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Introduction

Corneal ectasia secondary to refractive surgery or iatrogenic
ectasia is a progressive entity consisting of corneal thinning,
increased curvature and decreased visual acuity with and without
correction. Its prevalence rate ranges from 0.02 to 0.6% according
to different series, and in the fewer cases of this complication,
corneal transplantation or penetrating keratoplasty (PK) is the only
treatment measure to restore vision in these patients. Despite the
reports and identification of some risk factors, the mechanisms of
ectasia secondary to refractive surgery are not completely clear. In
this study we observed histopathological alterations in the corneas
studied with clinical diagnosis of iatrogenic ectasia. We support
the previously reported in the literature demonstrating alterations
in the posterior layers of the cornea, i.e. loss of endothelial cells
and decrease in the residual stromal bed. In the current series also
found other important alterations in the anterior layers that have
only been described in non iatrogenic ectasias of the keratoconus
type. These data suggest that there are more risk factors, which
have not been previously reported in the development of this
complication, which remains one of the most serious and feared
after refractive surgery.

Refractive surgery had its beginning in a real manner with the
advent of the radial keratotomy (RK), in which there were radial
cuts in the cornea and a considerable depth (90% of depth), in
order to overcome the resistance of this, and it was the reason that
changes its curvature and thus achieve the refractive effect [1,2].

With the advent of the photo-refractive surgery at the beginning of
the 90’s, was obtained more certainty as to the safety and results in
refractive surgery, even the possibility of being able to re-operate
to patients not satisfied of RK upon [3,4].

LASIK (Laser assisted in Situ Keratomileusis) technique is
currently the most used at the global level, due to its predictability,
stability, and its rapid recovery, and also, that does not develop as a
complication the appearance of stromal haze that occurs much more
frequently in the technique of photorefractive keratectomy (PRK).
Another point in favor of the technique of LASIK over PRK, is
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that you can operate both refractions rates as moderate and high,
depending on the corneal pachymetry (higher corneal thickness,
higher is the refraction that can be corrected with security) [5].

Regardless of the system used for the measurement of central
corneal thickness, must always be the refraction to try and perform
the necessary calculations for you after the surgery the stromal
bed is >350 microns (p) enough to prevent the development of
a corneal ectasia, especially with <500y thick prior to surgery.
The corneas with thinner pachymetry than normal and abnormally
pronounced curves will have a greater probability of generating an
ectasia refractive surgery [6].

The ectasia is arare condition in which the eye becomes progressively
more short-sighted, with irregular astigmatism, an increase in the
slope, topographical, and corneal thinning, resulting in a loss of
visual acuity and without correct [7].

latrogenic keratectasia, after refractive surgery, have been described
in the NICE systematic review as the most serious of all the
complications associated with this procedure, which can lead to
severe vision loss [8].

The corneal ectasia is a rare but well described complication
of LASIK surgery, which indicates a biomechanical resistance
altered, but has rarely been reported after the PRK, except in the
cases with features suggestive of ectasia or a family history of
keratoconus and the cases of multiple treatments [9-11].

In case of iatrogenic ectasia, the initial treatment is conservatively
with visual rehabilitation, which is usually effective, but in some
cases they need surgical treatment, which consists in PK. The
advances in the knowledge of the risk factors and methods of
detection will further reduce the incidence of this complication and
improve treatment for patients in which occurs the ectasia [12].

In this study we determined the histopathologic features, quantitative
(measures) and qualitative (alterations in each of the corneal layers)
and the demographic characteristics of the patients.
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We present evidence of the importance of the alteration in the
anterior layers of the cornea as complementary risk factors for the
development of iatrogenic Keratectasia.

Material and Methods
This was aretrospective, observational, cross-sectional and descriptive
study.

Was initiated with the revision of histopathologic reports of
patients with a clinical diagnosis of ectasia and history of refractive
surgery, for a period of 10 years (March 1, 2004 to February 28,
2014). Were excluded cases with a history of wound and/or corneal
infection, as well as partial thickness corneas.

The data of each patient were collected in a database prepared for
this purpose. Subsequently, photomicrographs of sections stained
with hematoxylin & Eosin, PAS and Masson’s trichrome were taken,
with 10x and 40x objective lenses. The measurement of the corneal
thicknesses was done through the AxioVision microscope version 4.8.2.

The histopathological variables were divided into two groups:
qualitative, which were used to describe the alterations found in each
of the layers of the cornea, and quantitative, which were subdivided
into those general measurements, i.e. those that were performed in
all corneas: thickness in the area of greater ectasia and epithelial
thickness, and according to the type of refractive surgery.

In the cases of LASIK the following measurements were made:
thickness in the zone of greater ectasia, epithelial thickness,
thickness of flap and flap stroma (including epithelium), as well as
residual stromal bed (Figure 1).
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Figure 1: Histopathologic quantitative variables measures in cases
of LASIK

In the cases of RK were measured: thickness in the zone of greater
ectasia, epithelial thickness in that area and intrastromal thickness
of the epithelium in the incision zone; in addition the scope of the
incision in the corneal stroma was determined (Figure 2).
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Figure 2: Histopathologic quantitative variables measures in cases of
RK

In cases that were not within the categories of LASIK or RK, only
the general measurements and the description of alterations in
corneal layers.

Results

Fifty corneas of 47 patients were studied, with no gender
predominance. The mean age was 37.8 years and the time elapsed
between refractive surgery and corneal transplantation was 10.5
years. summarizes the demographic data of the patients.

Table 1: Patient demographic data (n=47)

Min Max Media SD
Age(years) 16 58 37.8 10.5
Time between refractive 0.58 25 10.5 6.7
surgery and PK (years)

The type of refractive surgery that was most frequently performed
was LASIK, followed by RK, the remaining percentage was
occupied by other procedures, including two cases of RK + LASIK,
one case of PRK and one case of PRK + LASIK (Graph 1).

The range of the general measures is concentrated in Table 2. The
mean of the thickness in the zone of greater ectasia with 344.83 p
is emphasized, and the mean of the epithelium measured in that
zone with 38.06 p.

Table 2: Corneal general measures (n=50)

Corneal Min Max Media SD
Thickness

Major zone 118.75 569.51 344.83 112.12
ectasia (microns)

Epithelium 5.8 9291 38.06 23.41

In cases of LASIK, the area with the highest ectasia was found with
a minimum measurement of 118.75 p and a maximum thickness of
569.51 p. The epithelium presented a range of 5.8 to 92.91 . The
averages of the upper layers below 200 p, however the average
flap is above 150 p. The residual stromal bed presented an average
of 181.34 p (Table 3).
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Graph 1: Type of refractive surgery
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Table 3: Corneal measures in LASIK (n=26)

Corneal thickness Min Max Media SD
(microns)

Greater ectasia 118.75 569.51 330.97 117.78
zone

Epithelium 5.8 9291 40.60 25.61
Flap 64.65 37491 162.29 76.47
Stromal Flap 32.32 273.85 106.63 55.85
Stromal residual 51.68 532.14 181.34 120.58
bed

In the cases of RK, the thickness in the zone of greater ectasia
fluctuated between 160.37 and 547.08 p, presenting an average
of 344.11 p. In the epithelial thickness important contrasts were
found, with a mean in the zone of greater ectasia of 29.90 p and
136.04 p in the incision zone (Table 4).

Table 4: Corneal measures in RK (n=20)

Corneal thickness Min Max Media SD
(microns)

Greater ectasia zone 160.37 547.08 344.11 98.89
Epithelium 6.21 60.17 29.90 17.11
Epithelium at 38.12 279.7 136.04 63.62
incision site

In the corneal epithelium the alterations found were: alternation of
atrophy with hyperplasia in 31 cases (Figure 3a), followed just by
hyperplasia in 11 cases, and just atrophy in 8 of them (Graph 2).

As epithelial findings, intracellular edema was found in 88% of
cases (Figure 3b), followed by blisters in 46%, dyskeratocytes in
20% and pannus in 4%.
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Graph 2: Histopathological findings in corneal epithelium

In relation to the Bowman layer, partial loss is reported in 21 cases
(Figure 4), focal rupture in 15, and normality in 10, in 2 cases
rupture and loss, and in 2 more absence of the layer.

EPITHELIAL
ATROPHY

EPITHELIAL
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Figure 3a: Alternation of atrophy and epithelial hyperplasia in a
case of post-LASIK ectasia
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Figure 3b: The presence of intracellular edema and epithelial bullae in
a case of LASIK
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Figure 4: Loss of Bowman’s layer in a case of post- LASIK ectasia
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Figure 5: Normal Descemet’s membrane in a case of ectasia post-
RK
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Figure 6: Incision in a case of RK that reaches the intermediate
stroma
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Figure 7: Incision in a case of RK that reaches the deep stroma and
Bowman’s layer rupture
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Of the 20 cases of RK, 50% showed the scope of the midstroma
incisions (Figure 6), in 35% the incisions reached the deep stroma
(Figure 7) and the superficial stroma in 15% (Graph 3).

Regarding the endothelium, 28 cases presented loss of endothelial
cells, in 2 cases they were absent, and in 20 cases there was no
alteration (Figures 8a&b and Graph 4).
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Graph 3: Deep of corneal incisions in RK cases
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Figure 8a & 8b: Photomicrographs comparative advantages between
the endothelium of a normal cornea and a case of RK
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Graph 4: Corneal endothelium findings

Discussion

Corneal ectasia following refractive surgery is a rare but potentially
devastating complication, which can occur when residual stromal
bed is thin, resulting in loss of biomechanical stability of the
cornea. It is recommended to leave a residual stromal bed greater
than 250 p, especially in corneas less than 500 p in total thickness,

to minimize the risk of ectasia, however, there are reports of
patients with a stromal bed of 250 p or thicker who have developed
ectasia, which leads us to consider that there may be some other
factors that contribute to the development of keratectasia after this
type of surgical procedure [13].

It is important to keep in mind the contraindications already
known for refractive surgery, (diseases of collagen, predisposition
to hypertrophic scarring or keloid formation, diabetes, prolonged
steroid or immunosuppressive treatments, certain congenital or
acquired corneal disorders, irregular astigmatism, uveitis, glaucoma,
vitreoretinal alterations that predispose to retinal detachment, among
others), in the preoperative evaluation of the patient who wishes to
undergo such intervention [6,14,15].

In the present study we found that the mean age of patients was
37.8 years, coinciding with the age ranges reported by Randleman
et al, although there are other studies, that do not report correlation
of the patient’s age with the presentation of keratectasia. Gurkan et
al, report a slight predominance by the male gender, whereas we
do not find predominance by gender [16-19].

Of the current studies that have analyzed the characteristics of
the corneal tissue in the complications, the ones that we find are
LASIK surgery, which is explained by the disuse of the RK; in
this study we also find LASIK as the most frequently performed
procedure [18,20].

Twa et al., report the time of post-LASIK ectasia (between refractive
surgery and the diagnosis of ectasia) with an average of 13 months
and a range of 6 to 20 months; Gurkan et al., 19 report an average
of 36 months and we report a range of 7 months to 25 years, with an
average of 10.5 years, but this difference can be explained because in
this study we measured the time elapsed between refractive surgery
and the final treatment of ectasia with PK [21].

Brenner et al., found a mean corneal thickness of 534.18 p in eyes
with LASIK ectasia, while Gurkan et al. [19]. reported a thinner
central corneal thickness than most studies, averaging 447.43 p
microns; we reported an average of 344.83 p [22].

The current series as well as other studies, reported thinning in
epithelial thickness [20,23]. In the Bowman layer, we found
uptures and other alterations reviously described in the literarture
[18,20].

Regarding the stroma, of the findings reported in previous studies,
such as thinning collagen lamellae, scars in the stroma, presence
of inflammation and an iron ring around the ectasia, we report the
presence of incisional stromal scars in cases of RK, however we did
not find in the literature published reports related to measurements
of corneal RK projections [13,24,25]. In the Descemet’s membrane,
in the majority of the patients, no alterations were found, coinciding
with Meghpara et al [20]. and in the endothelium we reported
decrease of cells, as did Moshifar et al., Meghpara et al., report
central flap thicknesses of 60 to 136 p and central residual stromal
thicknesses of 129 to 264 p, while we found a flap with thicknesses
ranging from 64.65 to 374.91 p and residual stromal thicknesses of
51.68 to 532.14 11 [20,26].
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Conclusions

Some other published papers in the literature have shown that
alterations such as reduction in the thickness of the residual stromal
bed, as well as secondary endothelial loss, contribute to changes in
corneal ectasia. The current series support the previously described
factors, and we add in important ways alterations in the anterior
layers.

The anterior findings such as alternation of epithelial atrophy with
hyperplasia, partial loss or rupture in Bowman’s layer, as well as
the thinning in the thickness of the flap involving epithelium and
stroma, are factors that contribute significantly to the development of
corneal ectasias. These histopathological findings are complications
caused by corneal biomechanical instability secondary to refractive
surgical procedures.

The previous risk factors mentioned in this study can contribute
in avoiding keratectasia as a complication related to this type of
refractive surgeries.

References

1. Cherry PM, Britton A (1984) Experimental radial keratectomy
in rabbits for the correction of Aphakial. Cornea 3: 61-64.

2. Swinger CA (1981) Refractive surgery for the correction of
myopia. Trans Ophthalmol Soc UK 101: 434-439.

3. Epstein D, Frueh BE (1995) Indications, results and
complications of refractive corneal surgery with lasers. Curr
Opin Ophthalmol 6: 73-78.

4. Meza J, Perez-Santonja JJ, Moreno E, Zato MA (1994)
Photorefractive keratectomy after radial keratotomy. JCataract
Refract Surg 20: 485-489.

5. Buratto L, Ferrari M (1997) Indications, techniques, results,
limits, and complications of laser in situ keratomileusis. Curr
Opin Ophthalmol 8: 59-66.

6. The Federal Government. Criteria for refractive surgery in the
adult population. Guide to Clinical Practice. Master Catalog
of clinical practice guidelines: IMSS-631-13: 2.

7. Layton JB, Russell B, Ward MA, Thompson KP, Stulting RD
(2003) Risk factors and prognosis for corneal ectasia after
LASIK. Ophthalmology 110: 267-275.

8. Dimitri T.A, Camellin M, Yee R (2005) PRK, LASEK, and
stromal Excimer Laser Surface Ablation: Refractive Surgery.
New York: Marcel Dekker.

9. Roberts C (2000) The cornea is not a piece of plastic. J Refract
Surg 16: 407-413.

10. Layton JB, Caster Al, Banning CS, Stulting RD (2006)
Corneal ectasia after photorefractive keratectomy. J Cataract
Refract Surg 32: 1395-1398.

11. Holland SP, Srivannaboon S, Reinstein DZ (2000) Avoiding
serious corneal complications of laser assisted in situ
keratomileusis and photorefractive keratectomy. Ophthalmology
52: 640-652.

12. Randelman BJ, Perez-Straziota EC (2008) Post-Laser in Situ
Keratomileusis ectasia. US Opthalmic Review 31-34.

13. Seiler T, Koufala K, Richter G (1998) Iatrogenic keratectasia
after laser in situ keratomileusis. Journal of Refractive Surgery
14: 312-317.

14. Benitez-Merino, Machado-Fernandez MC, Diaz-Parra Y
(1999) Review and updating in corneal refractive surgery. Rev
Cubana Oftalmol 12: 146-155.

15. Bower KS, Woreta F (2014) Update on contraindications

for laser assisted in situ keratomileusis and photorefractive
keratectomy. Curr Opin Ophthalmol 25: 251-257.

16. Layton JB, Woodward M, Lynn J, Stulting RD (2008) Risk
assessment for ectasia after corneal refractive surgery.
Ophthalmology 115: 37-50.

17. Binder PS, Trattler WB (2010) Evaluation of a risk factor
scoring system for corneal ectasia after LASIK in eyes with
normal topography. Journal of Refractive Surgery 26: 241-
250.

18. Spadea L, Cantera E, Cortes M, Conocchia NE, Stewart M
(2012) corneal ectasia after myopic laser in situ keratomileusis:
a long-term study. Clinical Ophthalmology 6: 1801-1813.

19. Giirkan TM, Feride Aylin Kantarci, Aydin Yildirim A, Hagim
Uslu, Hatice Nur Colak, et al. (2014) Risk Factors in Post-
LASIK corneal ectasia. Journal of Ophthalmology 2014: 4.

20. Meghpara B, Nakamura H, Macsai M, Sugar J, Hidayat A,
et al. (2008) Keratectasia After Laser In Situ Keratomileusis:
A Histopathologic and immunohistochemical study. Arch
Ophthalmol 126: 1655-1663.

21. Twa MD, Nichols JJ, Joslin CE, Kollbaum PS, Edrington TB,
et al. (2004) Characteristics of corneal ectasia after LASIK for
myopia. Cornea 23: 447-457.

22. Brenner LF, Ali6 JL, Vega-Estrada A, Baviera J, Beltran J, et
al. (2012) Clinical grading of post-LASIK ectasia related to
visual limitation and predictive factors for vision loss. Journal
of Cataract and Refractive Surgery 38: 1817-1826.

23. Kim H, Song IK, Joo CK (2006) Keratectasia after laser in situ
keratomileusis: clinicopathological case report. Ophthalmologica
220: 58-64.

24. Ozdamar A, Aras C, Ustundag C, Bahcecioglu H, Ozkan S
(2000) Corneal iron ring associated with iatrogenic keratectasia
after myopic laser in situ keratomileusis. J Cataract Refract
Surg 26: 1684-1686.

25. Jabbur NS, Stark WJ, Green WR (2001) Corneal ectasia after
laserassisted in situ keratomileusis. Arch Ophthalmol 119:
1714-1716.

26. Moshirfar M, Ollerton A, Semnani TR, Maylon Hsu (2012)
Radial keratotomy associated endothelial degeneration. Clinical
Ophthalmology 6: 213-218.

Copyright: ©2017 Zamora-Ortiz Rocio, et al. This is an open-access
article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original author and source are credited.

J Ophthalmol Clin Res, 2017

Volume 1 | Issue 2 | 5 of 5



