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stigmatism is the most common cause of impaired vision after pen-
etrating keratoplasty (PK) despite a clear corneal graft.1 Postopera-
tive astigmatism higher than 5 diopters (D) has been reported in

15-38% of patients undergoing PK.1,2 Various approaches have been used to
deal with this problem including manual, mechanized or femtosecond laser
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AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  To evaluate the efficacy of paired arcuate keratotomy (AK) incisions to cor-
rect high astigmatism after penetrating keratoplasty. MMaatteerriiaall  aanndd  MMeetthhooddss:: 28 eyes of 27 patients
operated between October 2011 and January 2015 were included. Paired arcuate incisions (at an 80-
90% depth, and arc lengths of 60 to 90 degrees) were performed with a diamond knife. Incisions
were placed within the corneal graft. Results were analyzed at the third month postoperatively.
RReessuullttss::  The mean age of the patients was 49.1 years. 12 of 27 patients were male and 15 were fe-
male. Primary indication for penetrating keratoplasty was keratoconus in 16 eyes, stromal dystro-
phy or leucoma in 8 eyes and bullous keratopathy in 4 eyes. After arcuate keratotomy, mean best
corrected visual acuity with log MAR improved from 0.72 ± 0.43 to 0.46 ± 0.29 and un-corrected
visual acuity from 1.19 ± 0.36 to 1.01 ± 0.46. Mean topographic astigmatism decreased from 7.4
± 3.2 D to 4.8 ± 2.7 D. K min increased from 40.9 ± 3.9 D to 44.4 ± 3.6 D. K max decreased from 48.7
± 3.3 D to 48.3 ± 3.9 D. Mean spherical equivalent increased from -2.6 ± 1.9 D to -3.1 ± 2.5 D. 
CCoonncclluussiioonn::  AK incisions provide fast reduction in post-keratoplasty astigmatism and improvement
in visual acuity. The magnitude of the reduction of astigmatism was highly correlated with preop-
erative astigmatism. However, to achieve successful results, proper patient selection is necessary. 
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ÖÖZZEETT  AAmmaaçç:: Penetran keratoplastiden sonra arkuat keratotomi (AK) insizyonlarının yüksek astig-
matizmayı düzeltme etkinliğini değerlendirmek. GGeerreeçç  vvee  YYöönntteemmlleerr::  Ekim 2011 ile Ocak 2015 ta-
rihleri arasında opere edilen 27 hastanın 28 gözü dahil edildi. Arkuat insizyonlar (%80-90 derinlikte
ve 60 ile 90 derece arasında ark uzunluklarında) bir elmas bıçak ile gerçekleştirildi. İnsizyonlar kor-
nea grefti içine yerleştirildi. Sonuçlar operasyon sonrası 3.ayda incelendi. BBuullgguullaarr:: Hastaların or-
talama yaşı 49.1 yıl idi. 27 hastanın 12'si erkek, 15'i kadın idi. Penetran keratoplasti için primer
endikasyon 16 gözde keratokonus, 8 gözde stromal distrofi veya lökom ve 4 gözde büllöz kerato-
pati idi. Arkuat keratotomiden sonra, Log MAR ile ortalama düzeltilmiş en iyi görme keskinliği
0.72 ± 0.43’den 0.46 ± 0.29’a ve düzeltilmemiş görme keskinliği 1.19 ± 0.36'dan, 1.01 ± 0.46’ya yük-
seldi. Ortalama topografik astigmatizma 7.4 ± 3.2 D'den 4.8 ± 2.7 D'ye düştü. K min, 40.9 ± 3.9 D’den
44.4 ± 3.6 D’ye arttı. K max, 48.7 ± 3.3 D’den 48.3 ± 3.9 D’ye düştü. Ortalama sferik eşdeğer -2.6 ±
1.9 D'den -3.1 ± 2.5 D'ye yükseldi. SSoonnuuçç:: AK insizyonları post-keratoplasti astigmatizmasında hızlı
azalma ve görme keskinliğinde iyileşme sağlamaktadır. Astigmatizma azalmasının büyüklüğü ame-
liyat öncesi astigmatizma ile yüksek korelasyona sahiptir. Bununla beraber, başarılı sonuçlar elde
etmek için, uygun hasta seçimi gereklidir. 
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arcuate keratotomy (FLAK), compression su-
tures,laser in situ keratomileusis,wedge resection,
toric phakic intraocular lenses, and finally regraft-
ing.3-9 Manual arcuate keratotomy (AK) has been
the most widely used procedure for the treatment
of astigmatism greater than 4-6 D.1-3 The main prin-
ciple of AK is based on flattening the steep corneal
meridian by placing one or two incisions perpen-
dicular to the steep axis. This flattens the given
meridian with reciprocal steepening of the merid-
ian 90° away, known as “coupling effect”. The effi-
cacy of astigmatic incisions is dependent on the
length and depth of incisions.2 A wide range of cor-
rections between 3.2 D and 9.7 D has been reported
with this approach.1,3 This study was conducted to
evaluate the efficacy of paired AK incisions for cor-
rection of high astigmatism after PK.

MATERIAL AND METHODS 

In this single center, retrospective interventional
case series, performed at the Department of Oph-
thalmology, Bozyaka Training and Research Hos-
pital, Turkey, between October 2011 and January
2015. The study adhered to the tenets of the Dec-
laration of Helsinki, and informed consent was ob-
tained from all participants. An informed consent
was obtained from all the patients to perform the
original measurements and to review their medical
records.

SUBJECTS

28 eyes of 27 patients included and demographic
features of the individuals were recorded. In addi-
tion, all the patients underwent a detailed oph-
thalmic examination, including auto kerato-
refractometry (Topcon RK 8000PA, auto-refrac-
tometer, Topcon, Tokyo, Japan), uncorrected visual
acuity testing (UCVA), best corrected visual acuity
testing (BCVA), slit-lamp biomicroscopy, intraoc-
ular pressure (IOP) measurement and dilated fun-
dus examination. IOP was measured using a slit
lamp–mounted Goldmann applanation tonometry
(GAT) with the prisms in the vertical and horizon-
tal meridian. Averaging vertical and horizontal
GAT readings were performed to improve the ac-
curacy of IOP measurement in patients with regu-

lar corneal astigmatism and the mean values were
recorded. Spherical equivalent (SE) was calculated
according to auto-refractometry results as follows:
spherical value (diopter) + 1/2 cylindrical value
(diopter). The efficacy index was calculated as the
ratio of the mean postoperative UCVA to the mean
preoperative BCVA. In addition, corneal topogra-
phies were acquired with Keratograph III (Oculus,
Wetzlar, Germany). Flat keratometry (K min),
steep keratometry (K max) and topographic astig-
matism was noted. Corneal thickness was measured
with PacScan 300 (Sonomed Inc., NY, USA) pre-
operatively and postoperatively.

INCLUSION AND EXCLUSION CRITERIA FOR 
STUDY GROUP

Inclusion criteria were post-keratoplasty astigma-
tism higher than 3.0 D, complete removal of su-
tures at least 6 months before AK, and a stable
refractive error. Eyes with regular or moderately
skewed topographic bowtie astigmatism were in-
cluded, but irregular topographic patterns of astig-
matism were excluded.

SURGICAL TECHNIQUE 

Paired AK incisions at an 80-90% depth, and arc
lengths of 60 to 90 degrees were performed with a
diamond knife (Geuder AG, Heidelberg, Germany).
Paired AK incisions were placed within the corneal
graft and parallel to the graft-host junction. Inci-
sions were made on the steep axis on topography.
Under topical anesthesia, microscope light was set
to minimum, planned AK tracts were marked with
a surgical pen, and manual AK incisions were made
(Figure 1). Incisions were opened and irrigated
with a 27 G cannula. In cases of skewed astigma-
tism, skewed incisions corresponding to the steep
astigmatic meridians on topography were used.
Asymmetric arc lengths were used to correct asym-
metric bowtie astigmatism. The effect of the inci-
sions was monitored intraoperatively with a
hand-held keratoscope. All surgical procedure was
performed by one surgeon (B.Y). Topical antibiotic
and artificial tears were given 4 times daily. Pa-
tients were followed up and examined at first day,
first week, first month, 3 months after the proce-
dure.
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STATISTICAL ANALYSES

Statistical analyses were performed with SPSS 18.0
software. For each continuous variable, normality
was determined by Kolmogorov–Smirnov test. The
Kolmogorov-Smirnov test showed a normal distri-
bution for K min, K max, UCVA, BCVA, SE and
topographic astigmatism parameters. Paired t test
was used for comparison of preoperative and post-
operative values. Pearson correlation analysis was
used to determine the relationship between the
magnitude of reduction in astigmatism and preop-
erative parameters. A p value <0.05 was considered
statistically significant.

RESULTS

Mean age was 49.1 ± 17.9 years (range, 26-75
years). Twelve were male and 15 female. Primary
indication was keratoconus in 16 eyes, stromal dys-
trophy or leucoma in 8 and bullous keratopathy in
4 eyes. Mean preoperative central corneal thick-
ness was 559.2 ± 48.9 µ (range, 485-700 µ). Mean
knife depth was 488.4 ± 58.1 µ (range, 430-595 µ)
which corresponds to 87.3% of corneal thickness.
Mean preoperative UCVA and BCVA were 0.72 ±
0.43 D and 1.19 ± 0.36 D, respectively. Mean post-
operative UCVA and BCVA were 0.46 ± 0.29 D and
1.01 ± 0.46 D, respectively. A statistically signifi-
cant improvement was achieved in both mean
BCVA (p˂0.001) and UCVA (p=0.009) at postoper-
ative 3 months. Mean preoperative and postopera-

tive topographic astigmatism were 7.4 ± 3.2 D and
4.8 ± 2.7 D, respectively. Mean reduction in astig-
matism was 2.6 D. This reduction was statistically
significant (p˂0.001). Efficacy index was 0.71 at 3
months. Postoperative change in magnitude of
astigmatism was significantly correlated with pre-
operative astigmatic value on topography (R=0.659,
p=0.000, Pearson correlation analysis). A 3.5 D
steepening was achieved in flat axis which was sta-
tistically significant (p=0.001). A 0.5 D flattening
was achieved in mean steep axis, however, this was
not statistically significant (p=0.506). A 0.5 D my-
opic shift occurred postoperatively. This change in
refraction was not statistically significant (p=0.415)
(Table 1). A reduction of 2.0 D or more in topo-
graphic astigmatism was achieved in 17 of 28 eyes
(60.7%). Table 2 shows postoperative changes in
refractive and topographic astigmatism as well as
visual acuity.

Refractive astigmatic cylinder could not be
measured in 8 eyes preoperatively. So that, com-
parison of preoperative and postoperative values
could not be made in these eyes (Table 2, bottom
row). After surgery, manifest refraction has became
measurable in 6 of these eyes. An improvement ≥ 2
Snellen lines in BCVA was achieved in 13 (46.4 %)
of 28 eyes.

Mean reduction was 2.5 D in 7.0 mm (4 eyes),
2.7 D in 7.5 (16 eyes) and 2.6 D in 8.0 mm (8 eyes)
recipient trephine size. No correlation was found
between the magnitude of reduction in astigmatism
and trephine size (p=0.995, ANOVA test). Associ-
ation between the symmetry of the bowtie pattern
on topography and reduction in astigmatism was
also investigated. Topographic pattern of astigma-
tism was symmetric bow-tie in 8 (28.6%) and
asymmetric bow-tie in 20 eyes (71.4%). Mean re-
duction in astigmatism was 3.1 D in eyes with sym-
metric bowtie pattern and 2.4 D in asymmetric
bowtie pattern. However, that difference was not
statistically significant (p=0.630, ANOVA).

Skewing of the axes on corneal topography oc-
curred in 4 eyes (14.3%) postoperatively. Macro-
perforation requiring suturing occurred in 1 eye
(3.6%). Preoperative central corneal thickness
was 589 µ and knife depth was 450 µ in that eye.

FIGURE 1: Left eye of a 45-year-old female with PK for keratoconus. Trep-
hine sizes were 8.0 x 8.25 mm. Paired arcuat incisions, placed at 8 and 2
clock axes, at arc length of 60 degrees are visible.
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Preoperative Mean ± SD (min-max) Postoperative Mean ± SD (min-max) p value 1

BCVA (logMAR) 0.72 ± 0.43 0.46 ± 0.29 <0.001

(range, 0.00-1.60) (range, 0.00-1.00)

UCVA (logMAR) 1.19 ± 0.36 1.01 ± 0.46 0.009

(range, 0.54-2.00) (range, 0.18-2.00)

Topographic Astigmatism (D) 7.4 ± 3.2 4.8 ± 2.7 <0.001

(range, 3.40 – 15.0) (range, 0.9 – 9.3)

Kmin (D) 40.9 ± 3.9 44.4 ± 3.6 0.001

(range, 32.0-48.0) (range, 37.6-51.7)

Kmax  (D) 48.7 ± 3.3 48.3 ± 3.9 0.506

(range, 41.2-56.6) (range, 42.2-59.3)

SE  (D) -2.6 ± 1.9 -3.1 ± 2.5 0.415

(range, -6.5 – 1.5) (range, -8.0 – 1.0)

TABLE 1: Postoperative changes in visual, refractive and topographic parameters.

1Paired t test
Values are mean ± standard deviation
Abbreviations; SD: Standard deviation, BCVA: Best corrected visual acuity, UCVA: Uncorrected corrected visual acuity, Kmin: Minimum keratometry, Kmax: Maximum keratome-
try, SE:Spherical equivalent.

Change Refractive Astigmatism eyes (%) Topographic Astigmatism eyes (%) BCVA eyes (%) UCVA eyes (%)

Decrease 16 (57.1) 22 (78.5) 2 (7.1) 2 (7.1)

Increase 3 (10.7) 5 (17.9) 21 (75.0) 18 (64.3)

No change 1 (3.6) 1 (3.6) 5 (17.9) 8 (28.6)

Unavailable 8 (28.6) - - - 

TABLE 2: Postoperative changes in refractiveastigmatism, topographic astigmatism,
corrected and uncorrected visual acuity (n=28).

Abbreviations; BCVA: Best corrected visual acuity, UCVA: Uncorrected corrected visual acuity.

FIGURE 2: A. Preoperative topography of the patient shown at Figure 1. K: 48.5 x 40.8 D. Topographic astigmatism: 7.6 D. UCVA: 1.0 (log MAR) and BCVA:
0.2 (log MAR) (+2.75,-7.50 x 160°). Pattern: Prolate symmetric bowtie. B. Postoperative topography: K: 45.5 x 44.1 D. Astigmatism decreased to 1.3 D. UCVA:
0.2 (log MAR), BCVA: 0 (log MAR) (-1.50 x 10°).
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Another patient experienced postoperative visual
distortion because one of the incisions entered into
the pupillary zone due to patient’s eye movement
during keratotomy. Re-grafting was performed
on this patient later on. An example of pre- and
postoperative topography of a patient is shown in
Figure 2.

DISCUSSION

In current study, a statistically significant reduc-
tion in astigmatism and improvement in both
UCVA and BCVA in more than 60% of the patients
were achieved at 3 months. Similar improvement
in BCVAand UCVA3 has been reported in previous
studies.3,10 A mean 2.6 D (35.1%) reduction in
astigmatism was achieved using paired AK. Hoffart
et al. reported 30% reduction in astigmatism with
mechanized AK which is lower than our result.11

Poole et al. and Kubaloğlu et al. and Wilkins et al.
reported 4.28 D (46.9%), 3.18 D and 7.66 D reduc-
tion in astigmatism, respectively.3,10,12 Greater re-
ductions up to 70% of astigmatism have been
reported with incisions at 600 μm depth. However,
it is associated with a high-risk of perforation.2

Geggel achieved at least 50% reduction in astigma-
tism in 81% of the eyes.13 Relatively low efficacy
achieved in our study may be due to the low ratio
of patients (29%) with symmetric bowtie astigma-
tism compare to that study (58%).13

Low predictability associated with AK for post-
PK astigmatism has been reported in several stud-
ies.1,14,15 This is likely due to the variability of the
wound healing and variable tension present within
the graft.2 The sharpness and type of the diamond
knife, velocity in performing the incisions and in-
traocular pressure are conributing factors in depth
and regularity of the incisions.16 In parallel with
previous reports, the magnitude of the reduction
was found highly correlated with preoperative
astigmatism in current study.12,17 Standardized
nomograms developed for congenital astigmatism
cannot be applied to the correction of post-PK
astigmatism.1,12 Although, a myopic shift up to 1.5
D may be seen after AK1, other studies reported no
change in mean spherical equivalent.2,10,12 Postoper-
ative myopic shift (0.53D) observed in our study

wasn’t statistically significant either. Efficacy index
was 0.71 at 3 months.

One macro-perforation and 1 off-center inci-
sion occurred in our study. Reported complications
of AK include under-correction, overcorrection,
corneal perforation, wound dehiscence, irregular
astigmatism, recurrence and prolonged instability
of corneal topography.1,2 To increase safety and ef-
ficacy, FLAK has been recently introduced in clin-
ical practice. However, in a series of 62 eyes,
Fadlallah et al. reported 2 micro-perforation, 3 in-
fectious keratitis, 3 graft rejection episodes, 1 en-
dophthalmitis and 12 overcorrection. Efficacy
index was reported as 0.81 at 6 months.5 Kook et
al. reported 2.8 D (30%) regression in topographic
astigmatism with FLAK. Hoffart et al. compared
mechanized AK with FLAK and reported 30%
and 55% regression respectively, without any vi-
sual gain.11,18 Misalignment during mechanized
AK was reported as a contributing factor to the low
efficacy. They also reported micro-perforation and
1 case with off-center incision after mechanized
AK.

Bayramlar et al. reported a frequent need for
repeat or combined procedures in AK such as
lengthening of the incisions for under-correction
or compression sutures for overcorrection.14 Fares
et al. combined AK with compression sutures.6

They achieved 4.37 D decrease in eyes with a pre-
operative astigmatism between 6-9 D and 6.23 D
decrease in eyes with a preoperative astigmatism
between 9-16.5 D. They found AK safe and effective
and suggested an arc length of 60° for astigmatism of
6-9 D, and 75° for astigmatism >9 D. Sy et al. com-
bined AK with conductive keratoplasty for astigma-
tism >5 D and achieved a regression of 5.5 D.19

Böhringer et al. in their study have reported
that AK is an effective tool to reduce post-kerato-
plasty astigmatism with better results in regular
corneal astigmatism but limited predictability of re-
fractive results.20 They have suggested that AK may
still be an elegant option to reduce postoperative
astigmatism after PK. FLAK surgery which is able
to create quality arcuate incisions with precise
length, depth, radius, and symmetry that were pre-
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viously hard to achieve by manual techniques is
commonly used to correct post-keratoplasty astig-
matism. Although the FLAK surgery may be wide-
spread, some clinics do not still have this
technology. Therefore, manuel AK may be a good
alternative procedure If the laser technology can
not be available.

Although, the conclusions that can be drawn
from this study are limited by relatively small num-
ber of patients and short follow-up, the reduction
in astigmatism achieved in this study is comparable
with previous post-PK AK results. Our results sug-
gest that AK allows a fast reduction in astigmatism
and an improvement in vision with few complica-
tions. Despite its low predictability, manual AK re-
mains a viable procedure for treating post-PK
astigmatism with satisfactory safety and effi-
cacy.2,3,6,10,13,14 Selection of patients with symmetric
bowtie astigmatism and proper alignment during
surgery are key factors to achieve intended correc-
tion.
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