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INTRODUCTION

Surgical options for the correction of astigmatism 
include single processes, such as laser in situ keratomi-
leusis (LASIK), photorefractive keratectomy (PRK), 
and arcuate keratotomy (AK), and combined processes, 
such as AK with compression sutures, transverse kera-
totomy, AK with PRK, and AK with LASIK. Different 
combinations of these techniques have been used to 
treat high degrees of astigmatism1.

CASE REPORT

A 47-year-old man came to our center to be assessed 
for refractive surgery in 2007. The initial examination 
(instillation of 3 drops of cyclopentolate 1%) revealed a 
corrected distance visual acuity (CDVA) of 20/60 with 
+0.50 –9.50 × 10° in OD and of 20/60 with +1.25 
–9.50 × 165° in OS. Biomicroscopy and fundus ex-

aminations were normal. Intraocular pressure was 17 
mmHg in OD and 19 mmHg in OS. Mean central 
keratometry in OD was 44.00 D (keratometric astig-
matism of –7.00 × 10°) and 44.25 D in OS (kerato-
metric astigmatism of –7.00 × 165°). Corneal topog-
raphy showed a symmetrical bow tie pattern in OU 
with no signs of corneal disease (figs. 1 and 2). Corneal 
thickness (ultrasound pachymetry) was 526 microns in 
OD and 538 microns in OS.

LASIK was recommended in both eyes. The hori-
zontal axis was marked using the slit lamp in order to 
avoid improper alignment with the laser. The corneal 
flaps were then cut using the Moria LSK-One micro-
keratome (Microtech Inc., Moria, France). The H ring 
and the 100 micron plate were used. Intraoperative 
pachymetry was applied to determine the thickness of 
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the flap. In our center, we routinely take three meas-
urements of the corneal bed after cutting the flap. Al-
though made carefully, measurements do vary, and we 
base our procedure on the thinnest one. A 54 micron 
flap was obtained in OD and a 128 micron flap in OS. 
Treatment was performed in OU following a bicylin-
dric algorithm.

The laser used in OD was an Esiris excimer 
(Schwind, Germany); the 164 micron ablation was per-
formed after 16,879 pulses on an optical zone (OZ) of 
6.00 mm. The estimated residual bed in OD was 310 
microns.

The laser used in OS was the Technolas 217z 
(Planoscan, Bausch & Lomb, Claremont, California, 
USA). An ablation of 106+86 microns in two different 
stages was performed: negative spherocylinder ablation 
(–2.50 –4.50 × 165° [106 microns on the central cor-
nea, with OZ of 5.5 mm and 3,086 pulses]) followed 
by positive cylinder ablation (+4.50 × 75° [86 microns 
of peripheral ablation, with OZ of 6.00 mm and 1,511 
pulses]). The estimated residual bed in OS was 276 mi-
crons.

Examination the following day revealed an uncor-
rected distance visual acuity (UDVA) of 20/30 in OU, 
in other words, the same as the preoperative CDVA.

Six months after LASIK, the residual cylinder was 
higher in OD (+4.00 –4.25 × 10°) than in OS (+1.75 
–2.5 × 20°) (figs.  3 and 4). This refraction led us to 
perform AK in OU.

In OD, a pair of 100° arcuate incisions was made in 
a 6.00 mm OZ (3 mm long, 500 microns deep). In OS, 
a pair of 110° arcuate incisions was made in a 6.00 mm 
OZ (2 mm long, 500 microns deep).

A month after AK, examination revealed an UDVA 
of 20/30 in OD and 20/30 in OS; binocular UDVA 
was 20/25. CDVA was 20/25 (+2.50 –1.75 × 180°) in 
OD and 20/30 in OS (+0.75 –1.25 × 170°). Binocu-
lar CDVA reached 20/20. The mean central keratom-
etry reading was 39.75 D (keratometric astigmatism of 
–2.25 × 4°) in OD and 41.25 D (keratometric astigma-
tism of –1.75 × 166°) in OS.

Four years later, at the patient’s last visit, UDVA 
was 20/30 in OU, with binocular UDVA at 20/25. 
Uncorrected near (33 cm) visual acuity (UNVA) was 
Jaeger 9 in OD and Jaeger 7 in OS. In OD, CDVA 
was 20/25 (+2.50 –2.00 × 5°) and in OS it was 20/25 
(+1.25 –2.00 × 180°); corrected near (33 cm) visual 
acuity (CNVA) was Jaeger 3 with the same correction. 
The mean central keratometry reading was 39.87 D 
(keratometric astigmatism of –4.25 × 5°) in OD and 
41.55 D (keratometric astigmatism of –4.80 × 180°) in 
OS. Corneal topography in OU showed stability and 
no signs of ectasia (figs. 5 and 6). The patient was satis-
fied with the results of the procedure.

DISCUSSION

Güell and Vázquez1 evaluated the results obtained 
in the treatment of astigmatism of up to 8.00 D with 
AK in combination with LASIK performed at differ-
ent times to profit from the additive effect of both 
techniques. Their results were reliable and predictable, 
showing that outcome is more predictable if LASIK 

Figure 2.  Preoperative corneal topography of OS (Orbscan II).

Figure 3.  Postoperative corneal topography of OD (Orbscan II), 6 
months after LASIK.

Figure 4.  Postoperative corneal topography of OS (Orbscan II), 6 
months after LASIK.



25HIGH ASTIGMATISM CORRECTION WITH LASIK AND AK

JOURNAL OF EMMETROPIA - VOL 3, JANUARY-MARCH

is performed second in order to correct the potential 
residual error of AK, especially in cases with high or 
mixed astigmatism.

Pineda and Jain2 reported a case of AK in a patient 
with high astigmatism due to incorrect axis treatment 
during LASIK. We believe that, in situations of high 
astigmatism, initial treatment with the excimer laser is 
preferable, as AK does not correct in a predictable way 
beyond 3.00 D3.

Variation in incision parameters can modulate the 
effect of AK. A wide OZ could be less likely to cause 
glare, and the procedure could induce less irregular 
astigmatism than a smaller OZ4. Although we decided 
to use a 6 mm OZ to increase the effect of AK, it was 
only moderately successful in OU. The cylinder of the 
OS was only reduced 1.25 D with a shift in the axis at 
the 1 month postoperative visit and actually increased 
0.75 D with a shift in the axis at the 4 year visit. AK 
through the flap could behave differently than AK on 
virgin corneas and cause several potential complica-
tions. Incisional approaches are limited in refractive 
surgery, particularly in patients with high astigmatism 
and after cataract surgery4. Further studies are required 
to ascertain the limitations of AK after LASIK.

Initially, patterns for the correction of astigmatism 
with the excimer laser consisted of central ablation 
along the more curved corneal meridian, which also in-
duces curving of the flat meridian. This effect, known 
as the coupling effect, induces a positive sphere, which 
has to be corrected in the same process of laser treat-
ment and results in ablation of a large area of tissue5. 
Chayet et al.7 introduced the technique of bitoric or 
bicylindrical cross-cylinders for the correction of my-
opic and mixed astigmatisms. This technique curves the 
flat meridian while the curve meridian flattens and has 
the advantage of considerably reducing the amount of 
tissue ablated at the central cornea. Albarrán-Diego et 
al.7 evaluated the efficacy and safety of bitoric LASIK 
using a Technolas 217 (Planoscan) excimer laser for 
the correction of mixed astigmatism. Their results in-

dicated that bicylindrical treatment is safe, predictable, 
and effective. As we had two different excimer lasers 
in our clinic, we decided to apply one on each eye to 
determine which the best for very high degrees of astig-
matism was. The reduction in astigmatism in OD fol-
lowing initial LASIK was quite poor (only 50%).  The 
correction in OS was significantly better.  This leads us 
to believe that the Esiris (Schwind) may not be as effec-
tive as the Technolas in such cases.

When LASIK is used to treat high degrees of astig-
matism, gains in CDVA are common6. In our case, 
three months after the procedure, CDVA had improved 
in OU.

Several possible causes have been proposed to ex-
plain undercorrections in the treatment of astigmatism 
with the excimer laser. One is the cyclotorsion that 
occurs in many patients while seeing with one eye in-
stead of both. There may also be variation if the patient 
changes from sitting to supine position8. The amount 
of rotation induced is usually around 15° from that ob-
served in supine position, typically from 2° to 7° when 
the patient is positioned on the laser bed. These rota-
tions may not only produce undercorrection, but also 
significantly increase postoperative aberrations if they 
are over 2°9. Therefore, it is highly recommended to 
mark an axis with the patient sitting and use the slit 
lamp before surgery in order to prevent incorrect align-
ment of the eye during laser ablation, especially in the 
case of high-magnitude cylinders (as in our case) and 
when conventional treatment is performed. Such mark-
ing is routinely performed at our center and was used in 
the present case. Although using a mark is better than 
no mark, it is not the only way to perform accurate 
alignment.  More modern excimer lasers  use auto-
alignment and iris registration, both of which could 
have improved our results.

Recent studies have compared the effectiveness of 
conventional LASIK treatment in corneal astigmatism 
and non-corneal astigmatism, also known as lens or in-
traocular astigmatism10. When astigmatism is corrected 

Figure 5.  Postoperative corneal topography of OD (Orbscan II), 4 
years after LASIK.

Figure 6.  Postoperative corneal topography of OS (Orbscan II), 4 
years after LASIK.
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following refraction or topography, both in conven-
tional LASIK and in treatment guided by topography, 
the amount of iatrogenic astigmatism on the anterior 
corneal surface to compensate corneal astigmatism 
can affect postoperative visual quality. The efficacy of 
LASIK in the correction of astigmatism is significantly 
higher in eyes in which preoperative refractive astigma-
tism is mainly located on the anterior corneal surface, 
as in our patient. This may also explain why our results 
were so good and why the patient expressed such high 
satisfaction.
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