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Purpose: To prospectively assess the forward shift of the cornea after laser
in situ keratomileusis (LASIK) in relation to the residual corneal bed thickness.

Setting: Miyata Eye Hospital, Miyazaki, Japan.

Methods: Laser in situ keratomileusis was performed in 164 eyes of 85 patients
with a mean myopic refractive error of �5.6 diopters (D) � 2.8 (SD) (range �1.25
to �14.5 D). Corneal topography of the posterior corneal surface was obtained
using a scanning-slit topography system before and 1 month after surgery. Simi-
lar measurements were performed in 20 eyes of 10 normal subjects at an interval
of 1 month. The amount of anteroposterior movement of the posterior corneal sur-
face was determined. Multiple regression analysis was used to assess the factors
that affected the forward shift of the corneal back surface.

Results: The mean residual corneal bed thickness after laser ablation was
388.0 � 35.9 �m (range 308 to 489 �m). After surgery, the posterior corneal sur-
face showed a mean forward shift of 46.4 � 27.9 �m, which was significantly
larger than the absolute difference of 2 measurements obtained in normal sub-
jects, 2.6 � 5.7 �m (P�.0001, Student t test). Variables relevant to the forward
shift of the corneal posterior surface were, in order of magnitude of influence, the
amount of laser ablation (partial regression coefficient B � 0.736, P�.0001) and
the preoperative corneal thickness (B � �0.198, P�.0001). The residual corneal
bed thickness was not relevant to the forward shift of the cornea.

Conclusions: Even if a residual corneal bed of 300 �m or thicker is preserved,
anterior bulging of the cornea after LASIK can occur. Eyes with thin corneas and
high myopia requiring greater laser ablation are more predisposed to an anterior
shift of the cornea.
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surgery have been documented.2–15 In a series of patientsDespite the overall success of laser in situ keratomil-
having LASIK, forward shift of the posterior cornealeusis (LASIK), several problems remain. There is
surface has been demonstrated.16,17 Increases in posteriora concern that the biomechanical strength of the post-
corneal curvature resulting from anterior bulging of theLASIK cornea is diminished by the surgical tissue sub-

traction and the intersection of Bowman’s membrane.1 cornea after photorefractive keratectomy (PRK)18,19 and
Several cases of iatrogenic keratectasia after excimer laser LASIK20 have also been reported, indicating that mild

protrusion of the cornea is common early after excimer
laser keratorefractive surgery.20 There is anecdotal dis-
cussion that the flap does not contribute to the biome-

Accepted for publication August 29, 2003. chanical stability of the cornea after it is repositioned
Reprint requests to Tetsuro Oshika, MD, Department of Ophthalmol- on the stromal bed, and therefore the residual corneal
ogy, Institute of Clinical Medicine, University of Tsukuba, 1-1-1 Ten-

bed thickness is a crucial factor in preventing subsequentnoudai, Tsukuba, Ibaraki, 305-8575 Japan. E-mail: toshika@md.
tsukuba.ac.jp. iatrogenic keratectasia in LASIK.

 2004 ASCRS and ESCRS 0886-3350/04/$–see front matter
Published by Elsevier Inc. doi:10.1016/j.jcrs.2003.09.046



CORNEAL FORWARD SHIFT AFTER LASIK

evaluated at the center of the difference map generated fromWang and coauthors16 assessed 32 eyes of 16 pa-
preoperative and postoperative elevation maps. For surfacetients after LASIK and reported that the mean bulge
alignment in the difference map, the 3.0 mm wide peripheralof the cornea is significantly larger in eyes with a residual
annular fit zone was used.16,17

bed thinner than 250 �m than in eyes with a residual
In 20 eyes of 10 normal subjects (mean age 32.6 years �

bed of 250 �m or thicker. Except for this small study, 5.3 [SD]), scanning-slit topography was measured twice at
however, the relationship between residual bed thick- an interval of 1 month. The mean refraction in these eyes

was �1.51 � 0.89 D. The subjects had no ocular diseaseness and postoperative forward shift of the cornea has
except mild refractive errors. The anteroposterior shift of thenot been investigated. We conducted a prospective
posterior corneal surface was similarly estimated, and thestudy to investigate the amount of forward shift of the
absolute values in the 20 eyes were averaged.

cornea after LASIK in relation to the residual corneal Stepwise multiple regression analysis was performed to
bed thickness, preoperative corneal thickness, amount investigate the relationship between several variables and the
of myopic correction, intraocular pressure (IOP), and amount of forward shift of the posterior corneal surface after

surgery. The preoperative and surgical variables studied in-amount of laser ablation.
cluded patient age and sex, preoperative IOP, preoperative
refraction, preoperative corneal thickness, preoperative and
postoperative keratometry values, amount of laser ablationPatients and Methods
(changes in corneal thickness), achieved myopic correction

One hundred sixty-four eyes of 85 patients having (refraction), and residual corneal bed thickness.
LASIK for myopia were included in this study. Eyes with
keratoconus were excluded using the keratoconus screening
test of Placido disk videokeratography (TMS-2, Computed Results
Anatomy Inc.). The patients were consecutive cases operated

The mean age of the 41 men and 44 women wason between April and December 2001 at Miyata Eye Hospi-
33.2 � 9.3 years (range 19 to 52 years). The meantal. All patients signed an informed consent before the pro-
refraction was �5.6 � 2.8 diopters (D) (range �1.5 tospective study.

All surgery was performed by the same surgeon (K.M.) �14.0 D) before surgery and �0.08 � 0.47 D 1 month
using the Visx Star S2 excimer laser system. Laser parameters after surgery (P�.0001, paired t test). Keratometry val-
included the following: wavelength, 193 nm; radiant expo- ues were 43.95 � 1.48 D before and 38.42 � 2.48 D
sure (fluence), 160 mJ/cm2; pulse repetition rate, 10 Hz; after surgery (P�.0001).
mean ablation depth per pulse, 0.23 �m on the cornea;

The mean residual corneal bed thickness after laserablation zone diameter, 6.0 mm; transition zone, 0.35 mm;
ablation was 388.0 � 35.9 �m (range 308 to 489 �m).aspiration air flow was used for debris removal. An automated
No cornea had a residual bed of 300 �m or thinner.microkeratome (MK-2000, Nidek Ltd.) was used to create

a hinged corneal flap of 160 �m thickness. In all eyes, the After surgery, the posterior corneal surface displayed a
preoperative manifest refraction was selected as the target mean forward shift of 46.4 � 27.9 �m, which was
correction. During surgery, the corneal bed thickness was significantly larger than the absolute difference between
measured after the excimer laser ablation was completed using 2 measurements obtained in the normal subjects, 2.6 �
an ultrasound pachymeter (Altair, Optikon 2000).

5.7 �m (P�.0001, Student t test). No case had clinicallyAnterior and posterior corneal elevation and corneal
apparent iatrogenic keratectasia.thickness were measured with scanning-slit topography (Orb-

Results of multiple regression analysis are shownscan II, Bausch & Lomb) before and 1 month after surgery.
Changes in the elevation of the posterior corneal surface were in Table 1. Variables that were relevant to the forward

Table 1. Results of stepwise multiple regression analysis to select variables relevant to forward shift of the posterior corneal surface
after LASIK.

Partial Regression Standardized Partial
Variable Coefficient Regression Coefficient P Value

Laser ablation (�m) 0.736 0.700 �.0001

Preoperative corneal thickness (�m) �0.198 �0.224 �.0001

Constant 112.08 — —

Adjusted R2 � 0.502
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Figure 1. (Miyata) A significant positive correlation is shown be- Figure 2. (Miyata) A significant negative correlation is shown be-
tween the amount of laser ablation and the forward shift of the poste- tween the preoperative corneal thickness and the forward shift of the
rior corneal surface (r � 0.676, Pearson correlation coefficient; posterior corneal surface (r � �0.155, Pearson correlation coeffi-
P�.001). cient; P�0.05).

scanning-slit corneal topography. On a difference mapshift of the corneal posterior surface were the amount
generated from the preoperative and postoperative poste-of laser ablation and the preoperative corneal thickness.
rior elevation maps, forward shift of the cornea afterSince the preoperative refraction and the amount of
excimer laser surgery has been demonstrated.16–18,21 Steep-achieved myopic correction showed multicollinearity
ening of the posterior corneal surface and increases inwith other variables, these parameters were not entered
the negative posterior corneal power have also been re-in the regression model. The residual corneal bed thick-
vealed after PRK18,19 and LASIK.20 Hernández-Quintelaness was not relevant to the forward shift of the corneal
et al.22 report that refractive surgery did not induceposterior surface. The multiple regression equation was
significant changes in the radius of curvature of theexpressed as
posterior best-fit sphere, suggesting the limitation of

Forward shift of posterior surface (�m) �
scanning-slit topography measurements. The radius of

(0.736 � laser ablation) � curvature of the posterior best-fit sphere, however, is
(�0.198 � preoperative corneal thickness) � 112.08

Standardized partial regression coefficients were assessed
to discern the magnitude of each variable’s influence.
As shown in Table 1, amount of laser ablation was the
most relevant variable, followed by preoperative corneal
thickness. Relationships between the variables and the
amount of corneal forward shift are shown in Figures
1 and 2. The correlation between residual corneal bed
thickness and forward shift of the posterior corneal surface
was not significant even by the simple correlation test
(r � �0.123, Pearson correlation coefficient; P � .116)
(Figure 3).

Figure 3. (Miyata) Relationship between the residual corneal bedDiscussion
thickness and the forward shift of the posterior corneal surface is

The influence of excimer keratorefractive surgery on shown. The correlation was not statistically significant (r � �0.123,
Pearson correlation coefficient; P � 0.116).the posterior corneal surface has been evaluated using
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not equivalent to the radius of curvature in the center the anterior protrusion of the cornea after LASIK. There
is a contention that at least 250 �m of central posteriorof the posterior corneal surface nor does it exactly paral-

lel the amount of anterior shift of the posterior corneal stromal tissue should be preserved to maintain long-
term corneal integrity and avoid postoperative cornealsurface. The central cornea can be above or below the

best-fit sphere, and thus the radius of curvature of the ectasia after LASIK.26 Wang and coauthors16 report that
the mean bulge of the cornea is significantly larger inbest-fit sphere does not represent the curvature or eleva-

tion of the central cornea. The best-fit sphere is used to eyes with a residual bed thinner than 250 �m than in
those with a residual bed of 250 �m or thicker.facilitate color-coded presentation of the corneal height

maps and is not the measure to assess the geometric In our study population, at least 300 �m of corneal
bed was preserved in each case. There are 2 possibleand/or refractive changes in the central part of the

corneal back surface. interpretations of these results. First, if a residual corneal
bed of 300 �m or thicker is preserved, the thinness ofWe performed stepwise multiple regression analysis

to investigate the relationship between various variables the residual bed is not a risk factor in the anterior
protrusion of the cornea. Second, even in eyes in whichand the amount of forward shift of the posterior corneal

surface after LASIK. Variables that were found to be the residual bed thickness is more than 300 �m, forward
shift of the cornea is induced by LASIK. The degreerelevant were the amount of laser ablation and the

preoperative corneal thickness. Baek et al.17 also report of the forward shift is dependent on the preoperative
corneal thickness and the amount of laser ablation.that eyes with thin corneas and high myopia requiring

greater laser ablation are more predisposed to an anterior At present, it is not clear whether the corneal for-
ward shift observed in our study is progressive andshift of the cornea after LASIK. In a study that assessed

the time course of changes in corneal forward shift after some of the eyes will eventually develop keratectasia.
Iatrogenic keratectasia is a potentially severe complica-excimer laser PRK, Miyata et al.21 show that progression

of a forward shift was more prominent in eyes with less tion occurring in structurally compromised eyes after
refractive surgery not only by an excimer laser proce-preoperative corneal thickness and high myopia that

required larger laser ablation. Judging from our study dure2–15 but also by repeated keratotomy surgery27,28 and
deep primary keratotomy without laser application.29 Aand previous studies, the preoperative corneal thickness

and the amount of tissue subtraction by laser are the 1-year follow-up study of PRK demonstrates that the
largest forward shift occurs within the first postoperativekey factors that influence the tensile strength of the

cornea after excimer laser keratorefractive surgery. week. Changes are progressive up to 6 months postoper-
atively but become almost stable thereafter.21 A similarA previous study suggests a negative correlation

between the residual corneal bed thickness and the for- long-term and large-scale study is needed for LASIK.
The limitation of scanning-slit corneal topographyward shift of the posterior corneal surface.17 In that

study, however, the actual bed thickness was not mea- in measuring eyes after excimer laser keratorefractive
surgery has been discussed, especially the accuracy ofsured and the residual bed thickness was estimated,

assuming that 160 �m thick corneal flaps had been pachymetry in eyes after refractive surgery. In normal
eyes, corneal thickness measurements of scanning-slitcreated in all cases. The actual flap thickness is known

to vary considerably and generally be thinner than in- corneal topography, corrected with the acoustic equiva-
lent factor (0.92), are similar to those of ultrasonictended.23–25 In the present study, we measured the bed

thickness directly after laser ablation was completed pachymetry.30,31 In eyes that have had excimer laser
keratorefractive surgery, however, Orbscan II scan-during surgery.

As shown in the results, the residual corneal thick- ning-slit topography has been reported to significantly
underestimate corneal thickness compared to ultrasonicness was not entered in the multiple regression model.

The correlation between residual corneal bed thickness pachymetry.32,33 The presence of corneal haze further
contributes to the artifactually reduced pachymetry.30,34and forward shift of the posterior corneal surface was

not significant even by the Pearson correlation test, Scanning-slit topography/pachymetry measures the cor-
neal thickness by subtracting points on the posteriorindicating that residual bed thickness is not relevant to
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12. Eggink FAGJ, Beekhuis WH. Contact lens fitting in asurface from those on the anterior surface. In light
patient with keratectasia after laser in situ keratomileusis.of significant underestimation of corneal thickness by
J Cataract Refract Surg 2001; 27:1119–1123Orbscan pachymetry in post-LASIK eyes, there is a

13. Argento C, Cosentino MJ, Tytiun A, et al. Corneal
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120:896–900ring associated with iatrogenic keratectasia after myopic

22. Hernández-Quintela E, Samapunphong S, Khan BF,laser in situ keratomileusis. J Cataract Refract Surg
et al. Posterior corneal surface changes after refractive2000; 26:1684–1686
surgery. Ophthalmology 2001; 108:1415–14228. Amoils SP, Deist MB, Gous P, Amoils PM. Iatrogenic

23. Yi W-M, Joo C-K. Corneal flap thickness in laser inkeratectasia after laser in situ keratomileusis for less than
situ keratomileusis using an SCMD manual microkera-�4.0 to �7.0 diopters of myopia. J Cataract Refract
tome. J Cataract Refract Surg 1999; 25:1087–1092Surg 2000; 26:967–977

24. Maldonado MJ, Ruiz-Oblitas L, Munuera JM, et al.9. Joo C-K, Kim T-G. Corneal ectasia detected after laser
Optical coherence tomography evaluation of the cornealin situ keratomileusis for correction of less than –12
cap and stromal bed features after laser in situ keratomil-diopters of myopia. J Cataract Refract Surg 2000;
eusis for high myopia and astigmatism. Ophthalmology26:292–295
2000; 107:81–87; discussion by DR Hardten, 8810. Miyata K, Takahashi T, Tomidokoro A, et al. Iatrogenic
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