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Management of Post-LASIK Ectasia
Maja Bohac1, Alma Biscevic1,2, Melisa Ahmedbegovic-Pjano2, Mateja 
Jagic1, Doria Gabric1, Selma Lukacevic1, Ivana Mravicic1

ABSTRACT
Background: Corneal ectasia is a sight-threat-
ening complication of corneal refractive surgery 
characterized by progressive steepening and 
thinning of the cornea and subsequent loss of 
best-corrected visual acuity. Objective: To re-
port the clinical outcomes following treatment of 
post-laser in situ keratomileusis (LASIK) induced 
ectasia. Methods: This is a retrospective case 
series of 7 patients (10 eyes) which developed 
post-LASIK ectasia. In these cases of postopera-
tive ectasia, the presented clinical signs were 
either forme fruste keratoconus, thin cornea, 
posterior elevation map value > +15.0µm, or 
residual stromal bed < 300µm. All cases were 
treated with either collagen crosslinking (CXL) 
alone or combined with PRK or CXL and phakic 
intraocular implant using the Dresden protocol 
and a slight modification thereof. In all cases, 
the flap was created using the Moria M2 me-
chanical microkeratome (average flap thickness 
118.15±12.88µm), and refractive error was cor-
rected using the Wavelight Allegretto excimer 
laser. Results: Average preoperative corrected 
visual acuity (CDVA) was 0.75 (±0.26) Snellen. 
Postoperative CDVA significantly increased to 
0.86 (±0.13) Snellen (p=0.04, paired t-test). 
One eye lost three lines of its baseline CDVA 
(before ectasia), while all other eyes regained 
lines of CDVA. All cases remained stable during 
the follow-up. Conclusion: Several surgical pro-
cedures are used for the management of corneal 
ectasia. However, the best surgical approach 
should be determined based on the state of 
progression of the disease. Although ectasia 
remains a potentially devastating complica-
tion after refractive surgery, most patients can 
regain functional visual acuity with appropriate 
management, and corneal transplantation is 
infrequently indicated.
Keywords: LASIK, ectasia, crosslinking, kera-
toconus, corneal tomography.

1. BACKGROUND
Corneal ectasia is a sight-threatening 

complication of corneal refractive surgery 
characterized by progressive steepening 
and thinning of the cornea and subsequent 
loss of best-corrected visual acuity (1-7). The 
estimated incidence of post-LASIK ectasia is 
between 0.04% to 0.09% (2, 8-10). Although 
several identifiable risk factors connected 
with ectasia have been reported (2, 5-7, 11-13), 
and guidelines established to prevent ectasia, 
the problem can still occur even in patients 
free from any of the well-known risks

There are various options for t h e  treat-
ment of post-LASIK ectasia. Corneal-collagen 
cross-linking (CXL) is a preferred procedure 
whose primary goal is to halt the condition’s 
progression (14-17). The ‘Dresden protocol’ 
was established as a valuable procedure for 
the efficient clinical delivery of CXL. Nowa-
days, it can be combined with photorefractive 
keratectomy (PRK) (16-18) or intracorneal ring 
segments (19-22) to modulate and stabilize 
the cornea and improve visual acuity. Other 
options include contact lenses (23, 24) and 
lamellar keratoplasty (25).

2. OBJECTIVE
The aim of this paper was to investigate the 

clinical responses of a small series of post-
LASIK ectasia cases treated with either CXL 
alone or CXL combined with PRK or CXL and 
phakic intraocular implant using the Dresden 
protocol and a slight modification thereof.

3. METHODS
This is a retrospective case series of 7 pa-

tients (10 eyes) which developed post-LASIK 
ectasia. In these cases of postoperative ec-
tasia, the presented clinical signs were ei-
ther forme fruste keratoconus, thin cornea, 
posterior elevation map value > +15.0µm, or 
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residual stromal bed < 300µm. All cases 
were treated with either collagen cross-
linking (CXL) alone or combined with PRK 
or CXL and phakic intraocular implant 
using the Dresden protocol and a slight 
modification thereof. In all cases, the flap 
was created using the Moria M2 mechani-
cal microkeratome (average flap thickness 
118.15±12.88µm), and refractive error was 
corrected using the Wavelight Allegretto 
excimer laser.

4. CASE REVIEW AND 
MANAGEMENT OF THE 10 EYES 
WITH ECTASIA
The main results from the patient charts 

are shown in Table 1. Here follow a case-
by-case description and management of 
each patient.

CASE 1 (Eye 1)
A 31-year-old male underwent bilateral LASIK in No-

vember 2008 for moderate myopic astigmatism. One year 

after LASIK, he complained of decreased visual 
acuity in his right eye with uncorrected distance 
Snellen visual acuity (UDVA) of 0.3 in the right 
and 0.8 in the left eye. Corrected distance Snel-
len visual acuity (CDVA) was 0.5 with +1.00DS/-
4.00DCx70 in the right eye, and the residual 
refractive error in the left eye was negligible.

Corneal tomography revealed inferior corneal 
ectasia in his right eye with steepening of 2.2D 
and maximal keratometry reading (Kmax) of 
54.8D. In his left eye, the suspicious elevation 
of the posterior elevation map was noted with 
a Kmax of 43.6D. The patient was treated with 
collagen crosslinking (CXL) in his right eye. 
Standard Dresden protocol26 was used with 30 
min riboflavin with Dextran (RicrolinTM, Sooft 
Italia, Montegiorgio, Italy) soak followed by 3mW/

cm2 irradiation for 30 minutes (VegaTM, CSO–Costru-
zione Strumenti Oftalmici, Florence, Italy) (Figure 1). 
Two years later, the patient was implanted with a toric 

implantable Collamer Lens (Visian ICLTM, 
Staar Surgical AG, Nidau, Switzerland) 
with complete restoration of visual acuity. 
Seven years after CXL, Kmax in the right 
eye is 49.3D. His left eye is now showing 
suspicious signs of instability without any 
progressive deterioration of visual acuity 
or increase in Kmax.

The postoperative retrospective chart 
review revealed, for both eyes, anterior 
sagittal map irregularity and posterior 
map elevation (PME) of +24.0µm for the 
right eye and +8.0µm for the left eye. Fam-
ily history was negative for keratoconus, 
and otherwise, the patient was healthy.

CASE 2 (Eye 2)
A 23-year-old male underwent LASIK 

treatment for high myopia in his left eye 
and Verisyse™ phakic IOL (Abbott Medical 
Optics Inc, Santa Ana, California, USA) 

Figure 1. Difference map of the right eye from Case 1 six years after CXL

Figure 2. Difference map of the left eye from Case 5 one year after CXL

Figure 3. Difference map of the right eye from Case 6 two weeks after corneal wavefront-guided 
PRK and CXL
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implantation in his right eye in April 
2008. Three years after LASIK, he 
complained of decreased visual acu-
itinon his left eye with UDVA of 0.3 in 
the left and 0.6 in the right. CDVA was 
0.7 with +1.00DS/-4.00DCx110 in the 
left eye and 0.9 with pl/-1.50DCx 90 
in the right eye. Corneal tomography 
revealed inferior corneal ectasia in 
his left eye with a Kmax of 62.1D and 
normal corneal tomography in his 
right eye with a Kmax of 44.3D. The 
patient was treated with standard 
Dresden protocol26 CXL (RicrolinTM, 
Sooft Italia, Montegiorgio, Italy, Veg-
aTM, CSO–Costruzione Strumenti 
Oftalmici, Florence, Italy) in his left 
eye and wears spectacles. During the 
follow-up, Kmax decreased to 57.8D 
in his left eye while his right eye re-
mained stable.

The postoperative retrospective 
chart review revealed no corneal irregularities except 
the corneal thickness of 496µm at the thinnest point and 
relatively deep myopic ablation of -8.0D (112µm ablation). 
The family history was negative for keratoconus, but the 
patient developed severe allergies 18 months before 
ectasia was detected. He acquired a pollen allergy and 
was treated with systemic mast cell stabilizers. However, 
he felt his allergy only slightly improved after therapy.

CASE 3 (Eyes 3 and 4)
A 42-year-old male underwent bilateral LASIK in 

February 2012 for mixed astigmatism in his right eye 
and myopic astigmatism in his left eye. Eight months 
after LASIK, he complained of decreased visual acuity 
in his right eye with a UDVA of 0.03 in the right and 1.0 
in the left eye. CDVA was 0.1 with pl/-4.00DCx 80 in the 
right eye and plano in the left eye. Corneal tomography 
revealed inferior corneal ectasia in his right eye with 
Kmax readings of 49.4D. In his left eye, the suspicious 

elevation of the posterior elevation map was 
noted with Kmax readings of 44.8D. The 
patient was treated with corneal wavefront-
guided trans-PRK (Schwind Amaris 750STM, 
Schwind Eye-Tech-Solutions, Kleinostheim, 
Germany) with CXL (Dresden protocol26–Ricro-
linTM, Sooft Italia, Montegiorgio, Italy, VegaTM, 
CSO–Costruzione Strumenti Oftalmici, Flor-
ence, Italy) at the same session. Ten months 
later, he complained of blurred vision in his 
left eye with a UDVA of 0.6 in the left and 0.5 
in the right. Corrected distance visual acuity 
was 1.0 with pl/-1.50DCx70 in the left eye and 
plano in the right eye. Corneal tomography 
revealed inferior corneal ectasia in his left eye 
and increased Kmax readings to 48.6D. The 
patient was treated with corneal wavefront-
guided trans-PRK (Schwind Amaris 750STM, 
Schwind Eye-Tech-Solutions, Kleinostheim, 

Germany) with CXL (Dresden protocol26–RicrolinTM, Sooft 
Italia, Montegiorgio, Italy, VegaTM, CSO–Costruzione Stru-
menti Oftalmici, Florence, Italy) at the same session for 
his left eye also. Three years after trans-PRK +CXL, his 
right eye was experiencing a hyperopic shift while his 
left eye was stable. The final CDVA in his right eye was 
0.7 with +3.00DS/-1.50DCx110, and in his left eye, 1.0 
with -0.50DS/-0.50DCx80. His Kmax readings are still 
decreasing; on the last follow-up visit were 46.0D in the 
right eye and 45.3D in the left eye.

The postoperative retrospective chart review revealed 
normal anterior sagittal maps. Posterior elevation in his 
right eye was +22.0µm, and in the left eye was +9.0µm. 
Family history was negative for keratoconus, and other-
wise, the patient was healthy.

CASE 4 (Eye 5)
A 24-year-old female underwent bilateral LASIK in 

September 2008 for moderate myopic astigmatism. Five 

Figure 4. Difference map of the left eye from Case 6 two weeks after corneal 
wavefront-guided PRK and CXL

Figure 5. Difference map of the left eye from Case 7 two months after corneal wavefront-
guided PRK and CXL
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years after LASIK, she complained of decreased visual 
acuity in her left eye with a UDVA of 0.6 in the left and 1.0 
in the right eye. CDVA was 1.0 with +0.25DS/-0.75DCx110 
in the left eye and plano in the right eye. Corneal tomog-
raphy revealed inferior corneal ectasia in her left eye 
with a Kmax of 48.4D and normal tomography in her 
right eye with a Kmax of 45.8D. The patient was treated 
with CXL (Dresden protocol26–RicrolinTM, Sooft Italia, 
Montegiorgio, Italy, VegaTM, CSO–Costruzione Strumenti 
Oftalmici, Florence, Italy) in her left eye. During the 
follow-up, Kmax decreased to 47.2D in her left eye and 
remained stable. Her right eye showed signs of instabil-
ity without progression or affection of visual acuity with 
stable Kmax readings.

The postoperative retrospective chart review revealed 
asymmetric bow tie on the anterior sagittal maps of both 
eyes with inferior/superior steepening of 1.6D in her right 
eye and 1.2 in her left eye with normal posterior elevation 
maps. Family history was negative for keratoconus, and 
otherwise, the patient was healthy.

CASE 5 (Eye 6)
A 38-year-old male underwent bilateral LASIK in Sep-

tember 2008 for low myopia. Six years after LASIK, he 
complained of decreased visual acuity in his left eye with 
a UDVA of 0.3 in the left and 1.0 in the right eye. CDVA was 
0.8 with -0.75DS/-4.00DCx115 in the left eye and plano 
in the right eye. Corneal tomography revealed inferior 
corneal ectasia in his left eye with a Kmax of 53.4D. In 
his right eye, the suspicious elevation of the posterior el-
evation map was noted with a Kmax of 42.2DThe patient 
was treated with CXL (Dresden protocol26–RicrolinTM, 
Sooft Italia, Montegiorgio, Italy, VegaTM, CSO–Costruzi-
one Strumenti Oftalmici, Florence, Italy) in his left eye. 
During the follow-up, Kmax decreased to 51.7D in his left 
eye and remained stable (Figure 2). His right eye showed 
signs of instability without progression or affection of 
visual acuity with stable Kmax readings.

The postoperative retrospective chart review revealed 
an asymmetric bow tie on the anterior sagittal map in 
both eyes with inferior/superior steepening of 0.9D in his 
right eye and 1.2 in his left eye with suspicious PME of 
+29.0µm in his right and normal posterior elevation in 
his left eye. Family history was negative for keratoconus, 
and otherwise, the patient was healthy.

CASE 6 (Eyes 7 and 8)
A 24-year-old male underwent bilateral LASIK in 

June 2011 for low myopic astigmatism. Five years af-
ter LASIK, he complained of decreased visual acuity in 
both eyes, with a UDVA of 0.5 in the right and 0.6 in the 
left eye. CDVA was 0.8 with -1.50DCx80 in the right eye 
and -2.50DCx100 in the left eye. Corneal tomography 
revealed inferior corneal ectasia in both his eyes with a 
Kmax of 49.9D in the right eye and 50.4D in the left eye. 
The patient was treated with ocular wavefront-guided 
trans-PRK (Schwind Amaris 750STM, Schwind Eye-Tech-
Solutions, Kleinostheim, Germany) with CXL (Dresden 
protocol26–RicrolinTM, Sooft Italia, Montegiorgio, Italy, 
VegaTM, CSO–Costruzione Strumenti Oftalmici, Florence, 
Italy) in the same session first his right eye and seven 
days later his left eye. Three months after trans-PRK 

and CXL, his CDVA was 1.0 in both eyes, with -0.50DS 
in his left eye and -0.50 DCx100 in his left eye. Kmax 
readings decreased to 47.9D in the right eye and 48.5D 
in the left eye and remained stable during the follow-up 
(Figures 3 and 4).

The postoperative retrospective chart review revealed 
normal anterior sagittal and posterior elevation maps. 
The only exception was the thin cornea (487/483µm), 
but the correction was -2.25DS-0.75Dcx60 and -2.25Ds/-
0.75DCx160. Family history was negative for keratoco-
nus. However, the patient developed severe allergies, 
for which he did not seek treatment for two years after 
LASIK.

CASE 7 (Eyes 9 and 10)
A 20-year-old female underwent bilateral LASIK in 

December 2011. Her right eye was slightly amblyopic 
(CDVA 0.8) and had mixed astigmatism with high cyl-
inder, while her left eye had only low myopia. Six years 
after LASIK, she complained of decreased visual acuity 
in both eyes with UDVA of 0.4 in the right and 0.6 in the 
left eye. CDVA was 0.8 with -2.25DCx60 in the right eye 
and -2.25DCx120 in the left eye. Corneal tomography 
revealed inferior corneal steepening at the anterior 
surface and increased elevation at the posterior surface 
in both eyes. Kmax in the right eye was 45.7D, and in 
the left eye, 47.7D. The patient was treated with corneal 
wavefront-guided trans-PRK (Schwind Amaris 750STM, 
Schwind Eye-Tech-Solutions, Kleinostheim, Germany) 
with CXL at the same session first for her left eye and 
one month later, her right eye. For this patient, ribofla-
vin with hydroxyethyl methylcellulose (Peschke®M, Pe-
schke Trade, Huenenberg, Switzerland) was used, and 
the patient was irradiated for 10 minutes with 9mW/cm2 
(CCL-365-VarioTM, MLase Ag, Germering, Germany). Two 
months after trans PRK and CXL, her UDVA was 0.7 in 
both eyes, and refraction did not reveal any correction. 
Kmax decreased in both eyes at 42.6D in the right eye 
and 43.3D in the left eye (Figure 5).

The postoperative retrospective chart review revealed 
normal anterior sagittal and posterior elevation maps 
and a relatively thin cornea (500/496µm). Family his-
tory was negative for keratoconus. However, the patient 
reported mild allergies, for which she did not seek any 
treatment, with ocular involvement.

5. DISCUSSION
Corneal ectasia is a rare complication of laser in situ 

keratomileusis (LASIK) that can have a devastating effect 
on visual function (1-7). Recent studies identify preopera-
tive risk factors for corneal ectasia, including abnormal 
corneal topography, low residual stromal bed thickness, 
relatively young patient age, low preoperative corneal 
thickness, percent tissue altered ≥ 0.4, and additional 
topographic screening strategies have been proposed 
(2, 5-7, 11-13). Therefore, improved patient screening 
should significantly reduce the incidence of postopera-
tive ectasia. However, when ectasia develops, it must 
be addressed to improve the patient’s visual function.

Contact lenses are frequently required to achieve good 
functional vision. Still, they do not halt the progression 
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of the disease, and ectatic progression can lead to intol-
erance of contact lenses (23, 24, 27, 28).

CXL is an in vivo intrastromal photo-oxidative tech-
nique achieved with riboflavin and ultraviolet-A aiming 
to address the advancing corneal ectasia or keratoconus 
progression. CXL can achieve additional covalent bond-
ing between stromal collagen, stabilizing the collagen 
framework structure (26, 29-31). For our first cases that 
presented with reasonably good corrected distance vi-
sual acuity, we used the standard Dresden protocol (26) 
with stable long-term results. All patients were corrected 
with spectacles after surgery. One patient wanted to be a 
spectacle and contact lens free and was implanted with 
a toric ICL after corneal parameters became stabilized. 
Phakic intraocular lenses are viable options for correct-
ing ectasia/keratoconus patients with good corrected 
visual acuity (32, 33).

Topography (TG) and wavefront-guided (WG) treat-
ments were initially designed to correct corneal ir-
regularities, or, in the case of WG ablations, whole eye 
high-order aberrations and improve the quality of vision 
(16-18, 34-36). Although their effects on corneal regular-
ity and improvement in the quality of vision are well rec-
ognized, they still pose a challenge regarding refractive 
predictability. With the advent of CXL, which increases 
the biomechanical strength of the cornea, TG or WG PRK 
with simultaneous or sequential CXL has gained wide-
spread acceptance (16-18, 34-36). In our study, we used 
simultaneous TG PRK with CXL. Initially, we used the 
standard Dresden protocol (26), then switched to 9mw 
irradiation after reviewing reports of good stability with 
accelerated protocols (37, 38). One of the limitations when 
using this technique is that the unpredictable flattening 
effect of CXL may lead to an unexpected hyperopic shift. 
We encountered such a hyperopic overcorrection in one 
patient (1 eye). Similar results were reported by Lin et 
al. (34) where 8 out of 75 eyes developed a hyperopic 
shift of up to +2.00D after treatment with simultaneous 
topography-guided PRK and CXL at the same session.

Several surgical procedures are being used for the 
management of corneal ectasia. The best surgical ap-
proach should be reached based on the state of progres-
sion of the disease. Although ectasia remains a poten-
tially devastating complication after refractive surgery, 
most patients can regain functional visual acuity with the 
appropriate management, and corneal transplantation 
is infrequently indicated (26). However, when required, 
the results are similar to those achieved in keratoconus 
patients.

It would be helpful to have a multicenter prospective 
longitudinal study with longer follow-ups to detect more 
ectasia cases and better estimate the actual incidence 
of post-LASIK ectasia and the safety and efficacy of the 
currently proposed treatments.

6. CONCLUSION
Several surgical procedures are used for the man-

agement of corneal ectasia. However, the best surgical 
approach should be determined based on the state of 
progression of the disease. Although ectasia remains 

a potentially devastating complication after refractive 
surgery, most patients can regain functional visual acu-
ity with appropriate management, and corneal trans-
plantation is infrequently indicated.
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