations in young adults,
one of the most important concerns is control of the accommoda-
tive response. However, both retinoscopy and autorefraction can be
negatively affected by the accommodative response in young phakic
patients, frequently resulting in an overestimation of myopia and
consequently in incorrect treatments”'®. Non-cycloplegic fogging
and drug-induced cycloplegia are the most commonly used proce-
dures for minimizing the effects of accommodation during refraction.
In a previous study, it was found that the autorefractor’s auto-fogging
system did not appear to adequately neutralize the patient’s ac-
commodative activity, and the fixation target most likely induced
instrument myopia”. The development of a significant hyperemetro-
pic shift in the refractive error values in young adults with cyclo-
plegia in our study, supports findings relating to the inadequacy of
auto-fogging systems. In another study performed on young adults,
significant differences were found between the cycloplegic and
non-cycloplegic autorefraction values?”. Thus, cycloplegic refraction
examinations provided more reliable results in all age groups!'’1.

Recent developments in imaging techniques allow the clinician
to quantitatively calculate anterior segment parameters, such as ke-
ratometry, CCT, ACD, ACV, and ACA®??. Among these new technolo-
gies, the Pentacam device is a rotating Scheimpflug system that allows
for the noninvasive assessment of the anterior chamber structures.
It has been reported in various studies that this device provides a
noninvasive, repeatable, and reliable method for anterior segment
analysis of the eye(?". In our study, the repeatability of the Pentacam
device was found to be reliable because the repeated measurements
of the control group cases were statistically similar.

ACD and keratometry measurements are used for several applica-
tions in clinical practice and an accurate intraocular lens (IOL) power
calculation is very important for postoperative refraction analysis
following cataract surgery. Preoperative measurements of ACD and
keratometry are used in advanced IOL calculation formulas in order to
determine the IOL power calculation®?. An error of 0.1 mm in the ACD
measurement results in a 0.1 D error in the postoperative refraction
calculation. Therefore, IOL calculation formulas that anticipate pos-
toperative IOL positioning according to the ACD require extremely
precise preoperative ACD and keratometry measurements®?¥, Fur-
thermore, the ACD must be considered before phakic IOL implanta-
tion®? and screening for primary angle closure glaucoma (PACG)®#. In
our study, it was observed that cyclopentolate-induced cycloplegia
did not cause any significant changes in keratometry values, but it
did resultin asignificantincrease in ACD values. Therefore, such mea-
surements may result in postoperative refractive errors in cataract
patients, delayed glaucoma diagnoses in PACG patients, or corneal
endothelial cell damage in phakic IOL patients, due to the closer
positioning of the IOL to the corneal endothelium.

The ACV and ACA are other important anterior segment para-
meters in ocular pharmacokinetics and PACG development®?”, The
cycloplegic effect of 1% cyclopentolate results in the backward move-
ment of the crystalline lens and a decrease in its thickness. This causes
an increase in pupil diameter and a subsequently increase the ACD
and ACV values?*?®_In our study, it was observed that cyclopen-
tolate-induced cycloplegia resulted in a significant increase in ACV
readings and a significant decrease in ACA readings. The ACA decrease
can be attributed to the iris being bunched up at an angle following
the pupil dilatation®. Thus, an ACA assessment following cycloplegia
could resultin an inaccurate reading, i.e., too narrow. The impossibility
of obtaining detailed imaging of angle structures with the Pentacam
device represents a disadvantage of this technique. The reproducibility
of ACA measurements using the Pentacam system may therefore be
less than those obtained with UBM or gonioscopy®?.



The measurement of the CCT is another important factor in the
assessment of patients with corneal diseases and glaucoma, and in
screening for refractive surgery®. In our study, it was observed that
cyclopentolate-induced cycloplegia caused no significant change in
the CCT readings.

In a previously published study, the effect of cycloplegia cau-
sed by cyclopentolate application on anterior segment parameters
obtained with the Pentacam device, was analyzed in a pediatric age
group?. While no significant changes were observed in the mean
keratometry or ACA values, a significant decrease was observed in
the CCT, and significant increases were observed in the ACD and ACV
values'?. Furthermore, in a study analyzing the effects of single-dose
1% tropicamide in young adults, no significant changes were observed
in keratometry or CCT values after the application. However, a signifi-
cant increase was observed in the ACD and ACY measurements©?.
Interestingly, while no significant changes were observed in right-eye
ACA values, a significant decrease was observed in the left-eye values.
Thus, the significance of this study is difficult to determine due to the
disagreement in the mean values of the ACA, and due to the fact that
itdid not use a control group®. In addition, the cycloplegic effects of
one application of 1% tropicamide are less than for two applications
of 1% cyclopentolate®”, as used in our study. Therefore, to our knowled-
ge, this study is the first to use the Pentacam system to examine the
anterior segment changes that arise in young adults following an
efficient cycloplegic application.

The data obtained in this study are a combination of the cyclo-
plegic and mydriatic effects of the application of 1% cyclopentolate.
Various studies have reported changes to anterior segment para-
meters following mydriasis. One study, performed using anterior
segment optical coherence tomography (OCT), observed a decrease
iniris volume and an increase in ACA parameters (angle opening dis-
tance, trabecular iris angle, and trabecular iris space area) following
pharmacological dilation (using 5% phenylephrine hydrochloride
and 0.8% tropicamide)®?. The same study also reported an increase
in ACA parameters following mydriasis®?. Another study using OCT
reported a similar decrease in iris volume following pharmacological
dilation (using 1% tropicamide or 10% phenylephrine) in healthy
eyes, but no significant changes to the ACA or ACD values®?. In ano-
ther study performed using UBM, an increase was observed in the
ACA and ACD measurements after mydriasis (using 2% ibopamine,
10% phenylephrine, and 1% tropicamide), but no significant change
occurred in the corneal thickness®¥. This study also reported that the
ACD increase could also be detected using an A-scan ultrasonogra-
phic examination®®. Finally, an animal study performed using UBM
also reported an increase in ACA values following mydriasis (using
0.5% tropicamide)®>. Here, the increase in ACA and ACV following
pharmacological dilation was attributed to the backward movement
of the iris lens diaphragm as a result of longitudinal ciliary muscle
contraction®?. In contrast to these studies, we observed a decrease
in ACA values following pharmacological application. This is possibly
due to the use of a Pentacam device for obtaining measurements.
Also, unlike the above studies, the application of consecutive doses of
1% cyclopentolate produced both a cycloplegic and mydriatic effect.

The main aim of this study was to investigate the effects of 1% cy-
clopentate on eye measurements performed with a Pentacam device
in healthy young adults without a high refractive error. Cases with an
ocular refractive error above + 2 D, or with ocular problems such as
a narrow iridocorneal angle, glaucoma, or cataracts were excluded.
The fact that the effects of cyclopentolate in such eyes were not in-
vestigated thus represents a limitation of the study

In summary, the application of 1% cyclopentolate to the eyes
of healthy young adults caused significant increases to both ACD
and ACV measurements, and a decrease in the ACA measurement.
Therefore, these effects on anterior segment parameters should be
considered in a clinical setting, especially for cataract and refractive
surgery applications, and glaucoma diagnosis.
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