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epithelium, Bowman’s layer, stroma, Descemet membrane, and endothelium (figure 1).
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The cornea serves as the transparent “window” of the eye that allows the entry of light. The 
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nonspecific finding has been referred to as Munson’s sign. Usually

long before Munson’s sign is evident.
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“Belin ABCD keratoconus Staging”

In this system “A”, “B”, “C”, and “D”, respectively, stand for the anterior radius of c
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the collagen fibrillary diameter increases by 4.5 % over a person’s lifetime due to age

halt the progression of keratoconus and is considered the “gold standard” procedure to halt the 
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In 2007, a new Intacs model was presented, designated as SK from “severe keratoconus”. These 
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Using a “stromal spreader”, a pocket is formed on each si
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O R I G I N A L  A R T I C L E

ntrastromal corneal ring segments (ICRS) implantation 
is a surgical procedure used for the treatment of kera-
toconus, enabling both a therapeutic and refractive im-

provement.1-3 Both the safety and the refractive efficacy of the 
implant depend on the correct selection of the implant features 
and a precise intrastromal surgical implantation. Shallower in-
trastromal tunnels are associated with complications such as 
implant exposure due to corneal thinning over the implant, 
segment migration and extrusion, astigmatism overcorrection, 
or corneal melting.4-6 Deeper tunnels can be associated with 
corneal perforation or endothelial cell damage and a minor 
refractive and topographic effect on the cornea.7 Therefore, a 
precise and predictable tunnel depth creation is crucial for this 
surgical procedure. The tunnel can be created with manual 
dissection or assisted by a femtosecond laser device. Previous 
publications regarding this aspect present conflicting results, 
but most studies report shallower depth than predicted and no 
difference between manual or femtosecond laser–assisted sur-
gery8-12; all studies but one were performed with Intacs ICRS 
(Addition Technology Inc., Des Plaines, IL). The reasons for 
such differences reported arise mainly because the methods of 
measurement differ, whether regarding the device being used 
(Scheimpflug tomography or optical coherence tomography) 
or the location used for the measurement. 

The purpose of this study was to compare the precision and 
predictability of intrastromal tunnel creation for Ferrara-type 

IABSTRACT

PURPOSE: To compare the predictability of intrastromal 
tunnel depth creation for intrastromal corneal ring seg-
ments (ICRS) implantation between manual dissection 
and femtosecond laser using a high-resolution anterior 
segment optical coherence tomography (AS-OCT).

METHODS: This multicenter study included patients 
with keratoconus who had Ferrara-type ICRS implanta-
tion at Hospital de Braga using manual dissection and 
at the Fernandez-Vega Ophthalmological Institute using 
the femtosecond laser technique. The intended depth of 
implantation was compared to the achieved postopera-
tive ICRS depth of each case, measured using a swept-
source AS-OCT (CASIA SS-1000; Tomey Corporation, 
Nagoya, Japan) at three points (proximal, central, and 
distal end of the implant). 

RESULTS: The study included 105 eyes in the manual 
group and 53 eyes in the femtosecond laser group. The 
differences of the intended versus the achieved depth 
were statistically higher in the manual group for all posi-
tions measured (Wilcoxon ranked-sum, P < .001). In 
the manual group, there were significant differences be-
tween the mean values of intended and achieved depth 
after surgery for the three locations measured (Wilcoxon 
signed-rank, P < .05), whereas there were no signifi-
cant differences in the femtosecond laser group. In the 
manual group, the proximal part of the stromal tunnel 
was significantly shallower (-40.87 ± 69.03 μm) than 
the central (-25.54 ± 71.00 μm) and distal (-26.52 ± 
73.22 μm) parts (Friedman test, P < .05).

CONCLUSIONS: ICRS implantation assisted by a femto-
second laser provides a more precise procedure consid-
ering dissection depth when compared with the manual 
dissection technique. Such an advantage may provide 
more predictable clinical results and safer procedures 
with the femtosecond laser.

[J Refract Surg. 2018;34(3):188-194.]
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ICRS implantation between the manual mechanical 
technique and femtosecond laser–assisted surgery using 
a novel high-resolution swept-source AS-OCT. To our 
knowledge, this is the first study to compare the intended 
versus achieved tunnel depth for Ferrara ICRS implanta-
tion using OCT and measuring three different locations 
for each segment with two different surgical techniques.

PATIENTS AND METHODS
The tenets of the Declaration of Helsinki were fol-

lowed and full ethical approval was obtained from 
both institutions. After receiving a detailed explana-
tion of the nature and possible consequences of the 
study and surgery, all patients gave their informed 
consent. The study included Ferrara-type ICRS im-
plantation in 158 eyes of 158 patients with keratoco-
nus and was conducted at the Ophthalmology Depart-
ment of Hospital de Braga, Braga, Portugal, and the 
Fernandez-Vega Ophthalmological Institute, Oviedo, 
Spain. The criteria required for inclusion in the study 
were the presence of keratoconus (diagnosis based on 
the slit-lamp examination and confirmed by Scheimp-
flug tomography [Pentacam; Oculus Optikgeräte, Wet-
zlar, Germany]), contact lens intolerance, and a clear 
cornea, together with a minimum corneal thickness of 
greater than 400 μm at the optical zone involved in the 
implantation (a general criterion for surgery). In addi-
tion, keratoconus had to be stage I to II according to 
the Amsler–Krumeich keratoconus classification. The 
exclusion criteria defined for this study were previous 
corneal or intraocular surgery, a history of herpetic 
keratitis, diagnosed autoimmune disease, systemic 
connective tissue disease, endothelial cell density of 
less than 2,000 cells/mm2, cataract, a history of glau-
coma or retinal detachment, macular degeneration or 
retinopathy, neuro-ophthalmic disease, or a history of 
ocular inflammation.

Data collected were patient gender and age, operat-
ed eye, ICRS arc length and thickness, intended depth 
thickness, and achieved postoperative ICRS depth as 
measured by a swept-source AS-OCT (CASIA SS-1000; 
Tomey Corporation, Nagoya, Japan) at three points for 
each segment (proximal, central, and distal end of the 
implant). For each point of measurement, we calculated 
two values: the tunnel depth achieved and the mean 
difference between intended and achieved depth of 
implantation, designated as the “delta” value for each 
location. The delta value was expressed as “relative del-
ta” and “absolute delta.” The relative delta is the differ-
ence between achieved and intended (a negative value 
means a superficial implant and a positive value means 
a deeper implant than intended). The absolute delta is 
the value of delta without negative or positive signal; it 

means the overall difference between depths, with no 
indication regarding superficial or deeper implant.

Ferrara-type ICRS (Mediphacos, Belo Horizonte, 
Brazil) were implanted in all eyes studied. These poly-
methylmethacrylate Ferrara-type ICRS have a triangu-
lar cross-section that induces a prismatic effect on the 
cornea. Their apical diameter is 6 mm (flat basis width 
= 800 mm), with variable thicknesses (150, 200, 250, 
and 300 mm) and arc lengths (90, 120, 150, and 210 
degrees); ICRS implanted was chosen according to the 
Mediphacos nomogram previously published.13

MANUAL MECHANICAL TECHNIQUE
The ICRS implantation surgeries with the manual 

technique were all performed at the Ophthalmology De-
partment of Hospital de Braga and by the same surgeon 
(TM). The visual axis was marked by pressing the Sin-
skey hook on the central corneal epithelium while ask-
ing the patient to fixate on the corneal light reflex of the 
microscope light. Using a marker tinted with gentian vi-
olet, a 6-mm optical zone and incision site were aligned 
to the desired axis in which the incision would be made. 
The incision site was always performed at the steepest 
topographic axis of the cornea given by the topographer. 
A square diamond blade was set at 80% of the thinnest 
point along the implantation optical zone track and this 
blade was used to make the incision. Corneal thickness 
was measured intraoperatively with ultrasonic pachym-
etry. Using a “stromal spreader,” a pocket was formed 
on each side of the incision. Two (clockwise and coun-
terclockwise) 270 degrees semicircular dissecting spat-
ulas were consecutively inserted through the incision 
and gently pushed with some quick rotary “back and 
forth” tunneling movements. Following channel cre-
ation, the ring segments were inserted using modified 
McPherson forceps. The rings were properly positioned 
with the aid of a Sinskey hook. 

FEMTOSECOND LASER–ASSISTED SURGERY
The center of the pupil was marked and four car-

dinal spots at 4 (for ICRS 5-mm optical zone) or 5 (for 
ICRS 6-mm optical zone) mm were also placed on the 
cornea with a caliper to better centrate the laser spot 
location regarding the visual axis and to avoid pupil-
lary shift after the pressure was applied. The corneal 
thickness at the area of implantation (5- or 6-mm diam-
eter) was measured with ultrasonic pachymetry and a 
disposable suction ring was centered on the pupil. A 
tunnel was subsequently created at 70% of the corneal 
thickness, using a 60-KHz infrared neodymium glass 
femtosecond laser (Intralase FS; Abbott Medical Op-
tics, Inc., Abbott Park, IL) at a wavelength of 1,053 nm. 
The 3-mm diameter (spot size) laser beam was optical-
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ly focused by computer scanners at a predetermined 
intrastromal depth ranging from 90 to 400 mm from 
the anterior corneal surface. The beam formed cavita-
tions and water vapor by photodisruption, with an in-
terconnected series of microbubbles of carbon dioxide 
forming a dissection plane. The laser software was pro-
grammed to an inner diameter of 5 or 6 mm and an out-
er diameter of 6 to 7.2 mm for a channel width of 1.1 
mm and an incision length of 1.7 mm on the steepest 
topographic axis. The power used to create the chan-
nel and the incision was 5 mJ in all eyes. This part of 
the procedure lasted approximately 15 seconds. The 
ICRS were implanted 5 minutes later after the gas bub-
bles had dissolved, with a dedicated forceps and under 
fully aseptic conditions. The segments were placed in 
their final position with the aid of a Sinskey hook that 
engaged the two positioning holes, one at each end of 
the segment. All femtosecond laser–assisted ICRS sur-
geries were performed by the same surgeon (JFA).

Postoperative treatment was similar for both surgical 
procedures and consisted of a combination of antibiotic 
(tobramycin, 3 mg/mL) and steroid (dexamethasone, 1 mg/
mL) eye drops (Tobradex; Alcon Laboratories, Inc., Fort 
Worth, TX) administered three times daily for 2 weeks, 
with tapering of the dose over the following 2 weeks.

AS-OCT EXAMINATION
AS-OCT was performed using a swept-light source 

Fourier-domain OCT system (CASIA SS-1000); all ex-
aminations were performed and analyzed by the same 
operator (TM). A high-speed swept-laser source op-
erating at 1,310-nm wavelength can achieve an axial 
resolution of 10 μm or less and a transverse resolution 
of 30 μm or less at a rate of 30,000 axial scans (A-scans) 
per second. Sixteen radial cross-sectional images are 
therefore obtained for 0.34 second (each cross-sectional 
image consists of 512 telecentric A-scans). Three scans 
were analyzed for each segment in relation to the in-
cision site. The first, second, and third measurements 
were at the proximal, central, and distal portions of 
the segment, respectively (Figure A, available in the 
online version of this article). The depth was measured 
as the distance from the corneal epithelial layer to the 
external border of the segment adjacent to the hyperre-
flective line depicting the location of the intrastromal 
tunnel (Figures B-C, available in the online version of 
this article). The meridian of the incision and the scan 
location differed for each patient because, for each 
eye, the incision was made in the steepest meridian in 
reference to the corneal topography. In patients with 
two segments implanted, only the temporal inferior 
implant was measured. The ICRS depth measurement 
was performed 6 months after the ICRS surgery.

STATISTICAL ANALYSIS
The continuous data are presented as the mean ± 

standard deviation or the median and interquartile 
range, as appropriate. The normality of quantitative 
data was checked by the Shapiro–Wilk test. For nor-
mally distributed data, the t test was used to compare 
the two treatment groups. The Wilcoxon test was used 
for comparison of independent samples if normality 
was not observed. For the delta value of differences 
between the three points of measurement, a Friedman 
test analysis of variance was used. When statistically 
significant differences were found, post hoc tests were 
performed for multiple comparisons. A P value less 
than .05 was considered statistically significant. All 
calculations were performed using SPSS software (ver-
sion 20; SPSS, Inc., Chicago, IL).

RESULTS
We included 105 eyes of 105 patients in the manual 

group and 53 eyes of 53 patients in the femtosecond 
laser group. The mean intraoperative corneal thick-
ness was 514.13 ± 35.43 μm in the manual group and 
525.38 ± 36.31 μm in the femtosecond laser group (t 
test, P < .05). 

COMPARISON BETWEEN MANUAL AND FEMTOSECOND 
LASER–ASSISTED SURGERY

When comparing the delta difference between both 
groups for each of the three locations measured, the 
delta difference was significantly higher in the manual 
group for all locations measured (Table 1) in terms of 
relative and absolute delta (t test, P < .05 for all values 
compared).

MANUAL GROUP
The difference between intended versus achieved in-

trastromal depth was significantly shallower in the man-
ual group, for all three locations (Friedman test, P < .05, 
Table 2 and Figure DA, available in the online version of 
this article). The proximal part of the stromal tunnel was 
significantly shallower than the central and distal parts 
(Table 3 and Figure DB). A total of 57.14% of eyes had 
a superficial implantation shallower than 10 μm from 
the intended; 27.61% of eyes had a deeper implantation 
above 10 μm from the intended; and only 15.24% of eyes 
reached an achieved  depth within ±10 μm from the in-
tended (Figure 1).

FEMTOSECOND LASER GROUP
The difference between intended versus achieved in-

trastromal depth was not significantly different for all 
three locations (Friedman test, P > .05, Table 2 and Figure 
EA, available in the online version of this article); the dis-
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tal part of the stromal tunnel was significantly shallower 
than the central and proximal parts (Table 3 and Figure 
EB). A total of 22.64% of eyes had a superficial implanta-
tion shallower than 10 μm from the intended; 9.44% of 
eyes had a deeper implantation above 10 μm from the 
intended; and 67.92% of eyes reached an achieved depth 
within ±10 μm from the intended (Figure 1).

DISCUSSION
Safety and efficacy of ICRS implantation for kerato-

conus treatment depend on their precise implantation 

in the corneal stroma. To the best of our knowledge, 
this is the first study to compare the predictability and 
accuracy of intrastromal tunnel depth performed by 
manual dissection technique versus femtosecond la-
ser. Our study found that ICRS implantation assisted 
by a femtosecond laser is a more accurate and predict-
able procedure when compared with manual dissec-
tion technique, even when the latter is performed by 
an experienced surgeon. 

Most of the previous studies9,10,12,14 published about 
this subject report on the use of Intacs ICRS and do not 

TABLE 2
Depth of ICRS Implantation Intended and Achieved  

After Surgery for the Proximal Central and Distal Location of the Implant
Manual Femtosecond Laser

Depth Mean ± SD (Range) (μm) Pa Mean ± SD Range (μm) Pa 

Incision intended 409.14 ± 25.70 (320 to 480) – 368.28 ± 25.34 (273 to 413) –

Central 383.60 ± 73.06 (204 to 586) .001 365.01 ± 28.85 (275 to 417) .54

Distal 382.61 ± 74.21 (227 to 551) .0007 360.18 ± 27.70 (280 to 410) .12

Proximal 368.27 ± 68.23 (181 to 524) < .0001 364.03 ± 28.53 (277 to 410) .42

ICRS = intrastromal corneal ring segments; SD = standard deviation 
aP value was calculated for the difference between the intended versus achieved depth in each technique for the three different locations measured.

TABLE 3
Difference Between Achieved Versus Intended  

for Both Groups in Terms of Relative Delta
Manual Femtosecond Laser

Relative 
Delta N

Mean ± SD 
(Range) (μm) Comparison P N

Mean ± SD 
(Range) (μm) Comparison P

Central 105 -25.54 ± 71.01 
(-218 to 136)

Central vs distal .38 53 -3.26 ± 10.58 
(-26 to 22)

Central vs distal .003

Distal 105 -26.52 ± 73.21 
(-211 to 136)

Central vs proximal .0002 53 -8.09 ± 11.91 
(-56 to 20)

Central vs proximal .25

Proximal 105 -40.87 ± 69.03 
(-263 to 74)

Distal vs proximal .001 53 -4.24 ± 11.89 
(-27 to 25)

Distal vs proximal .01

SD = standard deviation

TABLE 1
Values of Relative and Absolute Delta, the Differences  
Between Achieved and Intended Depth of Implantationa

Value Manual Femtosecond Laser P

Proximal relative delta -40.86 ± 69.02 (-263 to 74) -4.24 ± 11.89 (-27 to 25) .0004

Proximal absolute delta 56.98 ± 56.32 (0 to 263) 10.01 ± 7.58 (0 to 27) < .0001

Central relative delta -25.54 ± 71.00 (-218 to 136) -3.26 ± 10.58 (-26 to 22) .01

Central absolute delta 56.70 ± 49.54 (0 to 218) 8.69 ± 6.76 (0 to 26) < .0001

Distal relative delta -26.52 ± 73.21 (-211 to 136) -8.09 ± 11.90 (-56 to 20) .03

Distal absolute delta 60.02 ± 49.32 (1 to 211) 10.43 ± 9.87 (0 to 56) < .0001
aValues are presented as mean ± standard deviation (range).
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compare both techniques. Barbara et al.10 studied with 
OCT the depth of implantation of Intacs ICRS after 
manual surgery. Our results, with a larger sample, con-
firm those reported in this previous study, in which 
the authors found a shallower than planned intrastro-
mal tunnel performed by mechanical dissection (308 
μm instead of the expected 461 μm; P < .05). The tun-
nel depth achieved after surgery was shallower than 
intended at three different locations (proximal, cen-
tral, and distal; P < .05). At the same line, results in 
the study by Naftali and Jabaly-Habib.14 showed a shal-
lower implantation than intended by 120 μm: segment 
depth was 360 μm, corresponding to 60% of corneal 
thickness. In a study by Lai et al.,12 it was suggested 
that shallow implantation can cause stronger anterior 
stromal compression and might result in more compli-
cations, such as epithelial and stromal breakdown or 
ring extrusion.

Gorgun et al.9 also measured with OCT the depth of 
Ferrara ICRS from the corneal apex in a group of pa-
tients who had femtosecond laser–assisted surgery. On 
average, the segments were implanted 97 μm shallower 
than intended. However, in a subgroup of eyes with 
available intraoperative measured tunnel depth data 
(and before the ICRS implantation), the authors could 
observe that the tunnel depth achieved was similar to 
the target depth programmed in the femtosecond laser 
(336.7 ± 23.5 vs 336.6 ± 25.0 μm, respectively). These 
subgroup results are equal to and corroborate our re-
sults of 53 eyes treated with femtosecond laser–assisted 
surgery, in which we did not observe any significant 
difference. Furthermore, it has also been shown that 
flap thickness is predictable in LASIK with a femtosec-
ond laser.15 Therefore, we have interpreted this phe-
nomenon as the apex of the ICRS having a pushing and 

compacting effect on the intrastromal collagen lamellae 
overlying the implant. 

The only published study to date comparing the 
manual and the femtosecond laser surgery was by 
Kouassi et al.8 The authors implanted Intacs ICRS for 
keratoconus. The results demonstrate a shallower im-
plantation than intended in both groups: 76 μm in the 
manual and 86 μm in the femtosecond laser–assisted 
surgery, concluding that there was no difference be-
tween the two techniques concerning segment depth. 
Although their study has some similarities to our 
study, it is of note that the ICRS rings were of an earlier 
design with a hexagonal cross-section and the methods 
of measurement of the tunnel depth were distinct. In 
our study, the tunnel depth was directly measured by 
high-resolution OCT after identification of the hyper-
reflectivity line in the corneal stroma that depicts its 
presence. This method of evaluation is independent of 
the corneal stroma compression induced by the ICRS, 
as mentioned by Gorgun et al.9

Another disadvantage observed in previous stud-
ies is the method used for intrastromal tunnel depth 
measurement. The depth is predicted from the dis-
tance of the corneal apex to the outer surface of the 
ICRS or from the distance of the corneal apex to the 
inner or middle surface of the implant. This method 
of calculation is indirect and strongly influenced by 
the corneal stroma compression induced by the ICRS. 
In our opinion, this is the main reason why all studies 
demonstrated a statistically and clinically relevant dif-
ference between the intended and achieved depth of 
implantation, which does not correlate with what is 
observed (for the past decade) in clinical practice and 
reported in published studies about visual and topo-
graphic outcomes of the technique.16-18 We think that 
the calculated depth has to derive from a direct mea-
surement of the intrastromal tunnel. To achieve this 
objective, it is mandatory to use a higher resolution 
corneal OCT and to identify the line of hyperreflectiv-
ity adjacent to the outer border of the implant, which 
represents the intrastromal tunnel. The AS-OCT used 
for this study, the CASIA SS-1000, is a new genera-
tion Fourier-domain OCT with an axial and transverse 
resolution of 10 and 30 μm, respectively. The Visante 
OCT (Carl Zeiss Meditec, Jena, Germany), used in most 
of the studies published, has a weaker resolution of 18 
and 60 μm, respectively, for the axial and transverse 
cuts. In our study, we observed a mean difference be-
tween intended and achieved depth below 10 μm for 
all three locations measured and in all of the eyes ana-
lyzed. In the case of manual mechanical dissection, the 
achieved depth of implantation was significantly shal-
lower than intended for all measurements: more than 

Figure 1. Distribution of patients according to different intervals of the 
delta between intended and achieved depth at the central location of the 
stromal tunnel. Values shown in % of total number of eyes.
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half of the eyes (57.14%) had an implantation shal-
lower than 10 μm from intended and almost one-third 
(29.52%) had a shallower difference of 50 μm or more 
from intended. As mentioned before, the precision of 
intrastromal tunnel dissection is critical in achieving a 
good therapeutic and refractive result. In cases of inad-
equate ICRS implantation, there is a higher probability 
of mechanical complications (migration or extrusion), 
worse visual and refractive outcomes, and weaker top-
ographic and aberrometric improvements.

Another aspect discussed previously is the variabil-
ity of ICRS tunnel depth along the same path, from the 
proximal to the distal part of the implant. Our cohort 
of patients had a statistically significant difference in 
the manual group: the proximal depth being shallower 
than the central and distal parts. No difference was 
found between the central and distal locations of the 
tunnel. We observed an opposite result in the femto-
second laser group: a significant difference between 
the distal location when compared to both the central  
and proximal locations; however, we consider these 
differences to be clinically irrelevant because they 
were all less than 10 μm. 

A previous study by Lai et al.12 using AS-OCT to ex-
amine the depth of Intacs intracorneal ring segments, 
which were implanted with the aid of mechanical dis-
sectors, showed that the tunnel depth decreased with 
increasing distance from the incision site. The authors 
hypothesized that the weaker and more flexible inferior 
cornea might bow downward ahead of the mechanical 
dissector, causing the channel to be progressively shal-
low during the dissection process. In another study by 
Kamburoglu et al.11 intrastromal depth of Intacs ICRS 
implanted with the aid of a femtosecond laser were 
measured using Pentacam and the tunnel depth was 
similar across different points.

Higher precision and predictability of intrastromal 
tunnel creation are associated with a better safety pro-
file of the procedure. Most mechanical complications 
of ICRS implantation are associated with shallow im-
plantation in the corneal stroma.5-7,19 An easier identi-
fication of an ICRS implanted more superficially than 
intended (by a non-invasive, rapid, and reproducible 
method such as the AS-OCT) will help the surgeon to 
monitor patients with superficial implants and recog-
nize the need to explant the ICRS to avoid spontaneous 
extrusion after epithelial breakdown, stromal melting, 
or even infectious keratitis. A superficial ICRS is the 
most important risk factor for future implant extrusion 
or corneal melting.20

The implantation of ICRS for keratoconus is a more 
precise and predictable procedure if performed with 
the assistance of a femtosecond laser. The importance 

of a correct implantation regarding the ICRS depth 
cannot be overemphasized because this fact is crucial 
for both the achievement of the intended refractive, vi-
sual, and topographic results and because it is a guar-
antee of lower incidence of mechanical complications 
in the long term, such as ICRS migration or extrusion. 
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Figure A. Example of an examination 
performed at three locations in the 
same eye.

Figure B. Line of hyperreflectivity.



Figure C. Measurements of the tun-
nel depth with the flap analysis 
module. 

Figure D. Manual technique group. (A) Distribution of intended versus 
achieved depth of intrastromal corneal tunnel for intrastromal corneal ring 
segments implantation. All measurements at central, proximal and distal 
locations were shallower than intended. (B) Distribution of delta values 
between intended versus achieved for central, distal, and proximal locations. 

B

A

Figure E. Femtosecond laser technique group. (A) Distribution of intend-
ed versus achieved depth of intrastromal corneal tunnel for intrastromal 
corneal ring segments implantation. All measurements at central, proxi-
mal, and distal locations were similar to the intended value (P > .05). (B) 
Distribution of delta values between intended versus achieved for central, 
distal, and proximal locations.
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Abstract

Purpose: The purpose was to compare the visual, refractive and aberrometric results of intrastromal corneal ring 

segments implantation with manual dissection and femtosecond laser–assisted surgery.

Methods: This is a multicentre study, which included consecutive patients with paracentral keratoconus, in which 

the difference between the axes of the topographic flattest and the coma aberration was <60°, who had Ferrara-type 

intrastromal corneal ring segment implantation using manual dissection or femtosecond laser technique. LogMAR 

uncorrected (uncorrected distance visual acuity) and corrected (corrected distance visual acuity) distance visual acuity, 

refractive errors and the root mean square for corneal coma-like aberration were recorded before and at 6 months 

after surgery.

Results: The study included 84 and 110 eyes in the manual group and in the femtosecond group, respectively. After 

surgery, there was a statistically significant improvement in uncorrected distance visual acuity and corrected distance 

visual acuity for both groups (p < 0.0001), and there were no statistically significant differences between groups 

(p > 0.3). For both groups, there was a reduction in spherical equivalent after intrastromal corneal ring segment 

implantation (p < 0.0001). There were no statistically significant differences between groups in the magnitude of 

spherical equivalent reduction (p = 0.34) The magnitude of the root mean square coma-like reduction was 0.93 ± 0.76 

and 0.83 ± 0.80 m in the manual and femtosecond group, respectively (p = 0.2). While in the femtosecond laser group 

no complications were reported, in the manual group, the intraoperative or postoperative complications rate was 

13.09%.

Conclusion: Although both surgical techniques provide comparable visual, refractive and aberrometric outcomes, it 

should be noted that the femtosecond laser is a safer surgical procedure, with no complications reported.
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Introduction

Intrastromal corneal ring segment (ICRS) implantation is a 

safe and effective surgical procedure for the treatment of 

keratoconus, especially in non-progressive ectasias with 

poor tolerance to rigid contact lenses.1–3 The possibility to 

correct both irregular astigmatism and the corneal high-

order aberrations makes it a therapeutic and refractive pro-

cedure, which has been previously demonstrated to be safe 

and effective.2 The evolution of the implantation nomo-

grams has improved the refractive predictability of the 

procedure in the last 5 years.4–6 However, the refractive 

efficacy of this procedure depends not only on the charac-

teristics of the ICRSs (such as the arc length and thickness) 

but also on an accurate intrastromal tunnel creation for the 

ICRS implantation. A recent study reported a higher accu-

racy and predictability of femtosecond laser for the crea-

tion of intrastromal tunnel compared to the manual 

technique.7 Hence, it seems appropriate to analyse if those 

results have impact on the visual and refractive outcomes 

of the ICRS implantation.

Earlier studies have addressed this issue comparing the 

safety and efficacy of implanting ICRSs with manual or 

femtosecond laser surgery. These studies reported no dif-

ferences between both techniques. However, all studies 

available have some limitations: compare results in a pop-

ulation of patients whose ectasia phenotype or stage is not 

described, have compared outcomes of patients with dif-

ferent diagnoses (keratoconus and post-LASIK ectasia)8 

and very heterogenic populations with Amsler grade 

1–4,9,10 have compared groups of patients with different 

ICRS designs and surgeon’s nomograms (type of ICRS 

implanted and corneal incision location) in the same 

sample,9 use various time points of comparison between 

samples11 or use a fixed incision site and implant, regard-

less of the ectasia grade or phenotypic characteristics.8,10 

To better compare the efficacy and safety of both surgical 

procedures, it is essential to compare the results in a group 

of keratoconus with the same morphologic characteristics, 

namely the location of the thinnest point and the relation-

ship between the refractive astigmatism, the topographic 

astigmatism and the coma axis, that is, to compare the sur-

gical technique in keratoconus patients where the same 

implant characteristics were applied.

The aim of the current study is to compare the visual, 

refractive and topographic results of ICRS implantation 

with manual dissection technique and femtosecond laser–

assisted surgery in specific phenotypes of keratoconus 

(paracentral keratoconus), in which the difference between 

the axes of the topographic flattest and the coma aberration 

was <60°.

Patients and methods

A multicentre prospective study, which comprised patients 

with keratoconus who had ICRS implantation with manual 

dissection and femtosecond laser–assisted surgery, was 

performed. This study was conducted in accordance with 

the tenets of the Declaration of Helsinki, and full ethical 

approval from the institutions involved in the study was 

obtained. Written informed consent was obtained from 

patients after explanation of the purpose and possible con-

sequences of the study and surgery

The following inclusion criteria were considered: con-

secutive patients who had keratoconus stages I and II 

(according to the Amsler–Krumeich keratoconus classifi-

cation), contact lens intolerance, a transparent cornea, a 

corneal thickness of ⩾400 m at the implantation zone, 

maximum keratometry (K) reading (simK2) ⩽53 diopters 

(D) and minimum K reading ⩾40 D. Furthermore, the 

keratoconus must fulfil the following conditions for phe-

notype description based on the topography provided by a 

rotating camera Scheimpflug system (Pentacam®; Oculus 

GmbH, Germany):

1. The thinnest point on the corneal pachymetric map 

located in the inferior temporal quadrant and at a 

distance between 0.7 and 1.7 mm of the pupil centre;

2. The difference between the coma axis and the flat-

test topographic axis between 30° and 60°(‘Duck’ 

phenotype,5 Figure 1) or <30° (‘Croissant’ pheno-

type,4 Figure 2).

Exclusion criteria for this study considered previous 
ocular surgery, history of herpetic keratitis, diagnosed 
autoimmune disease, systemic connective tissue disease, 
endothelial cell density less than 2000 cells/mm2 and 
current or past history of an ocular disease (other than 
keratoconus).

The ICRSs implanted in all eyes were the Keraring® 
SI6 ICRS (Mediphacos Inc., Belo Horizonte, Brazil). The 
ICRS implanted was centred in all patients on the topo-
graphic flat axis, the incision was performed at the steepest 
topographic axis and the ring was implanted at the 6.00-
mm optical zone in all patients. The ICRSs were implanted 
following the nomogram used in previous studies4,5 and 
also according to the Mediphacos nomogram:10 for the 
‘duck’ phenotype (Figure 1), a 150° arc length was used, 
while for the ‘Croissant’ phenotype (Figure 2), a 120° arc 
length was chosen.

Before and after ICRS implantation, patients had a 

complete ophthalmologic examination including uncor-

rected distance visual acuity (UDVA), corrected distance 

visual acuity (CDVA), manifest refraction, corneal topog-

raphy and corneal aberrometry with Pentacam® (Oculus), 

endothelial cell count, slit-lamp microscopy, Goldmann 

applanation tonometry and binocular indirect ophthalmos-

copy through a dilated pupil. The pachymetry map was 

performed using the Visante® optical coherence tomogra-

phy system (Carl Zeiss Meditec, Inc.; Jena, Germany). 

Contact lens use was discontinued 1 month before corneal 

topography was performed.
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The implantation axis of the ICRS was coincident with 

the flattest topographic axis. The same surgeon (T.M.) per-

formed all the manual mechanical surgeries at Hospital de 

Braga by following the standard procedure previously 

described.7 All implantation procedures using femtosecond 

laser were performed by the same surgeon (J.F.A.) at the 

Instituto Oftalmológico Fernández-Vega by following the 

procedure described in previous studies.4,5,7 Preoperative 

medications included proparacaine 0.5%, ciprofloxacin 

0.3% and oxybuprocaine ClH 0.2%.

Postoperative treatment for both surgical procedures 

was the same and included a combination of antibiotic 

(tobramycin, 3 mg/mL) and steroid eye drops (dexametha-

sone, 1 mg/mL) (Tobradex; Alcon Laboratories, Inc, Fort 

Worth, TX, USA) three times daily for 2 weeks with taper-

ing of the dose for two more weeks.

Patients had a complete postoperative clinical evalua-

tion at 6 months. The clinical measurements were corneal 

topography, corneal aberrometry, manifest refraction, 

UDVA and CDVA. The manifest refraction was analysed 

using the power vector method of Thibos and Horner.12

The Statistical Package for the Social Sciences (SPSS, 

Chicago, IL, USA) was used for the descriptive statistics, 

including mean ± standard deviation. Normality of all data 

samples was first checked using the Kolmogorov–Smirnov 

test. Student’s t test for paired data was used to compare 

preoperative and postoperative data when normality was 

present. Where parametric analysis was not possible, the 

Wilcoxon rank-sum test was used to assess the signifi-

cance of differences between preoperative data and post-

operative data. The unpaired t test and the Mann–Whitney 

test were used to compare data between non-related sam-

ples. In all cases, differences were considered statistically 

significant when the p value was less than 0.05

Results

The study included 194 eyes (84 and 110 eyes in the man-

ual group and in the femtosecond laser group, respectively); 

the mean age was 31.80 ± 11.55 and 34.2 ± 12.0 years, 

respectively. Table 1 shows the patient’s demographics.

Visual acuity outcomes

Figure 3 shows the UDVA and CDVA values before and at 

6 months after ICRS implantation in both groups. After 

Figure 1. Preoperative corneal topography and coma wavefront map (Pentacam®; Oculus, Germany). Note the topographic (blue 
arrow) and coma (green arrow) axes.
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surgery, we observed a statistically significant improve-

ment in UDVA and CDVA for both groups (p < 0.0001), 

and there were no statistically significant differences 

between groups (p > 0.3). Preoperatively, CDVA was 

0.3 logMAR (about 20/40) or better in 61.90% and 66.34% 

of eyes in the manual and femtosecond laser groups, 

respectively; after surgery, 89.29% in the manual group 

and 88.18% in the femtosecond group reached a CDVA 

value of 0.3 logMAR or better. In the manual group, there 

was also an increase in the number of eyes reaching a 

CDVA of 0.1 logMAR (about 20/25) or better: from 

13.09% before surgery to 35.7% after ICRS implantation. 

Figure 2. Preoperative corneal topography and coma wavefront map (Pentacam®; Oculus, Germany). Note the topographic (blue 
arrow) and coma (green arrow) axes.

Table 1. Patients’ demographics.

Characteristics Manual group Femtosecond laser group p value

Eyes (n) 84 110 −

Age (years) 31.80 ± 11.55 34.2 ± 12.0 0.14

Mean SE (D) −3.17 ± 3.16 −3.51 ± 4.55 0.3

Mean refractive sphere (D) −1.58 ± 2.88 −1.41 ± 4.48 0.4

Mean refractive cylinder (D) −3.19 ± 1.70 −4.20 ± 2.32 0.0003

Mean K minimum (D) 44.94 ± 2.62 45.72 ± 2.88 0.02

Range K minimum (D) 38.75–51.75 39.25–54.00 −

Mean K maximum (D) 48.50 ± 2.98 49.42 ± 3.68 0.03

Range K maximum (D) 40.50–56 41.25–58.50 −

UDVA (logMAR) 0.88 ± 0.35 0.86 ± 0.36 0.34

CDVA (logMAR) 0.34 ± 0.21 0.30 ± 0.15 0.10

UDVA: uncorrected distance visual acuity; CDVA: corrected distance visual acuity; ICRS: intrastromal corneal ring segment.
Age, pre-ICRS implantation spherical equivalent (SE), pre-keratometry (K) value,DVA and CDVA shown as mean ± standard deviation (SD) and 
range.
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For the femtosecond laser group, none of the eyes had a 

CDVA value of 0.1 logMAR or better before surgery; 

however, after ICRS implantation, 43.64% of the eyes 

reached a CDVA of 0.1 logMAR or better. Overall, the 

visual acuity results in terms of safety were similar in both 

groups, achieving an equivalent proportion of patients 

with lines of CDVA gained or eyes losing lines of CDVA 

(Figure 4): in the manual group, 2.4% of eyes (n = 2) lost 

two or more lines of CDVA, while 61.9% (n = 52) gained 

two or more lines of CDVA; in the femtosecond group, 

2.7% of eyes (n = 3) lost two or more lines of CDVA, 

while 60.1% (n = 67) gained two or more lines of CDVA. 

The 6-month efficacy index (mean postoperative UDVA/

mean preoperative CDVA) was 0.79 for the manual group 

and 0.74 for the femtosecond group. The 6-month safety 

indexes (postoperative CDVA/preoperative CDVA) were 

1.38 and 1.34 for the manual and femtosecond groups, 

respectively.

Figure 5 shows the UDVA and CDVA for both groups, 

but in this case, divided as a function of the stage of kerato-

conus: there were 124 eyes with stage I and 70 with stage 

II. For stage I, 58 eyes had ICRS implantation with man-

ual technique and 66 eyes with femtosecond laser. 

There was a statistically significant increase in UDVA and 

CDVA 6 months after ICRS implantation in both groups 

(p < 0.0001): the mean changes in UDVA values were 

0.34 ± 0.29 (logMAR) and 0.31 ± 0.45 for the manual and 

femtosecond groups, respectively (p = 0.3). The mean 

change in the CDVA value, in turn, was 0.13 ± 0.16 (log-

MAR) for the manual group and 0.11 ± 0.16 for the femto-

second group (p = 0.24). In the stage II patients, 26 eyes had 

ICRS implantation with manual technique and 44 eyes with 

femtosecond laser; we observed a statistically significant 

increase in UDVA and CDVA 6 months after ICRS implan-

tation in both groups with stage II (p < 0.0001). When com-

paring manual versus femtosecond surgeries, both 

preoperatively and postoperatively, the UDVA and CDVA 

were statistically significantly better in the femtosecond 

Figure 3. Uncorrected visual acuity (UDVA) and best-
corrected visual acuity (CDVA) before and at 6 months after 
ICRS implantation (efficacy).

Figure 4. Variation in CDVA 6 months after ICRS 
implantation (safety).

Figure 5. UDVA and CDVA for both groups (efficacy) 
analysed as a function of the stage of keratoconus.
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group (p = 0.002 and 0.02 for preoperative and postopera-

tive UDVA and p < 0.001 and 0.01 for preoperative and 

postoperative CDVA, respectively). However, there were 

no statistically significant differences in the magnitude of 

increase in UDVA and CDVA between groups: the changes 

in UDVA were 0.41 ± 0.36 (logMAR) and 0.39 ± 0.33 

(p = 0.4) for the manual and femtosecond groups and the 

changes in CDVA were 0.22 ± 0.21 and 0.14 ± 0.15 

(p = 0.06) for each group, respectively. For both stages, the 

visual acuity results regarding safety were similar for both 

techniques, achieving an equivalent proportion of patients 

with lines of CDVA gained or eyes losing lines of CDVA 

(Figure 6).

Refractive and aberrometric outcomes

Table 2 shows a summary of the distribution of manifest 

refractive error before and after ICRS implantation for 

each group, following the power vector analysis. For both 

groups, there was a reduction in the spherical equivalent 

and in the blur strength (B) value after ICRS implantation 

(p < 0.0001). There were no statistically significant differ-

ences between groups in the magnitude of spherical equiv-

alent and B value reduction (p = 0.34 and 0.08 for spherical 

equivalent and B value, respectively). Figure 7 shows the 

astigmatism component of the power vector represented 

by a two-dimensional vector for both groups. The origin of 

the graph (0, 0) represents an eye free of astigmatism. For 

both groups, the spread of the post-ICRS implantation data 

from the origin is more concentrated than the spread of 

preoperative data. In order to compare the efficacy of the 

astigmatism correction between groups, an astigmatism 

index of success (AIS) was defined as the ratio between 

the induced cylinder and intended cylinder (AIS = (Cyl 

post − Cyl pre/Cyl pre)). The mean AIS was 0.45 ± 0.51 

and 0.50 ± 0.65 for the manual and femtosecond groups, 

respectively (p = 0.23); 49 eyes (59.03%) in the manual 

group, and 67 eyes (61%) in the femtosecond group, had a 

decrease in cylinder power higher than 50%.

The refractive outcome comparison between both 

groups, for stage I and II separately, shows no statistically 

significant differences in any refractive parameters ana-

lysed. For stage I, in the manual group, the reduction in 

spherical equivalent was 0.72 ± 1.27 D, whereas in the 

femtosecond group, it was 0.54 ± 1.89 D (p = 0.3). The 

mean AIS was 0.44 ± and 0.54 ± 0.29, for the manual and 

femtosecond groups, respectively (p = 0.1). For stage II, 

the decrease of spherical equivalent was 1.28 ± 4.51 D for 

the manual group and 1.82 ± 3.21 D for the femtosecond 

group (p = 0.3). The mean AIS was 0.46 ± 0.51 and 

0.44 ± 0.37, for the manual and femtosecond groups, 

respectively (p = 0.4).

The root mean square (RMS) for corneal coma-like 

aberrations also decreased significantly at 6 months after 

ICRS implantation in both groups (p < 0.0001). The 

magnitude of the reduction was 0.93 ± 0.76 m in the man-

ual group and 0.83 ± 0.80 m in the femtosecond group 

(p = 0.2). For stage I, the decrease was 0.83 ± 0.56 m in 

the manual group, whereas in the femtosecond group, it 

was 0.74 ± 0.65 m (p = 0.07). For stage II, the magnitude 

of the reduction was 1.20 ± 1.16 and 1.11 ± 1.04 m, for 
the manual and femtosecond groups, respectively (p = 0.4).

Topographic results

There was a decrease in keratometric values after ICRS 

implantation for both groups (Table 3). The magnitude of 

keratometric value reduction was similar in both groups. 

The mean reduction in the minimum keratometry value 

was 0.36 ± 1.63 D in the manual group, whereas in the 

femtosecond group, it was 0.59 ± 1.18 D (p = 0.07). The 

mean maximum keratometry value, in turn, decreased to 

1.81 ± 1.43 and 2.14 ± 1.55 D, for the manual and femto-

second groups, respectively (p = 0.07).

Figure 6. Variation in CDVA 6 months after ICRS 
implantation (safety) for both groups analysed as a function of 
the stage of keratoconus.
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Complications

In the manual group, we observed a total of 11 (of 84 eyes) 

intraoperative or postoperative complications, an overall 

rate of 13.09%. We report two spontaneous ICRS extru-

sions (no loss of CDVA because both patients were re-

operated), two intraoperative corneal ruptures (with loss of 

CDVA), one late endothelial perforation due to intense 

uncontrolled eye rubbing (with loss of CDVA), one decen-

tred intrastromal tunnel (with loss of CDVA) and five eyes 

with re-interventions due to a shallow intrastromal tunnel, 

superficial implants and astigmatism overcorrection. In 

the late cases, the superior nasal ICRS was explanted, and 

all the eyes gained lines of CDVA.

In the femtosecond laser group, there were no intraop-

erative or postoperative complications to report.

Discussion

Our study compares the visual, refractive, topographic and 

aberrometric results between manual and femtosecond 

laser–assisted surgery for ICRS implantation in a specific 

and homogeneous population of keratoconus. We have 

found no difference between both surgical techniques con-

cerning visual, refractive, topographic and aberrometric 

parameters, achieving a similar proportion of eyes losing or 

gaining lines of CDVA and the same index of astigmatism 

correction in both groups. It seems to be more critical for 

better visual and refractive outcomes to implement a cor-

rect classification of the ectasia and a personalized nomo-

gram of implantation, rather than the surgical procedure 

itself. However, beyond visual and refractive outcomes, it 

Table 2. Summary of distribution of manifest refractive errors 
before and at 6 months after ICRS implantation, following the 
power vector method.

Before After p value

Manual group

M −3.17 ± 3.16 −2.24 ± 2.86 <0.0001

J0 −0.37 ± 1.05 −0.08 ± 0.59 0.02

J45 0.19 ± 1.43 0.02 ± 0.71 0.17

B 3.73 ± 3.06 2.63 ± 2.68 <0.0001

 Femtosecond group

M −3.51 ± 4.55 −2.46 ± 4.16 <0.0001

J0 −0.41 ± 1.55 −0.57 ± 0. 71 0.13

J45 −0.12 ± 1.79 0.07 ± 0.72 0.12

B 4.72 ± 4.05 3.16 ± 3.83 <0.0001

 Comparison between groups  

 Manual group Femtosecond 
group

 

M change 0.89 ± 2.70 1.05 ± 0. 65 0.34

J0 change 0.27 ± 1.20 −0.17 ± 1.65 0.01

J45 change −0.17 ± 1.74 0.19 ± 2.65 0.08

B change −1.06 ± 2.65 −1.56 ± 4.65 0.09

ICRS: intrastromal corneal ring segment.
Data are shown as mean ± standard deviation.
Manifest refraction in conventional script notation (S (sphere), C 
(cylinder) × α (axis)) was converted to power vector coordinates and 
overall strength blur by the following formulas: M = S + C/2, J0 = (−C/2) 
cos(2α), J45 = (−C/2) sin(2α) and B M J J= + +( ) /2

0
2

45
2 1 2 .

Figure 7. Representation of the astigmatic vector (J0 and J45) 
before surgery and at 6 months after ICRS implantation for 
both groups.

Table 3. Summary of keratometric values before and at 
6 months after ICRS implantation for both groups.

Before After p value

Manual group  

K minimum 44.94 ± 2.62 44.67 ± 2.63 0.04

K maximum 48.50 ± 2.98 46.70 ± 0.59 <0.0001

K mean 46.72 ± 2.72 45.72 ± 45.68 <0.0001

 Femtosecond group

K minimum 45.72 ± 2.88 45.12 ± 2.61 0.02

K maximum 49.42 ± 3.68 47.28 ± 2.93 <0.0001

K mean 47.42 ± 3.04 46.20 ± 2.74 <0.0001

ICRS: intrastromal corneal ring segment.
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should be noted the manual mechanical technique had a 

higher rate of complications than the femtosecond tech-

nique, demonstrating, as previously reported,13 that the 

femtosecond laser–assisted surgery is a safer procedure.

This is the first published study comparing both tech-

niques of ICRS implantation for the treatment of keratoco-

nus, taking into consideration the morphologic characteristics 

of the sample: we have included only patients with paracen-

tral keratoconus in which the difference between the coma 

axis and the flat topographic axis was <60° and all patients 

were treated with a similar Ferrara-type ICRS arc length 

at the 6.00-mm optical zone. Previously,4–6 our investiga-

tion group has demonstrated the importance and utility of 

describing the keratoconus in terms of the morphology of 

the ectasia; this classification will better enable a more per-

sonalized ICRS nomogram development. As mentioned 

earlier, the previous published studies addressing the com-

parison of both techniques have demonstrated several limi-

tations, mostly because the populations of study and the 

nomograms of treatment were different between the groups 

being compared; this could have weakened the conclusions 

reached in those studies.

The first study performed comparing manual mechani-

cal dissection and femtosecond laser surgery was pub-

lished in 2006 by Rabinowitz et al.11 At that time, the 

results were similar between both techniques, although the 

number of patients included was limited, the time points of 

comparison were different between groups (6 months for 

the femtosecond group and 12 months for the manual 

group) and, most of all, the nomogram and the optical zone 

of implantation varied from patients in the same group. 

Carrasquillo and Rand8 also compared both techniques; 

the authors also found no differences between both tech-

niques for UDVA and CDVA; however, they included in 

the same sample patients with keratoconus and ectasia 

post-LASIK, and the type and location of ICRSs were the 

same for all eyes, regardless of their preoperative charac-

teristics. In 2009, Piñero et al.9 found no major differences 

between both procedures, except for a better improvement 

of CDVA in the femtosecond laser group and also a signifi-

cant difference for primary spherical aberration, coma and 

high-order aberrations, favouring the femtosecond group. 

They concluded that a more limited aberrometric correc-

tion is observed for eyes with mechanical implantation. 

This study comprised a large sample of patients (146 eyes 

of 103 patients); however, different types of ICRSs were 

used: 80 eyes were implanted with Intacs (Addition 

Technology, Inc, Lombard, IL, USA) and 66 eyes were 

implanted with Keraring (Mediphacos). Intacs were 

implanted in 87.30% of eyes in the mechanical group and 

in 31.25% of eyes in the femtosecond group. Hence, these 

differences could be partly explained by the fact that dif-

ferent ring segment profiles were implanted in each group. 

On the other hand, more than half of the patients were 

keratoconus grade 3 or 4.

In 2010, Kubaloglu et al.10 were the first to publish a 

randomized clinical trial comparing both surgical proce-

dures in a homogeneous population of keratoconus 

patients. In their study, the same surgeon, using the same 

nomogram of implant characteristics, carried out all sur-

geries: the authors found no difference between both surgi-

cal techniques. All ICRSs implanted in that study were at 

the 5.0-mm optical zone and with a 160° arc length, inde-

pendently of the keratoconus morphologic characteristics, 

which the authors do not describe. Also in Kubaloglu’s 

sample, half of the eyes treated were Amsler–Krumeich 

grade 3 or 4.

From these previous studies, it seems that both tech-

niques provide comparable visual and refractive outcomes. 

However, the variability in the characteristics of the eyes 

analysed, the nomograms and ICRSs used make it difficult 

to assess whether both procedures are really comparable. 

One important aspect to emphasize from our sample is that 

we compared only patients with the same morphologic 

characteristics of the ectasia: the thinnest point located 

between 0.7 and 1.6 mm from the pupil centre (paracentral 

type) and having a difference between the topographic 

flattest axis and the coma aberration axis lower than 60°. 

Furthermore, as ICRS implantation has shown to be more 

effective for moderate keratoconus,14 we included only 

keratoconus with grade 1 or 2 of the Amsler–Krumeich 

classification. Both groups (manual and femtosecond 

laser) were treated with the same ICRS type and according 

to the same nomogram, which was shown to be effective 

and safe for these types of keratoconus.4,5 Our results show 

a significant improvement in UDVA, CDVA, refractive 

error and RMS for corneal coma-like aberrations after 

ICRS implantation in both groups, and differences were 

not found between both surgical techniques at any of the 

parameters analysed. However, as mentioned earlier, the 

number of complications with the manual technique is 

higher than that with the femtosecond technique.

The vectorial analysis performed in our sample cor-

roborates the efficacy of both surgical techniques in 

terms of astigmatism correction. There was a significant 

improvement in the magnitude of the astigmatic vector. 

This result confirms that both methods offer a safe reduc-

tion of astigmatism without inducing a significant change 

in the direction of the vector, which could produce an 

overcorrection and a considerable change in the axis of 

astigmatism. No previous studies comparing both tech-

niques have used a vectorial analysis calculation to per-

form the comparison. Our results show a similar efficacy 

in terms of astigmatism correction for both techniques: 

the mean AIS was 0.45 ± 0.51 and 0.50 ± 0.65, for the 

manual and femtosecond groups, respectively (p = 0.23); 

49 eyes (59.03%) in the manual group, and 67 eyes (61%) 

in the femtosecond group, had a decrease in cylinder 

power higher than 50%. Once again, these results suggest 

that both the surgical technique and the correct ICRS 
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nomogram (based on a morphological classification of 

the ectasia) are the mainstays of success in ICRS surgery 

for keratoconus correction.

Before the advent of femtosecond laser technology, 

channel creation required for ICRS implantation was only 

achievable manually using mechanical devices. Studies 

have shown that manual channel creation for ICRS implan-

tation has been associated with various potential complica-

tions, including infectious keratitis, epithelial defects, 

anterior or posterior corneal perforations, corneal stromal 

oedema around the incision, extension of the incision 

towards the central visual axis or the limbus and asymmet-

ric segment placement.13–17 We have previously reported 

that ICRS implantation with femtosecond laser–assisted 

surgery is a more precise technique, achieving a more 

accurate implantation depth, with no difference between 

the intended and the achieved depth of implantation, when 

compared to a manual mechanical procedure.7 Safety 

parameters are the main difference observed between tech-

niques in our study. Although the proportion of eyes losing 

two or more lines of CDVA was similar in both groups 

(2.4% in the manual group vs 2.7% in the femtosecond 

laser group), in the manual group, there was a higher rate 

of mechanical complications, both intraoperative or post-

operative, and some of them inducing loss of lines of 

CDVA. In some cases, however, the patients were re-oper-

ated 3 months afterward, regaining lines of UDVA and 

CDVA at the last follow-up visit evaluation. In the femto-

second laser group, the loss of lines of CDVA can be attrib-

uted to a loss of efficacy of the implant or the nomogram, 

while in the manual group, the occurrence of intraopera-

tive or postoperative complications can be directly related 

to a loss of visual acuity. However, many complications 

can be overcome by a new surgical procedure or ICRS 

adjustment surgery. This can be explained by the fact that 

ICRS implantation is a reversible and adjustable proce-

dure, and in cases of complications or refractive surprises, 

the procedure can be adjusted, whether by changing the 

type of implant or just by repeating the procedure, once the 

cornea has regained its original status.18

In order to adequately address the surgical treatment of 

keratoconus by the implantation of ICRSs and to obtain a 

good visual and refractive result, it is more critical to 

apply an accurate classification of the disease based on 

the phenotype characteristics of the ectasia and to choose 

the most specific implant type and combination correctly. 

The surgical procedure used for the implantation seems to 

be less critical for the visual and refractive outcomes. 

Nonetheless, it should be noted that the femtosecond 

laser is a safer surgical procedure, with no complications 

reported. Furthermore, it should be considered that in the 

current study, the postoperative follow-up was 6 months; 

perhaps the rate of extrusions could increase over a longer 

follow-up time, mainly with the manual technique due to 

the lower predictability for the tunnel creation.7

In conclusion, our study demonstrates that there are no 

significant differences between the two surgical techniques 

available for ICRS implantation regarding visual, refrac-

tive, topographic and aberrometric outcomes. However, 

the femtosecond laser–assisted procedure showed a safer 

profile, with no intraoperative or postoperative complica-

tions reported in a large sample of patients included.
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Comparison of Complication Rates between Manual and Femtosecond Laser-
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ABSTRACT
Purpose: To compare the incidence of complications between manual and femtosecond-laser assisted
surgery for intrastromal corneal ring segments (ICRS) implantation.
Material and methods: This study included keratoconus patients who had ICRS implantation using
manual dissection and using the femtosecond laser with a minimum follow-up of 12 months.
Uncorrected (UDVA) corrected (CDVA) distance visual acuity (CDVA), refraction, corneal topography
and aberrometry, pachymetry map and slit-lamp microscopy were assessed before and after surgery.
Results: The study included 265 eyes in the manual group and 111 in the femtosecond laser group. In
the manual group, there were complications in 48 eyes (18.11%); while in the femtosecond laser 4 eyes
had a complication (3.6%). In the manual group, the most frequent complications were ICRS exchange/
adjustment for visual and refractive enhancement (25 eyes; 9.43%) and late ICRS spontaneous extrusion
(15 eyes; 5.66%). In the manual group, 81.25% of complications were observed during the first 3 years of
surgeon’s experience. Eyes who suffered a complication had preoperatively higher mean refractive
(p = .002) and topographic cylinder (p = .003) and lower UDVA (p = .005) and CDVA (p = .002). After
a second surgical procedure for complication management visual, refractive and topographic outcomes
significantly improved.
Conclusion: Manual mechanical ICRS surgery shows a higher rate of intra- and postoperative mechan-
ical and refractive complications when compared to femtosecond laser assisted technique. The inci-
dence is specially higher during the surgeon’s first years of implementation of the technique.
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Introduction

The success of intrastromal corneal ring segments (ICRS)
implantation for the treatment of keratoconus, as with any
refractive procedure, depends on two main factors: efficacy
and safety. Efficacy is determined by a correct indication for
surgery and the appropriate characteristics of the implant
according to the preoperative morphological characteristics
of the ectasia (location; relationship between the flattest topo-
graphic axis and the coma axis, amount of astigmatism,
among others.)1–5 Safety is determined by the surgeon’s
experience (specially in manual procedure) and by a correct
and precise implantation inside the corneal stroma, avoiding
complications such as corneal perforation, shallow implanta-
tion and late spontaneous extrusion.

Earlier studies have shown that manual channel crea-
tion for ICRS implantation has been associated with var-
ious potential complications, including epithelial defects,
anterior or posterior corneal perforations, extension of
the incision towards the central visual axis or the limbus
and asymmetric or superficial segment placement.6–8

The rate of extrusion and implant explantation varies
from 1.0% to 13.3% with Intacs-ICRS8–11 and 1.0% to
19.6% with Ferrara-ICRS;12–14 refractive adjustment from
10.3% to 14.0%,15,16 decentration from 3.9% to 4.4%,14,17

superficial implants from 3.6% to 7.6%13,18 and asym-
metric implants from 3.0% to 3.8%.18,19 In turn, it has
been recently reported that femtosecond laser assisted
surgery is more precise regarding depth predictability of
the tunnel;20 the incidence of complications reported is
much lower.9,21–23 However, none of the studies published
reporting complications with ICRS surgery was able to
establish a relationship between complications and preo-
perative patient demographics, visual, refractive or topo-
graphic characteristics. Other important aspects which
were not addressed in previous studies were the frequency
of complications during the surgeon’s learning curve or
the visual and topographic final outcomes after its surgi-
cal resolution.

The objective of the current study was to investigate and
compare the incidence of complications between manual
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and femtosecond laser assisted surgery by the same surgeon
and its relationship with the preoperative patient and ecta-
sia characteristics as well as the final result after its
resolution.

Material and methods

Study design

This retrospective multicentre study included patients with ker-
atoconus that had ICRS implantation at the Ophthalmology
Department of Hospital de Braga, Portugal (manual surgery)
and the Ophthalmology Department of Hospital CUF, Porto,
Portugal (femtosecond laser surgery) between 2011 and 2017
and a minimum follow-up of 12 months. The tenets of the
Declaration of Helsinki were followed, and full ethical approval
from the institute was obtained. After receiving a full explana-
tion of the nature and possible consequences of the study and
surgery, all patients provided informed consent.

Inclusion criteria were keratoconus, contact lens intolerance,
a clear cornea, maximum keratometry (K) reading (simK2) up to
58 diopters (D), minimum K reading of 40 D or more, and
minimum corneal thickness of 400 μm. Also, inclusion criteria
considered stages I to IV according to the Amsler-Krumeich
keratoconus classification. All eyes included must have fulfilled
the classic clinical, slit-lamp and topography findings to confirm
the diagnosis of keratoconus. Topography was provided by
a rotating camera Scheimpflug system (Pentacam, Oculus
Optikgeräte GmbH, Wetzlar, Germany).

Exclusion criteria included previous corneal or intraocular
surgery, history of herpetic keratitis, diagnosed autoimmune
disease, systemic connective tissue disease, endothelial cell den-
sity less than 2,000 cells/mm2, cataract, history of glaucoma or
retinal detachment, macular degeneration or retinopathy,
neuro-ophthalmic disease, and history of ocular inflammation.

Ferrara-type ICRS

All eyes in the study received the Keraring® SI 5 and SI6 ICRS
(Mediphacos® Inc., Belo Horizonte, Brazil). These Ferrara-
type ICRS are made of polymethylmethacrylate with
a triangular cross-section that induces a prismatic effect on
the cornea. The apical diameter of the ICRS is 5.0 or 6.0 mm,
and the flat basis width is 600 to 800 μm with variable
thickness (150, 200, 250, and 300 μm) and arc lengths (90°,
120°, 150° and 210º). The ICRS were implanted following the
nomogram used in previous studies1–4 and also according to
the Mediphacos nomogram.9

Preoperative examination

Before and after ICRS implantation, patients had a complete
ophthalmologic examination including uncorrected distance
visual acuity (UDVA), corrected distance visual acuity
(CDVA), manifest refraction, corneal topography and corneal
aberrometry with Pentacam® (Oculus®, Germany), endothelial
cell count (Tomey EM-3000 Specular Microscope; Tomey
Corp, Japan), slit-lamp microscopy, Goldmann applanation

tonometry and binocular indirect ophthalmoscopy through
a dilated pupil. The pachymetry map was performed using
the Visante® (optical coherence tomography system (Carl
Zeiss® Meditec, Inc., Germany). Contact lens use was discon-
tinued one month before corneal topography was performed.

Surgical technique

The same surgeon (Tiago Monteiro) performed all the manual
mechanical surgeries at Hospital de Braga and all implanta-
tion procedures using femtosecond laser at the Hospital CUF
Porto. Preoperative medications included proparacaine 0.5%,
ciprofloxacin 0.3%, and oxybuprocaine ClH 0.2%.

Manual mechanical surgery

Using a marker tinted with gentian violet, a 5.00 or 6.00 mm
optical zone and incision site were aligned to the desired axis in
which the incision would be made. The incision site was always
performed 90 degrees away from the flattest topographic axis of
the cornea given by the topographer. A square diamond blade
was set at 80% of the thinnest point along the implantation
optical zone track; this blade was used to make the incision.
Corneal thickness was measured intraoperatively with ultrasonic
pachymetry. Using a “stromal spreader”, a pocket was formed on
each side of the incision. Two (clockwise and counterclockwise)
270º semicircular dissecting spatulas were consecutively inserted
through the incision and gently pushed with some quick, rotary
“back and forth” tunneling movements. Following channel crea-
tion, the ring segment was inserted using modified McPherson
forceps and properly positioned with the aid of a Sinskey hook,
centered on the flattest topographic corneal axis.

Femtosecond laser surgery

After the center of the pupil was marked and corneal thickness at
the area of implantation (5.0 or 6.0-mm diameter) was measured
by ultrasonic pachymetry, a disposable suction ring was placed
and centered with respect to the pupil center. A tunnel was
created at 70% corneal thickness using a 200-KHz femtosecond
laser (FS 200®; Alcon WaveLight®, USA). This infrared neody-
mium glass femtosecond laser has a wavelength of 1,053 nm. The
laser beam, which has a 3-μm diameter (spot size), is optically
focused at a predetermined intrastromal depth by computer
scanners, which gives a focus (dissection) range between 90
and 400 μm from the corneal anterior surface. The beam forms
cavitations, microbubbles of carbon dioxide, and water vapor by
photodisruption, and the interconnecting series of these bubbles
form a dissection plane. An inner diameter of 4.9 or 5.9 mm and
an outer diameter of 6.1 or 7.1 mm was programmed with the
laser software, giving a tunnel width of 1.2 mm and an incision
length of 1.7 mm on the steepest topographic axis. In all eyes, the
power used to create the tunnel and the incision was 5 mJ. The
procedure lasted approximately 15 seconds. Five minutes later,
and after clearance of the gas bubbles, the ICRS were implanted
under full aseptic conditions with dedicated forceps. The
implant was placed in the final position with a Sinskey hook
through a dialing hole at both ends of the segment.

1292 T. MONTEIRO ET AL.



Postoperative treatment for both surgical procedures was
the same and included a combination of antibiotic (tobramy-
cin, 3 mg/ml) and steroid eye drops (dexamethasone, 1 mg/
ml) (Tobradex; Alcon Laboratories, Inc., Forth Worth, TX)
three times daily for 2 weeks with tapering of the dose for 2
more weeks.

Postoperative examination

Patients were scheduled for postoperative clinical evaluation
at 1 day, 1 week, 1, 6 and 12 months. A standard ophthalmo-
logic examination, including manifest refraction, slit-lamp
biomicroscopy, Goldmann applanation tonometry, binocular
indirect ophthalmoscopy, corneal topography, corneal aberro-
metry, UDVA, and CDVA, was performed at all follow-up
visits. All examinations were performed by the same ophthal-
mic technician who was unaware of the objective of the study.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS, Chicago,
IL, USA) was used for the descriptive statistics, including
means ± standard deviations. Normality of all data samples
was first checked using the Kolgomorov-Smirnov test. The
Student’s t-test for paired data was used to compare preo-
perative and postoperative data when normality was present.
Where parametric analysis was not possible, the Wilcoxon
rank sum test was used to assess the significance of differences
between preoperative data and postoperative data and the
Mann-Whitney test to compare data between non-related
samples. To analyze multiple outcome measures a repeated-
measures analysis of variance (ANOVA) or Friedman test and
Bonferroni test was performed to compare outcomes. In all
cases, differences were considered statistically significant
when the p value was less than 0.05.

Results

Sample

The study included 376 eyes of 376 patients; 265 in the
manual group and 111 in the femtosecond laser group.
Table 1 shows the patients demographics before surgery.
A similar distribution of age, Amsler grade and mean kerato-
metry between both groups was observed; however, the man-
ual group presented a significantly higher mean value of
Kmax (p = .001). The pachymetry map revealed no significant
difference between the thinnest value measured along the

optical zone of ICRS implantation. The overall thinnest
pachymetry value was significantly lower in the manual
group) than in the femtosecond group.

Visual acuity and refractive outcomes

Preoperatively, no significant differences were observed between
groups for UDVA, CDVA and sphere (Table 2). The mean
refractive cylinder was higher in the manual group preopera-
tively (−3.39 ± 2.04 D versus −2.78 ± 1.47 D, p = .03) and also
postoperatively at 12 months follow up (−1.57 ± 1.50 D versus
−1.20 ± 0.94 D, p = .006); however, the magnitude of astigma-
tism correction was similar between both groups (46.3% in the
manual group and 43.2% in the femtosecond group). After
12 months, UDVA was similar for both groups; however, the
mean CDVA was significantly higher in the femtosecond laser
group when compared to the manual (0.73 ± 0.19 and
0.65 ± 0.25, respectively; p = .001).

Topography and aberrometric outcomes

At 12 month’s follow-up, no difference was observed between
groups for K1, K2, Coma and asphericity (Q) (Table 2). There
was a significantly higher mean topographic cylinder value in
the manual group, both pre (p = .004) and postoperatively
(p = .01). The magnitude of topographic cylinder reduction
was 31.8% in the manual group and 36.6% in the femtosecond
group.

Complications – whole sample

Table 3 describes the complications observed in each group.
In the manual group, we observed a total of 48 complications
in 265 eyes (18.11%) and in the femtosecond laser 4 compli-
cations in 111 eyes (3.6%). In the manual group, the most
frequent complications described were ICRS exchange/adjust-
ment for visual and refractive enhancement (25 eyes; 9.43%)
and late ICRS spontaneous extrusion (15 eyes; 5.66%). In the
manual group, the majority of complications (81.25%) were
observed during the first 3 years of experience (2011–2014),
while 12.75% appeared during the last 3 years of experience
(2015–2017).

Complications in manual group

In the manual group, when comparing all eyes with or with-
out complications (Table 4), we observed that eyes who suf-
fered a complication had preoperatively higher mean

Table 1. Patients demographics: preoperative parameters for each group. ICRS: intrastromal corneal ring segments; K: keratometry; OZ: optical zone.

Manual Surgery Femtosecond Surgery p value

Age 32.42 ± 11.49 33.54 ± 10.05 0.4
Amsler Grade 1 = 141 (53.2%)

2 = 101 (38.1%)
3 = 15 (5.6%)
4 = 8 (3.1%)

1 = 64 (57.6%)
2 = 40 (36.0%)
3 = 5 (4.5%)
4 = 2 (1.8%)

Kmean (D) 47.82 ± 3.58 47.02 ± 2.96 0.07
Overall Thinnest Pachimetry (μm) 451.49 ± 37.77 460.83 ± 37.04 0.04
ICRS OZ Thinnest Pachimetry (μm) 527.58 ± 36.14 527.88 ± 37.69 0.9
Kmax (D) 55.88 ± 5.62 53.23 ± 6.86 0.001
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refractive cylinder (p = .002) and topographic cylinder
(p = .003) and lower UDVA (p = .005) and CDVA
(p = .002) values. No differences were observed between
groups for age, refractive sphere, K1, K2, Kmean, Kmax,
Coma, Q and corneal pachymetry (overall thinnest point or
ICRS OZ thinnest point).

ICRS extrusion
A total of 15 of 265 eyes (5.66%) suffered from postoperative
later ICRS spontaneous extrusion. Sub-group analysis of this
complication demonstrates worst preoperative UDVA and
CDVA; higher levels of refractive and topographic cylinder as
well as higher levels of K2 and coma than the no-complications
group. No significant differences were observed for Kmean,
Kmax, overall thinnest point and ICRS optical zone (OZ) thin-
nest point. After the initial complication, all refractive and topo-
graphic parameters remained stable, except for a worsening of
CDVA (p < .05) and a decrease of topographic cylinder (p < .05).
After a secondary procedure was performed (at least 6 months
later), we observed a significant improvement (p < .05) of all
parameters evaluated: UDVA, CDVA, refractive and topo-
graphic cylinder, K2, coma and Q (Table 5).

Corneal perforation
A total of 4 of 265 eyes (1.51%) suffered from intraoperative
corneal tunnel perforation. Similarly to the ICRS extrusion, the
sub-group analysis of this complication demonstrated worse
preoperative UDVA; higher levels of refractive and topographic
cylinder as well as higher levels of K2 than the no-complications
group (Table 4). After a secondary procedure was performed (at
least 6 months later), we observed a significant improvement
(p < .05) in the following parameters: UDVA, CDVA, refractive
cylinder, K1, K2 and Q (Table 6).

Table 2. Visual. refractive and topographic outcomes of both samples: manual and femtosecond laser. Results shown as mean ± standard deviation (SD) for pre and
postoperative evaluations inside each group and as a comparison between both groups.

Parameters Manual Femto
p value

(For comparison between groups)

Sphere (D)
Pre −2.31 ± 3.82 −1.86 ± 2.97 0.8
Post –1.39 ± 2.84 –1.59 ± 2.81 0.3
p-value (for pre and post surgery comparison) <0.0001 0.049
Refractive Cylinder (D)
Pre −3.39 ± 2.04 −2.78 ± 1.47 0.03
Post –1.57 ± 1.50 –1.20 ± 0.94 0.006
p-value (for pre and post surgery comparison) <0.0001 <0.0001
UDVA
Pre 0.18 ± 0.16 0.15 ± 0.11 0.4
Post 0.40 ± 0.26 0.40 ± 0.25 0.9
p-value (for pre and post surgery comparison) <0.0001 <0.0001
CDVA
Pre 0.46 ± 0.20 0.49 ± 0.21 0.1
Post 0.65 ± 0.25 0.73 ± 0.19 0.001
p-value (for pre and post surgery comparison) <0.0001 <0.0001
K1 (D)
Pre 45.92 ± 3.68 45.40 ± 3.04 0.2
Post 45.13 ± 3.72 44.95 ± 2.92 0.7
p-value (for pre and post surgery comparison) <0.0001 0.06
K2 (D)
Pre 49.74 ± 3.69 48.64 ± 3.07 0.009
Post 47.73 ± 3.63 47.06 ± 3.09 0.1
p-value (for pre and post surgery comparison) <0.0001 <0.0001
Topographic Cylinder (D)
Pre 3.81 ± 1.83 3.23 ± 1.44 0.004
Post 2.60 ± 1.82 2.05 ± 1.39 0.01
p-value (for pre and post surgery comparison) <0.0001 <0.0001
Comatic aberration (μm)
Pre 2.56 ± 1.29 2.37 ± 1.24 0.2
Post 1.67 ± 0.99 1.70 ± 1.12 0.9
p-value (for pre and post surgery comparison) <0.0001 <0.0001
Asphericity (Q)
Pre −0.83 ± 0.47 −0.76 ± 0.43 0.3
Post –0.54 ± 0.47 –0.62 ± 0.68 0.05
p-value (for pre and post surgery comparison) <0.0001 0.007

Table 3. Complication type and rate for each group, results shown as number of
eyes and percentage. Complications divided in sub-groups: Corneal perforation,
ICRS extrusion, ICRS exchange surgery or others. In addition, it is shown if the
complication occurred during the first 3 years of surgeon’s experience or when
the surgeon had more than 3 years of surgical experience.

Manual
Surgery
(n = 265)

Femtosecond Laser Surgery
(n = 111)

Corneal Perforation 4 (1.51%) 1 (0.9%)
-First 3 Years 3
-Last 3 Years 1
ICRS extrusion 15 (5.66%) 0
-First 3 Years 12 (4.52%)
-Last 3 Years 3 (1.14%)
ICRS surgery exchange 25 (9.43%) 2 (1.8%)
-First 3 years 21 (7.92%)
-Last 3 years 4 (1.51%)
Others
Corneal infection 3 (1.13%) 1 (0.9%)
Decentration 0 0
Late endothelial rupture 1 (0.38%) 0
Corneal
Neovascularization

0 0

Total 48 (18.11%) 4 (3.6%)
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ICRS exchange surgery
A total of 25 of 265 eyes (9.43%) were submitted to ICRS adjust-
ment surgery: exchange for a different ICRS type or explantation
of 1 ICRS in case of 2 ICRS implanted originally. No significant
preoperative differences were observed between non-complicated
group and exchange group, except for themean refractive cylinder,
which was higher in the group submitted to ICRS exchange
(p = .03) (Table 4). Table 7 shows the results of this sub-group
after the first surgery and after the adjustment procedure, per-
formed at least 6 months after the first surgery. When comparing
the data after the first and secondary procedures, we observe that

after the adjustment surgery, there is a significant improvement
(p < .05) in UDVA, CDVA, refractive cylinder, topographic cylin-
der and coma.

Complications – femtosecond laser group

With femtosecond laser surgery we had one case of corneal
intraoperative perforation; two cases of ICRS exchange, and one
case of corneal infection (which was the same eye of one of the
ICRS exchange). In the case of intraoperative corneal perforation,
no ICRS was implanted; surgery was repeated 3 months later:

Table 4. Manual Group: Preoperative parameters for each sub-group regarding visual, refractive and topographic results. Sub-groups: no complications, all
complications, perforation, extrusion and ICRS exchange surgery. Results are shown as mean ± standard deviation. Ref. Cyl: Refractive cylinder; SE: Spherical
equivalente; UDVA: Uncorrected distance visual acuity; CDVA: Corrected distance visual acuity; K: keratometry; OZ: optical zone; ICRS: intrastromal corneal ring
segments; OZ: optical zone.

Preoperative values
No

Complication
All

Complications Extrusion Perforation Exchange

Eyes (n) 217 48 15 4 25
Age (years) 32.55 ± 11.35 31.81 ± 11.39 28.84 ± 12.78 32.25 ± 12.45 32.96 ± 9.80
Sphere (D) −2.32 ± 3.82 −2.39 ± 3.72 −2.28 ± 3.82 −1.94 ± 1.42 −2.23 ± 3.16
Ref. Cyl (D) −3.34 ± 2.02 −4.09 ± 1.95* −4.27 ± 2.16** −5.62 ± 3.04*** −3.96 ± 1.88Φ

SE (D) −3.92 ± 4.06 −4.44 ± 3.79 −4.41 ± 3.83 −3.75 ± 2.33 −4.21 ± 3.27
UDVA 0.18 ± 0.17 0.12 ± 0.11* 0.10 ± 0.05** 0.11 ± 0.06*** 0.14 ± 0.14
CDVA 0.48 ± 0.19 0.38 ± 0.22* 0.32 ± 0.17** 0.43 ± 0.17 0.41 ± 0.22
K1 (D) 45.94 ± 3.71 45.78 ± 3.58 46.27 ± 4.11 45.65 ± 2.49 45.62 ± 2.83
K2 (D) 49.61 ± 3.68 50.32 ± 3.73 51.69 ± 4.35** 51.00 ± 4.32*** 49.66 ± 2.48
Kmean (D) 47.78 ± 3.59 48.05 ± 3.55 48.98 ± 4.16 48.33 ± 3.31 47.64 ± 2.53
Topographic Cylinder (D) 3.66 ± 1.81 4.53 ± 1.73* 5.43 ± 1.58** 5.35 ± 2.41*** 3.98 ± 1.63
Overall Thinnest Pachimetry (μm) 461.69 ± 39.07 451.69 ± 39.07 447.53 ± 27.89 454.50 ± 20.53 454.40 ± 36.02
ICRS OZ Thinnest Pachimetry (μm) 526.91 ± 36.87 528.50 ± 32.87 532.16 ± 24.98 528.50 ± 23.62 530.40 ± 38.80
Kmax (D) 55.88 ± 5.81 55.85 ± 4.70 58.36 ± 4.67 55.58 ± 4.97 54.30 ± 3.73
Comatic aberration (μm) 2.51 ± 1.28 2.75 ± 1.29 3.34 ± 1.27** 2.29 ± 0.58 2.32 ± 1.21
Asphericity (Q) −0.81 ± 0.45 −0.93 ± 0.58 −0.99 ± 0.44 −0.73 ± 0.39 −0.92 ± 0.65

*Statistically significant differences between no complication group and all complications. **Statistically significant differences between no complication group and
extrusion group.

***Statistically significant differences between no complication group and perforation group. ΦStatistically significant differences between no complication group and
exchange group.

Table 5. Complications with manual surgery – subgroup analysis Extrusion. UDVA: Uncorrected distance visual acuity; CDVA: Corrected distance visual acuity; K:
keratometry.

Parameter Preoperative After Complication (extrusion) After Reoperation

UDVA 0.10 ± 0.05 0.08 ± 0.04 0.22 ± 0.23**, Φ

CDVA 0.31 ± 0.17 0.23 ± 0.16* 0.45 ± 0.30**, Φ

Sphere (D) −2.47 ± 3.79 −1.94 ± 3.65 −1.37 ± 3.23**, Φ

Refractive Cylinder (D) −4.25 ± 2.14 −3.59 ± 3.51 −2.48 ± 1.74Φ

Topographic Cylinder (D) 5.46 ± 1.58 4.28 ± 2.17* 3.49 ± 2.44Φ

K1 (D) 46.11 ± 4.02 46.15 ± 4.49 46.36 ± 4.39
K2 (D) 51.56 ± 4.28 50.44 ± 4.35 49.84 ± 4.03Φ

Comatic aberration (μm) 3.39 ± 1.24 3.16 ± 1.21 2.42 ± 1.22**, Φ

Asphericity (Q) −1.02 ± 0.45 −0.82 ± 0.48 −0.77 ± 0.45Φ

*Statistically significant differences between preoperative and after complication. **Statistically significant differences between after complication and after
reoperation. ΦStatistically significant differences between preoperative and after reoperation.

Table 6. Complications with manual surgery – subgroup analysis Perforation. UDVA: Uncorrected distance visual acuity; CDVA: Corrected distance visual acuity; K:
keratometry.

Parameter Preoperative After Complication (Perforation) After reoperation

UDVA 0.11 ± 0.06 0.11 ± 0.07 0.42 ± 0.39 **, Φ

CDVA 0.43 ± 0.17 0.32 ± 0.22 0.60 ± 0.42 **, Φ

Sphere (D) −0.38 ± 1.42 0.00 ± 0.58 0.00 ± 3.01
Refractive Cylinder (D) −5.62 ± 3.04 −4.17 ± 4.19* −1.42 ± 2.74 **, Φ

Topographic Cylinder (D) 5.35 ± 2.41 4.60 ± 2.90 4.25 ± 3.44 Φ

K1 (D) 45.65 ± 2.49 45.90 ± 2.11 44.25 ± 2.42**, Φ

K2 (D) 51.00 ± 4.32 50.50 ± 4.98 47.70 ± 4.22**, Φ

Comatic aberration (μm) 2.29 ± 0.58 2.31 ± 0.73 1.92 ± 0.80**, Φ

Asphericity (Q) −0.73 ± 0.39 −0.54 ± 0.39 −0.33 ± 0.50Φ

*Statistically significant differences between preoperative and after complication. **Statistically significant differences between after complication and after
reoperation. ΦStatistically significant differences between preoperative and after reoperation.
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CDVA (snellen decimal) improved from 0.2 to 0.6; refractive
astigmatism decreased from −2.50 D to −1.25 D. This complica-
tion occurred in the first surgeries performed with the femtose-
cond laser. In the case of ICRS exchange surgeries, both eyes
improved visual acuity and refraction after exchange; in the eye
with corneal infection, medical treatment was applied and no
visual acuity loss was reported.

Discussion

Our study compares the results and the incidence of complications
of ICRS implantation after manual or femtosecond laser surgery;
visual, refractive and topographic results are similar between tech-
niques; however, the incidence of complications was significantly
higher in the manual group (18.11% vs. 3.98%) and four times
higher during the first years of the surgeon’s learning curve. Even
though the incidence of complications was higher in manual
group, a secondary surgical procedure was able to improve the
visual, refractive and topographic results in cases of intraoperative
corneal perforation, late ICRS extrusion or ICRS adjustment
surgery.

A higher precision and predictability of intrastromal tun-
nel creation is associated with a better safety profile of the
procedure. We previously found that ICRS implantation
assisted by a femtosecond laser device is a more accurate
and predictable procedure when compared with manual dis-
section technique.20 In the current study we have confirmed
that the manual mechanical technique for ICRS is associated
with a higher incidence of corneal and refractive complica-
tions; however, the visual and refractive results are compar-
able to a femtosecond laser assisted technique. All the major
complications observed; namely corneal perforation, ICRS
extrusion or improper ICRS implantation can be overcome
with a subsequent procedure, allowing a significant improve-
ment in visual acuity, refraction and topographic indices.

When we compare the risk factors associated with intrao-
perative corneal perforation or late spontaneous ICRS extru-
sion, we have surprisingly not found in our sample an
association with lower pachymetric values, younger age or
higher maximum or mean corneal curvatures. We would
assume that the risk of superficial implant inside the corneal
stroma would be associated with thinner corneas or younger
patients; both associated with higher probability of disease
progression, atopy and frequent eye rubbing.

We have found this complication to be associated with worse
preoperative visual acuity, higher levels of astigmatism and coma.
Khan et al,24 have shown a higher extrusion rate of 19.3% in their
study with the manual technique; they only included patients with
moderate to severe keratoconus (meankeratometry of 54.83± 4.16
D and mean corneal astigmatism of 5.85 ± 1.91D); they had no
intraoperative complications. The authors justified the rate based
on thinner corneas, history of atopy and eye rubbing, although
they have not described themean corneal thickness or age for each
group. In our study we have not found a direct relationship
between younger age and thinner corneas with spontaneous
ICRS extrusion and neither with mean keratometry values.
Kubaloglu et al.9 reported a 5.8% rate ofmechanical complications:
2 eyes with intraoperative perforations (both cases had a stage III
ectasia, and in both cases a reoperation was carried out, however
no final results were shown) and 1 segment extrusion, also a stage
III keratoconus in a frequent eye rubbing patient. Kwitko et al.14

reported a 9.8% spontaneous extrusion rate for Ferrara-type ICRS
(5 eyes of 51 eyes); according to the investigators this was due to
tunnel depth related to the surgeon’s learning curve. In their
sample, the mean keratometry was 48.76 ± 3.97D, a similar value
we have obtained from our sample. In our sample, most of the
spontaneous extrusions occurred in the first 3 years of the sur-
geon’s surgical experience, while in the last 3 years we have
reported a lower rate of 1.14% of spontaneous extrusion. Piñero
et al.25 reported a spontaneous extrusion rate of 9.46% formechan-
ical ICRS and 4.82% for femtosecond laser ICRS; the higher
extrusion rate in the manual group was associated with a more
significant corneal irregularity and higher levels of corneal aberro-
metry. Similarly, in our sample, we have found the extrusion eyes
to have also higher levels of corneal astigmatism and coma.
Differently from all other studies described, our study is the first
to describe the results after the complication occurred and later
after its resolution with a new surgical procedure. Our findings
suggest that it is possible that even after a corneal perforation or
a spontaneous ICRS extrusion occur, a new surgical procedure
with ICRS re-implantation can improve all visual, refractive and
topographic parameters studied.

When we analysed the incidence rate of corneal perforation
or implant extrusion with femtosecond laser surgery, we had
only one eye with a corneal endothelial perforation (0.9%) and
no eye with late spontaneous extrusion, corneal melting or ICRS
migration. The complication case occurred during the surgeon’s
learning curve and was later resolved with a second procedure.
Our complication rate with femtosecond laser is very low and

Table 7. Complications with manual surgery – subgroup analysis ICRS Exchange. UDVA: Uncorrected distance visual acuity; CDVA: Corrected distance visual acuity; K:
keratometry.

Parameter Preoperative After First Surgery After Exchange Surgery

UDVA 0.14 ± 0.14 0.13 ± 0.09 0.31 ± 0.23**, Φ

CDVA 0.41 ± 0.22 0.36 ± 0.20 0.61 ± 0.21**, Φ

Sphere (D) −2.23 ± 3.16 −0.79 ± 2.99* −1.24 ± 2.32 Φ

Refractive Cylinder (D) −4.08 ± 1.91 −3.17 ± 2.27 −1.84 ± 1.02**, Φ

Topographic Cylinder (D) 4.02 ± 1.61 3.48 ± 1.43 2.13 ± 1.36**, Φ

K1 (D) 45.78 ± 2.90 43.80 ± 3.70* 45.43 ± 2.81**
K2 (D) 49.86 ± 2.64 47.30 ± 3.62* 47.55 ± 2.79Φ

Comatic aberration (μm) 2.31 ± 1.19 2.22 ± 0.97 1.59 ± 0.99**, Φ

Asphericity (Q) −0.91 ± 0.63 −0.40 ± 0.63* −0.67 ± 0.37**, Φ

*Statistically significant differences between preoperative and after first surgery. **Statistically significant differences between after first surgery and after exchange
surgery. ΦStatistically significant differences between preoperative and after exchange surgery.
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similar to other studies. Coskunseven et al.21 have published the
largest series of patients describing the incidence of complica-
tions during ICRS implantation with femtosecond laser; they
have described a 0.6% rate (5 eyes) of endothelial perforations: in
2 cases the ICRS was displaced to the anterior chamber and the
other 3 had the surgery repeated later. In the case of segment
extrusion or migration, Coskunseven et al.21 described a 1.3%
rate; a total of 11 eyes, 4 of which were explanted to avoid corneal
melting; 2 eyes (0.2%) had corneal melting and implant extru-
sion due to superficial implant inside the corneal stroma. Other
studies have described similar rates of ICRS complications with
femtosecond laser assisted-surgery: Kubaloglu et al.9 1.0% of
extrusions and 1.0% perforation; Ertan et. al.22 0.9% extrusion
rate. In the past five years, the recent largest series published
regarding ICRS implantation with femtosecond laser surgery do
not describe any mechanical intra- or postoperative
complications.1–4,22,26,27

Regarding ICRS exchange surgery due to poor visual results,
we found a higher rate of this complication in the manual
group than in the femtosecond group (9.43% vs. 1.8%). Apart
from the nomogram improvement in the last few years, the fact
that with manual surgery the implant depth predictability is
lower than with femtosecond, can induce shallow or asym-
metric tunnels and astigmatism overcorrection20, and could
justify the higher rates of ICRS exchange surgery with manual
surgery. Furthermore, our study demonstrated the reversibility
of the procedure. These findings are in accordance with those
previously published.11,28–31 Colin et al.10 first described a rate
of 12.2% ICRS explantation due to poor visual results or other
optical complaints, none of the eyes was submitted to
a secondary procedure; the same author published one year
later a paper11 reporting a 10.3% of refractive adjustment after
Intacs ICRS implantation. Alió et al.29,30 and Pokroy et al.31

were the first to publish on the possibility of adjustment with
ICRS surgery, proving the reversibility of the procedure. More
recently, our research group published the largest series28 of
ICRS exchange for a different ICRS implant or combination of
implants, in cases of eyes with no visual acuity improvement
after the first surgery. The findings of this previous study
showed ICRS implantation is a reversible and adjustable surgi-
cal procedure. At the same time, the finding of the current
study highlights the fact that this type of complication is more
frequent during the surgeon’s learning curve: 21 eyes (7.92%)
in the first 3 years and 4 eyes (1.51%) in the last 3 years of
experience. This is probably related not the surgical learning
curve but to the nomogram’s learning curve and personal
adjustments. When comparing the preoperative characteristics
of the eyes with no ICRS exchange with those eyes which had
a surgical adjustment surgery during the follow-up, we have
found only a statistically significant difference in the value of
preoperative mean refractive cylinder; while the UDVA and
CDVA values and all topographic parameters were not differ-
ent between both groups.

As a study limitation, we have to point out that some of the
preoperative characteristics were not similar between the
manual and femtosecond laser groups. Consequently, some
of the cases which suffered a complication in the manual
group could be related either to the technique or perhaps to

the preoperative characteristics. On the other hand, beyond
the potential complications, an interesting finding in this
study is that these complications mainly occur during the
first years of the surgeon’s learning curve. This fact should
be considered by surgeons. The results obtained in this study
could help the less experienced surgeons to select the cases
that have preoperative characteristics with a low risk of poten-
tial complications. Either way, the other important aspect to
note is that these complications can be easily solved with
a secondary procedure.

In conclusion, manual mechanical ICRS surgery shows
a higher rate of intra- and postoperative mechanical and
refractive complications when compared to femtosecond
laser assisted technique. The incidence is specially higher
during the surgeon’s first years of implementation of the
technique. However, the refractive, visual and topographic
results are comparable between both techniques, mainly due
to the reversibility and the possibility to adjust the first sur-
gery or even to perform a second surgical procedure to over-
come a primary complication or insufficient visual outcome
after the first surgery.
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Adjustment of Intrastromal Corneal Ring Segments After
Unsuccessful Implantation in Keratoconic Eyes

Tiago Monteiro, MD, FEBO,*† José Ferreira Mendes, MD,*† Fernando Faria-Correia, MD, PhD,*†
Nuno Franqueira, MD,*† David Madrid-Costa, PhD,‡ and José F. Alfonso, MD, PhD§

Purpose: To evaluate visual, refractive, and corneal topography
outcomes in eyes with keratoconus that have undergone exchange/
adjustment surgery with a new intrastromal corneal ring segment
(ICRS) combination after unsuccessful visual and/or refractive
outcomes after primary ICRS surgery.

Methods: A retrospective nonrandomized case series was
conducted including consecutive eyes of patients with keratoconus
that underwent ICRS adjustment after an unsuccessful visual
outcome. Patients were divided into 2 groups: group 1 was made
up of patients with Intacs ICRSs that were exchanged for the Ferrara
ICRS type, and group 2 consisted of patients who maintained the
same ICRS type after undergoing ICRS adjustment surgery (change
of the arc length or thickness). Uncorrected distance visual acuity,
best-corrected distance visual acuity (CDVA), keratometry, aspher-
icity, higher-order aberrations, and corneal regularity indexes (ISV
and IHD) (Pentacam HR; OCULUS) were assessed preoperatively
and 12 months after each procedure.

Results: Twenty-six eyes from 26 patients were included, 8 eyes
in group 1 and 18 eyes in group 2. The eyes in both groups
improved their CDVA values after ICRS exchange, in group 1
from 0.27 6 0.11 preoperatively to 0.54 6 0.17 postoperatively
(P = 0.001), and in group 2 from 0.34 6 0.22 to 0.61 6 0.15
(P , 0.0001). In both groups, there was also a significant
improvement in the refractive cylinder, topographic cylinder, and
coma after ICRS adjustment (P , 0.05).

Conclusions: ICRS implantation has been shown to be a reversible
and adjustable surgical procedure for keratoconus treatment. Good
outcomes can be obtained after ICRSs are exchanged.

Key words: keratoconus, intrastromal corneal ring segments,
adjustment

(Cornea 2017;0:1–7)

In patients with stable keratoconus who develop contact lens
intolerance and insufficient distance corrected visual acuity

with spectacles (CDVA), implantation of intrastromal corneal
ring segments (ICRS) is a safe and effective procedure for
correcting irregular astigmatism and higher-order aberrations
(HOAs) and improving uncorrected distance visual acuity
(UDVA) and CDVA.1–3 ICRS surgery is an additive non-
ablative surgical procedure that in theory is reversible in cases
of unfavorable results. Clinical, refractive, and histological
reversibility after ICRS explantation has recently been
described in an animal model4 and in clinical studies.5–9

There are several reasons for performing ICRS explan-
tation, the most frequent being spontaneous extrusion due to
a superficial corneal tunnel or loss of CDVA.10 Although
ICRS implantation is a safe procedure in patients with
keratoconus, with most patients maintaining or improving
CDVA lines after surgery, some studies have reported a small
percentage of eyes losing CDVA lines after surgery.1,11–14

Apart from surgical problems, a possible explanation for the
loss of CDVA after ICRS implantation may be an incorrect
choice of the ICRS to be implanted, which could induce
astigmatism overcorrection and/or an increase in irregular
astigmatism or HOAs. Bearing in mind that ICRS implanta-
tion is a reversible procedure, and that the ICRS can safely be
explanted,4 it seems interesting to explore the idea that
adjusting ICRS implantation in patients who have lost CDVA
lines because of an incorrect choice of the ICRS is a safe and
effective option. The purpose of this study was to evaluate the
refractive, visual, topographic, and aberrometric results after
the exchange or adjustment of the Intacs (Addition Technol-
ogy, Inc) or Ferrara ICRS (Mediphacos, Inc) for a new ICRS
type or combination after unsuccessful primary surgery. All of
the patients included had no gain of CDVA with spectacles
after the first ICRS surgery.

PATIENTS AND METHODS
This retrospective study analysis reviewed the outcomes

of all consecutive eyes that underwent ICRS adjustment after
unsuccessful implantation (that is, the exchange of the Intacs
for the Ferrara ICRS, or the exchange of the Ferrara ICRS for
different arc lengths, thicknesses, and/or numbers of the ICRS
implanted). Surgery was performed between January 2010 and
January 2015. The study was approved by the local ethics
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committee and followed the tenets of the Declaration of
Helsinki. All cases included were unilateral. The keratoconus
diagnosis was based on clinical history, slit-lamp examination,
and corneal tomography (Pentacam HR; OCULUS, Germany).
In all patients, primary ICRS implantation for clear corneal
keratoconus was uneventful; reoperation was necessary during
the follow-up period. The main indications for primary surgery
were contact lens intolerance and CDVA with spectacles of
#20/40. Exclusion criteria for primary surgery were any of the
following, discovered during the preoperative examination:
advanced keratoconus with maximum curvature over 58.00
diopters (D), significant apical opacity and scarring,
hydrops, minimum corneal thickness below 400 mm at the
implantation optic zone as evaluated by the pachymetry map
(Pentacam HR; OCULUS), and active allergic/atopic conjunc-
tivitis, with no response to medical therapy. The indication for
reoperation was loss of UDVA or CDVA or no significant
improvement after primary ICRS surgery. Eyes with explan-
tation secondary to extrusion, corneal neovascularization, or
other complications were not included in this study.

Intacs ICRS
The Intacs ICRS (Addition Technology, Inc) consists of

crescent-shaped 150-degree polymethylmethacrylate segments
with a hexagonal transverse shape, an external diameter of
8.10 mm, and an internal diameter of 6.77 mm, of different
thicknesses (0.25–0.45 mm) in 0.05 mm increments. There is
an additional Intacs design (keratoconus) with an inner
diameter of 6.00 mm, an oval cross-section and 2 different
thicknesses (0.40, 0.45 mm). The ICRS to be implanted was
chosen according to the manufacturer’s nomogram, based on
mean keratometry, spherical equivalent, and the type of
keratoconus: asymmetrical cone, global cone, or central
cone.15

Ferrara ICRS
Ferrara ICRSs (Mediphacos, Inc) are made of poly-

methylmethacrylate with a triangular cross-section that
induces a prismatic effect on the cornea. The apical diameter
of the ICRS is 5.0 or 6.0 mm, and the flat basis width is 600/
800 mm with variable thicknesses (150, 200, 250, and 300 mm)
and arc lengths (90, 120, 150, 160, and 210 degrees). The
nomogram for the application of the Ferrara ICRS was based
on the Mediphacos nomogram, published previously.16

Preoperative and Postoperative Examination
A complete ophthalmic examination was performed on

all eyes before initial ICRS surgery, 12 months after initial
ICRS surgery and 12 months after ICRS explantation/
exchange surgery. The examinations included UDVA, CDVA,
manifest refraction, biomicroscopy, indirect ophthalmoscopy
through a dilated pupil, Goldmann applanation tonometry,
corneal tomography, a pachymetry map, corneal aberrometry,
and corneal regularity indexes, that is, the index of surface
variance (ISV) and the index of height descentration (IHD)
using the Pentacam HR (Oculus, Inc). In addition, the

following topographic data were recorded in all cases: flattest
corneal dioptric power in the 3.0-mm central zone (K1),
steepest corneal dioptric power in the 3.0-mm central zone
(K2), mean corneal power in the 3.0-mm zone (simK), and
corneal asphericity (Q) in the 6.0-mm central zone. Corneal
aberrometry was recorded, and the corneal aberration coef-
ficients and root mean square (RMS) values were calculated
for a 6.00-mm pupil, mainly primary coma RMS, computed
from Zernike terms Z (3, 1) and Z (3, 21). Refractive and
topographic astigmatism was also evaluated by vector analy-
sis. The refraction obtained before and 12 months after ICRS
implantation was assessed using the power vector method of
Thibos and Horner.17 All clinical examinations were per-
formed in a standardized manner by an experienced examiner.

Surgical Technique
Corneal tunnels for implantation of the initial ICRS and

the new ICRS were created by manual mechanical dissection.
No suction devices were applied to assist surgery. All primary
surgeries and reoperations were performed by the same
surgeon (T.M.).

Tunnel Creation

For Intacs ICRS
An ICRS incision and placement marker was pressed

lightly onto the cornea, leaving inked margins to indicate the
proper position of the radial incision and ICRS. The projection
on the corneal plane of the center of the pupil was used to center
the ICRS. A 1.2-mm incision was made to a depth of 80% of
the corneal thickness at a 6.00-mm circular zone around the
pupil center, and intraoperative ultrasound pachymetry was
used to measure corneal thickness under the incision site. The
incision was performed on the steepest axis of the topography
map. A lamellar stromal spreader was inserted at the base of the
incision, and tissue was spread laterally to prepare an entry
pocket on each side. An ICRS vacuum-centering guide was
used to maintain proper positioning of the lamellar dissectors
during creation of the intrastromal tunnels. The leading end of
each segment was inserted through the incision into the
intrastromal tunnel. The segments were positioned symmetri-
cally around the incision, after which the incision was closed
with a single interrupted 10-0 nylon suture.

For Ferrara ICRS
All surgeries were performed using the manual mechan-

ical dissection technique. The visual axis was marked by
pressing a Sinskey hook onto the central corneal epithelium
while asking the patient to fixate on the corneal light reflex of
the microscope light. Using a marker tinted with gentian
violet, a 6.00-mm optical zone and incision site were aligned
to the desired axis on which the incision would be made. The
incision was always performed at the steepest topographic axis
of the cornea given by the topographer. A square diamond
blade was set at 80% of corneal thickness at the incision site
and used to make the incision. Using a “stromal spreader,”
a pocket was formed at each side of the incision. Two
(clockwise and counterclockwise) 270-degree semicircular
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dissecting spatulas were consecutively inserted through the
incision and gently pushed with quick, rotary “back and forth”
tunneling movements. After channel creation, the ring seg-
ments were inserted using modified McPherson forceps. The
rings were properly positioned with the aid of a Sinskey hook.

ICRS Explantation Technique
For ICRS removal, after the primary corneal incision

was made, an inverted Sinskey hook was used to engage the
segment hole from beneath, and it was pulled out of the
tunnel. A 10-0 nylon corneal suture was put in place at the end
of the procedure.

The postoperative treatment regimen for all surgeries
consisted of moxifloxacin 0.5% (Vigamox; Alcon, Ft. Worth,
TX) and tobramycin 0.3%-dexamethasone 0.1% (Tobradex;
Alcon) eye drops 4 times a day for 2 weeks. The patient was
instructed to avoid rubbing the eyes and to frequently use
preservative-free artificial tears. Patients were examined at 1
day and 1, 3, 6, and 12 months after the primary procedure and
after the secondary exchange procedure.

Secondary Implantation Technique
In cases in which the explanted ICRS was positioned at

the correct depth in the corneal stroma, the new ICRS implant
was positioned using the same corneal incision and the same
intrastromal depth. The ICRS position inside the corneal
stroma was measured by an anterior segment high-resolution
swept-source OCT (CASIA SS-1000, Tomey Corp, Japan). If
the previous explanted ICRS was found to be in a shallower
position than what was required, the depth of implantation for
secondary implantation surgery was deeper (20–40 mm) than
the initial depth.

Statistical Analysis
The Statistical Package for the Social Sciences (SPSS,

Chicago, IL) was used for descriptive statistics, including mean
6 SD. Normality of all data samples was first checked using
the Kolmogorov–Smirnov test. The Student t-test for paired
data was used to compare preoperative and postoperative data
when normality was present. Where parametric analysis was
not possible, the Wilcoxon rank-sum test was used to assess the
significance of differences between preoperative data and
postoperative data. In all cases, differences were considered
statistically significant when the P value was less than 0.05.

RESULTS
This study was performed on 26 eyes from 26 patients

(14 males and 12 females) with a mean age of 35.0 6 10.8
(range 17–57 years). Patients were divided into 2 groups:
group 1 consisted of patients with the Intacs ICRS exchanged
for the Ferrara ICRS type and group 2 of patients who
maintained the same ICRS type but underwent ICRS adjust-
ment surgery (change of the arc length or thickness). Group 1
comprised 8 eyes, all of which had undergone primary surgery
for implantation of 2 symmetrical Intacs ICRSs. All of them
had the initial implants substituted for only one Ferrara ICRS
(asymmetric implantation) with a different arc length (Table 1,
OV, online version). Group 2 comprised 18 eyes from 18
patients. Fifteen eyes underwent explantation of 1 segment (all
eyes had 2 ICRS implanted), and 3 patients had an ICRS
exchange for a different arc length. Before the initial ICRS
surgery, and in accordance with the Amsler–Krumeich
grading system, 10 eyes (38.5%) had ectasia grade 1, 14
eyes (53.9%) had grade 2, and 2 eyes (7.7%) had grade 3.
None of the cases included showed any progressive corneal

TABLE 1. Topographic and Corneal Aberrometric Parameters Shown as Mean 6 SD and Range for Group 1

Parameter Preoperatively
After Intacs ICRS

(Before ICRS Exchange) P
After Ferrara ICRS

(After ICRS Exchange) P

K1, D 46.10 6 2.63 41.30 6 3.21 0.003 44.44 6 1.88 0.001

Range 42.20 to 49.70 37.30 6 47.40 41.30 to 48.10

K2, D 51.06 6 3.19 46.54 6 2.77 0.004 48.23 6 2.53 0.056

Range 47.20 to 55.70 43.00 to 50.90 44.50 to 51.30

Cylinder, D 4.95 6 2.54 5.24 6 1.95 0.84 3.59 6 1.58 0.042

Range 1.80 to 8.08 2.80 to 9.30 0.60 to 6.30

Kmean, D 48.57 6 2.64 43.86 6 2.83 0.002 46.16 6 2.02 0.003

Range 44.95 to 51.50 40.60 to 49.15 43.00 to 49.50

Kmax, D 56.43 6 4.76 53.41 6 5.51 0.002 53.68 6 5.28 0.56

Range 50.30 to 63.70 47.30 to 63.20 47.70 to 64.70

Q 21.66 6 0.68 20.52 6 0.77 0.02 20.85 6 0.42 0.03

Range 22.56 to 20.67 21.55 to 0.73 21.63 to 0.27

Coma, mm 3.37 6 1.46 3.18 6 1.27 0.23 1.62 6 1.49 0.041

Range 1.80 to 6.48 1.54 to 5.85 0.34 to 4.46

ISV 112.57 6 34.58 105.0 6 37.57 0.17 97.75 6 47.78 0.63

77.0 to 183.0 67.0 to 183.0 38.0 to 170.0

IHD 0.09 6 0.06 0.12 6 0.06 0.46 0.12 6 0.08 0.81

0.05 to 0.22 0.05 to 0.22 0.02 to 0.27

ICRS, intrastromal corneal ring segment; IHD, index of height descentration; ISV, index of surface variance.
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steepening, aberrometric increase, or corneal thinning after the
first ICRS implantation.

Visual and Refractive Outcomes
Supplemental Digital Content 1 (see Tables 1 and 2, http://

links.lww.com/ICO/A597, http://links.lww.com/ICO/A598)
shows the individual result for each case. For group 1, there
were no statistically significant changes in UDVA and CDVA
after Intacs implantation: preoperative decimal (Snellen scale)
UDVA of 0.086 0.05 to postoperative 0.116 0.03 (P = 0.17)
and preoperative decimal CDVA of 0.33 6 0.23 to post-
operative 0.27 6 0.11 (P = 0.2). After ICRS exchange, all
eyes improved their UDVA and CDVA values, and the mean
CDVA increased from the preoperative 0.27 6 0.11 to
a postoperative of 0.54 6 0.17 (P = 0.001). In terms of
refractive outcomes, a significant reduction in refractive
astigmatism was observed after the ICRS adjustment surgery:
from 23.21 6 1.42 D to 21.82 6 1.15 D (P = 0.011). Figure
1 shows the astigmatism component of the power vector
represented by a 2-dimensional vector (J0 and J45) for each
case analyzed. The origin of the graph (0, 0) represents an eye
free of astigmatism. It can be seen that in all cases, the data
move toward the origin of the graph (0, 0) after
ICRS exchange.

In group 2, we observed that most of the eyes
maintained or lost lines of CDVA after the first surgery.
However, after ICRS adjustment, all eyes improved their
CDVA values, and 94.4% of the eyes (17 eyes) improved their
CDVA compared with what it was before the first surgery.
After the adjustment procedure, the mean UDVA improved
from 0.16 6 0.13 to 0.27 6 0.15 (P = 0.001) and the mean
CDVA from 0.34 6 0.22 to 0.61 6 0.15 (P , 0.0001). In
terms of refractive parameters, Figure 2 also shows that after
ICRS adjustment, the spread of data from the origin was more
concentrated than the spread of preoperative and post-first
surgery data; mean refractive astigmatism was reduced from
24.18 6 1.45 D to 22.05 6 1.03 D (P , 0.0001) after
exchange surgery.

Corneal Topography Outcomes
Tables 1 and 2 describe the keratometric and aberro-

metric outcomes during follow-up in groups 1 and 2,
respectively. After the first ICRS implantation surgery
(Intacs), there was a statistically significant reduction in
group 1 (Table 1) in the anterior keratometric parameters
(K1, K2, Kmean, and Kmax) and in corneal asphericity.
There was no change in topographic astigmatism, coma, ISV
and IHD parameters. After the Intacs ICRS were explanted
and a Ferrara ICRS combination was implanted, a significant
reduction was observed in the values of topographic
astigmatism (P = 0.041) and coma (P = 0.042). In parallel
with this reduction, we observed an increase in the anterior
topographic parameters K1 (P = 0.001), K2 (P = 0.056), and
Kmean (P = 0.003). The values of Kmax, ISV, and IHD
remained unchanged (P = 0.56, 0.63, and 0.81, respec-
tively). In group 2 (Table 2), we observed a significant
change (P , 0.05) in K1, K2, topographic cylinder, and

Kmean after the first ICRS implantation and after ICRS
adjustment surgery. Coma was reduced (P . 0.05) in both
procedures; in the IHD and ISV parameters, we observed
a statistically significant change in the ISV parameter only
after ICRS adjustment surgery.

Complications
During the 12-month follow-up period after each

procedure, there were no cases of segment extrusion or
migration after the first implantation or after ICRS exchange
surgery. No intraoperative complications were observed.

DISCUSSION
The main objective of our study was to evaluate the

results of ICRS explantation and exchange due to unsatisfac-
tory visual and refractive results. In summary, we found that
ICRS exchange/adjustment surgery appears safe and effective;
UDVA, CDVA, refractive and topographic astigmatism, and
corneal HOA were improved, and no complications were
reported. This improvement may be explained by the fact that
the ICRS implanted was adjusted according to an analysis of
the phenotype of the keratoconus being treated, rather than just
the grade of ectasia (mean keratometry and spherical equiv-
alent of the patient). To describe the phenotype of the
keratoconus, the authors considered the location of the ectasia
(distance between the center of the cornea and the point of
thinnest pachymetry) and the relationship between the flattest
topographic axis and the coma axis, as described pre-
viously.18–20 To our knowledge, this is the largest published
cohort of patients who underwent ICRS exchange surgery to
improve visual and refractive results.

The classic nomograms that supported the Intacs ICRS
were based on mean keratometry and spherical equivalent
values, that is, on the grade of severity of the ectasia: the
steeper the cornea, the thicker the ICRS to be implanted. The
normal recommendation was to perform implantation that
was symmetric and thick (350–450 mm) (2 segments). The
use of Ferrara ICRS, with more arc lengths and thicknesses
available, enables the surgeon to address the morphology of
the keratoconus (the phenotype) in more detail, instead of the
severity of the disease. Previous studies18–20 published the
results of Ferrara ICRS implantation in different subtypes of
ectasia, proving that classifying ectasia in terms of the
morphology can improve both visual and refractive results
after ICRS implantation.

The possibility of ICRS explantation and exchange due
to unsatisfactory visual and refractive results, and/or compli-
cations, such as segment migration and segment extrusion, has
already been described and published. The first publications
regarding this aspect examined case series of patients with
myopia treated with Intacs ICRS implantation. Asbell et al21

were the first to report the results of performing an ICRS
exchange. In their series of 4 eyes with the Intacs ICRS,
UDVA improved in all the patients and no eye lost lines of
CDVA. Chan et al22 also reported on the results of Intacs
ICRS exchange surgery. UDVA improved by at least 1 line
and median UDVA improved from 20/40 to 20/20. With
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regard to keratoconus, Alió6 published the first report on ICRS
exchange surgery, performed on a cohort of 5 eyes, which had
all undergone surgery because of corneal complications after
ICRS implantation, namely corneal melting or implant
migration. In 4 of the 5 eyes, the ICRS was explanted without
any ICRS reimplantation, and all the eyes recovered their
preoperative UDVA and CDVA. Pokroy et al7 were the first to

describe the results of ICRS exchange surgery for eyes with
poor visual results: in their cohort of patients, 7 eyes
underwent an exchange mainly because of an increase in
irregular astigmatism and overcorrection (secondary
hyperopia). Five eyes had improved UDVA and CDVA after
surgery. Alió et al8 showed significant visual and refractive
improvement after implanting a new ICRS combination in 21

FIGURE 1. Astigmatic power vector
(J0 and J45) before surgery, 12
months after Intacs implantation,
and 12 months after ICRS adjust-
ment (group 1) for each case
analyzed.

FIGURE 2. Astigmatic power vector
(J0 and J45) before surgery, 12
months after Ferrara ICRS implanta-
tion, and 12 months after ICRS
adjustment (group 2) for each case
analyzed.
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eyes after a previous ICRS combination that was unsuccessful.
However, the results cannot be compared with our sample
because the author’s sample that underwent explantation
contains 2 different types of ICRSs (Intacs and Ferrara), and
the postoperative results were not analyzed separately accord-
ing to the type of the ICRS being exchanged. With regard to
Ferrara ICRS exchange surgery, Torquetti et al9 described
a population of 37 eyes that underwent ICRS removal (n = 6),
exchange (n = 11), reposition (n = 4), or addition (n = 16),
demonstrating a significant improvement in UDVA, CDVA,
mean keratometry, and corneal asphericity. In our case, in
which patients in group 1 had previous Intacs exchanged for
a new Ferrara ICRS combination, we observed an improve-
ment in UDVA, CDVA, and the refractive cylinder. This can
be explained because after ICRS exchange surgery, we were
able to better address the irregular astigmatism, corneal HOAs,
decrease in the topographic cylinder, and coma. All 8 eyes in
group 1 were primary implanted with 2 symmetric Intacs
ICRSs. After adjustment, all eyes were implanted with only
one ICRS (asymmetric implant). All of these had a different arc
length from the primary implant, mostly a shorter arc, which is
more effective for correcting astigmatism. In our sample of
patients with the Ferrara ICRS (see Table 2, Supplemental
Digital Content 2, http://links.lww.com/ICO/A598), the major-
ity of the eyes had an initial overcorrection of refractive and
topographic astigmatism; in these cases, the procedure of
choice was to explant the superior-nasal ICRS. Using this
principle, we were able to significantly improve both UDVA
and CDVA and the refractive cylinder. In terms of topographic
results, after the first ICRS implantation in group 2, we
observed a significant decrease in keratometry readings and
the topographic cylinder. However, this decrease was due to an
overcorrection and axis change of the astigmatism, as we can

confirm from the changes induced in the J0 and J45 vectorial
analysis (Fig. 2). After ICRS adjustment surgery, we improved
the astigmatism value, the coma, the ISV, and the IHD. The
improvement in astigmatism overcorrection was observed in
the vectorial analysis of group 2 because in all cases, the data
moved toward the origin of the graph (0, 0) after ICRS
adjustment, as shown in Figure 2.

Another possible treatment option for patients with
unsuccessful ICRS implantation is to perform penetrating
keratoplasty after explantation of the ICRS. Chhadva et al23

describe a cohort of patients, previously treated with the Intacs
ICRS, without visual acuity improvement, who all underwent
ICRS explantation with no reimplantation procedure. None of
them showed improved UDVA or CDVA after ICRS
explantation. Four eyes subsequently underwent a keratoplasty
procedure. The authors took into consideration neither the
possibility of performing an exchange procedure nor the
possibility of directly performing the deep anterior lamellar
keratoplasty procedure without explanting the ICRS. Having
the ICRS in place would have facilitated the deep stromal
dissection. Our study proves that visual refractive parameters
and topographic indexes can be improved if a different
combination of the Ferrara ICRS is implanted in accordance
with a more accurate analysis of the ectasia morphology
before initial ICRS surgery. Fontana et al24 performed a deep
anterior lamellar keratoplasty procedure in a cohort of 5
patients previously treated with the Intacs ICRS for keratoco-
nus with no visual improvement. Both UDVA and CDVA
significantly improved after the keratoplasty procedure.

The findings of this study demonstrate that ICRS
implantation remains a good option for improving visual
acuity in patients with keratoconus who cannot tolerate contact
lenses whose disease is not at an advanced stage. The results

TABLE 2. Topographic and Corneal Aberrometric Parameters Shown as Mean 6 SD and Range for Group 1

Parameter Preoperatively
After First ICRS

(Before ICRS Exchange) P After Ferrara Exchange P

K1, D 46.78 6 3.29 44.08 6 4.16 ,0.0001 46.17 6 2.83 ,0.0001

Range 42.10 to 52.00 37.10 6 51.40 42.10 to 52.10

K2, D 50.98 6 3.25 47.42 6 4.13 ,0.0001 48.20 6 3.45 0.04

Range 44.20 to 56.10 41.10 to 55.30 42.70 to 54.10

Cylinder, D 4.33 6 1.39 3.34 6 1.31 0.03 2.11 6 1.41 0.003

Range 1.60 to 6.60 1.20 to 5.20 0.10 to 5.20

Kmean, D 48.88 6 3.18 45.74 6 4.09 ,0.0001 46.83 6 2.84 0.002

Range 43.15 to 53.90 39.10 to 53.70 42.40 to 52.20

Kmax, D 55.76 6 4.41 54.09 6 5.15 0.36 53.32 6 4.56 0.16

Range 46.90 to 63.40 47.10 to 65.40 45.90 to 61.10

Q 21.08 6 0.51 20.49 6 0.81 0.013 20.79 6 0.45 0.022

Range 21.89 to 20.31 21.70 to 1.39 21.57 to 0.06

Coma, mm 2.12 6 1.37 1.79 6 1.23 0.42 1.70 6 0.94 0.83

Range 0.23 to 4.46 0.04 to 3.99 0.05 to 3.48

ISV 87.82 6 35.30 85.55 6 23.77 0.88 75.42 6 25.25 0.004

37.0 to 151.0 59.0 to 142.0 35.0 to 133.0

IHD 0.11 6 0.06 0.11 6 0.05 0.87 0.10 6 0.04 0.45

0.009 to 0.23 0.03 to 0.20 0.02 to 0.18

ICRS, intrastromal corneal ring segment; IHD, index of height descentration; ISV, index of surface variance.
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demonstrate that ICRS surgery is reversible and adjustable in
cases of patients with no improvement of visual or refractive
parameters and has no intraoperative or postoperative
complications. Significant improvement was obtained in
UDVA, CDVA, refractive astigmatism, topographic astigma-
tism, and corneal high-order aberration in all patients who
underwent ICRS adjustment.
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