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Long-term quality of life after posterior
chamber phakic intraocular lens
implantation and after wavefront-guided
laser in situ keratomileusis for myopia
Hidenaga Kobashi, MD, PhD, Kazutaka Kamiya, MD, PhD, Akihito Igarashi, MD, PhD,
Kazuhiro Matsumura, MD, Mari Komatsu, MD, PhD, Kimiya Shimizu, MD, PhD

PURPOSE: To compare the vision-related quality of life 5 years after Implantable Collamer Lens phakic
intraocular lens (pIOL) implantation and after wavefront-guided laser in situ keratomileusis (LASIK)
for myopia.
SETTING: Department of Ophthalmology, Kitasato University, Kanagawa, Japan.
DESIGN: Retrospective case series.
METHODS: Quality of life was measured with the National Eye Institute Refractive Error Quality of
Life instrument in consecutive patients 5 years after pIOL implantation or wavefront-guided LASIK
to correct myopia.
RESULTS: Phakic IOL implantation was performed in 48 patients and LASIK in 55 patients. The
scores for activity limitations, symptoms, appearance, and satisfaction with correction were significantly higher in the pIOL group than in the LASIK group (P<.05, Mann-Whitney U test). No
significant differences in other scores were observed between the 2 groups (PR.05). The scores
for near vision and dependence on correction were significantly higher in the younger subgroup
than in the older subgroup with both techniques.
CONCLUSIONS: Phakic IOL implantation may offer significant vision-related quality-of-life advantages
(eg, fewer activity limitations and symptoms and better appearance and satisfaction with correction)
over wavefront-guided LASIK for myopia in the long term. Moreover, refractive surgery may provide
a better quality of life in younger patients.
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The Visian Implantable Collamer Lens posterior
chamber phakic intraocular lens (pIOL) (Staar Surgical
Co.) is reported to be effective for the correction of
moderate to high ametropia.1–4 We previously
reported that pIOL implantation induces significantly
fewer ocular higher-order aberrations (HOAs) than
wavefront-guided laser in situ keratomileusis
(LASIK).4,5 We also showed that contrast sensitivity
function was significantly improved after pIOL implantation but that it was not significantly changed after wavefront-guided LASIK for low to moderate
myopia5; contrast sensitivity was significantly worse
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after wavefront-guided LASIK for moderate to high
myopia.4
Most evaluations of visual performance after pIOL
implantation focused on visual and refractive outcomes, with some testing in the contrast domain.4–6
These objective measures are of clinical importance
but fail to highlight important symptomatic or functional problems.7 Questionnaires have been developed
to provide a more direct measure of subjective visual
function and quality-of-life changes associated
with refractive surgery. Validated instruments include
the Refractive Status and Vision Profile,8,9 the
http://dx.doi.org/10.1016/j.jcrs.2014.03.028
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National Eye Institute Refractive Quality of Life
(NEI-RQL),10–12 the Canadian Refractive Surgery
Research Group instrument,13 and the Quality of life
Impact of Refractive Correction (QIRC).14–16 However,
to our knowledge, comparison of refractive error–specific quality of life, which plays an important role in
patient satisfaction after pIOL implantation and
wavefront-guided LASIK, has not been performed.
In view of the prevalence of these surgical procedures,
it is essential to evaluate the long-term subjective
symptoms and patient satisfaction. However, until
now, no study has assessed the long-term
(O6 months) vision-related quality-of-life outcomes
after surgery.
The purpose of the present study was to retrospectively compare the postoperative vision-related quality
of life 5 years after pIOL implantation and after
wavefront-guided LASIK in patients with myopia using the NEI-RQL instrument.
PATIENTS AND METHODS
This study comprised patients who had pIOL implantation
or wavefront-guided LASIK for the correction of myopia
and who completed a 5-year follow-up. The retrospective review of data was approved by the Institutional Review
Board (IRB), Kitasato University, and followed the tenets
of the Declaration of Helsinki. The IRB waived the requirement for informed consent for this study.
Some patients were part of previous studies of visual acuity, HOAs, and contrast sensitivity after pIOL implantation
and after wavefront-guided LASIK.4,5,17 The preoperative
manifest refraction was selected as the targeted correction
in all eyes. Eyes with keratoconus were excluded from the
study based on the results of a Placido-disk videokeratography keratoconus screening test (TMS-2, Tomey Corp.).

Surgical Technique
Phakic Intraocular Lens Implantation Preoperatively, 2
peripheral iridotomies were created with a neodymium:
YAG laser. On the day of surgery, patients were given
dilating and cycloplegic agents. Topical anesthesia was
administered and sodium hyaluronate 1.0% (Opegan)
placed in the anterior chamber. Next, a model V4 Implantable Collamer Lens pIOL was inserted through a 3.0 mm
clear corneal incision with an injector cartridge (Staar
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Surgical Co.). The pIOL was placed in the posterior chamber.
To control for potential cyclotorsion with the patient supine,
the zero horizontal axis was marked preoperatively at the
slitlamp. In addition, a Mendez ring was used for intraoperative measurement of the required rotation from the horizontal axis. After the pIOL had been placed in the posterior
chamber, it was rotated by 22.5 degrees or less using the
manipulator. Then, the remaining ophthalmic viscosurgical
device was completely washed out of the anterior chamber
with a balanced salt solution, and acetylcholine chloride
(Ovisort) was instilled. Postoperatively, betamethasone
0.1% (Rinderon) and levofloxacin 0.5% (Cravit) were administered topically 4 times daily for 2 weeks; the dose was
steadily reduced thereafter.

Laser in Situ Keratomileusis Wavefront-guided LASIK
was performed with the Technolas 217z excimer laser system
(Bausch & Lomb) using a wavefront-guided ablation algorithm (Zyoptix, version 3.1). A flying spot of 1.0 or 2.0 mm
in diameter with a Gaussian profile was applied, and a
120 Hz active eye tracker was used. An LSK-1 microkeratome (Moria) was used to create a 130 mm thick hinged
corneal flap. After surgery, fluorometholone 0.1% (Flumetholone) and levofloxacin 0.5% were topically administered
4 times daily for 2 weeks.

Refraction, Visual Acuity, and Vision-Related
Quality of Life
The refraction, logMAR uncorrected distance visual
acuity (UDVA), logMAR corrected distance visual acuity
(CDVA), and vision-related quality of life 5 years postoperatively were assessed. A single examiner performed all measurements. Monocular data from the better eye was used
throughout for between-group comparisons in accordance
with the recommendations of Ieong et al.15,16
Vision-related quality of life was evaluated (with no correction) using the adapted Japanese version of the NEI-RQL instrument-42 scale. This 42-item instruments has 13 scales
covering specific aspects of quality of life.10–12 Each scale
has a score from 0 to 100. A higher score indicates a higher
self-reported quality of life. The linguistic translation followed
the international guidelines of forward and backward translation.18 Five years after surgery, the patients were also asked
about their range of visual clarity and whether they experienced blur at any distance. Patients were also asked questions
about whether they experienced any level of blur to establish
whether the blur affected overall quality of vision. All patients
provided written permission before completing the NEI-RQL
questionnaire. To determine the effect of age on vision-related
quality of life, patients were divided into 2 subgroups based
on age (!40 or R40 years).
In addition, to assess the test–retest reliability of the adapted Japanese version of the NEI-RQL questionnaire, the
patients in the pIOL group were asked to return for a second
visit within 1 month. The reliability was tested by calculating
the Cronbach a coefficient19 for internal consistency and by
measuring the test–retest reliability using intraclass correlation coefficients (ICCs) and their 95% confidence intervals
(CIs). The recommended a values for scales to ensure internal consistency is greater than 0.70. It is also generally recommended that the ICC exceed 0.90 if an instrument is to be
used for individual patients in clinical practice and that the
ICC exceed 0.70 for discriminating between groups of
patients in research.20
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Table 1. Patient demographics by group.

Characteristic
Age (y)
Mean G SD
Range
Preop MRSE (D)
Mean G SD
Range
MRSE 5 years
postop (D)
Mean G SD
Range
UDVA 5 years postop
(logMAR)
Mean G SD
Range
CDVA 5 years postop
(logMAR)
Mean G SD
Range

Table 2. The NEI-RQL scale scores 5 years postoperatively by
treatment group.

pIOL
Group

LASIK
Group

P
Value

38.2 G 9.3
22, 59

37.0 G 8.5
17, 53

.59

9.97 G 2.51
3.00, 14.50

6.31 G 2.20 !.001
3.00, 12.88

0.27 G 0.44
2.00, 1.00

0.41 G 0.61
1.88, 0.50

.36

0.06 G 0.18
0.30, 0.70

0.00 G 0.21
0.30, 0.82

.19

0.21 G 0.08
0.30, 0.08

0.18 G 0.06
0.30, 0.00

.12

CDVA Z corrected distance visual acuity; LASIK Z laser in situ keratomileusis; MRSE Z manifest refraction spherical equivalent; pIOL Z phakic
intraocular lens; UDVA Z uncorrected distance visual acuity

Statistical Analysis
The sample size in this study offered 92% statistical power
at the 5% level to detect a 10-point difference in NEI-RQL
score between the 2 groups when the standard deviation
(SD) of the mean difference was 15.
All statistical analyses were performed using SPSS software (SPSS, Inc.). The Mann-Whitney U test was used to
compare the data between the 2 groups. The results are expressed as the mean G SD, and a P value less than 0.05
was considered statistically significant.

RESULTS
The pIOL group comprised 48 patients (18 men,
30 women) and the LASIK group, 55 patients (13 men,
42 women). Table 1 shows the patient demographics.
In the pIOL group, a nontoric pIOL was implanted in
25 eyes (52%) with a manifest cylinder of 1.25 D or less
and a toric pIOL in 23 eyes (48%) with the manifest cylinder of 1.50 D or more.
In the pIOL group, no clinically significant symptomatic cataract, pigment dispersion glaucoma, pupillary block, or other vision-threatening complication
occurred in any eye over the 5-year follow-up. In the
LASIK group, there were no significant complications,
such as diffuse lamellar keratitis, epithelial ingrowth,
severe dry eye, or keratectasia.
Table 2 shows the postoperative NEI-RQL scale
scores. The scores for activity limitations, symptoms,
appearance, and satisfaction with correction were

Mean G SD
Scale
Clarity of vision
Expectations
Near vision
Far vision
Diurnal fluctuations
Activity limitations
Glare
Symptoms
Dependence
on correction
Worry
Suboptimal
correction
Appearance
Satisfaction
with correction

pIOL
Group

LASIK
Group

P
Value

84.72 G 17.68
57.81 G 42.89
85.55 G 19.00
83.23 G 18.36
79.17 G 22.40
98.96 G 6.36
77.08 G 21.32
89.66 G 12.70
73.26 G 29.75

75.23 G 25.04
71.36 G 38.91
84.05 G 20.31
82.36 G 21.12
73.56 G 27.75
91.82 G 16.62
77.27 G 24.89
81.69 G 18.11
75.83 G 26.89

.07
.09
.74
.98
.37
.002
.60
.02
.78

74.48 G 26.42
100.00 G 0.00

66.36 G 33.41
96.82 G 14.68

.33
.06

97.92 G 3.41
83.75 G 16.84

89.82 G 20.20
74.91 G 21.16

.01
.03

LASIK Z laser in situ keratomileusis; MRSE Z manifest refraction spherical equivalent; pIOL Z phakic intraocular lens

statistically significantly higher in the pIOL group
than in the LASIK group. There were no significant
differences in clarity of vision, expectations, near
vision, far vision, diurnal fluctuations, glare, dependence on correction, worry, or suboptimal correction
between the 2 groups.
Table 3 shows the NEI-RQL scale scores in the pIOL
group divided into 2 subgroups based on age. The
scores for near vision, dependence on correction,
worry, appearance, and satisfaction with correction
were statistically significantly higher in the younger
subgroup than in the older subgroup. There were no
significant differences in clarity of vision, expectations,
far vision, diurnal fluctuations, activity limitations,
glare, or symptoms between the 2 subgroups.
Table 4 shows the NEI-RQL scale scores in the
wavefront-guided LASIK group divided into 2 subgroups based on age. The scores for near vision,
diurnal fluctuations, and dependence on correction
were statistically significantly higher in the younger
subgroup than in the older subgroup. There were no
significant differences in clarity of vision, expectations,
far vision, activity limitations, glare, symptoms,
worry, suboptimal correction, appearance, or satisfaction with correction between the 2 subgroups.
Table 5 shows the reliability estimates for the
NEI-RQL. The internal consistency of the NEI-RQL
scales was generally high. Two scalesdglare (Cronbach a Z 0.61) and appearance (Cronbach a Z 0.67)
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Table 3. The NEI-RQL scale scores 5 years after pIOL implantation by age subgroup.

Table 4. The NEI-RQL scale scores 5 years after wavefrontguided LASIK by age subgroup.

Mean G SD
Scale

Younger
(n Z 28)*

Mean G SD

Older
(n Z 20)†

P
Value

Scale

Age (y)
31.8 G 5.2
47.3 G 4.9
!.001
Clarity of vision
86.98 G 12.96 81.69 G 23.35
.63
Expectations
62.50 G 42.22 48.68 G 43.68
.35
Near vision
94.42 G 8.56
73.46 G 23.16 !.001
Far vision
86.67 G 15.75 77.28 G 20.89
.26
Diurnal fluctuations 82.29 G 19.79 74.12 G 26.01
.38
Activity limitations
99.78 G 1.18
97.70 G 10.04
.79
Glare
76.79 G 18.54 77.63 G 25.88
.55
Symptoms
90.43 G 8.36
88.35 G 17.69
.43
Dependence
86.31 G 22.59 55.26 G 30.14 !.001
on correction
Worry
80.80 G 22.69 66.45 G 29.77
.04
Suboptimal
100.00 G 0.00 100.00 G 0.00
NA
correction
Appearance
98.81 G 2.60
96.49 G 4.08
.04
Satisfaction
89.29 G 12.74 75.79 G 19.53
.008
with correction

Age (y)
Clarity of vision
Expectations
Near vision
Far vision
Diurnal fluctuations
Activity limitations
Glare
Symptoms
Dependence
on correction
Worry
Suboptimal
correction
Appearance
Satisfaction
with correction

NA Z not available
*Range 28 to 39 years
†
Range 40 to 59 years

*Range 17 to 38 years
†
Range 40 to 53 years

Younger
(n Z 35)*

Older
(n Z 20)†

P
Value

31.9 G 5.6
74.94 G 25.44
77.14 G 35.03
89.11 G 17.76
84.29 G 21.15
78.45 G 27.54
90.54 G 18.96
78.93 G 24.02
82.14 G 19.31
82.26 G 24.32

46.1 G 3.9
75.73 G 24.97
61.25 G 44.04
75.21 G 21.88
79.00 G 21.17
65.00 G 26.64
94.06 G 11.56
74.38 G 26.74
80.89 G 16.23
64.58 G 28.05

!.001
.85
.17
.006
.23
.03
.99
.46
.54
.03

66.79 G 35.48
95.36 G 18.21

65.63 G 30.31
99.38 G 2.80

.69
.59

89.14 G 22.58
76.57 G 21.95

91.00 G 15.64
72.00 G 19.89

.42
.35

DISCUSSION
dhad internal consistencies of less than 0.70. The overall test–retest reliability of the NEI-RQL was excellent,
with an ICC of 0.94 (95% CI, 0.90-0.96). No NEI-RQL
scale had an ICC value less than 0.70.

In the current study, several scales on the NEI-RQL instrument were statistically significantly higher 5 years
after pIOL implantation than 5 years after wavefrontguided LASIK for myopia. Although we found no

Table 5. Internal consistency and test–retest reliability of the NEI-RQL scales.
Test–Retest Reliability
Subscale (# of Items)

Internal Consistency (Cronbach a)

ICC

95% CI

0.75
0.90
0.88
0.79
0.83
0.74
0.61
0.76
0.85
0.77
0.71
0.67
*
0.90

0.82
0.90
0.90
0.89
0.79
0.82
0.73
0.84
0.88
0.79
0.74
0.77
0.92
0.94

0.73, 0.89
0.81, 0.96
0.85, 0.93
0.81, 0.93
0.64, 0.89
0.73, 0.90
0.60, 0.85
0.78, 0.90
0.83, 0.92
0.65, 0.89
0.55, 0.87
0.60, 0.89
0.90, 0.94
0.90, 0.96

Clarity of vision (4)
Expectations (2)
Near vision (4)
Far vision (5)
Diurnal fluctuations (2)
Activity limitations (4)
Glare (2)
Symptoms (7)
Dependence on correction (4)
Worry (2)
Suboptimal correction (2)
Appearance (3)
Satisfaction with correction (1)
Overall (42)
CI Z confidence interval; ICC Z intraclass correlation coefficients
*Undefined
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significant differences in UDVA or CDVA between the
2 groups, pIOL implantation improved several areas of
visual function relevant to quality of life, such as activity limitations, symptoms, appearance, and satisfaction
with correction. The primary goal of this study was to
clinically compare the long-term subjective symptoms
and patient satisfaction between the 2 surgical techniques, which are based on fundamentally different indications, especially preoperative MRSE. As far as we
can ascertain, this is the first published study to
compare vision-related quality of life, which plays an
important role in patient satisfaction, after pIOL implantation and wavefront-guided LASIK. There have
been several published studies of the quality of life after
refractive surgery.8–16 However, these studies did not
compare the 2 surgical techniques. To our knowledge,
this is also the first study to assess the long-term quality-of-life outcomes after pIOL implantation and
wavefront-guided LASIK. We believe that long-term
assessment of vision-related quality of life after these
2 types of refractive surgery is clinically helpful given
their popularity.
With regard to activity limitations, we asked
whether the patients had difficulty taking part in
active sports or other outdoor activities, such as
hiking, swimming, aerobics, team sports, or jogging.
In the current study, the scores show that these activities were more difficult for patients who had
wavefront-guided LASIK than for patients who had
pIOL implantation. A reason for this finding might
be that the deterioration in visual performance after
wavefront-guided LASIK restricts performance of
these activities.
The symptoms of dryness, pain, or discomfort
occurred with greater frequency in patients who had
wavefront-guided LASIK than in those who had
pIOL implantation. Dry-eye symptoms are a common
complaint after LASIK, with the incidence ranging
from 3% to 59%.21,22 Corneal flap creation and ablation
of the stroma during LASIK interrupts the afferent
sensory nerve fibers, which can induce dry eyes by
altering blink rates, decreasing tear production, or
increasing neurotrophic effects on the epithelium.23
Our findings suggest that pIOL implantation may be
less stressful than LASIK to the ocular surface.
The scores for appearance and satisfaction with
correction were also better in the pIOL group than in
the LASIK group. Preoperatively, patients with higher
refractive errors have more lifestyle limitations24 and
they may correct their refraction using a higher power
of spectacle or contact lens. We believe that the preoperative refractive status may have affected our visionrelated quality-of-life results.
In addition, the scores for the near vision and dependence on correction scales were significantly different

2023

between the younger subgroup and the older
subgroup with both surgical techniques. It is reasonable that it is more difficult for older patients than
for younger patients to obtain good uncorrected near
visual acuity because of the presence of presbyopia
in the former group. This suggests that refractive
surgery, such as pIOL implantation and LASIK, may
provide a higher quality of life in younger patients.
The psychometric properties of the Japanese
NEI-RQL are similar to those of the original NEIRQL. In terms of reliability, except for 2 subscales,
the calculated Cronbach a coefficients were high. In
agreement with results in a previous study,12 the glare
and appearance scales had an internal consistency of
less than 0.70. The Japanese version of the NEI-RQL
performed better in terms of test–retest reliability,
which is consistent with results in previous
studies.12,25 The Japanese version of the NEI-RQL
appears to be a reliable and effective instrument to
assess subjective outcomes after pIOL implantation.
This study has at least 3 limitations. First, we did not
completely match the preoperative MRSE and other
preoperative factors between the 2 groups. We believe
that the postoperative clinical outcomes were influenced mainly by the preoperative refraction. However, the higher myopic refraction in the pIOL group
tended to bias the data in favor of the wavefrontguided LASIK group because it was often associated
with poor safety, efficacy, predictability, and stability
of the procedure. We believe that this information is
meaningful to compare 2 surgical procedures in a clinical setting. Second, we did not assess the preoperative
quality of vision in all eyes. In studies using the QIRC
instrument,16,26 significant improvements in quality of
life were found not only after pIOL implantation but
also after LASIK for myopia. Although it remains
unclear whether our results using the NEI-RQL questionnaire are on a par with those using the QIRC questionnaire, our patients in both groups would have also
shown significant gains in quality of life using the
QIRC instrument. Third, this study was performed
in a retrospective fashion. A prospective study is
needed to compare the vision-related quality of life
between the 2 techniques.
In conclusion, pIOL implantation may offer significant vision-related quality-of-life advantages over
wavefront-guided LASIK for myopia in the long
term. Advantages include less activity limitations,
fewer symptoms, better appearance, and better satisfaction with correction. Moreover, for each technique,
the near vision and dependence on correction scores
were significantly higher in the younger subgroup
than in the older subgroup, indicating that refractive
surgery yields a higher quality of life in younger
patients.
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WHAT WAS KNOWN
 Most evaluations of visual performance after pIOL implantation or wavefront-guided LASIK focused on visual and
refractive outcomes, with some testing in the contrast
domain.
WHAT THIS PAPER ADDS
 Phakic IOL implantation offered significant vision-related
quality-of-life advantages over wavefront-guided LASIK
for myopia 5 years postoperatively.
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