Topography-guided Custom Retreatments
in 27 Symptomatic Eyes

A. John Kanellopoulos, MD

ABSTRACT

PURPOSE: To evaluate the use of topography-guided
ablations for refractive irregularities induced by previous
surgery.

METHODS: This prospective, non-comparative trial
comprised 27 symptomatic eyes with a history of LASIK
for myopia that underwent topography-guided treatment
with the ALLEGRETTO WAVE system. Pre- and postop-
erative refraction, uncorrected visual acuity (UCVA),
best spectacle-corrected visual acuity (BSCVA), cor-
neal asphericity (Q value), low contrast sensitivity, and
patient’s subjective assessment of improvement were
measured.

RESULTS: Preoperative data were sphere —0.84+1.37
diopters (D), cylinder —1.55+0.78D, UCVA20/49+0.22,
BSCVA 20/32+0.15, and Q value 1.46+0.79. Postop-
erative data at mean 6-month follow-up were: sphere
—0.61+£0.81 D, cylinder —0.53+x0.58 D, UCVA
20/25*0.21 (P<.01), BSCVA 20/21+0.14 (P<.001),
and Q value 1.07=0.89. Contrast sensitivity scores
improved by 70%. No loss of BSCVA occurred in any
patient.

CONCLUSIONS: Topography-guided treatments may be
effective in correcting the quality of vision. It should be
viewed as a possible two-step procedure due to spheri-
cal adjustment that may change refraction unpredictably.
[J Refract Surg. 2005;21:5S513-S518.]

result with a less than satisfactory outcome post-
operatively.'' Aside from residual refractive error

g pproximately 5% to 25% of refractive procedures

or overcorrection, these patients frequently have some form
of irregular astigmatism induced by small optical zones and/or
decentered ablations. These types of refractive errors are dif-
ficult to correct with standard treatments because of their ir-
regular nature and would benefit more from customized abla-
tion.

Although the term “customized treatment” usually is used
for wavefront-guided treatments, topography-guided ablation
is also a form of customized ablation. However, instead of con-
forming treatment to the wavefront map, it uses the patient’s
topography height map as the basis for the treatment.!!

We previously reported our experience in enhancing these
cases with wavefront-guided treatments with the ALLEGRETTO
WAVE platform (WaveLight Technologie AG, Erlangen, Ger-
many) with satisfactory success.!?

PATIENTS AND METHODS

The study design is a non-comparative case series on 27
eyes (22 patients) that underwent topography-guided enhance-
ment with the ALLEGRETTO WAVE platform (Table). No con-
trol group was used or gender matching was done. These were
consecutive cases that were treated by a single surgeon (A.].K.)
in a refractive surgery center in Athens, Greece.

Patients with previous myopic or hyperopic laser surgery
who were dissatisfied with their quality of vision and either
had residual myopia, hyperopia, or mixed astigmatism were
included in the study. The indications were: 1) small original
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TABLE
Pre- and Postoperative
Measurements of 27 Eyes That
Underwent Topography-guided
Treatment
6-Month
Preoperative Postoperative
Sphere (D) —0.84+1.37 —0.61+0.81
(range) (=2.75t0 —0.25) (—2.25to +0.75)
Cylinder (D) —1.55+0.78 —0.53+0.58
(range) (—=2.75 to 0.00) (=1.75 to —0.25)
Spherical equiva- —1.12+1.59 —0.88+0.94
lent refraction (D) (—3.88 to +0.25) (—2.38 to +0.75)
(range)
UCVA 20/49+0.22 20/25+0.21
BSCVA 20/32+0.15 20/21+0.14
Contrast sensitivity 3.56+0.66 6.05+0.59
Subjective rating 0.88+0.62
of improvement — (0 to 2)
in vision*
Index of surface 52+13 46+137
variance (range) (27 to 75) (20 to 68)
Asphericity Q 1.46+0.79 1.07+0.89
(range) (—=0.30 to +2.43) (—0.85to +2.96)
UCVA = uncorrected visual acuity, BSCVA = best spectacle-corrected
visual acuity
*Scale: —3=poor, +3=excellent
tP<.05

optical zone, 2) decentered ablation, 3) irregular astig-
matism, and 4) night vision problems.

Patients also needed to have enough corneal tissue
to leave at least 280 pm of stromal bed and at least 400
nm of total corneal thickness after the planned retreat-
ment. These values were based on the preoperative re-
cords and on the current pachymetry measurements.

Preoperative evaluations of each patient were per-
formed including: refraction (manifest, cycloplegic,
wavefront), uncorrected visual acuity (UCVA), and
best spectacle-corrected visual acuity (BSCVA). Other
measurements included scotopic pupil size (Colvard
Pupillometer, Oasis Medical Inc, Glendora, Calif), to-
pography with the Orbscan II (Bausch &, Lomb, Roch-
ester, NY) and with WaveLight Topolyzer (Oculus,
Wetzlar, Germany), and ultrasound corneal pachyme-
try with the NIDEK US-1800 (NIDEK, Gamagori, Japan).

Topography height maps for treatment were obtained
with the WaveLight Topolyzer. Requirements of multi-
ple high-quality topography maps were observed in ob-
taining measurements: the eye’s visual axis had to be in
proper alignment with the topography machine so that
the subsequent treatment would be accurate. To ensure

this, patients were instructed to maintain fixation on the
target light while the Topolyzer software automatically
released the measurements only when the corneal apex
was correctly focused in the X, y, and z axis. Proper ex-
posure of the eye was also required and only topogra-
phies with >75% of the corneal surface mapped were
included as data for the treatment. Finally, the topogra-
phy had to be consistent and reproducible before it was
used for the ablation treatment. Data for each treatment
came from the average of eight individual high-quality
topography maps per eye. The calculation of clinically
used ablation profiles was based on Zernike expansion
of corneal aberrations including an attempted aspheric-
ity of the cornea of Q=—0.46.13

The ALLEGRETTO WAVE excimer laser is a flying
spot laser system; it works with a 0.95-mm Gaussian
spot and fires at a rate of 200 Hz. The laser works in
conjunction with a 250-Hz video-based infrared track-
ing system to compensate for any eye movement, mak-
ing it even more precise in performing tissue ablation.
To standardize the procedure all optical zones were set
at 6.5 mm in all cases. Together with the transition, the
total ablation zone was 9.0 mm.

All cases of previous LASIK involved lifting, but
never recutting, over the original LASIK flap. Under
topical anesthesia (proparacaine 0.5%, Alcaine; Alcon,
Ft Worth, Tex), the flap edge from the previous sur-
gery was traced using a Sinskey hook, the edges were
lightly teased, and the separation between the flap and
corneal bed was extended using the same spatula. The
flap was then fully lifted and folded onto itself. We
also obtained ultrasonic pachymetry measurements
preoperatively and following lifting of the flap, and
used this data to confirm the residual bed thickness
before the new ablation was performed. After the abla-
tion was performed the flap was floated back in place.
Proper flap alignment was ensured by the use of the
previously placed preoperative markings.

The Q value was calculated based on the central 7-mm
optical zone (20 degree field) with a goal of between
—0.3 and —0.46.

Patients were evaluated 1 hour after the procedure,
and 1 day, 1 week, 1 month, 3 months, and 6 months
postoperatively. At the scheduled follow-up intervals,
a slit-lamp examination was performed to assess the
LASIK flap status for any flap-related complication,
BSCVA and refraction were repeated, contrast sensi-
tivity measurements were taken, and serial corneal to-
pography maps were performed to look for any sign of
corneal ectasia. All patients were available for follow-
up until the 6-month post enhancement.

We measured the patient’s contrast sensitivity pre-
and postoperatively under mesopic conditions by
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_:‘( Figure 1. Pre- and postoperative topog-

raphies of the first example case. Map 1

shows a post-myopic LASIK correction of
—4.5 D with a plano outcome and night
vision problems. Map 2 shows post-topog-
raphy-guided increase in the optical zone to
6 mm. The difference map 1 minus 2 shows
|| the topographic difference achieved by the
customized ablation. There is remarkable
selectivity in the broader flattening (red/
purple color) seen in the periphery.

means of the CSV-1000 (VectorVision, Dayton, Ohio).
Any intraoperative complication was noted in the pa-
tient’s chart.

The primary outcome metrics used were visual acu-
ity, UCVA and BSCVA, contrast sensitivity, and pa-
tient’s subjective response. Topographic change was
analyzed by comparing the pre- and postoperative op-
tical zone, in some cases extrapolating the topography
data using the Zernike wavefront principle.

RESULTS

The results are summarized in the Table. Improve-
ment was noted in the mean UCVA, BSCVA, corne-
al asphericity, and contrast sensitivity scores. Mean
UCVA improved from 20/49+0.22 (20/100 to 20/20) to
20/25+0.21 (20/40 to 20/20). Mean BSCVA improved
from 20/32+0.15 (20/40 to 20/20) to 20/21*0.14
(20/30 to 20/15). Refractive error likewise improved
from sphere of —0.84*+1.37 D (—2.75 to +0.25 D) to
—0.61*x0.81 D (—2.25 to +0.75 D) and cylinder of
—0.55+0.78 D (—2.75 to 0.00 D) to —0.53*0.58 D
(—=1.75 to 20.25 D).

Corneal asphericity as measured by the Q value im-
proved as an average from +1.46+0.79 (range: —0.30
to +2.43) to +1.07*+0.89 (range: —0.85 to +2.96)

It should be noted that although a —0.46 goal was
targeted in all cases, some cases demonstrated a wors-
ening of the QQ value postoperatively to highly positive
values (one case of +2.96)

Mean contrast sensitivity scores at 12 cycles/degree im-

proved by 70%, from a mean of 3.560.66 to 6.05+0.59.
An improvement in symptoms was noted based on pa-
tient subjective feedback in the majority of cases.

CASE EXAMPLES

Figure 1 demonstrates the enlargement of a small
optical zone myopic ablation. Map 1 on the top left
shows a post-myopic LASIK correction of —4.5 D with
a plano outcome and night vision problems. Map 2 on
the top right shows post-topography-guided enhance-
ment with an increase in the optical zone. This eye had
an improvement in contrast sensitivity score from 3 to 7
at 12 cycles/second. The difference map on the bottom
left shows the topographic difference 1 minus 2 achieved
by the customized ablation. A selectively greater flatten-
ing (red/purple color) is seen in the periphery.

Figure 2 demonstrates treatment of a small and de-
centered hyperopic ablation. Map 1 on the top left
shows post-hyperopic LASIK correction with an infe-
riorly decentered small ablation (optical zone=5 mm).
The patient reported starbursts, halos, and significant
night vision problems. Map 2 on the top right shows
the 8 weeks post-topography-guided retreatment with
a well-centered optical zone of 6.5 mm. The difference
map on the bottom left shows the topographic differ-
ence 1 minus 2 achieved by the customized ablation.
Selectively greater flattening (red/purple color) is seen
just inferior to the center.

Figure 3 demonstrates the topography-guided cor-
rection of an irregular corneal scar. Map 1 on the top
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| Figure 2. Pre- and postoperative topogra-
phies of the second example case. Map 1

Lastname: | __

(@) [03.11.03 13:41 Let

shows the topography of a post-hyperopic
LASIK correction with an inferiorly decen-
tered small ablation (optical zone approxi-
| mately 5 mm in diameter). Map 2 shows
| the 8-week post-topography-guided retreat-
ment to enlarge and better center the opti-
cal zone. The optical zone appears better
centered and approximately 6.5 mm in
| diameter. The difference map shows the
| topographic difference 1 minus 2 achieved
by the customized ablation; selectively
greater flattening (red/purple color) is seen

just inferior to the center.
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| Figure 3. Pre- and postoperative topographies
of the third example case. Map 1 shows the

topography of an irregular comea scar. The
significant flattening evident paracentrally on
the left (green color near center) was respon-
sible for significant irregular astigmatism. Map
2 shows a 12-week post-topography-guided
retreatment to correct myopia and irregular
astigmatism. The broad optical zone (7 mm
in diameter), although not perfect, appears
|| to be much smoother and homogenous than
|| preoperatively. The difference map shows the
topographic difference 1 minus 2 achieved
by the customized ablation; this highly irregu-
lar pattern demonstrates the specific cus-

tomization that can be achieved.

left is pre-treatment and shows a flattened (green) area
superior and temporal to the center with centrally in-
duced irregularity. Map 2 on the top right is post-topog-
raphy-guided ablation and shows relative smoothing
of optical center and better symmetry. The difference
map on the bottom left, shows the topographic differ-
ence 1 minus 2 achieved by the customized ablation.

Figure 4 demonstrates the corneal wavefronts of Fig-
ure 3. On the left, a Zernike reconstruction of the pre-
operative topography demonstrates significant oblique
“coma-like” aberrations. On the right, a Zernike re-
construction of the postoperative topography demon-
strates significant reduction of the oblique “coma-like”
aberrations following the customized treatment.
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Figure 4. Zernike reconstructions based on the pre- and postoperative topographies of the third example case demonstrated in Figure 3. A) Preoperative
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topography shows significant oblique “coma-like” aberrations. B) Postoperative topography shows significant reduction of the irregular aberrations with

the customized topography-guided treatment.

DISCUSSION

The corneal surface is the principle refracting el-
ement of the eye, the air to tear film interface is re-
sponsible for the majority of refraction of light enter-
ing the eye.!* Any change to this surface dramatically
changes the refraction, which is what is accomplished
in refractive surgery. Likewise, any irregularity in this
surface dramatically affects the quality of vision. This
may be the problem in eyes with decentered and/or
small optical zone ablations; in these cases, the cornea
acts like a multifocal lens and causes uneven distribu-
tion of light. As a consequence, the eye loses BSCVA,
contrast sensitivity, and experiences halos and star-
bursts around objects. These symptoms are especially
annoying during scotopic and/or mesopic conditions
when the pupil dilates and exposes more of the irregu-
lar cornea.#6.10-14
To correct these irregularities surgeons have gone
to “customized” forms of ablation, which include this
technique of topography-guided treatments as well as
wavefront-guided ablations.%22
The mechanism of topography-guided ablation is
the fitting of an ideal corneal shape (usually a sphere)
under the present topography map with the ablation of
tissue in between. The advantages of topography-guid-
ed treatment over wavefront-guided treatment include
the following:
® It can be used in highly irregular corneas, which are
beyond the limits of wavefront measuring devices.
¢ Jtcan be used in cases that have media opacity such
as in eyes with corneal scars, as its measurements
are based solely on the surface.!!

e Because it is based on the corneal surface, it is theoreti-
cally possible to factor in the asphericity (QQ value) and
maintain the natural aspheric shape of the cornea.?

Recent studies have demonstrated that a shift in the
pupillary center occurs between normal (photopic)
and dark-adapted (mesopic/scotopic) state.?* There-
fore topography-guided treatments might hold great-
er accuracy on delivery to the cornea as the ablation
maps are captured with the photopic pupil, which is
the same as in the treatment. The major disadvantage
of topography-guided ablation is that it ignores the rest
of the refracting media because it concentrates mainly
on the corneal contour.’ This was probably the reason
for some of the refractive “surprises” we encountered.
One example of this would be in the treatment to wid-
en the optical zone of previously myopic patients. The
treatment would require the laser to flatten a broader
area of the cornea and therefore ablate tissue peripher-
ally; this ablation pattern will resemble a hyperopic
treatment and thus cause some amount of myopic
shift. Some of these patients may require a subsequent
enhancement procedure with a “standard” treatment
to correct the remaining spherical refractive error. We
made adjustments to the refractive targets (ie, putting
in a myopic postoperative target) in our later cases to
compensate for this shift in refraction.

The Q value was targeted to the ideal endpoint of
—0.46 in all cases, which is believed to be an ideal
corneal asphericity for an average human eye using
a Navarro eye model.’® The preoperative QQ value was
+1.46*0.79 whereas the postoperative Q value was
+1.07*0.89. Although the desired Q value was not ex-
actly met in most of the cases, a shift of the Q values
was noted in the direction of the targeted endpoint,
and when taken as a group, a trend of shift of the Q
values toward the desired direction is observed.

As theoretically described by Gatinel et al,?® the
oblateness of the initial corneal surface, intentional
increase in negative asphericity, and enlargement of
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the optical zone diameter result in deeper central abla-
tions. If aiming to correct asphericity, it should be noted
that for an optical zone of 6.0 mm every —0.1 in Q-value
adjustment would add approximately 2 pm more to the
central ablation.?’ A common flaw in the theoretical cal-
culation of the ablation profile is its basis on a static-
shape subtraction model in which the postoperative
corneal shape is determined only by the difference be-
tween the preoperative shape and the ablation profile.
However, other reasons may be held responsible for ex-
plaining the discrepancy between the clinical findings
and the theoretical predictions in corneal asphericity
(ie, biological effects of healing and the variations of the
applied fluence at the cornea). Epithelial hyperplasia is
more a predominant factor after photorefractive kera-
tectomy whereas flap-induced changes together with
indirect biomechanical shifts of the cornea are present
in LASIK eyes. This could explain the refractive inac-
curacy, as well as asphericity adjustment imprecision,
of the topography-guided treatments, despite a notable
improvement in the corneal surface regularity.

Although the spherical equivalent refraction was
less predictable, subjective evaluation by the patients
was positive, with most patients reporting an increase
in the quality of vision. One limitation, however, was
the absence of a control group with which to compare
the improvement. It is difficult to find controls in this
type of study as problematic eye contours vary in mea-
surement from case to case.

Another finding we encountered in some patients
was the persistence of symptomatic complaints despite
the obvious changes in corneal topography. There was
no change in symptoms in two patients (11%), despite
the noted improvement in their topographic maps.
This could be caused by some other imperfections in
the ocular media aside from the corneal surface, espe-
cially scattering, which is related to the optical quality
of the material (cornea) rather than its contour.

In this series, topography-guided treatments were
successful in correcting most irregularities caused by
previous refractive surgery. Although we encountered
some refractive changes in terms of refractive sphere
that may require further standard enhancement, over-
all, this technique was shown to be a valuable method
that may benefit from confirmation with further stud-
ies of larger sample sizes and longer follow-up.

REFERENCES

1. Febbraro JL, Buzard KA, Friedlander MH. Reoperations after myopic
laser in situ keratomileusis. ] Cataract Refract Surg. 2002;26:41-48.

2. Schallhorm SC, Kaupp SE, Tanzer DJ, Tidwell J, Laurent J,
Bourque LB. Pupil size and quality of vision after LASIK.
Ophthalmology. 2003;110:1606-1614.

3. Pop M, Payette Y. Risk factors for night vision complaints after
LASIK for myopia. Ophthalmology. 2004;111:3-10.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Perez-Santonja JJ, Ayala MJ, Sakla HF, Ruiz-Moreno JM, Alio

JL. Retreatment after laser in situ keratomileusis. Ophthalmol-
ogy. 1999;106:21-28.

. Zadok D, Maskaleris G, Garcia V, Shah S, Montes M, Chayet

A. Outcomes of retreatment after laser in situ keratomileusis.
Ophthalmology. 1999;106:2391-2394.

. Hersh PS, Fry KL, Bishop DS. Incidence and associations of

retreatment after LASIK. Ophthalmology. 2003;110:748-754.

. Yavitz E. PRK retreatments after regressed myopic LASIK.

Ophthalmology. 2002;109:1953-1954.

. Carones F, Vigo L, Carones AV, Brancato R. Evaluation of pho-

torefractive keratectomy retreatments after regressed myopic la-
ser in situ keratomileusis. Ophthalmology. 2001;108:1732-1737.

. Qi H, Xia Y, Chen Y, Zhu X. Excimer retreatment for undercor-

rection or regression after laser in situ keratomileusis [Chinese].
Zhonghua Yan Ke Za Zhi. 2002;38:72-75.

Lyle WA, Jin GJ. Retreatment after initial laser in situ keratomi-
leusis. ] Cataract Refract Surg. 2000;26:650-659.

Campbell C. Corneal topography in corneal ablations. In: Mac-
Rae SM, Krueger RR, Applegate RA, eds. Customized Corneal
Ablation: The Quest for Supervision. Thorofare, NJ: SLACK Inc;
2001:229-236.

Kanellopoulos et al. Wavefront-guided retreatment in 26 symp-
tomatic eyes following LASIK. Invest Ophthalmol Vis Sci.
2004;May(Suppl):Poster #227/B200.

Manns F, Ho A, Parel JM, Culbertson W. Ablation profiles for
wavefront-guided correction of myopia and primary spherical
aberration. J Cataract Refract Surg. 2002;28:766-774.

Applegate RA, Himatel G, Thibos LN. Visual performance as-
sessment. In: MacRae SM, Krueger RR, Applegate RA, eds. Cus-
tomized Corneal Ablation: The Quest for Supervision. Thoro-
fare, NJ: SLACK Inc; 2001:81-92.

Applegate RA, Marsack JD, Ramos R, Sarver EJ. Interaction
between aberrations to improve or reduce visual performance.
J Cataract Refract Surg. 2003;29:1487-1495.

Knorz MC, Jendritza B. Topographically-guided laser in situ
keratomileusis to treat corneal irregularities. Ophthalmology.
2000;107:1138-1143.

Kanjani N, Jacob S, Agarwal A, Agarwal A, Agarwal S, Agar-
wal T, Doshi A, Doshi S. Wavefront- and topography-guided
ablation in myopic eyes using Zyoptix. ] Cataract Refract Surg.
2004;30:398-402.

Carones F, Vigo L, Scandola E. Wavefront-guided treatment of
abnormal eyes using the LADARVision platform. / Refract Surg.
2003;19:5S703-S708.

Chalita MR, Xu M, Krueger RR. Alcon CustomCornea wave-
front-guided retreatments after laser in situ keratomileusis.
] Refract Surg. 2004;20:5624-S630.

Alio JL, Belda JI, Osman AA, Shalaby AM. Topography-guided
laser in situ keratomileusis (TOPOLINK) to correct irregular
astigmatism after previous refractive surgery. / Refract Surg.
2003;19:516-527.

Gimbel HV, Sofinski SJ, Mahler OS, van Westenbrugge JA, Fe-
rensowicz MI, Triebwasser RW. Wavefront-guided multipoint
(segmental) custom ablation enhancement using the Nidek
NAVEX platform. J Refract Surg. 2003;19:5209-S216.

Seiler T, Dastjerdi MH. Customized corneal ablation. Curr Opin
Ophthalmol. 2002;13:256-260.

Gatinel D, Malet J, Hoang-Xuan T, Azar D. Analysis of custom-
ized corneal ablations: theoretical limitations of increasing neg-
ative asphericity. Invest Ophthalmol Vis Sci. 2002;43:941-948.

Donnenfeld E. The pupil is a moving target: centration, repeat-
ability, and registration. J Refract Surg. 2004;20:S593-S596.

journalofrefractivesurgery.com




