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Abstract
● AIM: To investigate the long term (≥5y) efficacy, predictability, 
and safety of laser in situ keratomileusis (LASIK) in eyes 
with thin corneas [central corneal thickness (CCT) <500 µm].
● METHODS: A total of 339 patients met the criteria of this 
study. Finally, 175 eyes of 89 patients who had thin corneas 
and underwent LASIK≥5y ago returned to our clinic and 
included in this study. Preoperative parameters recorded 
included uncorrected visual acuity (UCVA), corrected 
distance visual acuity (CDVA), manifest refraction, CCT 
and corneal topography. At returning visits, in addition to 
visual acuity and manifest refraction, ultrasound CCT and 
corneal topography were performed. Optical coherence 
tomography was used to measure the CCT, LASIK flap 
thickness, and residual stromal bed thickness (RSBT). 
Safety index, efficacy index, percentage of eyes within ±0.5 D 
and ±1.0 D of refraction, percent tissue altered (PTA), and 
percentage stromal bed thickness (PSBT) were calculated.
● RESULTS: The safety index was 1.09 and efficacy index 
was 0.99. The percentages of eyes within ±0.5 D and ±1.0 D 
were 71.2% and 87.7%, respectively. The mean PTA was 
40%±6% (range 20% to 55%); 76 eyes (43.4%) had PTA 
<40% and 99 eyes (56.6%) had PTA≥40%. The mean RSBT 
was 303±27 µm (range 240 to 390 µm), and 2 eyes had 
RSBT<250 µm. The mean PSBT was 61%±9% (range 51% 
to 85%). No eyes developed ectasia. 
● CONCLUSION: In this cohort with the PSBT of 50% or 
more, LASIK is safe with follow-up for at least 5y. 
● KEYWORDS: LASIK; thin cornea; long-term safety; percent 
tissue altered; percentage stromal bed thickness

DOI:10.18240/ijo.2018.07.25

Citation: Song YW, He R, Ma JX, Koch DD, Wang L. Long-term 
safety of laser in situ keratomileusis in eyes with thin corneas: 5-year 
follow-up. Int J Ophthalmol 2018;11(7):1227-1233

INTRODUCTION

L aser in situ keratomileusis (LASIK) has been performed for 
about 20y, and has been proven to be safe, effective, and 

predicable[1-4]. However, complications following LASIK do 
occur[5-6]. Corneal ectasia after LASIK is a serious complication[7], 
and its incidence was reported to be 0.25% to 0.6%[8-12]. 
Management for early ectasia includes intrastromal corneal 
ring implantation[13-16], corneal collagen crosslinking[17-18], and 
rigid gas permeable contact lens[19-20]. However, for advanced 
ectasia, corneal transplant is the only option[21]. Central corneal 
thickness (CCT) <500 µm has been considered by some as a 
possible independent risk factor for corneal ectasia.
Recently, Santhiago et al[22] reported that percent tissue altered 
(PTA) ≥40% was the most significant variable associated with 
the development of ectasia in eyes with normal preoperative 
corneal topography. Although a few studies investigated the 
long-term outcomes of LASIK in eyes with thin corneas[23-25], 
to the best of our knowledge, we are unaware of studies 
evaluating the PTA criterion for the long-term safety of LASIK 
on thin corneas. In this study, we investigated the efficacy, 
predictability, and safety of LASIK in a Chinese population 
who had thin corneas and underwent LASIK at least 5 years ago.
SUBJECTS AND METHODS
Patients  This study followed the tenets of the Declaration of 
Helsinki. The Ethics Committee of the Shanxi Eye Research 
Institute approved the study protocol. Informed consent was 
obtained from each patient prior to enrollment.
To ensure a minimum of 5y after LASIK, we reviewed the 
charts of all patients who had thin corneas (preoperative CCT 
<500 µm) and underwent LASIK between September 1998 
and September 2010; 339 patients met the criteria. Between 
February 2015 and July 2015, we tried to contact all patients 
via telephone calls. We asked if they had any problems with 
their vision and requested that they return for checkup. Finally, 
89 patients returned to our clinic and participated in this study.
Preoperative Evaluation  Before the LASIK surgery, all 
subjects had detailed eye examination, including uncorrected 
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visual acuity (UCVA), corrected distance visual acuity (CDVA), 
autorefraction (OPD-Scan ARK-10000, NIDEK Co. Ltd., 
Japan), manifest refraction, cycloplegic retinoscopy (compound 
sodium tropicamide 0.5% ophthalmic solution), intraocular 
pressure (IOP) with non-contact tonometer (NT-2000, NIDEK 
Co. Ltd., Japan), slit-lamp evaluation, and fundus examination. 
Corneal topography was performed using the OPD-Scan 
(ARK-10000, NIDEK Co. Ltd., Japan). Corneal ultrasound 
pachymetry was also obtained (UP-1000, NIDEK Co. Ltd., Japan).
Patients wearing contact lenses were instructed to stop soft 
contact lens use 2wk or hard contact lens use 4wk before the 
preoperative examination. 
LASIK Surgical Technique  All LASIK procedures were 
performed by 3 surgeons using the same protocol and 
technique. All cases were performed using topical anesthesia 
(tetracaine sodium 1% ophthalmic solution). The corneal flap 
was created using a microkeratome (OUP and M2 produced 
by Moria, France, and MK-2000 produced by NIDEK, Japan). 
After the flap was lifted, we first measured residual CCT with 
ultrasound pachymetry so that we could calculate corneal flap 
thickness later, then ablation was performed using a 193 nm 
excimer laser (EC-5000 and EC-5000CXII, NIDEK Co. Ltd., 
Japan). The procedure was designed as a single-zone or multi-
zone ablation based on the preoperative refractive error and 
CCT. The optical zone diameter ranged from 4.3-6.0 mm, and 
the transition zone diameter, 7.0-8.5 mm. The mean ablation 
depth was 84.32±22.75 μm (range 32.0 to 144.2 μm).
After the surgery, patients were instructed to use fluorometholone 
sodium 0.1% ophthalmic solution 4 times a day for 1wk, 
starting on the day of surgery, and then taper over the following 
4wk.  Patients were also instructed to use levofloxacin sodium 
0.5% ophthalmic solution and recombinant bovine basic 
fibroblast growth factor sodium ophthalmic solution 4 times a 
day for 1mo.
Examinations at Last Visit  At returning visit, all subjects 
had detailed eye examinations, including UCVA, CDVA, 
autorefraction, manifest refraction, cycloplegic retinoscopy, 
IOP, slit-lamp evaluation, and fundus examination. Corneal 
ultrasound pachymetry was obtained using the AX-II (Quantel 
Medical Corp, France). Corneal topography measurements 
were performed using the Allegro Oculyzer (Wavelight GmbH, 
German). 
Optical coherence tomography (OCT) imagining system 
RTVue XR (Optovue Corp, USA) was used to measure the 
corneal flap thickness, residual stromal bed thickness (RSBT), 
and CCT. Three scans were taken for each eye, and the one 
with the clearest image quality was chosen for measurements. 
Using the built-in caliper, at the center of the cornea, we 
measured the following distances: 1) from the anterior corneal 
surface to the interface of LASIK flap (LASIK flap thickness); 
2) from the LASIK flap interface to the posterior corneal 

surface (RSBT); and 3) from the anterior corneal surface to the 
posterior corneal surface (CCT).
Data Analysis  The following parameters were analyzed: 
UCVA, CDVA, manifest refraction spherical equivalent (SE), 
safety index (postoperative CDVA/preoperative CDVA), 
efficacy index (postoperative UCVA/preoperative CDVA), 
preoperative CCT, and postoperative CCT at last visit. The 
PTA was calculated as (corneal flap thickness + ablation 
depth)/preoperative CCT[22]. The percentage stromal bed 
thickness (PSBT) was calculated as RSBT/preoperative CCT. 
Data that had normal distribution were expressed as mean± 
standard deviation. The independent or paired t-test was used 
where applicable. The SPSS 20.0 software was used for data 
analysis. A P value less than 0.05 was considered statistically 
significant.
RESULTS
Totally 89 patients (175 eyes) were included. There were 44 
male (85 eyes) and 45 female (90 eyes). The mean follow-up 
time was 97.2±23.9mo (range 60 to 201mo). The mean age, 
manifest refractive sphere, cylinder, SE, and CCT were listed 
in Table 1. A total of 175 eyes, 20 eyes had SE between -1.50 
and -3.00 D, 76 eyes had SE between -3.25 D and -6.00 D, 
56 eyes had SE between -6.25 D and -9.00 D, 19 eyes had SE 
between -9.25 D and -12.00 D, and 4 eyes had SE<-12.00 D.

Table 1 Summary of preoperative and postoperative data in 175 eyes
Parameters Mean±SD (range)

Preoperative

Age (y) 25.4±5.8 (18 to 43)

UCVA (logMAR) 0.99±0.25 (0.30 to 2.00)

CDVA (logMAR) 0.02±0.05 (-0.10 to 0.20)

Sphere (D) -6.47±2.60 (-2.00 to -15.00)

Cylinder (D) 0.61±0.58 (0 to 2.50)

SE (D) -6.17±2.56 (-1.50 to -15.00)

CCT (µm) (ultrasound) 487.2±10.2 (459 to 499)

Postoperative

UCVA (logMAR) 0.03±0.12 (-0.20 to 0.60)

CDVA (logMAR) -0.02±0.06 (-0.20 to 0.20)

Sphere (D) -0.75±0.90 (-5.00 to 1.75)

Cylinder (D) 0.44±0.41 (0 to 2.00)

SE (D) -0.51±0.80 (-4.50 to 1.50)

CCT (µm) (ultrasound) 419.4±22.4 (360 to 472)

CCT (µm) (OCT) 417.9±23.8 (357 to 479)

Corneal flap thickness (µm) (OCT) 114.0±16.6 (84 to164)

RSBT (µm) (OCT) 302.9±27.0 (240 to 390)

PTA 40%±6% (20% to 55%)
PSBT 61%±9% (51% to 85%)

UCVA: Uncorrected visual acuity; CDVA: Corrected distance visual 
acuity; SE: Spherical equivalent; CCT: Central corneal thickness; 
OCT: Optical coherence tomography; RSBT: Residual stromal bed 
thickness; PTA: Percent tissue altered; PSBT: Percentage stromal bed 
thickness.

LASIK on thin corneas
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Visual Acuity  The mean preoperative UCVA was 
0.99±0.25 logMAR, and the mean postoperative UCVA was 
significantly improved to 0.03±0.12 logMAR at the last visit 
(t=49.659, P=0.000; Table 1). At the last visit, of the 175 eyes, 
36 eyes (20.6%) had UCVA of ≥20/16, 85 eyes (48.6%) had 
UCVA of 20/20, 36 eyes (20.5%) had CDVA of 20/25, and 18 
eyes (10.3%) had UCVA of <20/25 (Figure 1).
The mean preoperative CDVA was 0.02±0.05 logMAR. A total 
of 175 eyes, 6 eyes (3.4%) had CDVA of ≥20/16, 129 eyes 
(73.7%) had CDVA of 20/20, 37 eyes (21.1%) had CDVA of 
20/25, and 3 eyes (1.8%) had CDVA of <20/25 (Figure 1). 
The mean postoperative CDVA at the last visit was -0.02±0.06 
logMAR. A total of 175 eyes, 62 eyes (35.4%) had CDVA of 
≥20/16, 98 eyes (56.1%) had CDVA of 20/20, 13 eyes (7.4%) 
had CDVA of 20/25, and 2 eyes (1.1%) had CDVA of <20/25 
(Figure 1).
Refraction, Safety, Efficacy, and Accuracy  At the last visit, 
the mean spherical power was -0.75±0.90 D, and the mean 
cylinder power was 0.44±0.41 D. The postoperative mean SE 
was -0.51±0.80 D, which was significantly different from the 
preoperative mean SE of -6.47±2.60 D (t=-30.683, P=0.000; 
Table 1).
Compared to preoperative CDVA, postoperative CDVA did not 
change in 94 eyes (53.7%), gained one line in 73 eyes (41.7%), 
and gained two lines in 8 eyes (4.6%). No eye lost 1 line or more 
in CDVA at the last visit (Figure 2). The safety index was 1.09.
Figure 3 shows the cumulative Snellen visual acuity for 
preoperative CDVA and postoperative UCVA. The efficacy 
index was 0.99. Figure 4 displays the postoperative refraction 
SE; 71.2% and 87.7% of eyes had SE within ±0.50 D and 
±1.00 D, respectively.
Central Corneal Thickness and Residual Stromal Bed 
Thickness  The preoperative mean CCT measured by 
ultrasound pachymeter was 487.2±10.2 μm (range 459 
to 499 μm). The postoperative mean CCT values were 
419.4±22.4 μm (range 360 to 472 μm) measured by ultrasound 
pachymeter, and 417.9±23.8 μm (range 357 to 479 μm) 
measured by OCT (t=0.437, P=0.663). 
With OCT, the mean corneal flap thickness was 114.0±16.6 μm 
(range 84 to 164 μm), and the mean corneal flap thickness 
calculated through CCT minus residual CCT intraoperatively 
was 112.3±19.8 μm (range 80 to 164 μm). There were no 
statistical different between two ways (t=0.253, P=0.422). And 
the RSBT was 302.9±27.0 μm (range 240 to 390 μm; Figure 5).
Two eyes (1.1%) had RSBT<250 μm. The preoperative, 
intraoperative, and postoperative data for these two eyes were 
summarized in Table 2. The case 2 generated 2.5 D of myopic 
regression in this time. Postoperative corneal topography and 
OCT images for these 2 cases are shown in Figures 6 and 7. 
We could indicate that both of them didn't develop ectasia 
based upon these figures.

Percent Tissue Altered and Percentage Stromal Bed 
Thickness  The mean PTA was 40%±6% (range 20% to 55%), 
76 eyes(43.4%) had PTA<40% and 99 eyes (56.6%) had 
PTA≥40% (Figure 8).
The mean PSBT was 61%±9% (range 51% to 85%), and all 
eyes had PSBT>50% (Figure 9).
Postoperative Corneal Topography  At the last visit, corneal 
curvature values were 38.68±1.72 D (range 33.90 to 42.90 D) 
for K1, and 39.56±1.77 D (range 35.40 to 44.60 D) for K2. 

Figure 1 Preoperative CDVA and postoperative UCVA and CDVA 
at last visit.

Figure 2 Change in CDVA. 

Figure 3 Preoperative CDVA and postoperative UCVA at last visit.

Figure 4 Postoperative spherical equivalent refractive accuracy.
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The mean corneal astigmatism magnitude was 0.88±0.50 D 
(range 0 to 2.1 D). Posterior corneal curvature values were 
-6.05±0.23 D (range -5.60 to -6.50 D) for K1, and -6.43±0.24 D 
(range -5.90 to -7.00 D) for K2. The mean posterior corneal 
astigmatism magnitude was 0.39±0.14 D (range 0 to 0.8 D). 
None of these eyes had signs of ectasia on corneal topography.
DISCUSSION
LASIK is the most common surgical technique to correct 
myopia and astigmatism all over the world. Corneal flap 
creation and stromal ablation during LASIK may affect the 

corneal biomechanical strength, especially in thin cornea. Giri 
et al[26] suggested that patients with preoperative CCT of <500 μm 
should not undergo LASIK. Tabbara and Kotb[27] proposed 
that preoperative CCT of <500 μm has the highest risk score 
in the preoperative grading system for the detection of patients 
who are at risk of corneal ectasia after LASIK. Lazreg 
et al[28] suggested that thin cornea was one of risk factors of 
postoperative ectasia. In our study, all patients had preoperative 

Table 2 Preoperative and postoperative data for 2 eyes with 
RSBT<250 µm
Parameters Case 1 Case 2
Preoperative
Sex Male Female
Age (y) 22 34
UCVA (logMAR) 1.40 1.10
CDVA (logMAR) 0.00 0.10
Sphere (D) -13.25 -9.50
Cylinder (D) 1.00 0.50
SE (D) -12.75 -9.25
CCT (µm) (ultrasound) 470 483

Intraoperative
Ablation pattern multi-zone multi-zone
Ablation depth (µm) 117.9 101.6

Postoperative
Follow-up time (mo) 75 104
UCVA (logMAR) 0.10 0.20
CDVA (logMAR) 0.00 0.10
Sphere (D) -0.75 -2.50
Cylinder (D) 0.00 0.50
SE (D) -0.75 -2.25
CCT (µm) (OCT) 354 383
Corneal flap thickness (µm) (OCT) 114 135
RSBT (µm) (OCT) 240 248
PTA 49.3% 49.0%
PSBT 51.1% 51.3%

UCVA: Uncorrected visual acuity; CDVA: Corrected distance visual 
acuity; SE: Spherical equivalent; CCT: Central corneal thickness; 
OCT: Optical coherence tomography; RSBT: Residual stromal bed 
thickness: PTA: Percent tissue altered; PSBT: Percentage stromal bed 
thickness. 

Figure 6 Corneal topography (A) and OCT image (B) for the case 
with RSBT of 240 μm. 

Figure 7 Corneal topography (A) and OCT image (B) for the case 
with RSBT of 248 μm. 

Figure 5 Postoperative RSBT.

LASIK on thin corneas
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CCT of <500 μm, and, with 5y or more follow-up after the 
LASIK, none of the patients lost one or more lines of CDVA or 
had high irregular astigmatism or topographic findings of ectasia. 
It was reported that ectasia occurs at an average of 13 to 
15.3mo (range 1wk to 62mo)[29-31] after LASIK. In this study, 
the range of follow-up was 84 to 201mo. The fact that no eyes 
developed ectasia indicates a stable corneal biomechanical 
strength in these eyes. Moreover, the safety index was 1.09, the 
effective index was 0.99, and 71.2% and 87.7% of eyes had SE 
within ±0.50 D and ±1.00 D, respectively. Our data indicates 
that safety, efficacy, and accuracy were acceptable in eyes with 
thin corneas (459 to 499 μm).
Some researchers recommend that RSBT should be at least 
250 μm[7,32]. In our study, 2 eyes from 2 patients had RSBT 
of <250 μm; both have done well.  Obviously, much larger 
numbers are needed to evaluate the potential risk associated 
with a RSBT under 250 μm, independent of other factors. 
Santhiago et al[22] proposed the concept of PTA (percent tissue 
altered). They included 30 eyes from 16 patients with bilateral 
normal preoperative Placido-based corneal topography 
that developed ectasia after LASIK and 174 eyes from 88 
consecutive patients with uncomplicated LASIK and at least 
3y of postoperative follow-up. They reported that PTA≥40% 
was significantly associated with the development of ectasia. 
In our study, 76 eyes (43.4%) had PTA<40% and 99 eyes 
(56.6%) had PTA≥40% , and there were no signs of ectasia in 
all these eyes. We noted that, in the study by Santhiago et al[22], 
ectasia cases had normal corneal topography examined by 
Placido disk-based device before the surgery. As Placido disk-
based corneal topography measures anterior corneal surface 
only, patients with abnormal posterior corneal surface might 
not be detected. 

In human donor corneas, Randleman et al[33] found that the 
anterior 40% of the central corneal stroma was the strongest 
region of the cornea, whereas the posterior 60% of the stroma 
was at least 50% weaker. The risk for ectasia may therefore be 
greater with ablations into the posterior stroma. In a previous 
study, using rabbit eyes, He et al[34] found that it was safe 
when the PSBT was 50% or more, and ectasia occurred when 
the PSBT decreased to 30%. In the current study, all eyes 
had PSBT of >50% (minimum 51%), and no eyes developed 
ectasia with follow up of ≥5y, demonstrating that it was safe 
with PSBT of >50%. This ratio of RSBT to preoperative CCT 
takes into account both RSBT and preoperative CCT, and 
is thus presumably more appropriate in assessing the safety 
threshold of LASIK than RSBT alone.
Theoretically, the sum of tissue altered and RSBT should 
equal the preoperative CCT, and the sum of PTA and PSBT 
should be 100%. Our results showed that all eyes had PSBT 
of >50%, whereas 5 eyes (2.9%) had PTA>50%. In this study, 
preoperative CCT were measured by ultrasound pachymetry, 
and postoperative corneal flap thickness and RSBT were 
measured by OCT. For the PTA calculation, we used corneal 
flap thickness obtained from the OCT at the last visit, tissue 
ablation depth recorded intraoperatively, and preoperative 
CCT measured with ultrasound pachymetry. For the PSBT 
calculation, we used RSBT measured with OCT at the last visit 
and preoperative CCT measured with ultrasound pachymetry. 
This may have caused the minor deviation of sum of these two 
values from the theoretical value of 100%. We believe that 
OCT measurements at the last visit represent the up-to-date 
status of the cornea. Additionally, we used both ultrasound 
pachymetry and OCT to measure the postoperative CCT at the 
last visit, and we compared the corneal flap thickness measured 
by OCT and calculated with CCT minus residual CCT 
intraoperatively .The mean CCT and corneal flap thickness 
values obtained from these two ways were comparable. 
Therefore, we believe that PTA and PSBT values calculated 
in this study were acceptable. Of course, we will use OCT to 
checkup throughout operational process in future.
In 42 eyes with ectasia after LASIK, Tatar et al[35] showed that 
ablation depth >75 μm was the most significant risk factor 
for ectasia. In our study, 108 eyes (61.7%) had ablation depth 
>75 μm. This demonstrates that ablation depth of >75 μm is 
probably safe when PSBT was >50%.
Some studies reported the long-term outcomes of thin corneas 
after refractive surgery. Tomita et al[23] evaluated the long-term 
(3 to 6y) outcomes of femtosecond laser-assisted LASIK in 
291 eyes with thin corneas (<500 μm), and found that LASIK 
in a thin cornea was as safe and effective and showed similar 
long-term stability as in eyes with a thicker cornea (≥500 μm). 
Kymionis et al[24] studied long-term (1 to 3y) outcomes of 
LASIK in 56 eyes with thin corneas (<500 μm), and suggested 

Figure 8 Postoperative PTA.

Figure 9 Postoperative PSBT.
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that LASIK seems to be a safe and predictable technique 
for myopic refractive corrections. Djodeyre et al[25] reported 
refractive and visual outcomes at 3.1 to 8.4y of follow-up in 
eyes with corneas <470 μm after LASIK with microkeratome. 
They found that LASIK was effective, safe, and predictable in 
eyes with corneas thinner than 470 μm, normal preoperative 
topography, and a RSBT value of greater than 250 μm. In our 
study, in 175 eyes with follow up of at least 5y, our results 
were consistent with findings in those studies. Subjects 
included in these studies were of different ethnicities.
Some limitations of this study were summarized as follows. 
First, low percentage of patients returned for checkup. A 
total of 339 patients who had LASIK surgery on thin corneas 
during the review period, 250 patients could not return due 
to long distance or were unwilling to return for exams. Over 
the phone, we asked if they had problems with their vision, 
and none of those reported problems with their vision. Further 
study is needed to collect more cases and to evaluate longer 
term outcomes of LASIK in thin corneas. Second, the accuracy 
of identifying the interface between the flap and the residual 
stroma may decrease in eyes that had LASIK many years ago 
using the OCT. In this study, we did see the high reflective 
interface in all cases on the OCT images. Santhiago et al[22] 
also used AC-OCT to measure the flap thickness and RSBT in 
the control group with at least 3y of postoperative follow-up. 
Last, our study subjects underwent LASIK procedures between 
1998 and 2010. The laser treatment profiles, microkeratome, 
and screening devices have changed during this period of 
study. However, this is a common limitation among studies in 
this area, such as the study by Tomita et al[23] in which different 
laser treatments and screening devices were used during 
preoperative and postoperative checkup.
In summary, our results demonstrated that LASIK was safe and 
effective in Chinese eyes with thin corneas (459 to 499 μm). 
We recommend that preoperative screening for keratoconus 
and forme fruste keratoconus should be performed carefully, 
and then PSBT should be at least 50%. Further studies are 
warrant to assess the safety of LASIK in eyes with RSBT 
<250 μm and PTA>40% in larger number of eyes with longer 
follow ups.
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