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Purpose: To evaluate refractive outcomes after retropupillary iris-claw intraocular lens 
(IOL) implantation and to compare postoperative astigmatism from (1) a conventional 
5.5-mm sclerocorneal incision, (2) an L-shaped scleral tunnel incision, and (3) a frown 
scleral tunnel incision.
Methods: This was a retrospective study of eyes undergoing dislocated IOL exchange for 
a retropupillary iris-claw IOL. Uncorrected and corrected distance visual acuity (UDVA and 
CDVA) and postoperative complications were evaluated until postoperative months 24. The 
refractive outcomes and the surgically induced astigmatism (SIA) vector were compared 
between groups.
Results: The medical records of 107 eyes from 107 patients with mean age of 65.31 ± 12.15 
years were reviewed. Eyes with a frown incision showed the best UDVA, followed by those 
with L-shaped and conventional incisions (P = 0.003). Eyes with an L-shaped incision or 
frown incision had a lower SIA than that of the conventional incision group at postoperative 
6 months (mean ± standard deviation [SD] SIA, 0.86 ± 0.85 D, 0.63 ± 0.37 D, and 1.70 ± 
1.27 D for frown incision, L-shaped incision, and conventional incisions, respectively; P = 
0.004).
Conclusion: The frown incision and L-shaped incision induced a significantly smaller SIA 
than the conventional incisions, which was associated with better UDVA postoperatively.
Keywords: aphakia, astigmatism, intraocular lens dislocation, retropupillary iris-claw 
intraocular lens, scleral tunnel incision, sclerocorneal incision

Introduction
Implantation of an aphakic iris-claw intraocular lens (IOL) is used in aphakia or 
intraocular lens luxation/subluxation, when there is not adequate capsular support, 
but also as primary procedure during phacoemulsification in subluxated crystalline 
lens (ectopia lentis) and uncommon conditions with extremely large capsular bags 
(anterior megalophthalmos).1–11 Aphakic iris-claw IOL has been used since 1979 
when was introduced by Worst.1 Soon later, a retropupillary model was described 
by Amar in 1980,2 and retropupillary fixation of the standard aphakic iris-claw IOL 
was published by Rijneveld et al in 1994.3 However, retropupillary approach has 
gained popularity more recently, in the last two decades, following the report by 
Mohr et al”.6 Because the iris-claw IOL is fixed in the anterior or posterior surface 
of iris, it does not require scleral sutures. Accordingly, this procedure has several 
advantages, some of which include shorter surgical time and fewer postoperative 
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suture-related or corneal complications.6–11 However, 
because the IOL is rigid, its implantation requires a large 
sclerocorneal incision, which often results in high surgi-
cally induced astigmatism (SIA).9,11–13

Substantial efforts to minimize postoperative astigma-
tism resulting from a 5.5- to 6.0-mm sclerocorneal incision 
have been made previously, especially during the 1990s 
when routine cataract surgery required a 6.0-mm sclero-
corneal incision. The most frequently used types of inci-
sion were the frown incision14 and the L-shaped 
incision.15 However, to our knowledge, there is only lim-
ited information available about the direct comparison 
between the refractive outcomes after retropupillary iris- 
claw IOL implantation using these modified sclerocorneal 
incisions.

In the present study, we evaluated the refractive out-
comes after retropupillary iris-claw IOL implantation and 
compared the postoperative astigmatism resulting from (1) 
a conventional incision using a 5.5-mm sclerocorneal inci-
sion, (2) an L-shaped scleral tunnel incision, and (3) 
a frown scleral tunnel incision.

Patients and Methods
We retrospectively reviewed data from May 2, 2014, to 
December 31, 2020, of 107 eyes from 107 patients who 
underwent secondary implantation with Artisan aphakia 
iris-claw IOLs (Ophtec BV, Groningen, The Netherlands) 
at Gyeongju St. Mary’s Eye Clinic. The Institutional 
Review Board (IRB)/Ethics Committee of Gyeongju 
St. Mary’s Eye Clinic (IRB number: GSM-2021-1) 
approved the study and waived the requirement for 
informed consent because of the retrospective nature of 
the study. The patient data was maintained with confiden-
tiality after anonymization. The study protocol adhered to 
the tenets of the Declaration of Helsinki.

The inclusion criteria comprised patients who under-
went retropupillary Artisan aphakia iris-claw IOL implan-
tation with a follow-up of more than 6 months. Eyes with 
vision-impairing eye disease at preoperative evaluation, 
such as age-related macular degeneration, diabetic retino-
pathy, or retinal vascular occlusions, were excluded from 
this investigation. Comprehensive preoperative ocular 
examinations, including uncorrected distance visual 
acuity (UDVA) and corrected distance visual acuity 
(CDVA), subjective and objective refraction, intraocular 
pressure measurement, slit-lamp examination, optical bio-
metry measurement with a partial coherence interferome-
try device (IOLMaster 500, Carl Zeiss AG; Jena, 

Germany), corneal topography using the HR Pentacam 
Scheimpflug System (Oculus Inc, Berlin, Germany), ultra- 
widefield fundus photography (Optos Optomap 
Panoramic 200A Imaging System; Optos plc, 
Dunfermline, Scotland), and three-dimensional (3D) opti-
cal coherence tomography (OCT)-2000 Spectral Domain 
OCT measurements (Topcon Medical Systems, Japan) 
were routinely performed. The IOL calculation was per-
formed using existing built-in IOL formulas in the 
IOLMaster 500. The IOL power was selected to emme-
tropia, unless the fellow eye (without cataract or already 
pseudophakic) had a significant ametropia, in which case 
the power was calculated in such a way as to avoid 
anisometropia. The SRK/T formula with an optimized 
A constant of 116.9 (taken from the User Group for 
Laser Interference Biometry [ULIB] and IOL CON web-
pages) was used.

Surgical Technique
All surgeries were performed by one experienced surgeon 
(H.K.). Periocular anesthesia was performed using a 5-mL 
mix of 4% lidocaine hydrochloride hydrate and 0.5% 
bupivacaine hydrochloride hydrate in a 1:1 ratio.

The corneoscleral incision was made using a 0.3-mm- 
depth incision diamond blade by three different techni-
ques depending on the time of the initial surgery: (1) 
conventional incision, (2) L-shaped incision, and (3) 
frown incision (Figure 1 and Supplemental Video 1). 
For the conventional incision group, a conventional 
5.5-mm sclerocorneal incision was made on the surgical 
limbus with a tunnel toward the 0.5-mm cornea and 
sutured with 10–0 nylon at three points. The L-shaped 
incision was made, dividing the incision into two seg-
ments: the first of 2.75 mm in the surgical limbus and 
the second of 2.75 mm perpendicular to the first segment, 
and directed towards the sclera (hence its L-shaped 
name). Then, an anterior dissection was carried out in 
a plane approximately 300 µm of the thickness using 300 
µm restricted diamond knife to create a wide scleral 
tunnel that finally ended in an internal incision of 
approximately 5.5 mm in length. A suture was placed at 
the corner where the two incision segments met, and an 
additional suture was used if there was any leakage after 
placing the first one. The frown incision was made with 
a 5.5-mm incision and a tunnel to the cornea and sutured 
at one central point.

A pars plana vitrectomy was performed for all cases as 
they had dislocated IOLs in the vitreous cavity or 
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incarcerated vitreous in the anterior chamber. The Artisan 
aphakia IOL was fixed into position on the posterior side 
of iris, with an enclavation needle, through two paracent-
eses at 1 1/2 and 10 1/2 o’clock (in small or sunken eyes), 
or with a spatula through two paracenteses at 3 and 9 
o’clock (in standard or large eyes). All incision sites 
were sutured with 10-0 nylon. One drop of moxifloxacin 
5 mg/mL (Vigamox; Alcon Laboratories, Inc. Fort Worth, 
Texas, USA) was topically applied four times daily, along 
with 0.1% Brom fenac sodium hydrate (Bronuck 
Ophthalmic Solution; Taejoon, Seoul, Korea) twice daily 
for 4 weeks and prednisolone acetate 1% (Pred Forte; 
Allergan Inc. Irvine, CA, USA) four times a day for 10 
days postoperatively.

Outcome Measures
Both UDVA and CDVA were evaluated at postoperative 
months 1, 3, 6, 12, and 24 using the decimal system and 
then converted into logMAR for statistical analysis. The 

refractive outcomes were analyzed according to the stan-
dard suggested by Reinstein et al.16 The polar notation of 
astigmatism (cylinder and meridian) was transformed into 
Cartesian (or rectangular) coordinates (x and y) according 
to the methods described by Alpins.17 The SIA vector at 6 
months was calculated using the VectrAK analysis pro-
gram which was available on the Alpins Statistical System 
for Ophthalmic Refractive Surgery Techniques (ASSORT) 
website (https://assort.com/) and reported as previously 
recommended.18

Statistical Analysis
Statistical analyses were conducted using SPSS software, 
version 15.0 for Windows (SPSS Inc, Chicago, Illinois, 
United States). Descriptive data were recorded as mean ± 
SD unless otherwise specified. The Shapiro–Wilk test was 
used to assess normality of the continuous variables. Two- 
tailed t tests were used to assess the differences in vari-
ables between groups. An analysis of variance (ANOVA) 

Figure 1 Representative photographs during the surgery and a schematic illustration of each incision type used; (A) a conventional 5.5-mm sclerocorneal incision, (B) 
L-shaped incision, and (C) frown incision.
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test was used for the comparison of three or more data. 
Bonferroni test was used for post-hoc analysis. The 
Pearson correlation coefficient was determined to assess 
the association between continuous variables, according to 
the normality of distribution. Independent variables signif-
icantly associated with scores in the univariate analysis 
(P < 0.05) and potentially confounding parameters were 
included as independent covariables in the multivariate 
analysis by multiple regression analysis. A two-sided 
P value less than 0.05 was considered statistically 
significant.

Results
The medical records of 107 eyes from 107 patients (mean 
age ± standard deviation [SD], 65.31 ± 12.15 years; 
range, 31–91 years; 80 men [74.8%]) were reviewed in 
the present study. A total of 60 eyes (56.1%) were in the 
conventional incision group (May 2014-December 2017), 
29 (27.1%) were in the L-shaped incision group 
(January 2018-August 2019), and 18 (16.8%) were in 
the frown incision group (January 2020-December 
2020). Table 1 shows the demographic and ophthalmolo-
gic data of this population. There was no difference 
between the groups in demographic or ophthalmologic 
data at baseline.

The visual and refractive outcomes after retropupillary 
iris-claw IOL implantation are summarized in Figure 2. 
The overall postoperative UDVA improved when com-
pared with the preoperative CDVA (Figure 2A). UDVA 
from 88 of 104 eyes (84.6%) was within one line of the 
CDVA (Figure 2B), and five of 104 eyes (4.1%) lost two 
or more lines postoperatively (Figure 2C). Four of five 
eyes (80.0%) lost two or more lines due to cystoid macular 
edema and one of the five eyes (20.0%) lost two or more 
lines from central serous chorioretinopathy. There was 
a tendency of under-correction (Figure 2D). The mean 
SE was –0.14 ± 0.83 D at the 6-month postoperative 
visit; 71 of 104 eyes (68.3%) were within ± 1.00 D of 
the target refraction (Figure 2E). There was no significant 
myopic or hyperopic shift during the follow-up 
period (Figure 2F). However, the refractive astigmatism 
increased after retropupillary iris-claw IOL implantation 
(Figure 2G).

Postoperative refractive outcomes and visual acuities 
according to the subgroup are summarized in Table 2. 
There was a significant difference in the UDVA between 
groups; eyes in the frown incision group showed the best 
UDVA followed by the L-shaped incision and 

conventional incision groups at postoperative 6 months 
(logMAR visual acuity ± SD, 0.06 ± 0.11, 0.24 ± 0.23, 
and 0.47 ± 0.49 for frown incision, L-shaped incision, and 
conventional incision, respectively; P =0.003, ANOVA 
test). Post hoc analysis using the Bonferroni test revealed 
the following: P = 0.151 for conventional incision vs 
L-shaped incision, P = 0.536 for L-shaped incision vs 
frown incision, and P = 0.003 for frown incision vs con-
ventional incision. The CDVA showed a similar distribu-
tion but was not significant (logMAR visual acuity ± SD, 
0.02 ± 0.05, 0.15 ± 0.24, and 0.27 ± 0.39 for frown 
incision, L-shaped incision, and conventional incision, 
respectively; P = 0.035). Post hoc analysis using the 
Bonferroni HSD test revealed the following: P = 0.089 
for conventional incision vs L-shaped incision, P = 0.728 
for L-shaped incision vs frown incision, and P = 0.096 for 
frown incision vs conventional incision.

Figure 3 shows the changes in the corneal astigmatism 
after surgery. The centroid of preoperative corneal astig-
matism was 0.43D @ 94° ± 1.78D and increased to 0.66D 
@ 178° ± 1.99D postoperatively in eyes with conventional 
incision group. The centroid of preoperative corneal astig-
matism was 0.16 D @ 33° ± 1.20D and 0.39 D @ 7° ± 
0.79D but decreased to 0.10 D @ 134° ± 1.12D and 0.35 
D @ 171° ± 0.83D in eyes with L-shaped incision and 
frown incision, respectively. There was a significant dif-
ference in the SIA vector between groups; eyes with 
L-shaped incisions and frown incisions showed a lower 
SIA than that of the conventional incision at postoperative 
6 months (SIA ± SD, 0.86 ± 0.85 D, 0.63 ± 0.37 D, and 
1.70 ± 1.27 D for frown incision, L-shaped incision, and 
conventional incision, respectively; P = 0.004, Table 2). 
Post hoc analysis using the Bonferroni test revealed the 
following: P = 0.008 for conventional incision vs 
L-shaped incision, P > 0.999 for L-shaped incision vs 
frown incision, and P = 0.045 for frown incision vs con-
ventional incision. Eyes with frown incision showed the 
least amount of corneal astigmatism followed by the 
L-shaped incision and conventional incision groups at 
postoperative 6 months (corneal astigmatism ± SD, –0.76 
± 0.33 D, –1.18 ± 0.85 D, and –1.71 ± 1.52 D for frown 
incision, L-shaped incision, and conventional incision, 
respectively; P = 0.004). Post hoc analysis using the 
Bonferroni test revealed the following: P = 0.008 
for conventional incision vs L-shaped incision, P = 0.939 
for L-shaped incision vs frown incision, and P = 0.010 for 
frown incision vs conventional incision. There was no 
difference in SE and mean keratometry between the 
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groups at 6 months after surgery (SE, −0.19 ± 0.77 D, 
−0.07 ± 0.89 D, and −0.03 ± 0.56 D for conventional 
incision, L-shaped incision, and frown incision, respec-
tively; P = 0.539; mean keratometry, 43.88 ± 1.59 D, 
43.85 ± 1.69 D, and 43.35 ± 1.58 D for conventional 
incision, L-shaped incision, and frown incision, respec-
tively; P = 0.155).

Table 3 shows the postoperative complications 
according to the incision type. A total of 89 of 107 
patients (83.2%) experienced no complications during 
the follow-up period. Although the conventional incision 
group experienced postoperative complications the most 
frequently (12 of 60 patients [40.0%]) when compared 
with the L-shaped incision or frown incision groups (2 of 

Table 1 Demographic and Preoperative Ocular Characteristics of Enrolled Patients (n=107)

All Patients (n=107) Conventional Incision (n=60) L-Shaped Incision (n=29) Frown Incision (n=18)

Age, years 65.31 ± 12.15 66.91 ± 12.26 63.86 ± 11.77 62.38 ± 12.14
Range 31–91 43–91 43–87 31–83

P = 0.179,† P = 0.797 for C vs L, P = 1.000 for L vs F, P = 0.254 for F vs C

Gender, male. (%) 80 (74.8) 43 (71.7) 24 (82.8) 13 (72.2)

P = 0.164

UDVA, LogMAR 1.35 ± 0.70 1.39 ± 0.65 1.33 ± 0.74 1.21 ± 0.84

Range 0.00–2.00 0.16–2.00 0.20–2.00 0.00–2.00

P = 0.613,† P = 1.000 for all subanalysis

CDVA, LogMAR 0.53 ± 0.65 0.58 ± 0.68 0.51 ± 0.65 0.36 ± 0.53
Range 0.00–2.00 0.00–2.00 0.00–2.00 0.00–2.00

P = 0.466,† P = 1.000 for C vs L, P = 1.000 for L vs F, P = 0.658 for F vs C

SE, D 6.72 ± 5.60 6.60 ± 5.68 6.66 ± 5.82 7.18 ± 5.34

Range −4.13–13.38 −4.13–13.38 −3.00–13.38 −2.25–13.25

P = 0.938,† P = 1.000 for all subanalysis

Km, D 43.84 ± 1.46 44.11 ± 1.35 43.74 ± 1.66 43.35 ± 1.58

Range 40.64–47.65 41.80–47.65 40.71–47.28 40.64–45.67

P = 0.177,† P = 0.861 for C vs L, P = 1.000 for L vs F, P = 0.208 for F vs C

Ka, D −1.15 ± 1.00 −1.26 ± 1.22 −1.18 ± 0.69 −0.76 ± 0.33
Range –6.05 – 0.00 –6.05 – 0.00 –3.10 – 0.00 –1.51 – 0.00

P = 0.202,† P = 1.000 for C vs L, P = 0.510 for L vs F, P = 0.228 for F vs C

ECC, /mm2 2452.29 ± 531.80 2381.29 ± 575.33 2474.20 ± 460.54 2590.61 ± 765.59

Range 1015.80–3979.00 1015.80–3367.40 1717.17–3250.80 1434.30–3979.00

P = 0.437,† P = 1.000 for C vs L, P = 1.000 for L vs F, P = 0.600 for F vs C

IOP, mmHg 15.98 ± 4.92 15.73 ± 4.51 16.75 ± 4.36 14.06 ± 6.97

Range 8.00–29.00 8.00–28.00 9.00–29.00 12.00–20.00

P = 0.459,† P = 0.930 for C vs L, P = 0.820 for L vs F, P = 0.867 for F vs C

Follow up period, month 36.67 ± 18.86 47.47 ± 17.23 28.50 ± 5.61 12.13 ± 4.65

Range 6–81 38–81 13–37 6–19

P <0.001*,† P <0.001* for all subanalysis

Notes: Values are represented in frequency (percentage) for categorical variables, mean and standard deviation for continuous variables. †ANOVA was used to evaluate 
whether there is a significant difference between three groups. Bonferroni test was used for post hoc analysis. 
Abbreviations: CDVA, corrected distance visual acuity; ECC, endothelial cell count; IOP, intraocular pressure; Ka, keratometric astigmatism; Km, mean keratometry; SE, 
spherical equivalent; UDVA, uncorrected distance visual acuity.
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29 [6.9%] and 4 of 18 [22.2%], respectively), there was 
no significant difference between groups (P = 0.223). 
The most frequent complication in the present data was 
the disenclavation of the haptic (11 of 107 patients 

[10.3%]), regardless of the incision type (8 of 60 patients 
in the conventional incision group [13.3%], 2 of 29 in 
the L-shaped incision group [6.9%], and 1 of 18 patients 
in the frown incision group [5.5%]; P = 0.519). We 

Figure 2 Standard graphs for reporting refractive outcomes. (A) Uncorrected distance visual acuity (UDVA). (B) The difference between UDVA and corrected distance 
visual acuity (CDVA). (C) Change in CDVA, (D) The comparison between attempted spherical equivalent (SEQ) refraction and achieved SEQ refraction. (E) The accuracy of 
SEQ to the intended target. (F) Spherical equivalent refraction stability after surgery. (G) The comparison between preoperative and postoperative refractive astigmatism.

https://doi.org/10.2147/OPTH.S324983                                                                                                                                                                                                                               

DovePress                                                                                                                                                                 

Clinical Ophthalmology 2021:15 3384

Kim and Jeon                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


detected a peaked or oval pupil and cystoid macular 
edema in 5 of 107 eyes (4.7%) postoperatively without 
any correlation to the incision type (P = 0.362 and P = 
0.146, respectively). There were no cases of corneal 
decompensation, wound leakage, postoperative hypot-
ony, retinal detachment, vitreous hemorrhage, or 
endophthalmitis.

Discussion
In the present study, we found that the modified sclerocor-
neal incisions (both the L-shaped incision and frown inci-
sion) improved refractive outcomes after retropupillary 
iris-claw IOL implantation through an associated reduction 
in SIA. Accordingly, eyes with modified sclerocorneal 
incisions showed a significantly better UDVA when com-
pared with that of conventional 5.5-mm-size sclerocorneal 
incisions.

Increased postoperative astigmatism after IOL 
exchange has always been a critical hurdle for good post-
operative vision.6,11–13 Kristianslund et al reported that the 
mean SIA magnitude was 1.12 ± 0.85 D at 6 months after 
a 5.5-mm scleral pocket arcuate incision and retropupillary 
iris-claw IOL implantation, which was significantly higher 
than the SIA of the IOL reposition.13 Choi et al also 
reported a significant increase in corneal astigmatism 
after a 5.5-mm sclerocorneal incision and retropupillary 
iris-claw IOL implantation; although, no information 
regarding SIA was included in the data.11 In the present 
study, the SIA was 1.70 ± 1.27 D for the conventional 
incision, but it was reduced to 0.63 ± 0.37 D and 0.86 ± 
0.85 D when the incision was modified into an L-shaped 
or frown incision. A small-sized corneal incision could be 
used when the dislocated IOL is cut before extraction and 
the new IOL is foldable;19 however, the Artisan aphakia 

Table 2 Comparison of the Postoperative 6 Month Analysis (n=107)

All Patients (n=107) Conventional Incision (n=60) L-Shaped Incision (n=29) Frown Incision (n=15)

UDVA, LogMAR 0.32 ± 0.41 0.47 ± 0.49 0.24 ± 0.23 0.06 ± 0.11
0.00–2.00 0.00–2.00 0.00–1.00 0.00–0.40

P = 0.003, P = 0.151 for C vs L, P = 0.536 for L vs F, P = 0.003 for F vs C

CDVA, LogMAR 0.18 ± 0.32 0.27 ± 0.39 0.15 ± 0.24 0.02 ± 0.05
0.00–2.00 0.00–2.00 0.00–1.00 0.00–0.40

P = 0.035, P = 0.089 for C vs L, P = 0.728 for L vs F, P = 0.096 for F vs C

SE, D −0.14 ± 0.83 −0.19 ± 0.77 −0.07 ± 0.89 −0.03 ± 0.56
−3.25–2.13 −3.25–1.38 −3.00–2.13 −1.25–1.38

P = 0.539, P <0.001 for all subanalysis

Km, D 43.74 ± 1.64 43.88 ± 1.59 43.85 ± 1.69 43.35 ± 1.58
40.00–47.50 40.00–47.50 40.50–47.25 40.64–45.67

P = 0.155, P > 0.999 for C vs L, P = 0.510 for L vs F, P = 0.163 for F vs C

Ka, D −1.40 ± 1.29 −1.71 ± 1.52 −1.18 ± 0.85 −0.76 ± 0.33
−7.75–0.00 −7.75–0.00 −3.50 – −0.25 −2.00 – −0.17

P = 0.004, P = 0.188 for C vs L, P = 0.939 for L vs F, P = 0.010 for F vs C

SIA, D 1.28 ± 1.14 1.70 ± 1.27 0.63 ± 0.37 0.86 ± 0.85
0.09–4.46 0.09–4.46 0.09–1.23 0.09–3.61

P = 0.004, P = 0.008 for C vs L, P > 0.999 for L vs F, P = 0.045 for F vs C

IOP, mmHg 14.83 ± 2.88 14.98 ± 2.55 14.03 ± 3.54 15.64 ± 2.52

Range 8.00–24.00 10.00–24.00 9.00–19.00 13.00–21.00

P = 0.154, P = 0.422 for C vs L, P > 0.999 for L vs F, P > 0.999 for F vs C

Notes: ANOVA was used to evaluate whether there is a significant difference between three groups. Bonferroni test was used for post hoc analysis. 
Abbreviations: CDVA, corrected distance visual acuity; IOP, intraocular pressure; Ka, keratometric astigmatism; Km, mean keratometry; SE, spherical equivalent; SIA, 
surgically induced astigmatism vector; UDVA, uncorrected distance visual acuity.
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Figure 3 Cumulative histogram of the magnitude of the preoperative corneal and postoperative refractive astigmatism, vertexed to the corneal plane; (A) a conventional 
5.5-mm sclerocorneal incision, (B) L-shaped incision, and (C) frown incision.
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IOL is made of a rigid biomaterial and is therefore not 
foldable. Our experience with the modified sclerocorneal 
incision suggests that postoperative visual quality in eyes 
undergoing retropupillary iris-claw IOL implantation can 
be improved. There were no surgical complications related 
to the extraction of dislocated IOLs even in the instance of 
extracting a large-sized (6.0 mm) PMMA IOL.

The complication rates of the present study were favor-
able when compared with previous studies, as 89 of 107 eyes 
(83.2%) showed no complications in the postoperative per-
iod. Although the rate of abnormal iris shape, and cystoid 
macular edema was similar to that of other studies,4,11 there 
were no cases of wound leakage, iris prolapse, vitreous band 
to the wound, or abnormal intraocular pressure. We assumed 
that concurrent vitrectomy, which helps to maintain stable 
intraoperative intraocular pressure, contributed to the rela-
tively low postoperative complication rate. In addition, use of 
the modified incisions was associated with a reduced risk of 
postoperative complications when compared with tradition-
ally larger incision sizes. The disenclavation rate was 10.3% 
in the present study. The disenclavation rate in the literature 
varies from 0.0% to 9.8%.4,6–11,20–23 As Kim et al previously 
discussed, the strength of the tissue grasping, atrophy of iris 
tissue, and postoperative ocular trauma may affect the disen-
clavation rate.20

The percentage of eyes within 1.00 D of target refrac-
tion was low (68%) in the present study. There is no 

consensus on the optimized A constant and IOL formula 
for retropupillary Artisan iris-claw IOLs. We have used the 
SRK/T formula and an optimized A constant of 116.9 
suggested by the ULIB and IOL CON webpages. Mohr 
et al6 suggested 116.8 as an optimal A constant for retro-
pupillary Artisan iris-claw IOLs. Galvis et al showed good 
results using Haigis formula and A constant of 117.5 in an 
eye with anterior megalophthalmos.4 Further studies on 
the optimized A constant and IOL formula for retropupil-
lary Artisan iris-claw IOLs are warranted to minimize 
postoperative refractive error.

Increased postoperative astigmatism and postopera-
tive complications from large sclerocorneal incisions 
have been critical shortcomings when considering IOL 
exchange using the retropupillary iris-claw IOL. Using 
the modified scleral tunnel incision, either L-shaped 
incision or frown incision resulted in a significantly 
smaller amount of astigmatism when compared with 
conventional incision. The modified incisions enabled 
the extraction of the dislocated IOL without having to 
cut the IOL in the anterior chamber, which may cause 
endothelial or iris damage. Even a dislocated PMMA 
IOL with an optic size larger than 6.0 mm could be 
extracted through the modified incisions without enlar-
ging the incision size owing to the higher elasticity of 
scleral tissue compared with that of the corneal tissue24 

(Figure 4).

Table 3 Comparisons of the Postoperative Complications (n=107)

All Patients (n=107) Conventional Incision (n=60) L-Shaped Incision (n=29) Frown Incision (n=18)

No complication 89 (83.2%) 48 (60.0%) 
P = 0.223*

27 (93.1%) 14 (77.8%)

Corneal decompensation 0 (0.0%)

Peaked or oval pupil 5 (4.7%) 4 (6.7%) 

P = 0.362*

0 (0.0%) 1 (5.6%)

Wound leakage 0 (0.0%)

Postoperative hypotomy 0 (0.0%)

Disenclavation 11 (10.3%) 8 (13.3%) 

P = 0.519*

2 (6.9%) 1 (5.5%)

Cystoid macular edema 5 (4.7%) 3 (5.0%) 

P = 0.146*

0 (0.0%) 2 (11.1%)

Retinal detachment 0 (0.0%)

Vitreous hemorrhage 0 (0.0%)

Endophthalmitis 0 (0.0%)

Note: *ANOVA was used to evaluate whether there is a significant difference between three groups.
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The modified sclerocorneal incision, such as the L-shaped 
incision and frown incision, resulted in remarkably low post-
operative astigmatism and complications. There are several 
methods for vector analysis of astigmatism. The Alpins 
method is a vectorial analysis that focuses on changes in 
astigmatism after surgery. This method has the strength that 
it can provide a complete description of the astigmatic correc-
tion achieved with a specific modality of treatment. However, 
specific software is required to statistically analyze the out-
comes. Another well-known tool is the Thibos method, which 
provides a straightforward comparison between preoperative 
and postoperative refractive power vectors without specific 
software.25,26 Although we used the Alpins methods for the 
present data, it would be interesting to analyze the current 
data with the Thibos method. This study is limited by its 
retrospective nature and relatively small patient numbers in 
each subgroup. Further study using a prospective study 
design is warranted to precisely evaluate the effect of the 
different types of sclerocorneal incisions on IOL exchange.

Disclosure
The authors report no conflicts of interest in this work.
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