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Changes in anterior chamber eye during accommodation as assessed using a

Dual Scheimpflug system

Mudangas na cimara anterior do olho durante a acomodacgio avaliadas por meio de sistema de

Scheimpflug duplo
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ABSTRACT

Purpose:Tostudy the changesinanteriorchamberdepth (ACD), anterior chamber
angle (ACA), and pupil diameter (PD) during accommodation.

Methods: Eighty eyes of 80 subjects, aged 22 to 40 years, were included. The ro-
tating Dual Scheimpflug and a Placido disc system (Galilei G4, Ziemer Ophthalmic
Systems AG, Switzerland) was used to measure the changes in ACD, ACA, and PD
during accommodation. ACD measurement was taken for the central zone and
for 4 more positions, each in different orientation (nasal, superior, temporal and
inferior), 4 mm away from the centre. ACA was measured for the whole eye as
well for the nasal, superior, temporal, and inferior quadrants. These metrics were
obtained forvariousaccommodation stimuli,ranging from+1Dto-4 Din 1-D steps.

Results: For a given position, the ACD did not vary significantly with accommo-
dation. For the central ACD, the percentage of relative change between far and
near vision was -4.11%. The ACA was significantly lower at the inferior, temporal,
and superior positions. There was no change in the ACA of the whole eye and
that of the nasal orientation. These two eye metrics were significantly lower in
the superior-nasal than in the inferior-temporal region. At each vergence studied,
the PD decreased significantly with accommodation. The relative change after the
-4 D stimulus was -8.13%.

Conclusion: ACA and PD varied significantly with accommodation, whereas no
such variation of ACD was observed. Further, the anterior chamber was found to
be asymmetrical, with the nasal-superior area becoming significantly shallower
than the inferior temporal region.

Keywords: Anterior chamber; Pupil; Accommodation, ocular; Techniques, measu-
res, measurement equipment

RESUMO

Objetivo: Estudar as mudangas na profundidade da camara anterior (ACD), dngulo
da camara anterior (ACA) e didmetro da pupila (PD) durante a acomodagdéo.
Métodos: Foram incluidos 80 olhos de 80individuos comidades entre 22 e 40 anos. Um
sistema rotacional de Scheimpflug duplo acoplado a um sistema de disco de Placido
(Galilei G4, Ziemer Ophthalmic Systems AG, Suica) foi usado para medir as mudangas
na ACD, ACA e PD, durante a acomodacéo. As medidas da ACD foram consideradas na
zona central eem mais 4 posi¢oes, cada uma em orientacdo diferente (nasal, superior,
temporal e inferior), a4 milimetros de distancia do centro. O ACA do olho inteiro, assim
como nos quadrantes nasal, superior, temporal e inferior foram medidos. Todos estes
indicadores foram obtidos por vdrios estimulos acomodativos, que variaram de +1 D
a-4Dem intervalos de 1 D.

Resultados: AACDndo variousignificativamente com acomodagdo para qualquer
determinada orientagdo, sendo a percentagem de variagdo relativa entre longe
e visdo de perto -4,11% para a ACD central (onde sinal negativo representa uma
diminui¢do na ACD). Em relagcdo ao ACA, este diminuiu significativamente em
posicoes inferiores, temporais e superiores. O ACA total de olho e o ACA nasal ndo
se alterou. Estas duas métricas oculares foram significativamente menores no par
nasal-superior do que no temporal-inferior. Finalmente, PD diminuiu significati-
vamente com a acomodacgdo em cada vergéncia estudada, a mudanca relativa
apos o estimulo de -4 D foi -8,13%.

Conclusédo: ACAe PDvariaram significativamente com aacomodagdo, enquanto ACD
ndo. Além disso, a cmara anterior se mostrou alterar assimetricamente, com a drea
nasal-superior se tornando significativamente mais rasa do que a temporal-inferior.

Descritores: Camara anterior,; Pupila; Acomodagdo ocular; Técnicas, medidas, equi-
pamentos de medi¢ao

INTRODUCTION

The changes in anterior chamber depth (ACD), anterior chamber
angle (ACA), and pupil diameter (PD) that occur during the eye’s
accommodation, have been extensively studied. Table 1 is a compi-
lation of the results of all studies that evaluated at least one of these
three eye metrics during accommodation. Studies assessing the
changes in central ACD"?9, mean ACA"®,and PD®7?52829 during ac-
commodation concluded that these metrics decreased after increa-
sing the stimulus vergence. Figure 1 is a side-by-side comparison of

two Scheimpflug images that show central ACD for far vision and for
-4 diopters (D) of accommodation.

The changes in the peripheral ACD and ACA at different meri-
dians during accommodation have not been studied. Quantifying
the possible position-related changes in ACD could enable the
development of new intraocular lenses (IOL) that preserve the
anatomical structures (corneal endothelium, iris, or crystalline lens).
Reports of studies assessing the changes in ACA along the horizontal
and vertical meridians during accommodation are limited". Further,
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CHANGES IN ANTERIOR CHAMBER EYE DURING ACCOMMODATION AS ASSESSED USING A DUAL SCHEIMPFLUG SYSTEM

Table 1. Results of reported studies that assessed the anterior chamber depth (ACD), anterior chamber angle (ACA), and pupil diameter (PD) with
accommodation. The negative sign indicates a decrease in the ACD, ACA, or PD

Mean change

Number of Mean age + SD Refractive error +£ SD ACAvalue inPD value
Reference Device used eyes (age range) (refractive error range) Mean change in ACD (mm) (degrees) (mm)
Alderson et al.” Lenstar 10 29 (22-39) -2.11+250 After -5 D:-0.22 + 0.06 - -
(-6.00 — +0.38)
Baikoff et al.?) oCT 1 albino eye 19 2 After -10 D: -0.407 - -
Baikoff et al.®) oCT 104 39+ 15.20 (7-82) (-5.00 +5.00) After mamimum accommodation, - After-10 D in
with 20 years: -0.30 dim light:-1.5
After maximum accommodation, - -
with 40 years: -0.10
After mamimum accommodation, - -
with 65 years: 0.00
Bolzetal® PCl 10 emmetropic  23.00 + 240 (19-31) -0.03+0.08 After -1 D:-0.01 - -
(-025-0) After -2 D-0.05
After-3D:-0.12
After-4 D:-0.19
After -5 D:-0.27
10 myopic 2470 +3.90 (19-31) -4.70+1.50 After-1D:-0.33 - -
(-725--275) After -2 D-0.55
After-3D:-0.14
After -4 D:-0.22
After-5 D:-0.25
Drexler et al.® PCl 10 eyes 30 (25-39) (-5.25 --0.25) At near point--0.186 + 0.09 - -
Duetal® UBM 37 28.8 + 6.9 (20-40) -16.71 + 464 After pharmacological - -
(-23.86 - -8.63) accommodaion:
vertical:-0.18 + 0.16
horizontal:-0.15 + 0.09
Duetal?” UL-OCT 41 335+69(21-41) -250+260 After -5 D:-1.43 - After-5D:-1.117
Dubbelman et al.® Scheimpflug 65 32+9(16-51) -14 Change per diopter: - -
camera -0.0484+0.0004* age
(Nidek Eas-1000)
Garner et al.”) A-Scan 1 21.2(18-28) -1.88+1.64 After-1.50 D:-0.02 - -
(-4.25 - 4+0.50) After -3.50 D: -0.09
After -5.50 D:-0.20
After-8.00 D:-0.24
Kaluzny et al.™® Ultrasound 372 11.30 £ 4.43 (4-9) (-9.00 - +9.00) After maximal accommodative - -
biometry effortin:
emmetropic group: -0.14 £ 0.14
myopic group: -0.07 +0.13
hyperopic group:-0.24 £ 0.16
Kasthurirangan et al"" MRI 15 22.8+3.1(19-29) +0.75 D sphere less than At near viewing: -0.31 + 0.30 - -
0.50 D cylinder mean diopters near viewing:
[6.9104.38]
Kirschkamp et al."? A-Scan 9 (20-38) - After -4 D:-0.2 - -
Koivula et al.”® oCT 41 myopic 24-49 -6.30 After -4.50 D:-0.32 - -
(-14.50 - -3.50)
11 hyperopic 2.60 After -4.50 D: -0.28 - -
(1.10-3.80)
Koretz et al.™ Scheimpflug 41 (18-40) (2-+42) After -1 D:-0.037 + 0.026 - -
Slit lamp
Mallen et al."® IOLMaster 30 emmetropic 2140 +2.00 -007 £0.23 After -6.00 D: -0.19 + 0.05 - -
30 myopic 21.5+2.10 -3.59+0.75 After -6.00 D:-0.18 + 0.03
Marchini et al.!® UBM 26 eyes with 76 + 6 (66-87) - After -3 D:-0.03 + 0.30 After-3D -
monofocal IOL horizontal:
implantation -1.22 +£5.81
vertical:
-0.75+4.87
UBM After -3 D:-0.04 +0.09 After-3D -
Hi-Scan horizontal:
-108+353
vertical:
-4.15+298

SD= standard deviation; AC-OCT= anterior chamber optical coherence tomography; AC= anterior chamber; UBM= ultrasound biomicroscopy; UL-OCT= ultralong scan depth optical co-
herence tomography; MRI= magnetic resonance imaging; HR-OCT= high-resolution optical coherence tomography; AS-OCT= anterior segment optical coherence tomography; SD-OCT=
Spectral domain optical coherence tomography; SL-OCT= Slit lamp optical coherence tomography; PCl= Partial coherence interferometry.
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Table 1. Results of reported studies that assessed the anterior chamber depth (ACD), anterior chamber angle (ACA), and pupil diameter (PD) with

accommodation. The negative sign indicates a decrease in the ACD, ACA, or PD (continued)

Mean change
Number of Mean age + SD Refractive error + SD ACAvalue inPD value
Reference Device used eyes (age range) (refractive error range) Mean change in ACD (mm) (degrees) (mm)
Malyugin et al.’” oCT 31 emmetropic 259+ 2.3 (20-33) -0.39+£0.33 (-1.00-0.13) After-1 D:-0.03 £ 0.03 - -
After-3D:-0.12 +£ 0.06
After -6 D:-0.19 + 0.08
After-10 D:-0.21 £ 0.08
36 myopic 266+4.5(19-35)  12.52+4.07 (-20.00 —-6.25) After -1 D:-0.05 + 0.03 - -
After -3 D:-0.09 + 0.05
After -6 D:-0.12 + 0.07
After-10 D:-0.13 £ 0.06
Nietal(® Pentacam HR 23 2440+ 2.60 (18-29) 0.00 After -5 D:-0.11 - -
15 55.70+5.10 (43-58) 0.00 After-1 D:-0.01 -
Ostrin et al.” A-Scan 22 25.80+2.30(21-30) Right eye -2.53 + 1.98 After-1 D:-0.051 +0.01 - -
(-6.00 - +0.75)
Lefteye:-2.52 £2.19
(-5.75=+2.75)
Petternel et al.”? pCl 11 myopic 38.00+9.00(19-53) -16.10 £ 2.60 (-23.30 - -9.40) After -3 D:-0.04 + 0.07 - -
2 hyperopic +6.60 + 1.10 (+5.50 - +7.80) -
Poinoosawmy et al.?”  Haag-Streit 125 (35-70) (-1.75--0.25) Pharmacological accommodation: - -
Pachometer After 15 minutes: -0.44
Slit-image After 30 minutes: -0.55
photography After 60 minutes: -0.57
Read et al.?? Pentacam HR 11 24 (20-30) Sphere: (0.25 — +0.50) After -5 D:-0.14 £ 0.05 - -
Cylinder: (-0.25 - 0.00)
Read et al.?? Lenstar 19 emmetropic 25+4(18-33) -0.05+0.27 After -3 D:-0.10 + 0.09 - -
After-6 D:-030 £ 0.14
21 myopic -1.82+084 After-3 D:-0.14 £ 0.11 - -
After-6 D:-0.29 £ 0.14
Ruggeri et al.?¥ ocT 2 35 - After -4 D:-0.07 - -
Tsorbatzoglou et al.**) PCl 32 (16-30) -0.05+0.13 After -4.50 D:-0.08 + 0.06 - -
37 (31-44) -0.03+032 After -3.00 D:-0.06 + 0.09 -
32 (45-71) +021+0.19 After -0.50 D:-0.03 + 0.06 -
Yan et al.®® oCT 42 emmetropic (6-20) 0 After maximum - After maximum
amplitude of accommodation: amplitude of
-0.25+0.09 accommodation:
-0.95+0.53
42 myopic (21-40) -4.75--025 After maximum - After maximum
amplitude of accommodation: amplitude of
-0.15+0.07 accommodation:
-052+037
42 hyperopic (41-60) +0.25-+175 After maximum - After maximum
amplitude of accommodation: amplitude of
-0.06 + 0.04 accommodation:
-0.26 £0.25
Yuan et al.#” oCT 20 331+58 -2.76 + 261 (-6.88-0.00) After maximal - After maximal
accommodation ~ -0.05 accommodation
~0.65
Zhou et al.?® oCT 1 37 -35 After -2 D:-0.02 - -
After-5.50 D:-0.13
Charman et al.* Hartmann-Shack 20 emmetropic 2530+5.70 -0.07 + 0.26 (-0.50 — +0-50) - - After -1 D:
-021£0.15
20 myopic 2310+ 450 -3.06 + 2.35 (-8.45 ~ -0.60) - - After -1 D:
-031+0.29

SD= standard deviation; AC-OCT= anterior chamber optical coherence tomography; AC= anterior chamber; UBM= ultrasound biomicroscopy; UL-OCT= ultralong scan depth optical co-
herence tomography; MRI= magnetic resonance imaging; HR-OCT= high-resolution optical coherence tomography; AS-OCT= anterior segment optical coherence tomography; SD-OCT=
Spectral domain optical coherence tomography; SL-OCT= Slit lamp optical coherence tomography; PCl= Partial coherence interferometry.

no previous studies assessed the possible changes in ACA during
accommodation in young population. Such studies will enable
the development of new anterior chamber IOLs that better fits the
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anterior chamber eye. Several studies have evaluated the changes
in pupil diameter during accommodation®”262629 However, four of
these studies®”?5?® included myopic or hyperopic subjects and mea-
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CHANGES IN ANTERIOR CHAMBER EYE DURING ACCOMMODATION AS ASSESSED USING A DUAL SCHEIMPFLUG SYSTEM

Figure 1.Scheimpflugimages obtained with the measuring device, which combines a rotating Dual Scheimpflug and a Placido disc system (Galilei G4,
Ziemer Ophthalmic Systems AG, Switzerland). The images represent changes in the anterior chamber depth (ACD) for far vision and after -4 Diopters
of accommodation in the same subject. ACD,__represents the central ACD during accommodation. ACD,  represents the central ACD for far vision.

sured the changes in pupil diameter with stimuli vergences beyond
5 D. Further, a Scheimpflug system has not been used to study the
changes in pupil that occur during accommodation.

The aim of the present study was to evaluate the changes in ACD,
ACA, and PD during accommodation. For this purpose the rotating
Dual Scheimpflug and a Placido disc system (Galilei G4, Ziemer
Ophthalmic Systems AG, Switzerland) was chosen as a measuring
devices. To our knowledge, this is the first comprehensive study that
evaluated all of these ocular metrics during accommodation.

METHODS
STUDY COHORT

Eighty right eyes from eighty subjects (39 men and 41 women),
whose ages ranged from 20 to 40 years (mean + standard deviation =
30.36 + 7.32 years), with a mean spherical equivalent of 0.80 + 0.73
diopters (D) were included in the study. All patients were informed of
the details of this study and a written informed consent was obtained
in accordance with the Helsinki Declaration. An Institutional Review
Board approval was not required for this study. Subjects with best-correc-
ted visual acuity below than 20/40, ocular or systemic disease, history
of ocular surgery, intraocular pressure above 21 mmHg, or retinal or
optic disk pathology were excluded from the study.

MEASURING DEVICE AND STUDY METRICS
Measuring device

The rotating Dual Scheimpflug and a Placido disc system (Galilei
G4, Ziemer Ophthalmic Systems AG, Switzerland) (Figure 2) is one of
the latest versions of the Galilei topographer. This device integrated
both the Placido and rotated Dual Scheimpflug images to generate
a three-dimensional model of the anterior eye segment. This device
also recorded images of the cornea, iris, pupil, limbus, anterior cham-
ber, and the lens. Additionally, the Galilei G4 has a red-LED near/far
adjustable fixation target, which can be moved in 0.25-D steps from
-20 D to +20D.

Eye metrics

The Galilei G4 was used to record the central and peripheral ACD,
mean ACA of the whole eye, local ACA, and the PD.These eye metrics
were measured for far, intermediate, and near vision. The central ACD
was measured automatically as the distance between the corneal
endothelium and the anterior surface of the crystalline lens. The
peripheral ACD was measured 4 mm away from the corneal centre,
and was defined as the distance between the corneal endothelium
and the iris. This eye metric, which had a resolution of 0.01 mm, was
measured manually from the Scheimpflug images at 0 degrees (to
measure nasal and temporal ACD) and at 90 degrees (to measure su-
perior and inferior ACD). The ACA was measured automatically as the
intersection between the posterior corneal surface and the iris, with
aresolution of 0.1 degrees. The ACA of the whole eye was calculated
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as the average value generated from the 3-D model. This eye metric
was also measured individually at the nasal, temporal, superior, and
inferior positions. Finally, the PD was computed as the diameter of
the best-fit circle for the central image, with a resolution of 0.0T mm.

EXPERIMENTAL PROCEDURE

Before each measurement, the central Placido rings were focused
and the instrument was aligned. Following this, a volunteer was re-
quested to blink and look at the fixation target for 2 seconds to get an
appropriate accommodation responset?. Then, to avoid distortion,
the subject was requested to not to blink during the measurement.
To ensure that all measurements were made under the same lighting
conditions, the experiments were performed in dark.

The ACD, ACA, and PD were measured for a viewing distance that
ranged from +1 D to -4 D, in 1-D steps. Far, intermediate, and near
vision ranged from +1 Dto 0 D, -1 D to -2 D, and -3 D to -4 D, res-
pectively. These parameters were used so as to study the changes in
the anterior eye segment during the most common accommodative
effort. Three measurements were made for each accommodation sti-
muli and the average value was retained. A single specialist, who had
prior experience operating this device and who also was not aware
of the study’s goal, carried out all experiments. For each subject, all
measurements were made within a single session.

STATISTICAL ANALYSIS

SigmaPlot for Windows version 11 (Systat Software, Inc.) was used
for the statistical analysis of the data. Since the main goal was to com-
pare the values obtained under different conditions such as accom-
modative stimulus and anatomical location, the study had a factorial
design. Therefore, once the normality assumption was confirmed
using the Shapiro-Wilk test, the repeated-Measures ANOVA was cho-
sen as the most suitable test. The Post-Hoc multiple-comparison test
by means of the Holm Sidak method was then performed in those
cases where the ANOVA revealed differences. The threshold of statis-
tical significance was set at P=0.05.

For ACD, a Two-Way Analysis of Variance was performed, whose
two factors were “accommodative stimulus” and “location”. For the
analysis of the pupil size and mean ACA, the One-Way Analysis of
Variance was chosen, with "accommodative stimulus” as its main
factor. Finally, for location-dependent ACA, the Two-Way Analysis of
Variance was used, with “location” and “accommodative stimulus” as
the two factors.

RESULTS
ANTERIOR CHAMBER DEPTH

Table 2 summarizes the ACD values for each accommodation
stimuli and position. The percentage of relative change between far

and near vision was -4.11%, 7.57%, -2.11%, 7.56%, and -0.51% for cen-
tral, superior, inferior, nasal, and temporal ACD, respectively, where
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Figure 2. Photograph of the measuring device used in this study.

Table 2. Mean anterior chamber depth (ACD), anterior chamber angle (ACA), and pupil diameter (PD) for far (0 D) and near vision (-4 D) ACD and

pupil diameter are expressed in mm and ACA in degrees

Anterior chamber depth

Anterior chamber angle Pupil diameter

Central Superior Inferior Nasal Temporal Mean Superior Inferior Nasal Temporal Mean
0D 307+008 158+011 1794012 143+£009 197+009 3472+248 33471095 36.18+0.84 3432+096 3649+082 3.08+0.16
-1D 305+008 164+£011 1.76+011 149+0.11 208+0.10 3473+£177 3392+067 3675+104 3394+0.75 36.60+068 291+0.15
2D 302+£008 157+009 182+0.13 153+0.11 2.06+0.11 3446+191 3379+064 3652+079 33.62+068 3582+059 290+0.11
3D 294+£007 157+010 184+012 1524009 206+0.11 33.77+£198 3300+£083 3472+066 3386+0.53 3429+124 284 +0.11
4D 295+007 168+011 173+£011 153+0.11 1.96 £0.11 3336+158 31.72+056 3424+£036 3257+1.10 35.00+049 275+0.11

the negative values indicate a decrease in the ACD and the positive
values suggest an increase in ACD. No statistical significant diffe-
rences were observed in this eye metric among far vision and each
accommodation stimuli.

The highest ACD was obtained at the central position. The qua-
drant nasal-superior was significantly shallower than the temporal-
inferior quadrant. Further, comparable values were obtained betwe-
en each pair (nasal-superior, and temporal-inferior). This behaviour
was also observed at far and near vision.

ANTERIOR CHAMBER ANGLE

Table 2 summarizes the ACA values for each accommodation-sti-
muliand position. The percentage of relative change in ACA between
far and near visions was -4.55%, -3.72%, -4.71%, -5.07% and -3.73%
for nasal, temporal, superior, inferior, and mean ACA, respectively.
Whereas the mean ACA at the nasal position and of the whole eye
did not vary significantly with accommodation, significant variation
was observed in other positions. A significant reduction in ACA at
temporal position was obtained among -3.00 D and -1.00 D and 0 D;
among -4.00 D and -1.00 D and -2.00 D at superior position, and
among -4.00 D and 0.00 D, -1.00 D and -2.00 D at the inferior position.

The nasal-superior quadrant had significantly lower ACA than the
temporal-inferior quadrant. Further, comparable ACA was obtained
between each pair (nasal-superior and temporal-Inferior).

PuPIL DIAMETER

Table 2 also highlights the absolute PD with accommodation. The
PD was reduced -8.31% between far and near visions, and the diffe-
rence became significant between -4.00 D and -3.00 D and between
-1.00 D and -4.00 D.

DISCUSSION

The objective of the present study was to assess the changes in
ACD, ACA and, PD during accommodation.

ANTERIOR CHAMBER DEPTH

The central ACD did not change significantly (P>0.05) with accom-
modation, the mean change between far and near vision being 0.13
+ 0.13 mm. A number of studies (Table 1) have assessed the changes
in central ACD during accommodation. Our results are in agreement
with those found previously in emmetropic volunteerst1>17:1822232526)
Bolz et al.”), who used partial coherence interferometry, found a
relative ACD decrease of 4.92% after -4.00 D of vergence. Mallen et
al." studied the changes in ACD during accommodation using the
IOLMaster. The ACD obtained after -6 D accommodation was 5%
shallower than that measured for far vision. Malyugin et al."”, Read et
al.®¥ and Tsorbatzoglou et al.”” studied changes in ACD after -3.00 D
of accommodation and found that the relative changes were 3.80%,
3.20% and 2.23%, respectively. Finally, Ni et al"® and Read et al?? also
studied the changes in ACD with accommodation in young eyes with
the help of Pentacam HR. After -5 D accommodation, the mean ACD
decreased approximately by 0.11 mm and 0.14 mm, respectively.

However, Yan et al.? found greater changes than that observed
in previous studies. The central ACD decreased by 0.25 £ 0.09 mm.
This magnitude of change is approximately 0.12 mm greater than
that found in our study. The difference between our results and that
of Yan et al.?® could be due to the stimulus vergence range under
analysis. Whereas the highest vergence in our study was -4 D, a ver-
gence was not reported by Yan et al. since these authors used the
subject’s maximum amplitude of accommodation.
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Our results also showed that the ACD is asymmetrical along the
eye (Table 2), where the quadrant superior-nasal was significantly
shallower than the quadrant inferior-temporal. These results are in
agreement with those reported by Kog et al.?”, who studied the an-
terior chamber width with the help of a Scheimpflug camera. These
authors found that the superior-nasal quadrant was significantly
narrower than the inferior-temporal quadrant. However, our results
contradict the results of Marigo et al.®", who used ultrasound biomi-
croscopy (UBM) for their studies. These authors found that the angle
opening distance at 250 and 500 um from the scleral spur was shallo-
wer at the horizontal direction than that in the vertical direction.
These differences could be related to the different methodologies
used in the studies. It can be concluded that ACD is asymmetrical
along the anterior chamber eye. Further studies are needed to clarify
these contradictions and to propose safer IOL designs, where thick-
ness should be asymmetrical in order to avoid possible damage in
the corneal endothelium.

ANTERIOR CHAMBER ANGLE

The ACA of the whole eye changed during accommodation. The
relative decrease in ACA was 3.73%. However, the local ACA varied
significantly with accommodation. The highest and lowest relative
decreases in the ACA after -4 D of accommodation was 5.07% (at
inferior position) and 3.72% (at temporal position), respectively. The
superior-nasal ACA was significantly narrower than the temporal-
inferior ACA. Therefore, it can be concluded that ACA varies in an
asymmetrical manner along the anterior chamber eye. These results
are in agreement with those of Kog et al.*”, who studied the ACA
width at different quadrants. These authors found that the superior-
nasal quadrant was significantly narrower than the temporal-inferior
quadrant. Further, these results are in agreement with ACD ones
because the nasal-superior ACD was significantly shallower than the
temporal-inferior ACD. However, our results contradict those repor-
ted by Marigo et al.®", who found shallower angle opening distance
at the horizontal direction than in the vertical direction. As discussed
earlier, these discrepancies might be related to the different devices
used in these studies. To propose a suitable method for placing an
angular support IOL, future studies should clarify the ACA symmetry.

To the best of our knowledge, this is the first report that descri-
bes the changes in ACA during accommodation® in subjects who
underwent IOL implantation and whose mean age was 76 + 6 years.
After 3 D of accommodation, the ACA decreased by approximately
1.22 degrees at the horizontal meridian and by 0.75 degrees in the
vertical direction. Considering the mean changes in ACA along the
horizontal and vertical directions, the mean ACA were approximately
1.35and 0.95 degrees, respectively. These values are higher than that
reported by Marchini et al. These disagreements could be related
to the differences in sample population. We included phakic eyes,
whereas Marchini et al. used aphakic eyes with an implanted I0L.
Additionally, the mean age of our sample population was 25.30 + 2.98
years, whereas the mean age of subjects in the study reported by
Marchini et al. was 76.60 + 6.0 years.

PuPIL DIAMETER

The mean relative change in PD between far and near vision was
8.31%. Yan et al.?® measured PD up to the maximum amplitude of
accommodation in emmetropic subjects using an SL-OCT system
and found that the relative decrease in PD was 20.83%. Yuan et al.%¥,
who measured the changes in PD during accommodation using a
spectral-domain OCT system in myopic subjects, found a relative
decrease of 15.80%. The differences between the results of earlier
studies and that of the present study are likely due to the different
methods of measurements adopted. The earlier studies used the full
accommodation interval without specifying the maximum vergence
value. Another possible reason for the discrepancies may be the diffe-
rences in the luminance conditions used in each device.
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Using ultralong scan depth optical coherence tomography, Du
et al.” measured dimensional changes in the anterior segment of
human eyes during accommodation. The relative change in the pupil
diameter with a maximum accommodation effort of -5 D was 21.74%.
The differences between the PD values obtained in the present stu-
dy and that of Du et al. likely occurred due to the different samples
studied. Whereas Du et al. included myopic subjects, the subjects in
our study were emmetropic.

Baikoff et al. used anterior-chamber OCT (AC-OCT) to measu-
re variations in PD at -10 D of accommodation in dim light. These
authors reported a mean change in PD of 1.5 mm. The differences
between our results and those of Baikoff et al. could be related to the
different experimental conditions used. Baikoff et al. used -10 D as the
maximum accommodation, whereas the maximum accommodation
stimulus in our study was -4 D. Chartman et al.?? studied changes in
pupil size during accommodation using a Hartman-Shack wavefront
sensor. The mean rate of change in PD during accommodation was
-0.21£0.15 mm:D". Our results are in agreement with those reported
by Chartman etal,, as the mean changein PD after-1 D accommodation
in our study was 0.16 + 0.31 mm.

One limitation of our study is that only emmetropic subjects
were considered. A second limitation is that all measurements were
performed with only one device. Future efforts should focus on stu-
dying the changes in the anterior segment during accommodation
in myopic and hyperopic subjects using other devices.

In summary, the ACA and PD varied significantly with accommo-
dation, whereas variations in ACD were not observed. The anterior
chamber eye was found to be asymmetrical, with the nasal-superior
area being significantly shallower than the temporal-inferior area.

REFERENCES

1. Alderson A, Davies LN, Mallen EA, Sheppard AL. A method for profiling biometric

changes during disaccommodation. Optom Vis Sci. 2012;89(5):E738-E748.

2. Baikoff G, Lutun E, Wei J, Ferraz C. Anterior chamber optical coherence tomography
study of human natural accommodation in a 19-year-old albino. J Cataract Refract Surg.
2004;30(3):696-701.

. Baikoff G, Lutum E, Ferraz C, Wei J. Static and dynamic analysis of the anterior segment
with optical coherence tomography. J Cataract Refract Surg. 2004;30(9):1843-50.

4. Bolz M, Prinz A, Drexler W, Findl O. Linear relationship of refractive and biometric
lenticular changes during accommodation in emmetropic and myopic eyes. Br J
Ophthamol. 2007;91(3):360-5.

. Drexler W, Baumgartner AA, Findl O, Hitzenberger CK, Fercher AF. Biometric investi-
gation of changes in the anterior eye segment during accommodation. Vision Res.
1997;37(19):2789-800.

. Du C, Wang J, Wang X, Dong Y, Gu Y, Shen Y. Ultrasound biomicroscopy of anterior
segment accommodative changes with posterior chamber phakic intraocular lens
in high myopia. Ophthalmology. 2012;119(1):99-105.

7. Du C, Shen M, Li M, Zhu D, Wang MR, Wang J. Anterior segment biometry during
accommodation imaged with ultralong scan depth optical coherence tomography.
Ophthalmology. 2012;19(12):2479-85.

. Dubbelman M, van der Heijde GL, Weeber HA. Change in shape of the aging human
crystalline lens with accommodation. Vision Res. 2005;45(1):117-32.

. Garner LF, Yap MK. Changes in ocular dimensions and refraction with accommoda-
tion. Ophthalmic Physiol Opt. 1997;17(1):12-7.

10. Kaluzny BJ. Anterior movement of the crystalline lens in the process of accommoda-

tion in children. Eur J Ophthalmol. 2007;17(4):515-20.

11. Kasthurirangan S, Markwell EL, Atchison DA, Pope JM. MRI study of the changes in crys-

talline lens shape with accommodation and aging in human. J Vis. 2011;11(3):19,1-16.

12. Kirschkamp T, Dunne M, Barry JC. Phakometric measurement of ocular surface radii

of curvature, axial separations and alignment in relaxed and accommodated human
eyes. Ophthalmic Physiol Opt. 2004,24(2):65-73.

13. Koivula A, Kulgelberg M. Optical coherence tomography of the anterior segment in

eyes with phakic refractive lens. Ophthalmology. 2007;114(11):2031-7.

14. Koretz JF, Cook CA, Kaufman PL. Accommodation and presbyopia in the human eye.

Changes in the anterior segment and crystalline lens with focus. Invest Ophthalmol
Vis Sci. 1997;38(3):569-78.

15. Mallen EA, Kashyap P, Hampson K. Transien axial length change during the accom-

modation response in young adults. Invest Ophthalmol Vis Sci. 2006;47(3):1251-4.

16. Marchini G, Pedrotti E, Modesti M, Visentin S, Tosi R. Anterior segment changes

during accommodation in eyes with a monofocal intraocular lens: High-frequency
ultrasound study. J Cataract Refract Surg. 2008;34(6):949-56.

w

w

()}

o]

O



17. Malyugin BE, Shpak AA, Pokrovskiy DF. Accommodative changes in anterior chamber
depth in patients with high myopia. J Cataract Refract Surg. 2012,;38(8):1403-7.

18. Ni'Y, Liu XL, Wu MX, Lin Y, Sun YY, He C, et al. Objective evaluation of the changes
in the crystalline lens during accommodation in young and presbyopic populations
using Pentacam HR system. Int J Ophthalmol. 2011;4(6):611-5.

19. Ostrin L, Kasthurirangan S, Hall DW, Glasser A. Simultaneous measurement of refraction
and A-scan biometry during accommodation in humans. Optom Vis Sci. 2006,83(9):657-65.

20. Petternel V, Képpl CM, Ruhswurm ID, Findl O, Skorpik C, Drexler W. Effect of accom-
modation and pupil size on the movement of a posterior chamber lens in the phakic
eye. Ophthalmology. 2004;111(2):325-31.

21. Poinooswamy D, Nagasubramanian S, Brown NA. Effect of pilocarpine on visual acuity
and on the dimensions of the cornea and anterior chamber. Brit J Ophthal. 1976;
60(10):676-9.

22. Read S, Buehren T, Collins M. Influence of accommodation on the anterior and poste-
rior cornea. J Cataract Refract Surg. 2007;33(11):1877-85.

23. Read S, Collins M, Woodman E, Cheong S. Axial Length Changes During Accommo-
dation in Myopes and Emmetropes. Optom Vis Sci. 2010;87(9):656-62.

24. Ruggeri M, Uhlhorn SR, de Freitas C, Ho A, Manns F, Parel JM. Imaging and full-length
biometry of the eye during accommodation using spectral domain OCT with an
optical switch. Biomed Opt Express. 2012;3(7):1506-20.

25.

26.

2

28.

29.

30.

3

~

DoOMINGUEZ-VICENT A, ET AL.

Tsorbatzoglou A, Németh G, Széll N, Bird Z Berta A. Anterior segment changes with
age and during accommodation measured with partial coherence interferometry. J
Cataract Refract Surg. 2007;33(9):1597-601.

Yan PS, Lin HT, Wang QL, Zhang ZP. Anterior segment variations with age and accom-
modation demonstrated by slit-lamp adapted optical coherence tomography.
Ophthalmology. 2010;117(12):2301-7.

Ko¢ M, Oziilken K, Ayar O, Karakurt A. Measurement of the anterior chamber angle
according to quadrants and age groups using Pentacam Scheimpflug camera. J Glau-
coma. 2013;22(3):226-9.

Yuan'Y, Chen F, Shen M, Lu F, Wang J. Repeated measurements of the anterior seg-
ment during accommodation using long scan depth optical coherence tomography.
Eye Contact Lens. 2012;38(2):102-8.

Charman WN, Radhakrishnan. Accommodation, pupil diameter and myopia. Ophthal-
mic Physiol Opt. 2009;29(1):72-9.

Lopez-Gil, Fernandez-Sanchez V, Legras R, Montés-Mico R, Lara F, Nguyen-Khoa.
Accommodation-related changes in monochromatic aberrations of human eyes as
a function of age. Invest Ophthalmol Vis Sci. 2008;49(4):1736-43.

. Marigo F, Filho E, Marigo P, Oliveira A, Cronemberger S. Symmetry of the anterior seg-

ment morphometric measurement in paired eyes using ultrasound biomicoroscopy
(UBM). Arg Bras Ophthalmol. 2007;70(2):330-6.

XXV Congresso Cearense de Oftalmologia

13 a 15 de novembro de 2014

Hotel Oasis Atlantico
Fortaleza - CE

Informacoes:

Tel.: (85) 3264-9404
E-mail: sco@sco.med.br

Arq Bras Oftalmol. 2014;77(4):243-9 249



