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Abstract- The objective of the present study was to compare single segment and double segment INTACS
rings in the treatment of post-LASIK ectasia. In this interventional study, 26 eyes with post-LASIK ectasia
were assessed. Ectasia was defined as progressive myopia regardless of astigmatism, along with topographic
evidence of inferior steepening of the cornea after LASIK. We excluded those with a history of intraocular
surgery, certain eye conditions, and immune disorders, as well as monocular, pregnant and lactating patients.
A total of 11 eyes had double ring and 15 eyes had single ring implantation. Visual and refractive outcomes
were compared with preoperative values based on the number of implanted INTACS rings. Pre and
postoperative spherical equivalent were -3.92 and -2.29 diopter (P=0.007). The spherical equivalent
decreased by 1 ± 3.2 diopter in the single-segment group and 2.56 ± 1.58 diopter in the double-segment group
(P=0.165). Mean preoperative astigmatism was 2.38 ± 1.93 diopter which decreased to 2.14 ± 1.1 diopter
after surgery (P=0.508); 0.87 ± 1.98 diopter decrease in the single-segment group and 0.67 ± 1.2 diopter
increase in the double-segment group (P=0.025). Nineteen patients (75%) gained one or two lines, and only
three, who were all in the double-segment group, lost one or two lines of best corrected visual acuity. The
spherical equivalent and vision significantly decreased in all patients. In these post-LASIK ectasia patients,
the spherical equivalent was corrected better with two segments compared to single segment implantation;
nonetheless, the level of astigmatism in the single-segment group was significantly better than that in the
double-segment group.
© 2014 Tehran University of Medical Sciences. All rights reserved.
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Introduction

Keratoconus, pellucid marginal degeneration, and
post-LASIK ectasia are structural abnormalities of the
cornea and are first identified with changes in the
corneal topography (1-2). Keratoconus is of special
importance as the head of these anomalies; however,
since refractive surgery is increasing globally, postrefractive surgery ectasia is especially important too.
Among different refractive procedures, the most
common ectasia is seen after LASIK, especially in cases
of high myopia (3-5).
The complication is reported from 0.01% to 1%. The
first complaint of these patients who refer for refractive
correction is the need for glasses or contact lenses.
Although the exact cause of post-LASIK ectasia is still
unknown, a number of studies consider it multifactorial,
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and it is mainly attributed to thin cornea and a residual
corneal bed thickness less than 250μm (5-7). Since postLASIK ectasia is progressive in most patients, glasses and
contact lenses may not be able to correct vision of these
patients very well, and in some cases, corneal
transplantation is the final resort. Other options suggested
to patients before corneal grafting include collagen crosslinking and intracorneal ring segment implantation.
The use of intrastromal corneal ring for the treatment
of keratoconus has been reported in many studies (8-11),
but reports on application of intrastromal corneal ring in
the treatment of post-LASIK ectasia are limited (12-15).
Considering the importance of ring implantation, we
designed this study to compare results of single vs.
double ring implantation. Here we present the visual and
refractive outcomes of patients after single and double
ring implantation.
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Materials and Methods
In this interventional study, we enrolled 26 eyes of
patients with ectasia as a result of LASIK. A total of 13
eyes belonged to male patients. The mean age of the
patients was 35.9 ± 11.9 (range, 26- 68 years).

measured using Pentacam HR (oculus, wetzeler,
Germany).
In addition to these examinations, we assessed
complications occurring during or after surgery.
Postoperative examinations were scheduled for the 1st
postoperative week, and then at 1, 3, 6, and 12 months.
The mean follow-up time was 11.2±2.3 months (8-15
months).

Inclusion and exclusion criteria
Authors enrolled patients with progressive myopia
with or without increasing astigmatism and progressive
corneal steepening, with or without corneal thinning in
the central or paracentral cornea and topographic
evidence of progressive inferior corneal steepening as
the definition of ectasia in participants who had LASIK.
Exclusion criteria were a history of intraocular or
corneal surgery, vernal eye dryness, herpetic keratitis,
collagen vascular disease or immune disorders,
pregnancy, being lactating, and monocular.
Surgical technique
We used topical anesthesia in these patients. First,
the geometric center was defined using an 11 mm zone
marker, and the incision site was determined according
to the location of cone and perpendicular to the steep
meridian. The incision was made using a 1.5mm
diamond knife, cutting the cornea down to a depth of
65% of the thickness.
After creating the stromal canal, the segments were
inserted in the canal, and the incision site was closed
with 10 nylon stitch. INTACS were placed in the 7mm
zone.
The incision was made where the middle part of the
ring bisected the site after ring implantation. Therefore,
the incision was made in the flat axis in most cases in
our study and our reference in this study was not the
steep axis.
The number of INTACS segments was based on the
patients’ topography. Also, authors used a single ring in
patients with astigmatism more than three. In
participants with a central cone, symmetric rings were
used. A single stitch was made at the incision site which
was removed four to six weeks later.
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Examinations
Measurement of UCVA, BCVA, manifest refraction,
and keratometry was performed for patients before and
after surgery. In addition to these examinations, authors
assessed complications occurring during or after
surgery.
Minimum
keratometry
(min-K),
maximum
keratomerty (max-K) and central corneal thickness were
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Statistical analysis
In this study, the authors used the SPSS software
version 11.5 for data analyses. Qualitative variables were
summarized as their mean, standard deviation, and range
before and after surgery. Comparison of pre and
postoperative values was performed using the paired ttests, and surgical outcomes in two groups were compared
using the analysis of covariance. In this analysis, the
postoperative variable was considered as the dependant
variable, and the preoperative variable as the covariate.
Safety was defined as the ratio of postoperative to
preoperative corrected vision and showed in terms of lost
or gained lines of BCVA after surgery compared to before
surgery. Efficacy, based on UCVA was defined as the
ratio of postoperative UCVA to the preoperative BCVA.

Results

Manifest refraction spherical equivalent
Table 1 presents results of patients’ spherical
equivalent before and after surgery in the two groups.
Overall, the mean preoperative spherical equivalent of 3.92 diopter changed to -2.29 diopter after surgery
(P=0.007). Figure 1 Shows distribution of patients’
spherical equivalent before and after surgery. According
to postoperative refraction results, the mean decrease in
spherical equivalent was 1 ± 3.2 diopter in the singlesegment group and 2.56 ± 1.58 diopter in the doublesegment group (P=0.165).
Manifest refraction cylinder
Mean astigmatism refraction was 2.38 ± 1.93 diopter
before surgery and reduced to 2.14 ± 1.1 diopter after
surgery (P=0.508). Based on the number of implanted
rings, astigmatism results were significantly better in
those implanted with a single ring. Mean astigmatism
decreased by 0.87 ± 1.98 diopter with single ring
implantation while those with double segment
implantation showed an increase of 0.67 ± 1.2 diopter
compared to preoperative values (P=0.025). Two people
in the single segment group had induced astigmatism of
1.5 diopter.
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Table 1. Patient data before and after surgery in the singlesegment and double-segment groups
1 segment

2 segments

Preop
Mean ± SD

Postop
Mean ± SD

Preop
Mean ± SD

postop
Mean ± SD

Sphere

-2.30 ±2.21

-1.73±2.84

-3.30±1.07

-0.52±1.28

Cylinder

-3.00±2.07

-2.13±1.16

-1.45±1.30

-2.16±1.09

Spherical equivalent

-3.80±2.73

-2.80±3.16

-4.10±1.45

-1.60±1.53

UCVA*

0.93±0.64

0.34±0.27

1.14±0.95

0.35±0.28

BCVA†

0.42±0.35

0.17±0.15

0.29±0.17

0.19±0.10

*Uncorrected visual acuity
† Best corrected visual acuity
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Figure 1. Amount of corrected or induced astigmatism in the single-segment and double-segment groups
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Figure 2. Postoperative lost and gained Snellen lines of best corrected visual acuity in the single-segment and double-segment groups

The mean corneal astigmatism was 3.19 and 2.57 D
before and after implanting the single-segment INTACS

and 1.95 and 0.92 D before and after implanting the
double-segment INTACS, respectively. There was no
Acta Medica Iranica, Vol. 52, No. 9 (2014) 683
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significant difference in corneal astigmatism changes
between the two groups (P=0.991).
Visual acuity
Current results indicated a mean pre and
postoperative UCVA of 1.02 and 0.35, respectively,
which indicted a 0.67 LogMAR improvement after
surgery (P<0.001). Preoperatively, 25 patients (96.1%)
had UCVA worse than 20/40, and this was seen in only
8 patients (30%) after surgery. Mean BCVA was 0.37
LogMAR before surgery and improved to 0.18
LogMAR after surgery (P=0.003).
Figure 2 shows gain and loss of BCVA in the two
groups; overall 19 patients (75%) gained 1 or 2 lines,
and 3 patients lost at least one line of corrected vision
compared to their preoperative vision. Three patients
who lost BCVA had two segments implanted.
According to UCVA and BCVA data on the final visit,
the efficacy index was 1.60 ± 1.76, and the safety index
was 0.84 ± 1.25. The inter-group difference in terms of
the decrease in UCVA and BCVA was not significant;
mean UCVA increase was 0.42 and 0.79 LogMAR in
the single-segment and double-segment groups,
respectively (P=0.237). For BCVA, these values were
0.25 and 0.1 LogMAR (P=0.201).
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Spherical equivalent
In this study, the spherical equivalent decreased by
1.63 diopter compared to the preoperative value. The
decrease in the single-segment group and doublesegment group was 1 and 2.56 diopter, respectively.
Comparing single-segment and double-segment
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Discussion
Literature contains several studies on the results of
implanting INTACS in keratoconus patients (8-10, 1619). Nonetheless, reports concerning INTACS
implantation in patients with post-LASIK ectasia are
found less. Here we studied visual and refractive
outcomes and compared results of single vs. double
segment implantation of INTACS. Results of single and
double segment INTACS implantation in post-LASIK
ectasia have been studied by Alio et al., (20) and
Sharma and Boxer (1). The study by Alio et al., (20) is
not a comparative one, but Sharma (1) compares results
of single vs. double segment implantation of INTACS in
post-LASIK ectasia. As showed in results, the spherical
equivalent and vision were the two main variables that
changed in the present study, and improved after
INTACS implantation.

INTACS implantation in terms of decreasing myopia,
Shrama reported a change in the spherical equivalent of
1.45 diopter and 2.26 diopter in these two groups,
respectively (1) Kymionis et al., (21) used singlesegment INTACS implantation for the treatment of postLASIK ectasia and reported a change in the spherical
from a preoperative -4.81 diopter to a postoperative 0.96 diopter. Alio et al., (22) observed a decrease in the
spherical equivalent from -5 to -1.73 diopter in the
single-segment group, and improvement from -5.5 to 3.25 diopter in their double-segment patients. Pokroy et
al. (23) reported a decrease in the spherical equivalent
from -1.6 diopter preoperatively to -0.8 diopter after
implanting one segment INTACS. The authors found no
significant difference between single and double
segment implantation in terms of spherical equivalent
results, and nor did Sharma (23); however, results of
these two studies indicate more spherical equivalent
improvement in the double segment group. In general,
the overall flattening effect appears to be greater with
two ring segments, and thus more improvement in the
spherical equivalent is expected with double segment
compared to single segment implantation.
Astigmatism
In terms of astigmatic correction, the present study
found no significant change between the preoperative
and postoperative astigmatism. However, based on the
number of implanted segments, results were
significantly better in those with a single segment. In a
study by Pokroy et al., (23) who implanted a single
segment, a change from -3.9 to -2.46 was observed.
Comparing single-segment and double-segment
INTACS implantation, Sharma et al., (1) reported a 1.62
diopter decrease in the single-segment group while the
astigmatic reduction in the double-segment group was
0.51 diopter. In a study by Alio et al., (22) the amount of
astigmatism in the single-segment group change from
5.36 to 2.89 diopter during the first year, and in the
double segment group, the preoperative value was 4.65
which changed to 2.26 after surgery. Similarly, in most
studies (23-24) with keratoconus patients, results in
terms of astigmatism are more favorable with singlesegment implantation.
The reason could be that in patients with keratoconus
and post-LASIK ectasia, cone appears in the area, and
implanting a single segment in this steep area causes it
to become flatter. Therefore, astigmatic changes in this
group can be because of more flattening of the corneal
surface. Rabinowitz believes implanting a single
segment in the inferior or superior cornea (depending on
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the cone location) corrects the asymmetry (25).
Safety
Current findings showed a significant overall
improvement in the UCVA and BCVA in all patients
except three who lost at least one line of corrected
vision. The inter-group difference in this regard was not
significant. However, the authors had no participant with
decreased BCVA in the single-segment group, while
three patients in the double-segment group lost one to
three lines of BCVA. Similarly, Sharma and Boxer (1)
observed a significantly better BCVA and UCVA in
their single-segment group, and Pokroy et al., (23)
reported no loss of BCVA in five patients who had a
single segment implanted. Considering better astigmatic
changes in the single-segment group and that we even
observed induced astigmatism in the double-segment
group, the reduction in BCVA in the double-segment
group can mainly be attributed to the induced
astigmatism in this group.
The spherical equivalent and vision significantly
improved in participants of this study. In these postLASIK ectasia patients, the spherical equivalent was
corrected better with two segments compared to single
segment implantation; nonetheless, astigmatic correction
in the single-segment group was significantly better than
that in the double-segment group.
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