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ABSTRACT
Purpose. To observe the changes in pupil size under photopic and scotopic conditions after Implantable Collamer Lens
(ICL) implantations in eyes with high myopia.
Methods. The ICL was implanted in 90 eyes belonging to 45 patients with high myopia. Photopic pupil diameters, scotopic
pupil diameters, anterior chamber depths, and ICL vaults were examined at the preoperative, postoperative 1-month, and
postoperative 3-month stages. The preoperative and postoperative photopic pupil diameters and scotopic pupil diameters
were also compared with each other to note the differences between them. The correlations between preoperative and
postoperative pupil diameter changes under different light conditions and presurgical refractive error were analyzed
alongside patient’s age and ICL vault.
Results. Pupil diameters at both postoperative 1-month and postoperative 3-month stages were smaller than those before
operation in distinct light environments, as well as pupil constriction amplitude. Correlation analysis showed that there was
a statistically significant correlation between pupil diameter changes under different light conditions and presurgical re-
fractive error at 1 month and 3 months after ICL implantation; pupil diameter decreased more when presurgical refractive
error powers were less myopic. Statistically significant correlations were not found, however, with patient’s age and ICL
vault. Postoperative 1-month and mean postoperative 3-month anterior chamber depths were decreased when compared
with preoperative anterior chamber depths. Statistically significant correlations were found in change in preoperative and
postoperative anterior chamber depth and ICL vault. No statistically significant difference was found between ICL vault at
the postoperative 1-month and postoperative 3-month stages.
Conclusions. Pupil diameter may decrease at the 1- and 3-month stages after ICL implantation under both photopic and
scotopic conditions. This indicates that reduction of pupil diameter may be caused by mechanical contact between the ICL
and the posterior iris surface.
(Optom Vis Sci 2015;92:1161Y1169)
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In recent years, Implantable Collamer Lens (ICL) implantation
has become an alternative refractive surgery for the correction
of myopia and astigmatism, used alongside the more widely

accepted methods of photorefractive keratectomy, laser-assisted
subepithelial keratomileusis, and laser in situ keratomileusis. Al-
though these procedures are the most common surgical methods

used to treat low-to-moderate levels of myopia, it may not be the
best option, particularly for patients who have high levels of
myopia or who have thin corneas. Moreover, the ICL can be
removed and replaced with a new one if unexpected refractive
outcomes or other complications occur after surgery. The results
of existing published studies support the safety, efficacy, and
predictability of ICL implantation in treating moderate to high
myopia and astigmatism.1Y5 In recent years, quality of vision has
become an important factor in patient satisfaction.6,7 The size of
the pupil has a significant effect on the optical quality of the retinal
image.8Y11 There had been some studies on pupil diameter changes
after intraocular refractive surgery. Keuch and Bleckmann12 found
reductions of scotopic pupil size and amplitude of constriction
2 weeks after ICL implantation. Chun et al.13 believed that photopic
pupil diameter decreased 1 month and 3 months postoperatively. In
Lee’s et al.14 study, scotopic pupil diameter decreased after V4 and
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V4c ICLs were implanted. Considering that the ICL (ICMV4 or
ICHV3, Staar Surgical Co), which has an anterior vault design, is
placed directly behind the iris and may keep in contact with the iris,
it is possible that the implantation of an ICL will affect pupil dy-
namics under scotopic conditions or photopic conditions and could
even change pupil size.

This study was designed to estimate the change in pupil dia-
meter under different light conditions after ICL implantation. Fur-
thermore, we sought to determine the correlation between changes in
pupil diameter with the spherical equivalent correction, the patient’s
age, and the ICL vault, which was defined as the distance between the
posterior surface of the ICL and the anterior crystalline lens surface.

METHODS

This study included 90 eyes belonging to 45 patients who un-
derwent ICL (ICMV4, STAAR) implantation for the correction
of high myopia. The patients’ characteristics are shown in Table 1.
All operations were performed by the same surgeon (YY).

Appropriate written informed consent in accordance with the
Declaration of Helsinki and the Zhejiang Institutional Review
Board was obtained from all participants.

Key exclusion criteria for ICL implantation included anterior
segment disease, retinal detachment, other serious macular de-
generation related to myopia or otherwise, systemic diseases that
may affect the pupil reaction, a central anterior chamber depth
less than 2.8 mm (measured from the endothelium to the anterior
surface of the crystalline lens), and a central endothelial cell count
less than 2500 cells/mm2.

All patients had comprehensive ocular examinations before and
after surgery, including subjective refraction, slit-lamp biomicroscopy,
noncontact tonometry (NT-510, Nidek, Japan), endothelial cell
count (specular microscope EM-3000, TOMEY, Japan), ultra-
sound biomicroscopy (SUOER UBMScan SW3200, Suowei, Tianjin,
China), corneal topography (OrbscanII topography, Bausch &
Lomb, Germany), WASCA Analyzer (Asclepion-Meditec-Zeiss,
Germany), and indirect ophthalmoscopy fundus examinations.
We measured pupil sizes using corneal topography (OrbscanII
topography, Bausch & Lomb) under photopic conditions and the
WASCA Analyzer (Asclepion-Meditec-Zeiss) under scotopic con-
ditions. The luminance of the OrbscanII topography was about
28.2 to 480 lux, which showed high reproducibility for measur-
ing photopic pupil size.15 The WASCA Analyzer measurements
during wavefront capture revealed a luminance of 0.51 lux, and it

TABLE 1.

Patient demographics: preoperative and postoperative patient baseline characteristics

Demographic Result

Patients, n 45
Eyes, n 90
Sex, n
Male 15
Female 30

Age, mean T SD, y 26.56 T 6.44
Preoperative spherical equivalent, mean T SD, D j12.50 T 4.28
Preoperative sphere, mean T SD, D j11.33 T 3.96
Preoperative cylinder, mean T SD, D j1.39 T 1.15
Postoperative 1 mo spherical equivalent, mean T SD, D j0.31 T 1.34
Postoperative 1 mo sphere, mean T SD, D 0.02 T 1.22
Postoperative 1 mo cylinder, mean T SD, D j0.58 T 0.54
Postoperative 1 mo spherical equivalent correction, mean T SD, D j12.19 T 3.51
Postoperative 3 mo spherical equivalent, mean T SD, D j0.33 T 1.27
Postoperative 3 mo sphere, mean T SD, D j0.04 T 1.16
Postoperative 3 mo cylinder, mean T SD, D j0.48 T 0.57
Postoperative 3 mo spherical equivalent correction, mean T SD, D j12.17 T 3.61
Preoperative anterior depth, mean T SD, mm 3.18 T 0.22
Postoperative 1 mo anterior depth, mean T SD, mm 2.29 T 0.29
Postoperative 3 mo anterior depth, mean T SD, mm 2.27 T 0.30
Postoperative 1 mo ICL vault, mean T SD, mm 0.56 T 0.30
Postoperative 3 mo ICL vault, mean T SD, mm 0.55 T 0.33

TABLE 2.

Preoperative and postoperative 1-month pupil diameters under different light conditions

Photopic pupil diameters, mm Scotopic pupil diameters, mm Pupil constriction amplitude, mm

Preoperative 4.65 T 0.67 6.22 T 0.61 1.58 T 0.53
Postoperative 1 mo 4.32 T 0.66 5.50 T 0.54 1.17 T 0.49
F 11.34 67.96 29.79
p G0.01* G0.001† G0.001†

*Significant difference (p G 0.01).
†Significant difference (p G 0.001).
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was an ideal method for obtaining scotopic pupil size.16 Anterior
chamber depth and vault were measured by ultrasound biomicros-
copy. A central anterior chamber depth was measured from the
endothelium to the anterior surface of the crystalline lens before the
ICL implantation, and it was measured from the endothelium to
the anterior portion of the ICL postoperatively. Vault was measured
from the posterior surface of ICL to the anterior surface of the
crystalline lens. All measurements were repeated three times.

Implantable Collamer Lens power calculations were performed
by the manufacturer (STAAR Surgical) using a modified vertex
formula, based on horizontal white-to-white distance, corneal thick-
ness, anterior chamber depth from the corneal endothelium mea-
sured with corneal topography, and cycloplegic refraction.

Before ICL implantation, the patients underwent peripheral
iridectomies at two sites with a neodymium:YAG laser. On the day
of the surgery, the patients were administered with tropicamide
0.1% to induce preoperative mydriasis. After topical anesthesia, a
model V4 ICL was inserted with an injector (STAAR Surgical Co)
through a 3-mm temporal clear corneal incision after placement of
viscoelastic solution (Hairont, Hangzhou, China) into the ante-
rior chamber. The ICL haptics were placed behind the iris. After
the ICL had been verified as placed in the center of the pupillary

zone, the remaining viscoelastic solution was irrigated completely
from the anterior chamber with a balanced salt solution. Pupil
contraction was then induced via acetylcholine chloride. All the
surgeries were uneventful and no intraoperative complications
were observed. After surgery, steroidal medications were admin-
istered topically four times daily for 2 weeks, after which the dose
was reduced steadily.

Statistical analyses were performed using SPSS 20.0. The results
were expressed as mean (TSD), and a p value of less than 0.05
was considered statistically significant.

RESULTS

Baseline Characteristics

Forty-five patients had bilateral implantation. Patient baseline
characteristics are summarized in Table 1. It is worth noting that
both the mean postoperative 1-month anterior depth and mean
postoperative 3-month anterior depth were decreased compared
with the preoperative anterior depth, and that the difference be-
tween mean preoperative anterior depth and mean postoperative
1-month anterior depth was statistically significant (F = 532.29,

TABLE 3.

Preoperative and postoperative 3-month pupil diameters under different light conditions

Photopic pupil diameters, mm Scotopic pupil diameters, mm Pupil constriction amplitude, mm

Preoperative 4.65 T 0.67 6.22 T 0.61 1.58 T 0.53
Postoperative 3 mo 4.45 T 0.65 5.47 T 0.45 1.19 T 0.55
F 16.54 87.17 24.15
p G0.001* G0.001* G0.001*

*Significant difference (p G 0.001).

FIGURE 1.
Comparisons of preoperative and postoperative pupil diameters under different light conditions, as well as pupil constriction amplitude. Error bars represent
the range of the SD of the mean. The significant differences were marked with ** (p G 0.01) and *** (p G 0.001).
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p G 0.001). A similar situation was seen in the difference between
the mean preoperative anterior depth and mean postoperative
3-month anterior depth (F = 530.54, p G 0.001). No statistically
significant difference was found, however, in mean postoperative
1-month ICL vault and mean postoperative 3-month ICL vault
(F = 0.061, p = 0.81).

Pupil Diameter
Tables 2 and 3 show preoperative, postoperative 1-month,

and postoperative 3-month pupil diameters under different light
conditions. Fig. 1 demonstrates a general condition that both post-
operative 1-month and postoperative 3-month pupil diameters were
significantly smaller than before operation in various light

FIGURE 2.
A scatterplot showing a statistically significant correlation between changes in photopic pupil diameters and presurgical refractive error at the postoperative
1-month stage (Spearman correlation coefficient r = 0.299, p = 0.046).

FIGURE 3.
A scatterplot showing a statistically significant correlation between changes in scotopic pupil diameters and presurgical refractive error at the postoperative
1-month stage (Spearman correlation coefficient r = 0.301, p = 0.044).
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environments. To clarify whether pupil constriction amplitude had

been changed after the implantation, we compared the difference of

scotopic and photopic pupil diameters preoperatively and postoper-

atively. The results showed that pupil constriction amplitude decreased

at both postoperative 1-month and postoperative 3-month stages.

Correlation Analysis
Figs. 2 to 5 demonstrate a correlation between pupil diameter

changes under photopic and scotopic conditions and presurgical
refractive error at 1 month and 3 months after ICL implanta-
tion. Significant correlations can be found between the reduction

FIGURE 4.
A scatterplot showing a significant correlation between the change in photopic pupil diameter and presurgical refractive error at the postoperative 3-month
stage (Spearman correlation coefficient r = 0.322, p = 0.031).

FIGURE 5.
A scatterplot showing a significant correlation between the change in scotopic pupil diameter and presurgical refractive error at the postoperative 3-month
stage (Spearman correlation coefficient r = 0.203, p = 0.049).
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of both photopic and scotopic pupil size postoperation and
presurgical refractive error (Figs. 2 and 3 for 1 month postopera-
tively; Figs. 4 and 5 for 3 months postoperatively).

There was no significant correlation between pupil diameter
changes under different light conditions, the ICL vault, and pa-
tients’ age, after ICL implantation.

Considering the significant difference between preoperative
and postoperative anterior chamber depth, we analyzed the cor-
relation between change in preoperative and postoperative ante-
rior chamber depth and ICL vault, as well as preoperative mean
spherical equivalent. Figs. 8 and 9 show that there is a positive
correlation between changes in preoperative and postoperative an-
terior chamber depth and the ICL vault at 1 month and 3 months
postoperatively. No significant correlation was found between
changes in preoperative and postoperative anterior chamber depth
and preoperative mean spherical equivalent.

DISCUSSION

In this study, the diminutions of photopic pupil diameters and
scotopic pupil diameters and the difference between photopic and
scotopic pupil diameters at 1 month and 3 months after ICL
insertions were observed. The results were in line with the research

of Chun et al.,13 in which a significant decrease in pupil diameter
was reported 1 month and 3 months postoperatively. Our results
were also consistent with Keuch and Bleckmann’s research,12 in
which they found that the postoperative pupil diameter was
smaller and the amplitude of constriction was reduced after im-
plantation of a phakic posterior chamber ICL. We suggest that
there might be mechanical contact (Figs. 6A and 7A) between the
ICL and the posterior iris surface, and thus the mechanical irri-
tation caused by the anterior vault design of the lens may play a
vital role in decreasing pupil diameters. The postoperative re-
duction in pupil diameters may be beneficial to some extent be-
cause halos, which are produced by a pupil diameter exceeding the
edges of the optical zone of ICL, are less frequent. However,
aqueous humor circulation may be affected because of the flow
resistance of aqueous humor lodged behind the V4 ICL14; a
permanent reduction in pupil size may aggravate the resistance
to intraocular fluid circulation or even induce the reduction of
muscular tension of the dilator muscle of the pupil.

Correlation analysis showed (Figs. 2 to 5) that there was a
statistically significant correlation between pupil diameter changes
under different light conditions and presurgical refractive error
at both 1 month and 3 months after ICL implantation. Pupil di-
ameter changes were negatively correlated with preoperative

FIGURE 6.
Images with ultrasound biomicroscopy for patient Awhose presurgical refractive error was j18.50 D. (A) Anterior chamber depth was 2.81 mm and ICL
vault was 0.10 mm. (B) A representative quadrant.

FIGURE 7.
Imageswith ultrasound biomicroscopy for patient Bwhose presurgical refractive error wasj6.75D. (A) Anterior chamber depthwas 1.64mmand ICL vault
was 1.41 mm. (B) A representative quadrant.
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refractive error; that is, larger decreases in pupil size postoperatively
were seen in patients with the lowest amounts of preoperative
myopia. It is worth noting that there are different peripheral
thicknesses but the same central thickness in various refractive error
ICLs. Moreover, peripheral thickness increases as refractive error
increases (Table 4, provided by STAAR Surgical Co). According to
general opinion, that would mean the higher ICL refractive errors
are, the more limitations for pupil movements will be, and the
more changes in postoperative pupil size will be. Interestingly,
we obtained opposite results; that is, larger decreases in pupil di-
ameter postoperatively were seen in patients with lower amounts of
preoperative myopia. There is a larger degree of curvature at the
peripheral part in higher refractive error ICLs than that in lower
refractive error ICLs (Figs. 6B and 7B). In other words, a flatter
curvature at the peripheral part in lower refractive error ICLs
leads to increased contact area of iris and ICL, which limits post-
operative pupil movements. From another perspective, there is an
obvious difference in the amount of space between the edge of the

optic zone and the ciliary body, with more space for the higher
myope (Fig. 6B) and less space for the lower myope (Fig. 7B).
Flowing aqueous humor in such a small space of lower myope
may increase pressure to the posterior surface of the iris and affect
pupil movements.

As expected, mean postoperative anterior chamber depths were
decreased significantly more than preoperative anterior chamber
depths at both postoperative 1-month and 3-month stages, as
was the case in Ju et al.’s study.5 On analyzing the correla-
tion between changes in preoperative and postoperative anterior
chamber depths and ICL vault, we found that there were sta-
tistically significant positive correlations at both postoperative
1-month and 3-month stages (Figs. 8 and 9). A possible ex-
planation is that the postoperative anterior chamber depth is from
the corneal to the anterior surface of ICL not the anterior portion
of the crystalline lens; therefore, this decrease in postoperative an-
terior chamber depth, which was related with ICL vault, is expected.
No statistically significant difference was found in the correlation
analysis between changes in preoperative and postoperative anterior
chamber depths and the preoperative mean spherical equivalent
(r = 0.216, p = 0.153 for 1 month postoperatively; r = 0.218, p = 0.150
for 3 months postoperatively).

Studies have found that both pupil size and the amplitude of
variation decrease with a patient’s age.17Y21 Our results showed,
however, that there was no significant correlation between pupil
diameter changes and a patient’s age (r = 0.02, p = 0.89 for
1 month postoperatively under photopic condition; r = j0.16,
p = 0.30 for 1 month postoperatively under scotopic condition;
r = j0.03, p = 0.85 for 3 months postoperatively under photopic
condition; r = j0.13, p = 0.40 for 3 months postoperatively under
scotopic condition). In this study, the mean (TSD) age of the

TABLE 4.

Implantable Collamer Lens refractive error and thickness

Refractive error, D
Peripheral

thickness, mm
Central

thickness, mm

j6.00 0.38 0.116
j8.00 0.47 0.116
j10.00 0.52 0.116
j12.00 0.56 0.116
j14.00 0.57 0.116
j16.00 0.64 0.116
j18.00 0.71 0.116

FIGURE 8.
A scatterplot showing a statistically significant correlation between change in preoperative and postoperative anterior chamber depths and ICL vault at the
postoperative 1-month stage (Spearman correlation coefficient r = 0.726, p G 0.001).
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45 patients was 26.56 (T6.44) years (range, 18 to 44 years). We
hypothesize, therefore, that the range of patient ages here was
not wide enough to show a correlation between pupil size changes
and age.

In our study, there was no statistically significant difference
between mean postoperative 1-month ICL vault and mean post-
operative 3-month ICL vault (F = 0.06, p = 0.81), results that are
in opposition to some other studies.14,22 It was shown that there
was also no significant correlation between pupil diameter changes
and the ICL vault. This finding is in accordance with Kamiya
et al.’s study,23 whose results showed no significant correlation
between the entrance pupil diameter and the amount of vaulting
after ICL implantation.

There were some limitations to our study, such as the small
number of patients. Moreover, pupil diameter can be affected
by different measurement conditions, patient’s psychological and
emotional conditions,24 the brightness of the measurement room,
and so on. More comprehensive studies might, therefore, extend
the results of our research into pupil size changes after ICL
implantations.

In conclusion, our results support the view that pupil diameter
may decrease 1 month and 3 months after ICL implantation
under both photopic and scotopic conditions. The reduction of
pupil diameter may be caused by mechanical contact between the
ICL and the posterior iris surface. To investigate this issue further,
both a longer follow-up and careful observations of a large number
of patients are required.
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Méijome JM, Montés-Micó R. Posterior chamber collagen copoly-

mer phakic intraocular lenses to correct myopia: five-year follow-up.

J Cataract Refract Surg 2011;37:873Y80.

3. Gomez-Bastar A, Jaimes M, Graue-Hernández EO, Ramirez-Luquin

T, Ramirez-Miranda A, Navas A. Long-term refractive outcomes of

posterior chamber phakic (spheric and toric implantable collamer lens)

intraocular lens implantation. Int Ophthalmol 2014;34:583Y90.

4. Igarashi A, Shimizu K, Kamiya K. Eight-year follow-up of posterior

chamber phakic intraocular lens implantation for moderate to high

myopia. Am J Ophthalmol 2014;157:532Y9.e1.

5. Ju Y, Gao XW, Ren B. Posterior chamber phakic intraocular lens

implantation for high myopia. Int J Ophthalmol 2013;6:831Y5.

6. Pasquali TA, Smadja D, Savetsky MJ, Reggiani Mello GH,

Alkhawaldeh F, Krueger RR. Long-term follow-up after laser vision

correction in physicians: quality of life and patient satisfaction. J

Cataract Refract Surg 2014;40:395Y402.

7. Barsam A, Allan BD. Excimer laser refractive surgery versus phakic

intraocular lenses for the correction of moderate to high myopia.

Cochrane Database Syst Rev 2010:CD007679.

8. Schwiegerling J. Theoretical limits to visual performance. Surv

Ophthalmol 2000;45:139Y46.

9. Walsh G, Charman WN. The effect of pupil centration and diameter

on ocular performance. Vision Res 1988;28:659Y65.

10. Alarcón A, Rubiño M, Pééérez-Ocón F, Jiménez JR. Theoretical

analysis of the effect of pupil size, initial myopic level, and optical

zone on quality of vision after corneal refractive surgery. J Refract

Surg 2012;28:901Y6.

FIGURE 9.
A scatterplot showing a statistically significant correlation between change in preoperative and postoperative anterior chamber depths and ICL vault at the
postoperative 3-month stage (Spearman correlation coefficient r = 0.591, p G 0.001).

1168 Pupil Diameter Changes after Collamer Lens Implantation for High MyopiaVLi et al.

Optometry and Vision Science, Vol. 92, No. 12, December 2015



11. Lee YC, Hu FR, Wang IJ. Quality of vision after laser in situ ker-
atomileusis: influence of dioptric correction and pupil size on visual
function. J Cataract Refract Surg 2003;29:769Y77.

12. Keuch RJ, Bleckmann H. Pupil diameter changes and reaction after
posterior chamber phakic intraocular lens implantation. J Cataract

Refract Surg 2002;28:2170Y2.

13. Chun YS, Park IK, Lee HI, Lee JH, Kim JC. Iris and trabecular
meshwork pigment changes after posterior chamber phakic intra-
ocular lens implantation. J Cataract Refract Surg 2006;32:1452Y8.

14. Lee H, Kang SY, Seo KY, Chung B, Choi JY, Kim KS, Kim TI.
Dynamic vaulting changes in V4c versus V4 posterior chamber

phakic lenses under differing lighting conditions. Am J Ophthalmol
2014;158:1199Y204.e1.

15. Allouch C, Touzeau O, Kopito R, Borderie V, Laroche L. [Ad-
vantages of the autorefractometer and the Orbscan for measuring

pupil diameter]. J Fr Ophtalmol 2006;29:373Y9.

16. Kohnen T, Terzi E, Kasper T, Kohnen EM, Bühren J. Correlation of

infrared pupillometers and CCD-camera imaging from aberrometry
and videokeratography for determining scotopic pupil size. J Cataract
Refract Surg 2004;30:2116Y23.

17. Birren JE, Casperson RC, Botwinick J. Age changes in pupil size.

J Gerontol 1950;5:216Y21.

18. Kasthurirangan S, Glasser A. Age related changes in the character-

istics of the near pupil response. Vision Res 2006;46:1393Y403.

19. Sokolski KN, Nguyen BD, DeMet EM. Decreases in dilated pupil
size in depressed patients with age may reflect adrenergic changes.
Psychiatry Res 2000;94:267Y72.

20. Aspinall PA, Borooah S, Al Alouch C, Roe J, Laude A, Gupta R,

Gupta M, Montarzino A, Dhillon B. Gaze and pupil changes during

navigation in age-related macular degeneration. Br J Ophthalmol

2014;98:1393Y7.

21. Piha SJ, Halonen JP. Infrared pupillometry in the assessment of

autonomic function. Diabetes Res Clin Pract 1994;26:61Y6.

22. Cao X, Tong J, Wang Y, Zhou T, Ye B, Li X, Shen Y. Long-

term ultrasound biomicroscopy observation of position changes of

a copolymer posterior chamber phakic intraocular lens. J Cataract

Refract Surg 2014;40:1454Y61.

23. Kamiya K, Shimizu K, Igarashi A, Ishikawa H. Evaluation of pupil

diameter after posterior chamber phakic intraocular lens implanta-

tion. Eye (Lond) 2010;24:588Y94.

24. Kret ME, Roelofs K, Stekelenburg JJ, de Gelder B. Emotional signals

from faces, bodies and scenes influence observers’ face expressions,

fixations and pupil-size. Front Hum Neurosci 2013;7:810.

Yabo Yang
Department of Ophthalmology

Second Affiliated Hospital
College of Medicine
Zhejiang University

Hangzhou 310009, China
e-mail: yabyangz2@163.com

Pupil Diameter Changes after Collamer Lens Implantation for High MyopiaVLi et al. 1169

Optometry and Vision Science, Vol. 92, No. 12, December 2015


