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Visual and refractive outcome of lens extraction or
cataract surgery combined with limbal relaxing

insicion in keratoconic eyes

Keratokonuslu gozlerde limbal gevsetici insizyon ile birlikte yapilan lens

degisimi veya katarakt cerrahisinin gorsel ve refraktif sonuglari

Hanefi CAKIR?!, Mehmet TETIKOGLU? Medine Ash YILDIRIM3, Feyza ALTIN?, Ugur CELiK®

ABSTRACT

To evaluate the refractive and visual outcome of lens extraction
or cataract surgery combined with limbal relaxing insicion in
keratoconic eyes. This study included 18 keratoconic eyes of 12
patients who underwent lens extraction or cataract surgery com-
bined with limbal relaxing insicion. Changes in the uncorrected
distance visual acuity (UDVA), corrected distance visual acuity
(CDVA), spherical equivalent (SE), and cylindrical error were as-
sessed. The preoperative mean SE was -8.87+6.97 diopters (D)
and this number improved to -2.27+1.48 D at the last visit. The re-
fractive astigmatisms were significantly reduced from -4.65+1.68
D to-2.40+1.8 D (p<0.001). The mean surgically induced astigma-
tism, calculated by a vector analysis, was 1.93+1.57 D. The mean
preoperative steepest meridian keratometry reading (K1) value
was 52.97+5.1 D, which decreased to 50.96+4.5 D at the last visit
(p<0.001). The mean logMAR CDVA improved from 0.71+0.39 to
0.2440.18 (p<0.001). The CDVA was achieved with spectacles,
and no patients needed to return to rigid contact lenses. Limbal
relaxing insicion combined with lens extraction or cataract sur-
gery can be used effectively to decrease irregular astigmatism.
This technique improves corrected and uncorrected visual acuity
by decreasing both spherical and cylindrical error in keratoconic
eyes, and thus reduces dependency on contact lenses.
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Bu c¢alismada, keratokonuslu goézlerde arkuat keratotomi ile
birlikte yapilan katarakt cerrahsinin gérsel ve refraktif sonugla-
ri degerlendirilmistir. Calismaya arkuat keratotomi ile kombine
katarakt cerrahisi uygulanan 12 keratokonus hastsinin 18 kera-
tokonuslu gézii déhil edildi. Diizeltilmemis uzak gérme keskinligi
(UDVA), diizeltilmis uzak gérme keskinligi (CDVA), sferik esde-
ger (SE) ve silindirik deger degisiklikleri degerlendirildi. Preope-
ratif SE -8,87+6,97 dioptri (D) iken ve son muayene SE degeri
-2,27+1.48 D idi. Refraktif astigmatizma dederi-4,65+1,68D iken,
-2,40+1,8D’ye anlamli derecede azaldi (p<0.001). Vektér analizi
ile hesaplanan cerrahiye bagl astigmatizma dederi ortalamasi
1.93#1.57D idi. Ortalama logMAR CDVA dederi 0.71+0.39°dan
0.2440.18’ye yiikselmis idi (p<0.001). CDVA degerleri gézliik ile
elde edilmis olup, hi¢bir hastada sert kontakt lenslere gereksinim
duyulmadi. Sonug olarak, katarakt cerrahisi ile kombine yapila-
bilen arkuat keratotomi diizensiz astigmatizmayi azaltmak igin
etkili bir sekilde kullanilabilecedi gériilmistiir. Bu teknik diizeltil-
mis ve diizeltiimemis gérme keskinligini keratokonuslu gézlerde
sferik ve silindirik hatalari azaltarak kontakt lens bagimliligini
azaltmaktadir.

Anahtar kelimeler: Keratoconus, irregiiler astigmatizm, arkuat
keratotomi, katarakt cerrahisi

INTRODUCTION

Keratoconus is a progressive noninflammatory dise-

ase, which is characterized by localized thinning and
steepening and leads to protrusion of the cornea.
This disease progression results in irregular astigma-
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tism and myopia of variable severity, thus affecting
visual quality. The onset and progression of the dise-
ase starts during the second decade of life and stabi-
lizes in the third or fourth decade™?.

The probability of cataract formation increases with
age, and cataract surgery may eventually be neces-
sary. Phacoemulsification in these patients remedi-
es the visually significant cataract and corrects large
spherical errors to improve their visual acuity. Perfor-
ming cataract surgery in patients with keratoconus is
very challenging due to the difficulty in calculating
the intraocular lens (I0L) power3*,

Astigmatism induces image distortion; thus, surgically
correcting the astigmatism results in a better posto-
perative uncorrected distance visual acuity>®. Pree-
xisting astigmatism can be corrected during cataract
surgery by several techniques. Limbal relaxing incisi-
ons are easy to perform, but have limited precision’.
Toric IOL implantation is another common astigmatic
correction technique, but the calculations are diffi-
cult, particularly in patients with keratoconus*2. Lim-
bal relaxing incision is a related method that indu-
ces the cornea to correct its topography through its
natural healing processes, which finally reduces the
astigmatism. To the best of our knowledge, there is
limited research on the topic of lens extraction or ca-
taract surgery combined with limbal relaxing incision
in patients with keratoconus®!!. The purpose of this
study was to determine the refractive and visual out-
come of lens extraction or cataract surgery combined
with limbal relaxing incision in keratoconic eyes.

MATERIAL and METHODS

This retrospective review of combined lens extrac-
tion or cataract surgery and limbal relaxing incision
by a single surgeon (HC) included 18 eyes of 12 pati-
ents with keratoconus who had minimal lens opacity
(LOCS Il NO 1-2, C 1-2, P 1-2)* or high myopic ref-
raction with a clear lens. The inclusion criteria were
as follows: Age greater than 40 years, contact lens
intolerance, refractive stability for at least 2 years,
a minimum follow-up of 6 months, and astigmatism
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greater than 3 diopters (D). The exclusion criteria
were visual dysfunctions resulting from other disea-
ses such as diabetic retinopathy, glaucoma, or corne-
al scarring. Informed consent was obtained from all
patients before the surgery.

The principles of the study were compliant to the
declaration of Helsinki and approved by the local et-
hics committee.

Patients were diagnosed as stable keratoconus based
on clinical examinations, which included slit lamp
findings such as corneal thinning or protrusion, and
corneal topography measurements using Orbscan Il
(Bausch & Lomb, Rochester, NY, USA). We classified
the severity of the keratoconus as mild, moderate,
or severe based on the average keratometry (K) rea-
dings and the classification of Krumeich et al.®* Mild
keratoconus was defined as an average K reading of
less than or equal to 48 D, moderate keratoconus as
an average K reading more than 48 D but less than or
equal to 55 D, and severe keratoconus as an average
K reading more than 55 D.

Biometry was performed with partial coherence la-
ser interferometry (IOL Master; Carl Zeiss Meditec,
Jena, Germany), and in some cases, an ultrasound A
scan biometer (Tomey AL-100) was used when the
IOL Master failed. The SRK Il formula was used to cal-
culate the IOL power, and the K-values obtained with
the Orbscan Il were used for the calculation of I10L.
Actual K values were used for the mild and mode-
rate keratoconus; but an average of the actual and
standard K (43.25 D) values was used for the calcula-
tion of IOL power in severe keratoconus. A complete
ophthalmic examination was performed preoperati-
vely and postoperatively, which included the uncor-
rected distance visual acuity (UDVA), corrected dis-
tance visual acuity (CDVA), spherical equivalent (SE),
cylindrical error, corneal ultrasound pachymetry, and
K readings. A slit-lamp microscopic examination of
the anterior segment, fundus, and applanation tono-
metry was also performed before surgery.

An uneventful phacoemulsification with I0OL in-the-
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bag implantation was accomplished through a 2.8
mm limbal incision at the steepest meridian under
topical anesthesia. For the limbal relaxing incision,
we modified the Thornton nomogram for astigma-
tic keratotomy,** which was performed at the steep
vertical axis of the cornea 180 degrees opposite to
the phacoemulsification incision and near the lim-
bus. At the first visit, the patient was operated on for
an IOL exchange if the refractive error was greater
than 3 D. All statistical analyses were performed with
the Statistical Package of Social Sciences (SPSS), ver-
sion?!. The distribution of data was determined by
Kolmogorov-Smirnov tests, and paired-sample t tests
were used to compare repeated measurements. A
p-value of less than 0.05 was considered significant.
The CDVA and UDVA were converted to the logarithm
of the minimum angle of resolution (logMAR). Surgi-
cally induced astigmatism (SIA) was evaluated by a
vector analysis?®®.

RESULTS

Eighteen eyes of twelve patients with keratoconus,
who underwent lens extraction or cataract surgery
with limbal relaxing incision were included in this
study. The mean patient age was 51.94+8.24 years
(range, 40-67 years), and 81.3% of the patients were
female. The mean follow-up was 10.59£2.17 months
(7-16 months). Table 1 shows the characteristics of
the patients. An uneventful surgery with an IOL in-
the-bag implantation was performed in all cases. An
IOL exchange was necessary in three eyes (16.6%),
and a second operation was performed successfully
on both eyes. One patient declined the second ope-
ration with the aim to exchange the I0L.

The preoperative mean SE was -8.8746.97 D (range

Table 1. Characteristics of kerataconus patients.

Severity of keratoconus

Mild <48 4/18 eyes

Moderate 48-55 8/18 eyes

Sever >55D 6/18 eyes

Axial length 24,68 +2,3mm (range 21,50-29,8)
Pachymetry 457+58,91 (range 330-568)

-25.00to0-1.00), and itimproved to-2.27+1.48 D (ran-
ge -5.50 to -0.50) at the last visit (p=0.0001) (Figure
1). The preoperative mean refractive astigmatism
was -4.65+1.68 D (range -10.00 to -3.00), and impro-
ved to -2.40+1.84 D (range -6.75 to -0.75) at the last
visit (p=0.0001). The mean SIA, calculated by a vector
analysis, was 1.93+1.57 D (range 0.00 to 4.90).

The mean keratometric astigmatism was -4.87+1.9
D (range -9.10 to -2.1) before the operations, and
the postoperative mean was -3.00£1.7 D (range
-7.40 to -0.75). The preoperative mean K1 value was
52.9745.1 D (range 46.8 to 65.00) and the mean K2

Table 2. Preoperative and postoperative values of patients.

Preoperative Postoperative p value
Spheric Value -6,81+6,37 -0,65+1,16 =0.0001
Cylinder Value -4,65+1,68 -2,40+1,84 =0.0001
K1 Value 52,9545,11 50,96x4,53 =0.0001
K2 Value 48,09+4,65 47,87+4,73 =0.0001
UCVA 0,08+0,05 0,41+0,20 =0.0001
CDVA 0,25£0,15 0,60%0,22 =0.0001

UCVA: Uncorrected visual acuity, CDVA: Corrected Distance Vi-
sual Acuity
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Figure 1. Preoperative and postoperative refractive values.
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value was 48.09+4.6 D (range 40.3 to 56.1). The pos-
toperative mean K1 value was 50.96+4.5 D (range
44.5 to 61.0) and the mean K2 value was 47.87+4.7
D (range 40.3 to 58.1). The change in the mean K1
value was statistically significant (p=0.0001), but the-
re was no statistically significant difference between
the mean K2 values (p=0.544).

Preoperatively, the mean UDVA was 1.1+0.46 (ran-
ge 1.30 to 0.70) logMAR and the mean CDVA was
0.71+0.39 (range 1.0 to 0.22) logMAR. At the last vi-
sit, the mean UDVA was 0.43+0.23 (range 1.0 t0 0.15)
logMAR and the mean CDVA was 0.24+0.18 (0.70 to
0.00) logMAR. These differences were statistically
significant (p=0.0001). None of the patients develo-
ped any complications. Table 2 shows the summary
of preoperative and postoperative values of the pa-
tients.

DISCUSSION

After stabilization of keratoconus later in life, the ma-
jor causes of poor visual acuity and quality are cata-
ract formation, high myopia, and irregular astigma-
tism. There are several corneal surgical procedures
to correct refractive error, such as photorefractive
keratectomy and laser-assisted in situ keratomile-
usis, but a higher risk of ectasia has been reported
for keratoconus following the use of these surgical
techniques®?’. Intracorneal ring segments have a li-
mitation for the correction of the high spherical equ-
ivalent®®. Corneal transplants routinely provide good
vision, but the healing time is slow, and visual reco-
very may require monthly follow-up. A refractive lens
exchange with a toric or phakic IOL implantation are
the other choices for this purpose!>®. Another choi-
ce is phacoemulsification for both the cataracts and
large spherical errors for patients in the presbyopic
age range with keratoconus®*°.

Lens extraction or cataract surgery in patients with
keratoconus is challenging because of the difficulty
in obtaining accurate and consistent keratometry
readings due to several reasons. The visual axis of
keratoconic eyes may not pass through the steepest
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portion of the cornea because of the displacement of
the apex of the cone. In addition, the anterior cham-
ber depth in keratoconus is deeper than normal eyes,
which affects the position of the IOL. Furthermore,
the corneal irregularity and tear film reflex may make
it difficult to obtain repeatable K values®?%22,

Published literature to guide the IOL power selecti-
on in the presence of keratoconus is limited. Theb-
patiphat et al.®> compared the SRK, SRK Il, and SRKT
formulas and found that in keratoconus patients, the
most accurate IOL power was achieved with the SRK
Il formula, although the accuracy of biometry was
worse in eyes with advanced keratoconus. Leccisotti
reported a 26% intraoperative (using autorefracto-
metry during surgery) and 6% postoperative I0OL exc-
hange due to inaccurate calculation of the IOL power
by the Holladay 2 formula®. Watson et al.° reported
on the outcome of cataract surgery in eyes with ke-
ratoconus that used the SRK T formula and actual K
values for the I0OL power calculation. They found that
using the actual K values is a suitable option for eyes
with a mean K of less than or equal 55 D. In severe
keratoconus, they reported a large hyperopic error
when using the actual K values and concluded that
the standard K value should be used in these eyes. In
our study using the SRK Il formula, an IOL exchange
was necessary in three eyes (16.6%), two of which
had severe keratoconus. In mild and moderate ke-
ratoconus, using the actual K values with the SRK I
formula was very successful, but in severe keratoco-
nus, using the average of the actual and standard K
values with the SRK Il formula was not as successful
as expected.

Leccisotti et al.* who performed refractive lens exc-
hange (RLE) in a series of 34 eyes with stage | or I
keratoconus, reported that the SE decreased from
-11.0 D to a postoperative mean of -1.31 D, and the
preoperative mean refractive cylinder decreased
from 1.86 D to 1.22 D postoperatively, with a mean
SIA of 0.54 D. In another study of RLE with toric IOL
implantation, the mean preoperative refractive cylin-
der was 3.95 D, which decreased to 1.36 D postope-
ratively, while the SE decreased from -7.10 D to -0.46
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D10. Rowsey et al.!! assessed seventeen eyes with
keratoconus that had toric I0L implantations, six of
which received a limited astigmatic keratotomy. The
mean refractive cylinder declined from -3.15 D to
-0.94 D, and the mean keratometric cylinder decre-
ased from 4.16 D to 3.5 D.

We combined limbal relaxing incision with lens ext-
raction or cataract surgery that resulted in a decrea-
se in the refractive cylinder by 2.25 D and the kera-
tometric cylinder by 1.87 D, with a mean SIA of 1.93
D and an SE reduction from -8.87 D to -2.27 D. In this
case series, alteration in the SE was similar to that
of the other reports, but the astigmatic change was
similar to that of toric IOL implantations and better
than that of RLEs with I0OL implantation. The lens
extraction or cataract surgery predictably corrected
the spherical errors in the keratoconic eyes, and a
significant reduction in the cylindrical error can be
achieved by limbal relaxing incision , an intervention
in the cornea that is responsible for the pathology of
keratoconus. Despite performing the same limbal re-
laxing incision in the patients with keratoconus, the
SIA varied widely from 0.00 to 4.90 D, which we beli-
eve was due to the varied biomechanical properties
of the keratoconic corneas. In our practice, we ge-
nerally prefer to combine lens extraction or cataract
surgery with limbal relaxing incision in patients with
keratoconus. Although a toric IOL is a good option
in keratoconic eyes, there are some paradoxes about
their use. First, estimating the IOL power and its lo-
cation is more difficult. Second, a major problem in
keratoconus is the irregular corneal astigmatism, and
a toric IOL implantation has no effect on the cornea.
Third, if patients need a rigid contact lens after a to-
ric IOL insertion or keratoplasty, the last refraction
cannot be predicted, and the toric IOL may need to
be exchanged®.

There were improvements in the UDVA and CDVA
in most studies about cataract surgery on keratoco-
nic eyes***°. The uncorrected cylinder and irregular
astigmatism will degrade the visual image, and the
CDVA would still be reduced. Therefore, patients
may also wish to return to rigid contact lenses after

the cataract surgery. In our study; we performed the
limbal relaxing incision to the peripheral cornea due
to the paracentral corneal thinning associated with
keratoconus. Our aim was not to correct the astig-
matism, but to degrade it to a tolerable level by com-
bining the lens extraction or cataract surgery with
limbal relaxing incision. The mean CDVA improved
from 0.71 to 0.24. The CDVA was achieved with spec-
tacles, and no patients needed to return to rigid con-
tact lenses. We believe this is the result of the limbal
relaxing incision.

In summary, the findings of this study showed that
lens extraction or cataract surgery with limbal rela-
xing incision yielded a significant improvement in the
corrected and uncorrected visual acuity and a dec-
rease in the keratometry values, without apparent
complications in the keratoconic eyes. Based on the-
se findings, it can be extrapolated that lens extraction
or cataract surgery with limbal relaxing incision may
be a good option to correct irregular astigmatism in
keratoconic eyes.
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