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ABSTRACT

Introduction: Photorefractive keratectomy
(PRK) was introduced in the late 1980s to cor-
rect myopia. The purpose of this study was to
assess its long-term efficacy and safety, analyz-
ing patients with at least 20-year follow-up.
Methods: This retrospective observational
study was carried out on 85 eyes of 54 patients
(33 females) that underwent PRK between 1991
and 1998 (mean age 32.62 ± 9.74, range
18–55 years). Both preoperatively and postop-
eratively, patients underwent a complete
ophthalmological evaluation, including uncor-
rected and corrected distance visual acuity, slit-
lamp, intraocular pressure, dilated fundus, and
corneal topographic examinations. The out-
come assessment was made by comparing the
preoperative refraction, as spherical equivalent,
with the postoperative ones, taking into
account the planned refractive correction.

Safety and efficacy indices were also calculated.
All the data were evaluated with a paired t test.
Results: The mean attempted correction as
spherical equivalent was – 5.64 ± 3.01 D (range
– 1.00 to – 15.00 D), while the mean achieved
correction after 20 years was – 4.30 ± 3.13 D
(range – 1.88 to – 14.25 D), with a significant
statistical difference (p\0.01).The mean
expected refractive outcome was
– 0.27 ± 0.81 D (range – 4.00 to ? 1.25 D). The
mean difference between achieved and
attempted treatment was 1.33 ± 1.92 D (range
– 4.25 to ? 6.25 D), with a significant difference
(p\ 0.01).The safety index was 1.00 and the
efficacy index was 0.63.
Conclusion: The results provided by this study
highlight that the procedure could be consid-
ered safe, with no long-term sight-threatening
complications such as late ectasia or haze.
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Key Summary Points

Why carry out this study?

Since the late 1980s photorefractive
keratectomy (PRK) has been widely used
to correct myopia.

The purpose of this study was to assess
long-term efficacy and safety of PRK,
analyzing patients with at least 20-year
follow-up.

What was learned from the study?

PRK could be considered a safe and
effective procedure even with old devices.

Following the correct indications, no long-
term sight-threatening complications
such as late ectasia or haze after PRK have
been detected.

INTRODUCTION

Photorefractive keratectomy (PRK) using an
excimer laser was introduced in the late 1980s
to correct myopia and was mainly utilized to
treat low to moderate myopia [1–6]. Few studies
have dealt with the correction of high myopia,
because earlier attempts had been associated
with regression, undercorrection, and corneal
haze [1, 2, 7].

It is very important to assess the long-term
efficacy and safety of every type of medical or
surgical procedure. A literature review within
the PubMed medical database detected several
papers that reported long-term follow-up of
patients that underwent PRK [8–17], but only
one reported a 20-year follow-up [18]. For this
reason, the purpose of this study was to evaluate
the results obtained in patients that underwent
PRK before 1998.

METHODS

Patients Selection

This retrospective observational study included
patients that underwent PRK between Novem-
ber 1991 and May 1998 in the Eye Department
of the University of Naples. During that period,
2631 eyes underwent PRK for treatment of
myopia or myopic astigmatism, but the spheri-
cal equivalent (SE) only was performed.

Preoperative examinations included detailed
and complete ophthalmic examination, with
uncorrected distance visual acuity (UDVA) and
corrected distance visual acuity (CDVA), and
videokeratography (EyeSys Laboratories, soft-
ware version 3.2, Houston, TX). Patients with
systemic or ocular diseases that could poten-
tially interfere with the results (including dia-
betes, lagophthalmos, blepharitis, severe dry
eye, uveitis, corneal dystrophies or degenera-
tions, history of ocular trauma, keratoconus,
and previous ocular surgery) were excluded
from the study. Patients were asked to discon-
tinue wearing contact lenses for at least
1 month before undergoing PRK.

The study protocol was consistent with the
tenets of the Declaration of Helsinki and insti-
tutional review board approval was obtained
(Cometico Campania Sud, Italy), together with
informed consent from each patient, where all
patients were informed that their data could
have been used for potential studies.

Excimer Laser Treatment

Before treatment, patients were given topical
anesthesia by oxybuprocaine hydrochloride eye
drops. The lids were opened with a speculum
and the epithelium was debrided with a Des-
marres blade.

From 1991 to 1998, patients underwent PRK
treatment for myopia with a 193-nm excimer
laser (Aesculap, Meditec) operating in a scan-
ning mode with a 7 9 1-mm slit, with a repe-
tition rate of 20 Hz, and the fluence ranged
from 300 to 500 mJ/cm2. Before October 1993,
all eyes were treated using a mask with a vac-
uum fixation device and with an iris diaphragm
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that initiated treatments with a diameter of
5 mm and progressively closed, producing a
flattening of the central cornea. Afterwards, a
new mask was manufactured with an iris dia-
phragm that starts from 6 mm in diameter for
treatments less than 6.5 diopters (D) and 7 mm
in diameter for higher treatments in which, in
addition to the standard Munnerlyn algorithm
used centrally, a tapered transition zone (TTZ)
outside this area was used [19, 20].

Most of the patients had unilateral myopia,
whereas those with a bilateral defect were trea-
ted at least 2 months apart.

At the end of all surgical procedures, preser-
vative-free gentamycin eye drops were applied
and the eye was patched. The same eye drops
were administered four times daily until re-ep-
ithelialization was complete, and neither mito-
mycin nor corticosteroid eye drops were used.

No enhancement was performed in these
patients.

Outcome Assessment

Patients who presented with a minimum fol-
low-up of 20 years were recruited in the study.
They underwent a complete ophthalmological
evaluation, including UDVA and CDVA, slit-
lamp examination, intraocular pressure evalua-
tion, dilated fundus examination, and corneal
topographic examination to look for signs of
ectasia.

The comparison between the preoperative
refraction as SE and the postoperative ones was
evaluated taking into account the planned
refractive correction, namely subtracting the
eventual planned hypo- or hypercorrection
from the final refraction. The safety and efficacy
indices were also measured. The safety index
was described as postoperative CDVA divided by
preoperative CDVA (CDVA post/CDVA pre),
while the efficacy index was expressed as post-
operative UDVA divided by preoperative CDVA
(UDVA post/CDVA pre).

Statistical Analysis

All data were entered into a Microsoft Excel
spreadsheet; mean, standard deviation,

maximum, and minimum values for each
parameter set were calculated. The Student
paired t test was used to calculate the level of
statistical significance and p values less than
0.01 were considered statistically significant.

RESULTS

Among the treated patients, most of them were
not able to be reached because they changed
their address or telephone number, 57 died, and
302 refused to come for the examination. For
this reason, 66 patients (101 eyes) were exam-
ined. Among these, 11 eyes underwent cataract
surgery and two had retinal detachment and so
were excluded from the refractive evaluation.
Moreover, only three eyes (two patients) were
treated with the first mask, and they were also
excluded. So, in the end, 85 eyes of 54 patients
(33 females) were included in this study. At the
time of the treatment, the mean age was
32.62 ± 9.74 (range 18–55 years).

The obtained results are shown in Figs. 1, 2,
3, 4, and 5.

The mean preoperative UDVA and CDVA
were 0.09 ± 0.11 (range 0.02–0.60) and
0.95 ± 0.18 (range 0.10–1.20), respectively. The
mean postoperative UDVA and CDVA at
20 years were 0.60 ± 0.44 (range 0.02–1.50) and
0.95 ± 0.25 (range 0.10–1.50), respectively.

The mean attempted correction as SE was
– 5.64 ± 3.01 D (range - 1.00 to - 15.00 D),
while the mean achieved correction after
20 years was – 4.30 ± 3.13 D (range – 1.88 to
– 14.25 D), with a significant statistical differ-
ence (p\0.01).

The mean expected refractive outcome was
– 0.27 ± 0.81 D (range – 4.00 to ? 1.25 D). The
mean difference between achieved and
attempted treatment was 1.33 ± 1.92 D (range
- 4.25 to ? 6.25 D), with a significant differ-
ence (p\0.01). The results in terms of per-
centage in the different ranges of dioptric
achievements are shown in Table 1, considering
the mean expected refractive outcome.

The safety index was 1.00 and the efficacy
index was 0.63. No patients presented with
signs of corneal ectasia or haze.
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DISCUSSION

It is very important to assess the long-term
efficacy and safety of every type of medical or
surgical technique.

When this study was planned, in the litera-
ture there were several papers that reported
long-term follow-up of patients that underwent
PRK [8–17], but only one reported a 20-year
follow-up [18]. The main outcomes of these
studies and of the present study are summarized
in Table 2.

Wagh et al. [8] evaluated the long-term effi-
cacy of hyperopic PRK in 45 eyes of 25 patients
with a follow-up of 18 years. The authors found
an increase in hyperopic SE refraction between
1.0 year and 7.5 years, but it was generally
stable thereafter, while the efficacy was limited,
with evidence of peripheral haze in 40% of
cases.

Shalchi et al. [9] performed a study on 46
eyes of 46 patients with 18-year follow-
up of excimer laser PRK, discovering a substan-
tial increase in myopic SE, between 1 and
18 years after the procedure, in patients
younger than 40 years and in women, with no
long-term complications.

Vestergaard et al. [10] carried out a study on
160 eyes in patients who underwent PRK for low
to high myopia, with a follow-up between 13
and 19 years. PRK for low degrees of myopia
seemed safe and effective up to 19 years after
surgery with conventional broad beam laser
ablation, while refractive predictability was
meaningfully lower and the occurrence of haze
was higher in eyes with high myopia.

Lombardo et al. [11] focused on long-term
changes of the anterior corneal topography
after PRK for myopia and myopic astigmatism.
They evaluated 66 eyes of 33 patients, with a

Fig. 1 Comparison between postoperative UDVA and preoperative CDVA at 20-year follow-up
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8-year follow-up, noticing that anterior corneal
topography continues to change configuration
even a long time after PRK. These modifications
are limited outside the functional optical zone
of the cornea, and PRK for the correction of
myopia was shown not to alter the mechanical
stability of the corneal tissue at 8 years after the
surgical procedure.

Chen et al. [12] reviewed seven prospective
studies on PRK correction for myopia involving
2796 eyes of Chinese patients, with a follow-up
period of 5–11 years. This review confirmed that
PRK for myopia is an effective and safe surgery
for the long term in China, with efficacy and
predictability which are better in low to mod-
erate myopia than in high myopia.

Dirani et al. [13] compared PRK to laser
in situ keratomileusis (LASIK), evaluating 389
eyes of 229 myopic patients, divided in two
groups, with a follow-up period of 2–13 years.

The authors demonstrated that LASIK effec-
tively treated all levels of myopia showing bet-
ter stability than PRK for up to 6–9 years.

Shojaei et al. [14] analyzed 371 myopic eyes
of 203 patients to assess potential long-term
complications and results of PRK, with 8-year
follow-up. They ascertained the safety and the
efficacy of the procedure, with stable results
over time.

Aliò et al. performed two interesting studies
to appraise the safety and efficacy of PRK after
10 years from the surgical procedure in 267 eyes
of 191 patients with myopia of more than – 6 D
[15] and in 225 eyes of 138 patients with myo-
pia of less than – 6 D [16]. Both studies estab-
lished the safety and efficacy of PRK, with no
significant long-term complications.

Rajan et al. [17] carried out a 12-year
prospective follow-up study on 68 patients to
appraise the long-term refractive stability of

Fig. 2 Comparison between postoperative UDVA and preoperative CDVA at 20-year follow-up, considering Snellen
chart lines
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myopic PRK. The authors showed that refractive
stability achieved at 1 year was main-
tained up to 12 years with no evidence of
hyperopic shift, diurnal fluctuation, or late
regression over time, while corneal haze
decreased with time, with complete recovery of
best spectacle-corrected visual acuity.

The results of the present study, in a larger
cohort of patients, were similar to those repor-
ted in the paper by O’Brart et al. [18], the only
one with a 20-year follow-up, such as this work.
In fact, they reported 42 eyes of 42 patients with
mean age of 58.4 ± 10.04 years (28 female and
14 male) with a mean preoperative SE of
– 5.13 ± 1.86 D (– 2.75 to – 8.00 D). The mean
postoperative SE at 1 year for all 42 eyes was
– 1.18 ± 1.35 D (? 1.75 to – 5.75 D). At
20 years, it was – 1.72 ± 1.69 D (? 1.5 to
– 4.625 D). At 20 years, the efficacy index was
0.49 and the safety index was 0.97, both lower

than those provided by the present study. These
two studies prove the safety of this procedure,
even if the efficacy was not so high. However,
we would like to point out that in such a long-
term study the ageing process could induce
changes over the years, such as modifications in
the lens index due to nuclear sclerosis, in the
keratometric values, in the axial length (AL),
and all these factors should be considered
[21, 22].

Concerning the cataract onset, the presence
of patients that underwent cataract surgery
during this period could support this
hypothesis.

Regarding the changes in corneal power, a
study by Ivarsen and Hjortdal reported stabi-
lization of corneal power from 1 to 7 years after
PRK, but not after LASIK [23].

In our opinion, to prove changes in corneal
power over 20 years is very difficult, because it is

Fig. 3 Change between preoperative and postoperative CDVA at 20-year follow-up, considering Snellen chart lines
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well known that it is very challenging to mea-
sure correct corneal power in these patients, and
this gives trouble when we want to calculate the
intraocular lens (IOL) to be implanted after
cataract surgery in these eyes. It has also been
shown that different devices do not give similar
results in measuring corneal power or central
corneal thickness [24, 25]. In fact, different
correcting factors related to the different devi-
ces have been proposed to overcome the prob-
lem of IOL power calculation [24]. In the
present study, it was impossible to make such a
comparison, because the devices which were
utilized in that period to measure the corneal
power, such as keratometry and topography, are
not available anymore.

Concerning the increase in the AL, this has
been clearly reported by O’Brart [18], who doc-
umented an increases in AL over 20 years, sug-
gesting that myopic drift is likely to be due to

continued growth of the eye, rather than to
regression of correction at the corneal surface.

Changes in AL have been detected after sev-
eral surgical procedures [26], but as the authors
discussed in their paper, the difference they
found in the AL was much more than expected.
The reason could be that the preoperative
measurements were taken by ultrasound
whereas, postoperatively, partial coherence
interferometry was used. No cases of late ectasia
were identified in the patients of the present
study, maybe because all patients underwent a
careful preoperative corneal topographic exam-
ination, and those with abnormal patterns were
excluded, albeit with first-generation Placido
disc systems. Another less likely explanation
could be that some cases of ectasia have been
lost.

Higher-order aberration analysis was not
performed, as this was not performed even

Fig. 4 Correlation between the achieved and attempted correction after 20 years. Dotted line, identity line; bold
continuous line and bold dashed lines, mean ± standard deviation; dashed-dotted line, regression line
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preoperatively, so no conclusion can be made.
Moreover, over the years, the machine was
upgraded, with the introduction of the TTZ;

although comparison between the two groups
could have been of some interest, unfortunately
only three eyes were treated without TTZ, so the
number of eyes was insufficient to make this
comparison.

We are aware that, in this study, there are
some limitations. Firstly, modern laser devices
are better than those utilized 20 years ago,
making us suppose that the results of treatment
performed today would be better. Another lim-
itation could be that intermediate follow-up
evaluations are missing, and there was a large
percentage of follow-up loss. Furthermore, in
some cases, more than one eye per patient was
selected, but in those years, most of the treated
eyes were anisometropic, so this limitation
could be less important. It could be argued that
in studies with such a long follow-up, the sam-
ple size may be affected by noise or bias origi-
nating from changes in the materials,
personnel, and standards used to perform the

Fig. 5 Spherical equivalent refraction accuracy in different ranges of achieved correction at 20-year follow-up

Table 1 Number and percentage of eyes in the different
ranges of achieved correction, with safety and efficacy
indices for each group

Total (85
eyes)

£ 6 D (54
eyes)

> 6 D (31
eyes)

Eyes % Eyes % Eyes %

± 0.50 22 25.9 18 33.3 4 12.5

± 1.00 39 45.9 32 59.3 7 21.9

± 2.00 59 69.4 46 85.2 13 40.6

Safety index 1.00 1.00 1.01

Efficacy index 0.63 0.76 0.37

924 Ophthalmol Ther (2020) 9:917–927



Table 2 Summary of previous articles on long-term follow-up of PRK

Study Length of
follow-up
(years)

No. patients/No. eyes Preoperative
mean SE
(D) – SD

Postoperative
mean SE
(D) – SD

Efficacy
index

Safety
index

Cennamo et al.

(current

study)

20 54/85 - 5.90 ± 3.56 - 1.60 ± 2.10 0.63 1.00

Wagh et al. [8] 18 25/45 ? 4.11 ± 1.82 ? 1.13 ± 1.84 0.47 0.83

Shalchi et al. [9] 18 46/46 - 4.86 ± 1.61 - 0.74 ± 1.40 0.58 0.998

Vestergaard et al.

[10]

13–19 160/160 - 4.84 ± 2.95 - 1.00 ± 1.56 Not

reported

Not

reported

Lombardo et al.

[11]

8 33/66 divided into 3 groups: low and

high myopia and astigmatism

Low:

– 2.82 ± 0.86

High:

– 6.30 ± 1.27

Astigmatism:

– 3.03 ± 2.09

Low:

– 0.28 ± 0.16

High:

– 0.56 ± 0.57

Astigmatism:

– 0.48 ± 0.70

Not

reported

Not

reported

Dirani et al. [13] 2–13 125/125 – 4.05 ± 1.17 – 0.64 ± 0.83 Not

reported

Not

reported

Shojaei et al. [14] 8 107/194

Divided into 3 groups: low, moderate,

and high myopia

Low:

– 4.00 ± 1.84

Moderate:

– 6.80 ± 1.74

High:

– 11.00 ± 3.74

Low:

– 0.23 ± 0.19

Moderate:

– 0.84 ± 0.48

High:

– 1.21 ± 0.95

Not

reported

Not

reported

Alió et al. [15] 10 191/267 – 8.87 ± 2.25 – 0.60 ± 1.47 0.82 1.09

Alió et al. [16] 10 138/225 – 3.81 ± 1.29 – 0.10 ± 0.80 0.82 1.04

Rajan et al. [17] 12 68/68 – 4.06 ± 1.73 Divided into 6

groups:

2 D:

– 0.30 ± 1.00

3 D:

– 1.03 ± 0.60

4 D:

– 2.30 ± 1.40

5 D:

– 2.50 ± 1.10

6 D:

– 3.15 ± 2.07

7 D:

– 4.47 ± 1.60

Not

reported

Not

reported

O’Brart et al.

[18]

20 42/42 – 5.13 ± 1.86 – 1.72 ± 1.69 0.49 0.97

SE spherical equivalent, SD Standard deviation
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tests. However, in the present study, the per-
sonnel and the device used to test the visual
acuity were the same.

CONCLUSIONS

Our study confirms that PRK could be consid-
ered a safe procedure, with no long-term sight-
threatening complications such as late ectasia
or haze, even utilizing old devices.
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