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ARTICLE

Long-term changes in visual outcomes
and ocular morphometrics after myopic

and toric phakic intraocular lens implantation:
Five- and 10-year results

Soraya M.R. Jonker, MD, Tos T.J.M. Berendschot, PhD, Annick E. Ronden, BSc, Isabelle E.Y. Saelens, MD, PhD,
No€el J.C. Bauer, MD, PhD, Rudy M.M.A. Nuijts, MD, PhD

Purpose: To evaluate the long-term refractive and visual, anterior
chamber depth, and axial length (AL) changes and complications
after rigid iris-fixated phakic intraocular lens (pIOL) implantation to
treat myopia or astigmatism.

Setting: University Eye Clinic Maastricht, Maastricht UMCC, the
Netherlands.

Design: Prospective case series.

Methods: The study evaluated patients who had implantation of
an Artisan myopic or toric iris-fixated pIOL as of January 1998.
Changes were measured annually and reported after 1, 5, and
10 years postoperatively.

Results: The study comprised 460 eyes (250 patients; mean age
41.1 yearsG 10.7 [SD]). Over 10 years, the meanmyopization was
�0.79 diopters (D) (P < .001), with 52% of eyes within G1.0 D of

target. The mean increase in the logarithm of the minimum angle
of resolution (logMAR) corrected distance visual acuity (CDVA)
over 10 years was 0.05 (P < .001); 95% of eyes had a CDVA of
20/40 or more and 7% lost 2 or more lines of CDVA. The mean log-
MAR uncorrected visual acuity (UDVA) increased by 0.14 over
10 years (P < .001); 96% had a UDVA 20/40 or better. The AL
increased by 1.14 mm over 10 years (P Z .009). Ten percent of
pIOLs were explanted because of cataract formation after a mean
of 97.9 G 34.9 months. A higher preoperative age (hazard ratio
[HR], 1.08; P < .001) and longer AL (HR, 1.34; P < .001) were risk
factors for shorter survival because of cataract formation.

Conclusion: Ten years after rigid iris-fixated pIOL implantation,
the CDVA and UDVA decreased significantly as a result of
significant myopization caused by an increased AL unrelated to
the pIOL.

J Cataract Refract Surg 2019; 45:1470–1479Q 2019 ASCRS and ESCRS

For more than a decade, phakic intraocular lenses
(pIOLs) have been the preferred treatment for high
myopia and the correction of myopia in patients un-

suited for laser refractive correction because of a thin or
ectatic cornea.1,2 Previous studies1–5 report good visual
acuity, predictability, and stability in patients with anterior
chamber (angle-supported iris-fixated) or posterior cham-
ber pIOLs. However, to our knowledge only 1 study of iris-
fixated Artisan pIOLs reported results after a 10-year
follow-up4 and no previous study assessed the influence
of morphologic changes in refractive and visual outcomes.
The purpose of the current prospective study was to

report 5-year and 10-year follow-up data on refractive

and visual outcomes, morphometric changes, and compli-
cations in patients who had implantation of 1 of 2 types
of rigid iris-fixated pIOLs.

PATIENTS AND METHODS
From January 1998 to June 2016, patients had implantation of an
Artisan myopic or myopic toric rigid iris-fixated pIOL. The study
was performed in adherence with the tenets of the Declaration of
Helsinki. The Maastricht University Medical Center Institutional
Review Board stated that approval was not required for this study.
Patients were evaluated preoperatively and 1 day, 1 week, and 1,

3, 6, and 12 months postoperatively. Regular follow-up continued
with annual visits. All surgeries were performed by the same sur-
geon (R.M.M.A.N.) using general or local anesthesia. The
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inclusion criteria, surgical procedure (including peripheral iridec-
tomy), and postoperative medication used in the current study
have been described.6,7,A

Patient Evaluations
The preoperative examination consisted of subjective and cyclo-
plegic refractions, Snellen uncorrected (UDVA) and corrected
(CDVA) distance visual acuity measurements, and slitlamp evalu-
ation, including Goldmann applanation tonometry and fundo-
scopy. Additional evaluations were corneal topography
(Orbscan, Bausch & Lomb, Inc.), Scheimpflug tomography (Pen-
tacam HR, Oculus Optikger€ate GmbH), Scheimpflug camera–
Placido topography (Sirius, Schwind eye-tech-solutions GmbH
& Co. KG), biometry (A2500, Sonomed Escalon), partial coher-
ence interferometry (IOLMaster, Carl Zeiss Meditec AG), anterior
segment optical coherence tomography (AS-OCT) (Visante, Carl
Zeiss Meditec AG), and specular microscopy (Noncon Robo
SP9000 S/N PK1-1137, Konan Medical, Inc.). All preoperative
measurements were performed 1 week after removal of soft con-
tact lenses and 2 weeks after removal of rigid gas-permeable con-
tact lenses.
From 2006 onward, AS-OCT was used to perform preoperative

pIOL simulation to measure the anterior chamber depth (ACD),
vault between the pIOL and crystalline lens, distance between
the anterior pIOL and the endothelium, and clear lens rise as re-
ported previously.8

Postoperative annual follow-up visits consisted of subjective
refraction, Snellen UDVA and CDVAmeasurements, slitlamp ex-
amination, tonometry, corneal topography, AS-OCT, and spec-
ular microscopy.

Outcome Measures
Refractive and visual outcomes were based on the 2014 guidelines
of the Journal of Refractive Surgery,9 which describe the manifest
refractive spherical equivalent (MRSE), target MRSE versus
achieved MRSE, change in MRSE, refractive astigmatism,
CDVA, change in CDVA, UDVA, and change in UDVA as the
outcome measures for refractive surgery. The target induced astig-
matism (TIA) vector, surgically induced astigmatism (SIA) vector,
difference vector (between TIA and SIA), correction index (SIA
divided by TIA), index of success (difference vector divided by
TIA), and mean angle of error were calculated using refractive
data in eyes with the myopic toric pIOL. The safety index (postop-
erative CDVA divided by preoperative CDVA) and efficacy index
(postoperative UDVA divided by preoperative CDVA) were
computed, and changes in the indices reported.
In addition, the ACD and axial length (AL) and the changes

over time were assessed to evaluate possible age-related changes
in ocular biometry. Changes in endothelial cell density (ECD)
were reported in a previous paper.6

Statistical Analysis
Statistical analysis was performed using SPSS for Windows soft-
ware (version 23, IBM Corp.). The UDVA and CDVA were con-
verted from Snellen values to logarithm of the minimum angle of
resolution (logMAR) notation for statistical analysis. Descriptive
analyses were performed to compute the mean G SD of primary
outcome measures and preoperative characteristics, and vector
analyses according to Alpins were performed to assess refractive
astigmatism in eyes with the myopic toric pIOL.10

Longitudinal changes were assessed using linear mixed-model
analysis with the eye identification number as a grouping variable
and time as a covariate. In each model, the best-fit covariance
structure was selected using the Bayesian information criterion.
To determine long-term changes in the study groups, longitudinal
analyses were used to assess short-term changes from preopera-
tively to 12 months postoperatively and long-term changes from
12 months postoperatively to the end of follow-up. Hotelling trace

multivariate analysis of variance analyses were performed to deter-
mine whether the vectorial change from 1 to 5 years and 1 to
10 years postoperatively was significantly different from zero.
In a subset of patients, longitudinal analyses and cross-sectional

analyses of the effect of age on AL were performed using a linear
mixed-model (24 eyes; longitudinal data) and analysis of variance
(ANOVA) (181 eyes; preimplantation data), respectively. Kaplan-
Meier andmultivariate Cox regression analyses were performed to
measure the survival from pIOL implantation to pIOL explanta-
tion for cataract formation. All risk factors identified in the univar-
iate Cox regression analyses were added to 1 multivariate Cox
regression analysis to correct for possible correlations. A P value
less than 0.05 was considered significant.

RESULTS
The study comprised 460 eyes of 250 patients; the rigid
myopic pIOL was implanted in 379 eyes of 207 patients
and the rigid myopic toric pIOL in 81 eyes of 51 patients.
Table 1 shows the patients’ baseline characteristics. The
mean follow-up was 90 months G 60 (SD).
After extensive parental consultation 4 eyes of 3 contact-

lens-intolerant patients younger than 18 years had implan-
tation of a myopic pIOL because of anisometropia (nZ 2)
or a high preoperative refraction (n Z 2). Between 1998
and 2006, no definitive cutoff points were formulated
(neither internationally nor by the Netherlands Society
for Refractive Surgery) with respect to the preoperative
ECD. As a result, a pIOL was implanted in 20 eyes of 16 pa-
tients with an ECD lower than 2000 cells/mm2.

Predictability
Table 1 shows the MRSE results over time. Figure 1 shows
the target MRSE correction versus the achieved MRSE
correction at the 3 postoperative timepoints (1 year, 5 years,
and 10 years). Figure 2 shows the percentage of eyes within
G0.50 diopter (D) and G1.00 D of the target refraction at
the 3 postoperative timepoints. Figure 3 shows the change
in MRSE over 10 years and the percentage of eyes with a
greater than 0.50 D change in the MRSE from 1 year to 5
and 10 years postoperatively. Figure 4 shows the preopera-
tive and postoperative residual refractive astigmatism and
percentage of eyes with refractive astigmatism of G0.50
D or less and G1.00 D or less from zero. Figures 5 to 7
show single-angle polar plots representing the TIA vector,
SIA vector, difference vector, and correction index at
1 year, 5 years, and 10 years, respectively. Figure 8 shows
the distribution of the angle of error at the 3 postoperative
timepoints. The mean index of success was 0.27 G 0.28,
0.21G 0.19, and 0.28G 0.22 at 1 year, 5 years, and 10 years,
respectively.
The MRSE decreased by 0.079 D each year; the decrease

was statistically significant (P ! .001). On vector analysis,
the mean change in refractive cylinder in eyes with the toric
pIOL was 0.38 G 0.62 D at 149 degrees from 1 to 5 years
(P Z .023) and 0.31 G 0.50 D at 112 degrees from 1 to
10 years postoperatively (P Z .29).

Safety
Table 1 shows logMAR CDVA over time. Figure 9 shows
the change in Snellen lines of CDVA 5 years and 10 years
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postoperatively as well as the percentage of eyes losing 2 or
more Snellen CDVA lines. One year after pIOL implanta-
tion, the CDVA was 20/40 or better in 371 eyes (97%)

and 20/20 or better in 252 eyes (66%). At 5 years, the
CDVA was 20/40 or better in 240 eyes (96%) and 20/20
or better in 153 eyes (61%). The results at 10 years were

Table 1. Preoperative characteristics and postoperative results.

Parameter Preoperatlve

Postoperative

1 Year 5 Year 10 Year

Patient characteristics

Age (y)

Mean G SD 41.1 G 10.7 NR NR NR

Range 5.3, 68.2 NR NR NR

Men/women (%) 37/63 NR NR NR

Eyes (n) 460 382 250 136

Predictability

MRSE (D)

Mean G SD �12.58 G 5.15 �0.51 G 0.69 �0.81 G 0.98 �0.72 G 1.48

Range �30.50, 0.00 �3.50, 1.13 �4.88, 1.13 �8.00, 3.00

Refractive cylinder, D

Mean G SD �1.64 G 1.35 �0.75 G 0.65 �0.95 G 0.77 �1.25 G 0.87

Range �8.50, 0.00 �3.50, 0.00 �3.50, 0.00 �4.50, 0.00

Safety

CDVA (logMAR)

Mean G SD 0.13 G 0.18 0.03 G 0.16 0.04 G 0.15 0.10 G 0.23

Range �0.18, 1.70 �0.20, 1.78 �0.18, 1.00 �0.18, 2.08

Safety index

Mean G SD NA 1.29 G 0.32 1.22 G 0.33 1.24 G 0.45

Range NA 0.50, 2.67 0.50, 2.50 0.04, 3.00

Efficacy

UDVA (logMAR)

Mean G SD NA 0.17 G 0.23 0.23 G 0.27 0.29 G 0.29

Range NA �0.20, 1.78 �0.10, 1.48 �0.08, 1.30

Efficacy index

Mean G SD NA 0.96 G 0.32 0.83 G 0.32 0.77 G 0.35

Range NA 0.10, 2.33 0.06, 1.60 0.06, 2.00

IOP (mm Hg)

Mean G SD 14.8 G 3.3 15.5 G 3.0 15.9 G 3.1 16.4 G 2.6

Range 6.0, 30.0 8.0, 26.0 10.0, 24.0 11.0, 25.0

ACD* (mm)

Mean G SD 3.13 G 0.38 3.12 G 0.28 3.11 G 0.15 2.86 G 0.34

Range 2.54, 4.51 2.50, 3.60 2.90, 3.46 2.12, 3.40

ACD Z anterior chamber depth; AL Z axial length; CDVA Z corrected distance visual acuity; IOP Z intraocular pressure; logMAR Z logarithm of the min-
imum angle of resolution; MRSE Z manifest refraction spherical equivalent; NA Z not applicable; NR Z not reported; UDVA Z uncorrected distance visual
acuity
*Measured from the corneal endothelium

Figure 1. Target versus achieved manifest refraction spherical equivalent correction 1 year, 5 years, and 10 years postoperatively.
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129 eyes (95%) and 63 eyes (46%), respectively. The annual
increase in the logMAR CDVA was 0.005, which was statis-
tically significant (P ! .001).
The safety index decreased by 0.010 per year (Table 1).

The change was statistically significant (P ! .001).

Efficacy
Table 1 shows the mean logMAR UDVA over time.
Figure 10 shows the cumulative Snellen UDVA and
Figure 11, the differences in Snellen lines between the
UDVA at the 3 postoperative timepoints and the preoper-
ative CDVA. The logMAR UDVA increased by 0.014
each year, which was statistically significant (P ! .001).
Table 1 also shows the efficacy index at the 3 postopera-

tive timepoints. Annually, the efficacy index decreased by
0.017 each year, which was statistically significant
(P ! .001).

Ocular Biometry
Table 1 shows the mean ACD preoperatively and postoper-
atively. A longitudinal analysis showed no change in ACD
over time (P Z .42).
Longitudinal analysis of the AL was performed in a sub-

group of 24 eyes that had pIOL implantation as well as com-
bined explantation and cataract surgery at a later date and
for which the IOL calculations were performed based on

optical biometry AL measurements on both occasions.
The mean preoperative AL (measured from the corneal
epithelium) was 28.09G 2.24 mm. There was a statistically
significant increase in AL of 0.11 mm per year (P Z .009),
equaling a total increase of 0.57 mm and 1.14 mm after
5 years and 10 years, respectively. A secondary cross-
sectional analysis (ANOVA) was performed to look at the
correlation between age and AL measured with optical
biometry devices before pIOL implantation. Analysis of
181 eyes found a similar trend, with the AL increasing
significantly by 0.059 mm each year (P ! .001).

Complications and Interventions
Table 2 shows the postoperative complications and reasons
for additional surgery, including pIOL exchange and
explantation. No rhegmatogenous retinal detachments
(RRDs) occurred in any eye after cataract surgery.

Risk Factors
After insignificant risk factors were excluded, the Cox
regression multivariate analysis identified higher preopera-
tive age (hazard ratio [HR], 1.08; 95% confidence interval
(CI), 1.05-1.12; P ! .001) and longer preoperative AL
(HR, 1.34; 95% CI, 1.19-1.50; P ! .001) as significant risk
factors for a shorter survival.

Figure 2. Accuracy of the MRSE 1 year, 5 years, and 10 years postoperatively. MRSE Z manifest refractive spherical equivalent.

Figure 3. Change in MRSE from preoperatively to 1 year, 5 years, and 10 years postoperatively. MRSE Z manifest refractive spherical
equivalent.
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DISCUSSION
The current study assessed the refractive and visual
outcomes 10 years after iris-fixated pIOL implanta-
tion.1–5,11–17 The key finding is the age-related AL elon-
gation, which caused significant myopization and
affected the long-term predictability and efficacy. We
applied linear mixed-model analysis, which is designed
to use all available data from each individual patient
and is especially useful when testing for significant
changes over time (ie, per annum). As such, the current
article might serve as a reference for longitudinal change
and as a catalyst for further research on AL changes in
cases of high myopia.

Regarding predictability, even though our 10-year results
resemble those in studies with a much shorter follow-
up,4,5,11,12,14–17 they are slightly different from the results
in the only other study with a 10-years follow-up4 (ie,
MRSE �0.70 D and 43.8% and 68.8% of eyes within
G0.50 D and G1.00 D of target refraction, respectively).
The lower percentage of eyes within G0.50 and 1.00 D of
the target correction in our group is likely related to the
fact that 48 eyes in our study developed cataract requiring
surgery as opposed to 2 eyes in the previous study.4 We
believe that the higher preoperative age and higher myopia
in our group (41.1 years and �12.58 D, respectively, in our
group versus 38.35 years and �10.36 D, respectively, in the

Figure 4. Refractive astigmatism preoperatively and 1 year, 5 years, and 10 years postoperatively.

Figure 5. Single-angle polar plots of target induced astigmatism vector, surgically induced astigmatism vector, difference vector, and correc-
tion index 1 year after implantation of iris-fixated toric phakic intraocular lens (53 eyes). Arith. Z arithemetic; Geom. Z geometric.
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Figure 6. Single-angle polar plots of target induced astigmatism vector, surgically induced astigmatism vector, difference vector, and
correction index 5 years after implantation of iris-fixated toric phakic intraocular lens (23 eyes). Arith. Z arithemetic; Geom. Z geometric.

Figure 7. Single-angle polar plots of target induced astigmatism vector, surgically induced astigmatism vector, difference vector, and
correction index 10 years after implantation with iris-fixated toric phakic intraocular lens (9 eyes). Arith. Z arithemetic; Geom. Z geometric.
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previous study) resulted in a higher risk for developing
cataract within 10 years of pIOL implantation. Another
explanation is the reported increase in AL over the 10 years
of follow-up, which caused axial myopia. Unfortunately,
cataract was not graded on a regular basis in the current
study; thus, the influence of cataract formation versus AL
elongation on the myopization remains uncertain. Despite
the significant change in refractive cylinder from 1 year to
5 years postoperatively, all vector analyses after 5 years
showed excellent results. The mean difference vector was
0.03 D at 47 degrees (0.00 D being the preferred result),
and the mean correction index was 0.97 (1.00 being the
preferred result). Two previous studies14,16 used double-
angle plots to show the refractive cylinder 6 months after
toric pIOL implantation; both found a significant reduction
in preoperative astigmatism that was equal to our long-
term results after 5 years.
Regarding safety, 7% of eyes lost 2 or more Snellen

CDVA lines, a proportion higher than reported values,
which vary from 0.9% to 2.6% after 3 to 10 years.4,11–14

This might be attributed to the higher incidence of eyes
requiring cataract surgery in our study than in other
studies4,11–13 (7.6% after 10 years in our group versus
0.0% to 2.25% of eyes after 3 to 6 years in the literature)
as well as the higher incidence of retinal complications
(ie, detachment, hemorrhage, myopic or macular
degeneration, macular hole, retinoschisis) (3.5% in our

group versus in 0.51% to 3.5% in the literature [data on
file).4,11–13 However, the safety index was 1.24 in the
myopic pIOL group, higher than the safety index of 1.10
in the only other study with a follow-up of 10 years.4

Our efficacy results agree with previously reported find-
ings. The logMARUDVA, percentage of eyes with a UDVA
of 20/40 or better or 20/20 or better, and efficacy index after
10 years were similar to results in previous studies with a
follow-up of 3 to 10 years.4,5,11–15,17

In our study population, there was not a significant
change in ACD measured by ocular biometry. This is in
contrast with previous reports using ultrasound18,19 or
OCT20; these studies found an annual decrease in ACD
ranging from �0.011 mm to �0.018 mm. Although we
found a myopic shift with advancing time, the mean preop-
erative age of 40 years makes nuclear sclerosis a less likely
explanation for this shift, leading us to focus on a possible
increase in AL related to age. Therefore, we evaluated the
AL changes in 2 subsets of patients.
The first subset comprised 24 eyes that had combined

pIOL explantation and cataract surgery. Longitudinal anal-
ysis showed that the AL in these eyes increased 0.11 mm
per year, a significant change. To explore the relationship
between age and AL, measurements using optical biometry
obtained before pIOL implantation were analyzed in rela-
tion to preoperative age. This cross-sectional analysis
showed a significant effect of age, with an expected increase

Figure 8. The refractive astigmatism angle of error 1, 5, and 10 years after implantation with iris-fixated toric phakic intraocular lens.
Abs. Z absolute; Arith. Z arithemetic; CC/Wise Z counterclockwise; C/Wise Z clockwise.

Figure 9. Change in Snellen lines of CDVA 1 year, 5 years, and 10 years postoperatively. CDVA Z corrected distance visual acuity.
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in AL of 0.059 mm per year. The AL was not reported in the
preceding long-term follow-up study,4 and previous epide-
miology studies assessing the AL change in an adult popu-
lation9,21,22 used ultrasound for longitudinal evaluation or
assessed emmetropic eyes only. Because of the small size
of our subgroup and because previous publications did
not focus on AL changes in eyes with high myopia, our re-
sults, rather than a standard age-related effect, should be re-
garded as a possible trend in AL changes in an adult
population of patients with high myopia.
Retinal detachment (RD) occurred in 1.09% of eyes in

our study; other studies report an incidence of 0.25% to
0.39% after 3 to 5 years of follow-up.5,12 Previous
studies1,23–25 identified high myopia, defined as either
�3.0 D or �6.0 D, as a significant risk factor for RRD. As
a result, the high preoperative MRSE of �12.58 D and
mean preoperative AL of 28.09 mm in our study likely
contributed to the higher total percentage of RD and
myopic macular degeneration. In addition, other
studies24,25 found the risk for RD to be higher in pseudo-
phakic eyes as a result of volumetric changes in the vitreous
and an inflammatory reaction after phacoemulsification,
leading to RRD in 0.55% of eyes and 1.17% of eyes after a
mean follow-up of 4.3 years and 3.3 years, respectively.
Combined pIOL explantation and cataract surgery did
not result in RRD in any patient in this cohort. Myopic

macular degeneration in highly myopic eyes with an AL
similar to that in our cohort (mean 29.8 G 1.7 mm) and
a mean follow-up of 13 years resulted in choroidal neovas-
cularization in 10.2% of eyes in a 2003 study.26 It might be
advisable to alert patients with myopic macular degenera-
tion who request pIOL implantation of this risk for visual
complications and to keep in mind that high myopia in it-
self can cause severe visual complications regardless of
intraocular surgery.
Additional laser refractive touch-up surgery (eg, photore-

fractive keratectomy) was required in 3.26% of eyes in the
current study versus rates of 5.95% to 14.85% reported in
the literature.5,27 G€uell et al.28 hypothesized that laser
in situ keratomileusis in an eye with an anterior chamber
pIOL might induce contact between the corneal endothe-
lium and the pIOL when the microkeratome is used, which
could be a good reason to perform photorefractive keratec-
tomy instead in eyes with an anterior chamber pIOL.
Cataract formation rates were higher in our group than in

previous studies, which reported cataract in 0.25% of eyes
after 3 years and in 3.04% of eyes after 8 years.13,29 We do
not believe that cataract formation was caused by the
pIOL but rather that the higher mean patient age and longer
mean AL might have been causative factors.1,30,31 This hy-
pothesis was validated by additional Kaplan-Meier and Cox
regression analyses that assessed survival until pIOL

Figure 10. Snellen preoperative CDVA and UDVA 1 year, 5 years, and 10 years postoperatively. CDVA Z corrected distance visual acuity;
UDVA Z uncorrected distance visual acuity.

Figure 11. Difference in Snellen lines between postoperative UDVA and preoperative CDVA 1 year, 5 years, and 10 years postoperatively.
CDVA Z corrected distance visual acuity; UDVA Z uncorrected distance.
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explantation performed because of cataract formation in
the current study. A recent paper by our group32 provided
an in-depth evaluation of survival until pIOL explantation
in all patients with iris-fixated pIOLs at our clinic. It esti-
mated that 25% and 50% of iris-fixated pIOLs would be
explanted after 134.3 months and 182.9 months,
respectively.32

In conclusion, age-related AL elongation, possibly
together with cataract formation, resulted in significant my-
opization and caused a decrease in CDVA and UDVA. To
our knowledge, no previous study has reported axial elon-
gation in highly myopic eyes, mainly because these studies
were cross-sectional, focused on emmetropic eyes, and used
error-prone techniques (ie, ultrasound) to measure
AL.19,21,22 Based on our results, we believe that the myopic
shift and higher rates of cataract formation should be attrib-
uted to a higher preoperative age and longer AL rather than
to the intraocular presence of the pIOL. Myopization
induced by AL elongation might suggest implantation of
pIOLs with a slight hyperopic target to anticipate this
refractive change. However, inducing hyperopia in a
formerly highly myopic patient is likely to result in

unhappy patients and is not advised. Additional research
on longitudinal changes in refractive error and AL in a
highly myopic population is indicated to map physiologic
changes against our results after pIOL implantation.
Refractive surgeons should counsel patients on the long-
term changes in visual outcomes after pIOL implantation
in cases of high myopia.

Table 2. Sight-threatening events, secondary surgical interventions, and pIOL exchanges and explantations in entire cohort
(460 eyes).

Event/Surgery Eyes/Patients (n) Ratio (%)

Time (Mo)

Mean ± SD Range

Retinal event

Retinal detachment 5/5 1.09 37.8 G 30.6 0.9, 80.1

Myopic macular degeneration 8/6 1.74 102.2 G 45.5 1.0, 144.8

Retinoschisis 2/2 0.43 36.0 and 108.0 d

Macular hole 1/1 0.22 3.0 d

Central serous chorioretinopathy 1/1 0.22 84.0 d

Secondary surgical intervention

Laser refractive correction

PRK 15/9 3.26 37.5 G 21.4 3.2, 63.1

pIOL refixation

Traumatic subluxation 2/2 0.43 9.0 and 29.4 d

Insufficient enclavation 1/1 0.22 34.5 d

Glare 1/1 0.22 4.6 d

Misalignment 1/1 0.22 4.4 d

pIOL exchange

Undercorrected 2/2 0.43 1.4 and 1.4 d

Overcorrected 1/1 0.22 3.9 d

Refractive change 1/1 0.22 84.2 d

Additional toric correction 1/1 0.22 15.8 d

pIOL explantation

Cataract 46/32 10.00 97.9 G 34.9 13.8, 163.7

EC loss* 22/15 4.78 126.9 G 41.7 44.4, 182.9

Cataract and EC loss 5/4 1.09 153.4 G 22.6 120.0, 179.7

High IOP 4/2 0.87 53.2 G 26.5 25.7, 80.3

Anisometropia 1/1 0.22 15.6 d

Decentration 1/1 0.22 1.4 d

Recurrent retinal detachment† 1/1 0.22 82.8 d

EC Z endothelial cell; IOP Z intraocular pressure; PRK Z photorefractive keratectomy
*Corneal edema requiring Descemet stripping automated endothelial keratoplasty in 1 eye of 1 patient and corneal edema requiring penetrating keratoplasty in
1 eye of 1 patient
†Recurrent retinal detachment requiring retinal surgery in 1 eye of 1 patient

WHAT WAS KNOWN
� Implantation of iris-fixated phakic intraocular lenses (pIOLs)
provides excellent visual and refractive results in highly
myopic patients.

� Over time, increased crystalline lens swelling decreases the
anterior chamber depth, causing the pIOL to rise.

WHAT THIS PAPER ADDS
� Significant myopization might occur in highly myopic adults
as a result of axial elongation

� Combined iris-fixated pIOLs explantation and cataract sur-
gery did not seem to result in increased rates of retinal de-
tachments in a group of highly myopic patients.
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