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Abstract. The present study evaluated the efficacy, the 
safety and the predictability of the Femtosecond laser-
assisted in situ keratomileusis (Femto-LASIK) procedure 
for hyperopia and hyperopic astigmatism. We retrospectively 
analyzed the postoperative 12-month evolution of 593 eyes 
with hyperopia and hyperopic astigmatism that underwent 
Femto-LASIK treatment. The procedure was predictable 
and effective. No eye lost 2 lines of corrected distance 
visual acuity (CDVA), demonstrating a safety profile of the 
procedure. Nine percent of the eyes gained at least one line 
of CDVA. The accuracy of the spherical equivalent after 
12 months was 74% within ±1.0 diopter (D) of emmetropia. 
The refractive outcomes were stable during the follow-up 
period. There were no significant complications during the 
procedure. Femto-LASIK using the VisuMax®-MEL® 80 
platform was demonstrated to be a suitable option to correct 
selected cases of hyperopia and hyperopic astigmatism. 
A longer follow-up period is required to better assess the 
refractive results and to detect any further regression.

Introduction

Currently, laser-assisted in situ keratomileusis (LASIK) is 
the default choice for refractive surgical procedures, as it can 
address a wide spectrum of high and complex ametropias (1-5). 
There are numerous previous reports of hyperopic LASIK 
showing various safety, efficiency and predictability percent-
ages (6-32). The new femtosecond laser technology to perform 
LASIK flaps avoids many complications of the mechanical 
microkeratome (free caps, incomplete, irregular or displaced 
flaps), being presently preferred by many surgeons (1,2,33). 
In this study, we evaluated the safety, efficacy, predictability 
and accuracy of the refractive results of Femtosecond-LASIK 
(Femto-LASIK) procedure using the VisuMax®-MEL® 80 
platform for hyperopia with or without astigmatism.

Patients and methods

Data collection. We performed a retrospective, noncom-
parative consecutive case series study on eyes with hyperopia 
and hyperopic astigmatism that underwent Femto-LASIK 
surgery. Patients were operated on by the same refractive 
surgeon (HTS) at the Europe Eye-Metropolitan Hospital 
in Bucharest, Romania between June 2011 and June 2017. 
All surgeries were performed using the same femtosecond 
laser-excimer laser platform VisuMax®-MEL® 80 (Carl Zeiss 
Meditec).

Inclusion and exclusion criteria. The inclusion criteria for the 
surgery were: Patients of age ≥22 years, no refractive change 
for at least 2 years before surgery, stable peripheral retina 
(normal or already treated by laser photocoagulation if at-risk 
peripheral lesions were present), central endothelial density 
≥2,000 cells/mm2 and good compliance (1,3,33,34).

The refractive inclusion criteria were: Manifest hyperopia 
up to 6.00 diopter (D) with or without astigmatism up to 5.00 D 
and spherical equivalent +6.00 D at most. Patients outside 
these limits were referred for intraocular surgery, either phakic 
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intraocular lenses or refractive lens exchange, according to 
patient age and ocular biometric considerations (35-37).

We considered the following exclusion criteria for surgery: 
Eyes with corneal inadequate parameters (evidence or suspect 
of ectasia, thinnest point on pachymetry ≤500 µm, estimated 
postoperative steep keratometry >50 D, insufficient corneal 
thickness for laser ablation-estimated residual thickness of the 
stromal bed after treatment ≤300 µm) (1,3,33), eyes with ante-
rior segment pathology (eg. severe dry eye syndrome, ocular 
inflammation or infection) (1,3,33), patients with eye‑related 
conditions which might interfere with visual acuity (eg. cataract, 
congenital or acquired macular pathology, optic nerve pathology 
or retinal vascular pathology) (1,38-44), patients with previous 
ocular trauma or any previous ocular procedures (eg. scleral, 
vitreo-retinal surgery, glaucoma laser procedures or glaucoma 
surgery) (1,45-47) and patients taking medication with potential 
ocular side effects (eg. isotretinoin, amiodarone) (1,3,33).

Patients with very deep-set eyes were also excluded, as 
well as patients with narrow palpebral fissures or periocular 
tumors (1,48-50), as normal orbital anatomy is important in 
order to permit the proper suction cup positioning.

We also excluded patients with systemic diseases with 
risk of postoperative low visual acuity due to possible 
vascular complications including ischemic optic neuropathy 
or vascular occlusion (eg. cardiovascular diseases, severe 
systemic hypertension, severe dyslipidemia) (1,51-54) and 
patients with systemic diseases that could interfere with the 
wound-healing process (eg. autoimmune disorders, diabetes 
mellitus) (1,33,55).

Pregnancy or lactation were exclusion criteria for the 
surgery (1,3,33). 

Patients unable to understand the perioperative manage-
ment, patients with unreasonable expectations or patients 
unable to sign the informed consent were excluded as 
well (1,33).

Preoperative assessment. Preoperative ocular examination 
included: Corrected and uncorrected distance visual acuity, 
manifest, fogging and cycloplegic refractions, keratometry, 
ultrasound corneal pachymetry, corneal topography and tomog-
raphy (Scheimpflug), non-contact tonometry, pupillometry, 
white-to-white corneal diameter, quantification of corneal 
endothelial cell density, slit-lamp examination of the anterior 
segment and retina assessment with pharmacological mydriasis.

Patients were asked not to wear soft contact lenses 2 weeks 
prior to preoperative investigations and then 2 weeks prior to 
surgery.

All patients signed an informed written consent form in 
accordance with the Declaration of Helsinki after being fully 
informed about the benefits and risks of the procedure. The 
study was approved by the Ethics Committee of ‘Carol Davila’ 
University of Medicine and Pharmacy of Bucharest, Romania 
(no. 16-02-06-2011).

Surgical technique. All surgeries were performed by the 
same refractive surgeon (HTS), with the same femtosecond 
laser-excimer laser platform (VisuMax®-MEL® 80; Carl Zeiss 
Meditec), using the same protocol and technique.

Surgical steps included the following: Topical anesthesia, 
sterilization of the eyelids with 10% povidone-iodine solution, 

draping of the eyelids, positioning of the eye to be treated 
under the femtosecond laser surgical microscope, docking of 
the eye and proper suction, femtosecond laser assisted cutting 
of the corneal flap, repositioning of the eye under the excimer 
laser surgical microscope, lifting the flap, drying the corneal 
bed, excimer laser ablation, lavage of the debris with saline 
solution, repositioning of the flap, bandage contact lens appli-
cation and instillation of topical antibiotic and artificial tears.

The flap position, the flap regularity and the interface 
clarity were examined before patient discharge.

Postoperative care. Postoperative treatment consisted 
of topical eye drops: Antibiotic, steroid and non-steroid 
anti‑inflammatory and artificial tears. The bandage contact 
lens was removed on the first day of postoperative visit.

The follow-up visits were carried out at 1, 3, 6 and 
12 months. For each examination, a slit-lamp examina-
tion of the anterior segment and several investigations were 
performed which included: Manifest refraction, uncorrected 
distance visual acuity, corneal topography and tomography 
(Scheimpflug) and non‑contact tonometry. Corrected distance 
visual acuity and cycloplegic refraction were performed for 
the eyes in which a residual refraction was determined or the 
visual acuity was uncorrelated with the manifest refraction.

Data analysis and statistics. Patient data were centralized 
into an Excel® (ver.14.0, Microsoft Corp.) database after being 
collected on case forms. Statistical analysis was performed 
using Statistical Package for the Social Sciences (SPSS) soft-
ware (ver. 20, IBM® SPSS® Statistics; IBM Corp.). Normality 
of continuous variables distribution was checked by the 
Shapiro‑Wilk test, the statistically significance being set at a 
P‑value <0.05. Preoperative and postoperative refractive data 
are presented as mean ± standard deviation and range.

Refractive outcome analysis was performed according to 
the Standard Graphs for Reporting Refractive Surgery (56,57). 
Thus, we compared the preoperative data with the 1-, 3-, 6- and 
12-month postoperative results and we analyzed the safety, the 
efficacy, the predictability, the accuracy and the stability of the 
Femto-LASIK procedure.

Results

Patient demographics and operative data. A total of 593 eyes 
(290 right eyes and 303 left eyes) from 373 patients (294 males 
and 79 females) were available for evaluation 12 months after 
laser surgery and were reviewed for statistical analysis in our 
retrospective interventional consecutive case series study. The 
mean patient age at the time of surgery was 33.20±8.098 years 
(range, 22-49 years). A total of 224 patients (448 eyes) had 
bilateral Femto-LASIK, while 153 patients were anisometropic 
cases, being operated in one single eye. A total of 163 eyes 
(27.49%) were amblyopic, having a visual acuity between 
20/60 and 20/30. The preoperative manifest and cycloplegic 
refraction data are presented in Table I.

Visual and refractive results. The efficacy was defined as 
the ratio of the uncorrected distance visual acuity (UDVA) at 
the end of the follow-up period (12 months) and the preop-
erative corrected visual acuity (CDVA). Fig. 1 shows that 
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all eyes reached a UDVA of 20/63 or better 12 months after 
Femto-LASIK surgery. As shown in Fig. 2, for 84.1% of the 
eyes, the postoperative 12-month UDVA was the same or 
better than the preoperative CDVA.

Safety, defined as no loss of two or more Snellen lines of 
CDVA, was excellent. Twelve months after Femto-LASIK 
surgery, no eye lost 2 lines and 6 eyes (1.012%) lost one 
Snellen line of CDVA (Fig. 3). Contrariwise, we found several 
amblyopic eyes that gained at least one line of visual acuity, 
reflecting potential benefit of the refractive surgery, possibly 
explained by reduction or elimination of optical aberrations of 
the hyperopic magnifying correction lenses.

The scatterplot of the attempted spherical equivalent 
refraction (SEQ) against the achieved refractive change is 
shown in Fig. 4. At the postoperative 12 months follow-up 
visit, the mean sphere was +0.887±0.8746 D, the mean cylinder 
was +0.766±0.5797 and the mean SEQ was +0.5042±0.8336. 
The accuracy of SEQ at 12 months was 49% within ±0.50 D 
and respectively 74% within ±1.00 D of emmetropia (Fig. 5). 
Lower predictability and accuracy of SEQ was found for the 
eyes with high preoperative refractive errors.

Regarding the mean refractive manifest astigmatism at the 
last postoperative visit, 54 and 79% were <0.50 D and ≤1.00 D, 
respectively. Fig. 6 also shows the comparison between 
the preoperative and the 12-month postoperative refractive 
astigmatism.

Fig. 7 shows the excellent evolution of SEQ after the 
surgery and its stability in time over the 12-month follow-up 
period. The postoperative refraction data at 1, 3, 6 and 
12 months postoperative are presented in Table II. There were 
no intraoperative or postoperative complications during the 
follow-up period.

Discussion

Laser-assisted in situ keratomileusis (LASIK) is currently 
the most frequently practiced laser refractive procedure 
worldwide as it can correct large diopter limits of all types of 
refractive errors (1-4,6-33). However, laser refractive surgery is 

Table I. Preoperative manifest and cycloplegic refraction data.

Parameter Diopters (mean ± SD, range)

Manifest sphere +3.9532±1.5282, +1.25 to +6.00
Manifest cylinder +2.6316±1.2208, +0.50 to +5.00
Manifest SEQ +4.0780±1.5723, +1.50 to +6.00
Cycloplegic sphere +5.7198±1.4351, +3.25 to +6.75
Cycloplegic cylinder +3.1320±1.4829, +0.50 to +5.00

SD, standard deviation; SEQ, spherical equivalent refraction.
 

Figure 1. Summary of the 12-month postoperative uncorrected distance 
visual acuity (UDVA) and preoperative corrected distance visual acuity 
(CDVA). Refractive target was emmetropia (plano target). Postop, postopera-
tive; Preop, preoperative.

Figure 2. Efficacy, shown as gained and lost Snellen lines of postoperative 
uncorrected distance visual acuity (UDVA) compared to preoperative corrected 
distance visual acuity (CDVA), 12-months postoperative. Postop, postoperative.

Figure 3. Safety, shown as gained and lost Snellen lines of postoperative 
corrected distance visual acuity (CDVA) compared to preoperative CDVA, 
12-months postoperative. Postop, postoperative.
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challenging for eyes with hyperopia or hyperopic astigmatism, 
especially when refractive error is high (1,6-32,58).

Hyperopic correction has several difficulties. Hyperopic 
patients are frequently under-corrected in regards to glass 
prescriptions prior to preoperative evaluation and have accom-
modation reserve of different degrees or accommodation 
spasm (1,6). Therefore, the integration of manifest and cyclo-
plegic refractions is difficult and latent hyperopia may lead to 
increasing values of manifest refraction with age (1,6). Accurate 
centration of the ablation is another difficult point as hyperopic 
patients have a wide angle Kappa (6). Hyperopic correction 
induces central corneal flattening, which may be limited by 
preoperative keratometry (6). Another issue concerning hyper-
opic and astigmatic patients is the higher risk of de-centration 
of ablation due to the difficulty in fixation of the near target 
point during laser correction (6). Considering all the above 
listed features, the predictability and the accuracy of the refrac-
tive results in hyperopia, with or without astigmatism, are lower 
when compared to myopic refractive corrections (58).

Although some excimer lasers have been approved for correc-
tions up to +6.0 D (1,7) and current technology using models with 

wide ablation and high correction speed has greatly improved 
prognosis (1,8) [large diameter optical areas being more resistant 
to epithelial hyperplasia that is responsible for real regression (1,7)], 
latent hyperopia is often the reason why refractive surgeons avoid 
approaching cases of hyperopia and hyperopic astigmatism or 
limit the surgeries to refractive errors below +3.0 D (1,8). Laser 
refractive treatment is difficult to choose because ablation of 
manifest refraction in hyperopia or hyperopic astigmatism may 
lead postoperatively to recurrence of a degree of hyperopia, falsely 
interpreted as regression of the laser procedure (1,6,7), while 
ablation of cycloplegic refraction may lead to myopic refraction 
in the immediate postoperative period, causing an unsatisfactory 
UDVA (1). In order to compensate in part for the latent hyperopia, 
Kanellopoulos proposed a nomogram that involves full treatment 
in the case of the cylinder and the ablation of the manifest refrac-
tion sphere with an addition of +0.25 D for the dominant eye and 
up to +0.75 D for the non-dominant eye (1,9).

There have been several reports of hyperopic-LASIK and 
hyperopic astigmatism-LASIK in the past, using different 
excimer laser platforms and using for the flap creation either 
the microkeratome or the femtosecond laser (1,6-32). Table III 

Figure 6. Summary of preoperative and 12-months postoperative refractive 
astigmatism. Postop, postoperative; Preop, preoperative; D, diopter.

Figure 7. Stability of spherical equivalent refraction (SEQ) during the 
follow-up period of 12 months. Postop, postoperative.

Figure 5. Accuracy of spherical equivalent refraction (SEQ) to intended 
target, 12-months postoperative. Postop, postoperative; D, diopter.

Figure 4. Scattergram of attempted vs. achieved spherical equivalent refrac-
tion (SEQ), 12-months postoperative. Postop, postoperative; D, diopter.
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shows the follow-up periods and the refractive reports of all of 
these studies either with high (1,6-23,25-29) and lower predict-
ability and efficacy rates for high refractive errors (1,6,24,30). 
The safety of the procedure in these reports was reported as 
good; the number of eyes that lost two lines of CDVA post-
operatively being either zero (1,6,8,25,29) or ranging between 
1.09 and 4.34% (1,20,27,28,30,32). The reports in the literature 

mention that the improvement of the ametropic error allowed 
the gain in CDVA of one line in 44.6% of cases (1,9) and of 
two lines in 3.7 to 22.8% of cases in various studies (1,8,28).

In the present study, we assessed the refractive outcomes of 
femtosecond assisted LASIK performed for the correction of 
hyperopia up to 6 D without or with astigmatism up to 5 D, with 
a spherical equivalent not exceeding +6 D. The refractive target 

Table II. Postoperative refraction data.

 Postoperative visit
 -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
 1 month 3 months 6 months 12 months
 -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Parameter Diopters (mean ± SD, range)

Manifest sphere +0.233±1.1409,  +0.4393±1.1563,  +0.667±0.9742,  +0.887±0.8746,
 -1.50 to +3.25 -1.25 to +3.75 -1.00 to +2.50 -1.00 to +2.75
Manifest cylinder +0.91±0.739,  +0.8735±0.6021,  +0.7618±0.54706,  +0.766±0.5797, 
 +0.00 to +3.00 +0.25 to +2.75 +0.00 to +2.75 +0.25 to +3.25
Manifest SEQ -0.222±1.1320,  +0.00253±1.079,  +0.28605±0.9382,  +0.5042±0.8336, 
 -2.50 to +3.00 -1.50 to +3.375 -1.25 to +2.50 -1.00 to +3.00

SD, standard deviation; SEQ, spherical equivalent refraction.
 

Table III. Predictability of the SEQ between ±0.5 D and ±1.0 D of the intended target, in several published reports of LASIK 
interventions for hyperopia or hyperopic astigmatism (1).

  Follow-up  ±0.5 D of  ±1.0 D of
  period  the intended  the intended
Authors (Ref.) Refractive error of the treated eyes (months) target target

Zadok et al (20) Hyperopia (SEQ <+3) 6  88.9%
Salz and Stevens (32) Hyperopia 6 65.0% 87.4%
Pineda-Fernández et al (30) Low hyperopia 6 54.5% 
Zadok et al (20) Hyperopia (SEQ <+5) 6  51.8%
Pineda-Fernández et al (30) Medium hyperopia 6 40.0% 
Kanellopoulos et al (25) Hyperopia (SEQ <+3) 12 92.0% 
Salz and Stevens (32) Hyperopia 12 74.1% 91.4%
Roesler and Kohnen (31) Hyperopia 12  88.0%
Kanellopoulos et al (25) Hyperopia (SEQ <+5) 12 79.0% 
Ditzen et al (27) Hyperopia 12 78.0% 
Kanellopoulos (9) Hyperopia and Hyperopic astigmatism 6 77.9% 88.9%
El-Naggar and Hovaghimian (6) Hyperopia and Hyperopic astigmatism 12 95% 100.0%
Kanellopoulos et al (25) Hyperopia (SEQ >+5) and Hyperopic  12 71.0% 
 astigmatism
Lian et al (28)  Hyperopia and Hyperopic astigmatism 12 61.1% 83.3%
Kanellopoulos (9) Hyperopia and Hyperopic astigmatism 24 75.5% 94.4%
Pineda-Fernández et al (30) Hyperopic astigmatism (SEQ <+3)  6 50.0% 
Pineda-Fernández et al (30) Hyperopic astigmatism (SEQ <+6) 6 38.8% 
Salz and Stevens (32) Hyperopic astigmatism 6 60.5% 88.7%
Salz and Stevens (32) Hyperopic astigmatism 12 73.0% 89.2%
Ditzen et al (27) Hyperopic astigmatism 12 42.0%

SEQ, spherical equivalent refraction.
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was emmetropia in all cases. The treatment plan was chosen 
corroborating the manifest, fogging and cycloplegic refraction, 
considering both the accommodative reserve and patient age.

Femtosecond-LASIK using the VisuMax®-MEL® 80 
platform was demonstrated to be a suitable option to correct 
selected cases of hyperopia and hyperopic astigmatism. 
The postoperative results after one year demonstrated the 
Femto-LASIK procedure to be safe and effective. The predict-
ability at 12 months was 74% within ±1 D of emmetropia. As 
both the sphere and the cylinder plus values were reduced and 
the need for hyperopic correction lenses was minimal, the 
optical aberrations and distortion of the retinal image were 
smaller, allowing us to achieve a better postoperative CDVA 
with at least one line in 9% of the eyes.

The retrospective pattern of this report and the short period 
of follow-up of one year are limiting factors in our study. A 
future prospective study and a longer follow-up period are 
necessary for a better understanding of the procedure stability 
and for elaboration of nomogram ablation profiles.
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