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ABSTRACT

PURPOSE: To document severe visual symptoms due to
the dislocation of an iris-fixated aphakic anterior cham-
ber lens using wavefront aberrometry.

METHODS: A patient complaining of severe visual blur
and distortion due to a decentered Artisan iris-fixated
anterior chamber lens was evaluated pre- and postop-
eratively after recentration. The patient underwent com-
plete ophthalmic evaluation including the measurement
of corneal topography and wavefront aberrations using
the NIDEK OPD-Scan. OPD Station software was used
to correlate and simulate the patient’s symptoms.

RESULTS: After the repositioning procedure, the visual
symptoms resolved, and high magnitudes of tilt (7.536
um) and high order aberrations (5.129 um) were dra-
matically reduced by simple lens repositioning (4.40-
mm pupil). The cylinder magnitude was reduced from
6.25 to 0.75 diopters.

CONCLUSIONS: These are the first diagnostic images
of this kind in a highly aberrated eye with iris-fixated
anterior chamber lens dislocation. The images docu-
mented the optical effect and visual consequences of
IOL decentration and subsequent recentration. [J Re-
fract Surg. 2007;23:Sxxx-Sxxx.]

ecentration is a rare but serious complication of in-
traocular lens (IOL) implantation, which can result

D in a variety of photopic and scotopic symptoms such

as glare, monocular diplopia, and even phoria due to induced
prism. Recent advances in IOL technology such as the intro-
duction of aspheric and corneal wavefront-guided IOLs have
garnered interest on the consequences of IOL decentration.
However, the objective optical consequences of severe IOL
decentration have not been reported extensively.

In this case report, we document and explain the severe
visual degradation due to the dislocation of an Artisan iris-
fixated anterior chamber IOL that was successfully treated by
lens repositioning. To document the optical and visual qual-
ity pre- and postoperatively, we used the NIDEK OPD-Scan
wavefront aberrometer and corneal topographer (NIDEK Co
Ltd, Gamagori, Japan). To our knowledge, this is the first ex-
tensive diagnostic and prognostic analysis of this kind where
extensive optical quality analysis was performed before and
after surgical repositioning of a dislocated IOL.

METHODS

CASE REPORT

A 68-year-old man presented with a progressive loss of vi-
sual acuity and disturbing visual symptoms in his left eye 6
months prior to visiting our clinic. Medical history was un-
remarkable. Ocular history was unremarkable for the right
eye; however, the left eye had undergone anterior chamber
IOL implantation 2 years prior to presentation. An 18.00-di-
opter (D) Artisan iris-fixated anterior chamber lens (Ophtec
Inc, Groningen, The Netherlands) was implanted to correct
aphakia secondary to complicated extracapsular cataract ex-
traction. Per review of the patient’s previous records it was
determined that the original implant was properly centered.
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The uncorrected visual acuity of the left eye was
limited to counting fingers (CF) at 1 meter. Best spec-
tacle-corrected visual acuity (BSCVA) was 20/80 with
+3.00 —6.00 X 130°. The patient complained about
severe monocular blur and oblique distortion about
bright lights in the left eye that began approximately 1
year prior to examination and progressively worsened
over time. Slit-lamp examination revealed a nuclear
cataract in the right eye and a dislocated anterior cham-
ber IOL in the left eye due to atrophy of the iris tissue
around the enclavation site of the inferior haptic caus-
ing haptic escape (Fig 1A). The superior claw was still
well intact; however, mild iris atrophy adjacent to the
enclavation site was present. The lens had dislocated
temporally, with subsequent decentration of the cen-
tral optic to the pupil rim (Fig 1A). The scleral wound
was intact, and the anterior chamber was quiet. Endo-
thelial cell count was 2000 cell/mm? in the right eye
and 1850 cell/mm? in the left eye. Ultrasound corneal
pachymetry in both eyes was 535 pm. Dilated fundus
examination was unremarkable for both eyes.

One day later, the patient underwent surgery to re-
center the anterior chamber IOL under topical anes-
thetic. The Artisan lens was repositioned by removing
and enclavating the two claws to the midperiphery of
the iris closer to the horizontal direction (Fig 1B).

Visual symptoms had resolved by 1 month postop-
eratively, and by 3 months postoperatively, BSCVA
was 20/30 with —4.00 —0.50 X 50°.

WAVEFRONT AND CORNEAL TOPOGRAPHY MEASUREMENTS
AND VISUAL PERFORMANCE

OPD-Scan topography and wavefront analysis were
performed preoperatively and 1 month postoperative-
ly in natural pupil conditions to the 6th Zernike order.
The measurements were repeated at least three times
to obtain a well-focused, properly aligned image of the
eye. From the Zernike coefficients of the 27 terms of
the Zernike pyramid included in the 6th order decom-

Figure 1. OPD-Scan image of the left eye
| showing A) an inferotemporal dislocation
| of an anterior chamber I0L and B) a well
centered lens after iris repositioning and
centration.

position (excluding the 0%=Z9 piston term), the root-
mean-square of total aberrations (1st to 27th terms),
high order aberrations (all terms included in the 3rd,
4th, 5th, and 6th order), tilt (1st = Z7] and 2nd= Z}),
coma (7th = Z7}, 8th = Z}, 17th = Z'}, 18th = Z}), tre-
foil (6th = Z73, 9th = Z3, 16th = Z3, 19th =Z3), tetrafoil
(10th = 73, 14th = Z3, 22nd = Z7, 26th = Z?), spherical
aberration (12th = Z9 and 24th = Z7), and secondary
astigmatism (11th = Z%,13th = 72, 23rd = Z%, 25th = Z)
were calculated. The OPD Station software was used to
further analyze the acquired data and generate modu-
lation transfer function (MTF) curves to determine the
patient’s visual performance across low and high spa-
tial frequencies.

RESULTS

Figure 2 shows the Optical Path Difference (OPD
map) and the wavefront aberrations before and after
IOL recentration. The OPD map displays the distribu-
tion of refractive errors within the entrance pupil. It
includes the effects of the cornea and IOL. The sphe-
rocylindrical parameters (sphere, cylinder, and axis)
corresponding to the objective spectacle refraction are
also measured at various pupil diameters. Preopera-
tively, there is an 18.00-D difference in refractive power
across the physiologically dilated pupil (4.40 mm) (Fig
2A). Postoperatively, there was a difference of 2.50 D
across the physiologically dilated pupil (Fig 2B). The
repositioning and recentration of the IOL reduced the
magnitude of refractive cylinder from —6.25 to —0.75
D (see Figs 2A and 2B). The corneal aberrations before
and after the anterior chamber IOL recentration were
0.682 nym and 0.670 pm, respectively.

Figures 2C and 2D plot the magnitude of the wave-
front groups before and after IOL recentration for the
patient’s physiologically dilated pupil, which mea-
sured 4.40 mm. High magnitudes of tilt (7.536 pm) and
high order aberrations (5.129 pm) were present preop-
eratively (see Fig 2C). Among high order aberrations,
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coma and trefoil-like aberrations were predominant.
The percentage of reduction for each group of aberra-
tions analyzed is indicated in the Table. Reposition-
ing of the IOL reduced the higher order aberrations by
a factor of 91%, even larger reductions were seen in
coma and tilt (Table).

The higher order aberration point spread function
(PSF), convolved Snellen charts, and MTF curves
are plotted in Figures 3 and 4. Relocating the anteri-
or chamber IOL resulted in the disappearance of the
oblique elongation of the PSF and an improvement in
optotype discrimination (see Fig 3). Postoperatively,
the area under the MTF curve increased (see Fig 4).

DISCUSSION

Although Artisan IOL dislocation has been reported
previously,? its visual consequences have not been
extensively investigated or optically documented. In
this case report, slit-lamp microscopy and the ocular
history indicated that the IOL dislocation probably
occurred (at least partially) in a progressive fashion.
The magnitude of ocular higher order aberration was
extremely high. There was no appreciable change in
corneal aberrations before and after IOL reposition-
ing. Hence, the change in ocular aberrations must have
been due to the IOL dislocation. The reduction in high-
er order aberrations allowed a reduction of symptoms
as documented in the PSF and the optotype simulation
and caused better visual performance postoperatively
documented by the MTF curves.

Figure 2. OPD-Scan analysis of the left eye
of a patient who underwent anterior cham-
ber IOL repositioning. A) Preoperative OPD
map plotting the refractive gradient across
a pupil. Note the gradient of local refrac-
tive error in the inferotemporal direction of
18.00 D. B) Postoperative measurement of
the refractive gradient across the pupil. The
distribution of the refractive power is more
uniform. C) Preoperative Zernike analysis
of the ocular aberrations out to the 6th
order. D) Postoperative Zernike analysis of
the ocular aberrations out to the 6th order.
Root-mean-square values in microns are
plotted in both Zernike graphs. Aberrations
are tabulated for total aberrations (Total),
tilt, higher order aberration (High), total
coma aberration (T. Coma), total trefoil
(T. Trefoil), total quadrafoil (T. 4Foil), total
spherical aberration (T. Sph), and higher
order astigmatism (HiAstig). All measure-
ments were performed over a physiologically
dilated mesopic pupil of 4.40 mm.

TABLE
Percentage Reduction in the
Aberrations of an Eye After
Anterior Chamber Intraocular Lens
Repositioning
Aberration Percent Change
Total =12
Tilt —98
High -91
Total coma -97
Total trefoil —94
Total quadrafoil —69
Total spherical aberration —-93
Higher order astigmatism -92

To our knowledge, this is the highest magnitude of
optical aberration measured in the human eye. Such
extreme wavefront distortion may exceed the dynam-
ic range of most commercially available Shack-Hart-
mann-based and Tscherning ocular wavefront analyz-
ers. The OPD-Scan uses the principle of skiascopic
phase difference to determine the refractive wavefront
of the eye.?* The retina is scanned with an infrared
light slit beam, and the reflected light is captured by
an array of rotating photodetectors over 360° in 1°
increments. Measurements are taken in less than 0.5
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seconds for up to 1440 pupil positions sequentially.
The measurement concept is somewhat similar to
Placido disc type keratographers in that measurement
at any pupil position is in a radial direction only.

Theoretical models have shown that slight physi-
cal tilt and decentration of the IOL lead to increased
ocular aberrations and refractive errors.’> These defects
also cause residual sphere and cylinder that may ad-
versely affect vision. Indeed, the larger aberration in-
troduced in our case by the IOL decentration was 2nd
order astigmatism.

The theoretical effect on ocular wavefront aberra-
tions of moderate (up to 1 mm) decentration of aspher-
ical IOLs and wavefront-corrected IOLs has been in-
vestigated.® Using Scheimpflug imaging, Taketani et
al” reported the influence of IOL tilt and decentration
measured on wavefront aberrations. They found a sig-
nificant correlation between the physical tilt of the
IOL and coma-like aberrations of the entire eye.” They
suggested that the physical tilt of the IOL influenced
the amount of higher order aberrations.” Turuwhenua
investigated the theoretical effect of IOL tilt and de-
centration on perceptual image quality and found that
a combination of tilt and decentration produced the
greatest loss of contrast.® The total decentration of the
Artisan IOL from the center of the pupil was estimated
from the anterior segment picture to be between 1.00
and 1.10 mm. Given the asymmetrical nature due to
the haptic escape of one claw, the Artisan lens was
likely tilted with regards to the iris plane, although we

Figure 3. OPD-Scan analysis of the same
patient. A) Preoperative higher order point
spread function (HO PSF). The oblique
elongation of light intensity is predomi-
nantly due to odd order aberrations and
matches the direction of the axis of decen-
tration of the anterior chamber IOL. B)
Improvement of the HO PSF after lens repo-
sitioning and recentering. C) Preoperative
convolved Snellen charts simulating the
patient’s best spectacle-corrected visual
acuity (BSCVA) for a 4.40-mm mesopic
pupil. D) Postoperative convolved Snellen
charts simulating the patient’'s BSCVA for a
4.40-mm mesopic pupil.

did not measure the physical tilt and decentration of
the IOL using Scheimpflug videophotography.
Physical tilt should not be confused with the tilt
that denotes prismatic wavefront error. In the Zernike
classification scheme, tilt corresponds to a low order
aberration (first radial order), which does not induce
any distortion of the image but rather a shift in its po-
sition. Coma aberration is a high order aberration that
arises from less than ideal centration and physical tilt
of different refractive interfaces between the entrance
pupil and the fovea that results in a “smearing” of the
retinal image.® The large coma aberration measured in
this case may be proportional to the physical tilt and
decentration of the IOL optic relative to the plane of
the entrance pupil. As opposed to the coma expressed
as a Seidel aberration term (which comprises third or-
der terms only), the mathematical coma expressed as a
combination of 3rd and 5th order Zernike terms com-
prises first and third radial order terms to satisfy the
mathematical constraint of orthogonality. This would
cause the central flatter portion of a theoretical wave-
front distorted only by a 3rd or 5th order Zernike coma
term to form an important angulation with the plane
of the pupil. Comparing the effects of different aber-
rations, Applegate et al'® have shown that the more
distorted the wavefront centrally, the more deleterious
it is to visual performance. We previously postulated
that when suffering from coma-like aberration due
to imperfect IOL centration or a significant physical
tilt, the eyeball may slightly rotate to adjust the line
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Figure 4. A) Pre- and B) postoperative
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of sight so that a less distorted central region of the
wavefront would converge on the fovea.'* This would
therefore result in induction of some tilt. An increase
in coma may lead to an increase in tilt, although the
relationship between lens tilt and coma may not be lin-
ear. Statistical correlation between tilt and 3rd order
coma in healthy eyes has been reported.'* The impor-
tance of the measured tilt aberration may thus reflect
the amount of coma aberration present in the acquired
ocular wavefront, which is in turn proportional to the
degree of physical tilt and/or decentration of the ante-
rior chamber IOL. The drastic reduction of the amount
of tilt and coma-like aberrations after anterior chamber
IOL recentration supports this hypothesis.

This case highlights the clinical use of the OPD-
Scan as a robust wavefront sensor, which can provide
precise qualitative and quantitative assessment even
in clinical situations where the optical quality of the
eye is severely compromised. This ability may be par-
ticularly interesting in situations where large amounts
of wavefront aberrations may occur, such as severe
photoablation decentration, penetrating keratoplasty,
or advanced keratoconus.
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