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Abstract

Background: We report for the first time, a case of femtosecond laser-assisted cataract surgery (FLACS) with implantation
of a diffractive trifocal intraocular lens (IOL) after laser in situ keratomileusis (LASIK).

Case presentation: A 60-year-old man underwent FLACS uneventfully 15 years after myopic LASIK. An AT Lisa tri 839MP
IOL was implanted with the expectation of spectacle independence. The Haigis-L formula was chosen for calculation of
the IOL power and it provided reliable results. Three months postoperatively, the uncorrected visual acuities
were 0.00 logMAR for distance, 0.10 logMAR for intermediate, and 0.10 logMAR for near.

Conclusions: This case suggested that FLACS presents a feasible surgical technique for post-LASIK eyes and that
implantation of trifocal IOL can achieve good visual performance in strictly selected cases after myopic LASIK.
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Background
There are a growing number of patients who wish to be
spectacle independent after cataract surgery, and this
includes some of the millions of people worldwide who
have undergone laser in situ keratomileusis (LASIK).
Ophthalmologists will encounter many cataract cases
that have had previous LASIK surgery and they should
have the knowledge to deal with these cases efficiently
to achieve the best possible visual and refractive out-
comes [1]. Femtosecond laser–assisted cataract surgery
(FLACS) has become increasingly more common for its
many advantages offered [2]. At the same time, various
kinds of multifunctional intraocular lens (IOL) were
designed [3] to provide functional visual restoration after
cataract surgery. Nowadays, the combination of FLACS
with multifocal IOLs has come to the cutting edge of
cataract surgery. However, few studies had shed light on
whether post-LASIK patients would benefit from this
technique combo. Here we report a case of FLACS

with the implantation of a diffractive trifocal IOL after
LASIK.

Case presentation
A 60-year-old man was diagnosed with nuclear cataract
in his right eye about 15 years after myopic LASIK sur-
gery. His corrected distance visual acuity (CDVA) of
the right eye was 0.52 logMAR with the refraction of −
4.50/− 0.75*29. He asked for a FLACS and desired spec-
tacle independence after the IOL implantation. Corneal
topography (Pentacam, Oculus Optikgerate GmbH,
Wetzlar, Germany) showed a uniform, well-centered
corneal flap (Fig. 1a, b), with a total corneal astigma-
tism of 0.9D, and a corneal irregular astigmatism of
0.115 μm. Besides, the 6 mm zone corneal spherical
aberration (SA) was 0.392 μm while the angle kappa
was 0.15. After a series of thorough assessments, we
decided to implant a multifocal IOL with negative SA.
For IOL power calculations, the standard IOLMaster
(Carl Zeiss Meditec,Jena, Germany) biometry was per-
formed and the Haigis-L formula was chosen to deter-
mine an IOL power of +23D for emmetropia. A steep
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merdian corneal incision was designed at 140 degree
according to the Pentacam results.
The LenSx laser system (LenSx Laser; Alcon Laboratories,

Inc., Fort Worth,TX, USA) was used to perform the surgery.
After the patient’s eye was properly docked to the system,
the arc cuts of the primary and side port incision were
adjusted towards the limbus, anterior to the conjunctival
vascular arcades, under the guided of the LenSx real-time
imaging system. A 2.0 mm primary corneal incision (Fig. 2a),

a 1.0 mm side port incision and a 5.0 mm capsulotomy
were created by the laser. Nuclear prefragmention was
performed to obtain 6 pieces in a cross pattern (Fig. 2b).
Then phacoemulsification was proceeded in a standard
stop-and-chop manner with the Stellaris system (Bausch +
Lomb Laboratories, Rochester, NY, USA), and an AT
Lisa tri 839MP IOL (Carl Zeiss Meditec AG) was im-
planted right afterwards. All surgical procedures were
uneventful. The patient was instructed to apply topical

Fig. 1 Corneal topography preoperatively (a, b) and at 3 months postoperatively (c, d)

Fig. 2 a AS-OCT image depicts the architecture of clear corneal incision. b Screenshot taken after femtosecond laser treatment completed. The
primary corneal incision was made at 140 degree, consistent with the steep merdian axis
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dexamethasone tobramycin for 2 weeks and pranopro-
fen for 1 month postoperatively.
Anterior segment optical coherence tomography

(AS-OCT, Carl Zeiss Meditec) showed a smooth corneal
flap 1 week after FLACS (Fig. 3a). The distance from the
external wound opening to the corneal flap edge was
0.15 mm. At 3 months postoperatively, the IOL was well
centered in the capsule (Fig. 3b). Pentacam showed a uni-
form corneal flap (Fig. 1c, d) with slightly decreased total
corneal astigmatism and corneal SA (Table 1). Uncorrected
visual acuitis were 0.00 LogMAR for distance, 0.10 Log-
MAR for intermediate at 80 cm, 0.10 LogMAR for near at
40 cm. The defocus curve (Fig. 3c) showed an optimal vis-
ual acuity at -3D apart from 0D, but maintained a func-
tional range of visual acuity across from 0D to − 3.5D with
visual acuity no less than 0.22 logMAR. Results of ocular
aberrations (OPD Scan, Nidek Co., Ltd.) for 5 mm diameter
pupils showed 0.831um of high order aberration (HOA),
0.648um of coma, 0.327um of trefoil, 0.119um of tetrafoil,
and 0.311um of SA. Contrast sensitivity (CS, CSV-1000,
Vector Vision, Greenville, OH) at 4 spatial frequencies (A:
3 cpd, B: 6 cpd, C:12 cpd and D:18 cpd) under both meso-
pic (3 cd/m2) and photopic (85 cd/m2) conditions were at a
relatively low level within the normal range (Fig. 4). Despite
a mild halo, the patient was very satisfied with his vision.

Discussion
The application of femtosecond laser (FSL) in cataract
surgery improves the precision of corneal incision location

and extent. FSL also provides a precise and well-centered
capsulotomy which contributes to the proper position of
the IOL that may be related to refractive outcome improve-
ments [4]. In this patient, the computer-controlled accurate
steep merdian incision successfully decreased the total
corneal astigmatism and ensured visual outcomes of this
patient. Well-centered trifocal IOL with a 360° overlapping
capsular edge could reduce the incidence of myopization
and HOAs changes. In post-LASIK eyes, postoperative
corneal edema after cataract surgery may accumulate in the
flap interface and the flap itself, causing early transient
central corneal steepening and consequent myopic shift
that could disappear after the corneal edema resolves [1].
However, the incidence of this complication could be
reduced by FSL assisted lens fragmentation, which helps re-
duce phacoemulsification energy requirements, protect cor-
neal endothelial cells, and thus shorten the recovery period
and improve visual outcomes [5].
As for safety, although vacuum suction during FLACS

can lead to an increase of the intraocular pressure, it
was proved to be feasible for those with previous corneal
surgeries, such as radial keratotomy [6] or even pene-
trating keratoplasty [7]. In this patient, the docking and
suction procession did not have any negative effect on
the corneal flap, and no intraoperative complications
were observed throughout the surgery either. However,
the AS-OCT showed a very short distance between the
external wound opening and the corneal flap edge post-
operatively. Zhu et al. found that laser corneal incisions

Fig. 3 a AS-OCT taken at 1 week postoperatively. The distance from the external wound opening to the corneal flap edge was 0.15 mm. Bar,1 mm.
b Slitlamp examination showed well centered IOL with a 360° overlapping capsular edge at 3 months postoperatively. c Defocus curve at
3 months postoperatively
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were closer to the center of the cornea than manual cor-
neal incisions, and they thought this may be related to
the possible inaccuracy or uncertainty in corneal incision
positioning of the LenSx machine [8]. So here we have
to point out that a laser-assisted corneal incision may in-
crease the risk of intersection between the incision and
the corneal flap. Future studies should be conducted to
confirm this hypothesis.
Post-LASIK patients are often focusing on better visual

quality and they are keen to take off spectacles, even after
developing cataract. A few studies have reported that the
implantation of multifocal IOLs in patients who underwent
previous myopic LASIK provided good visual acuities for
distance and near range [9]. The AT LISA tri839MP, a dif-
fractive trifocal preloaded IOL with an asphericity of − 0.18,
provides a near addition (add) of + 3.33 D and an inter-
mediate add of + 1.66D. It was developed to overcome the
photic phenomena and the poor level of intermediate vision
of traditional multifocal IOLs [10]. It is well known that
laser refractive surgery would modify the corneal shape and
induce positive spherical aberration (SA) while correcting
myopia [11]. The negative SA of AT LISA tri839MP could

partially compensate SA and help retain good mesopic dis-
tance vision.
Furthermore, thorough preoperative evaluation was

fundamental for the success of this operation. The inclusion
criteria for multifocal IOL implantation in our eye center
are corneal astigmatism of no more than 1.25D, root mean
square (RMS) of corneal HOAs within 6.0 mm zone no
more than 0.50 mm, and kappa angle no more than 0.29.
The criteria are consistent with those in the studies of
Monaco [12] and Mojzis [9]. In this case, the patient met all
the above requirements despite of his myopic LASIK his-
tory. In this case, we propose that post-LASIK eye necessi-
tates a uniform, well-centered and closely-attached corneal
flap for multifocal IOL implantation. Another noticeable
situation is the possible aggravation of dry eye after FLACS
[13], since that LASIK procedure had already potentiate the
instability of tear film. Therefore, careful evaluation of dry
eye and timely treatment before surgery is recommended.
IOL power calculation remains one of the most difficult

parts for cataract operation after refractive surgery. In
Wong’s study, the Asian eyes with previous myopic LASIK
or photorefractive keratectomy (PRK) had cataract surger-
ies with IOL power calculated by 4 formulas. Haigis-L
formula turned out to have the highest percentage of cases
that achieved the refraction of targeted SE ±0.50 D and
SE ±1.00 D [14]. A meta-analysis by Chen et al. also
concluded that the clinical inquiry was inaccurate in
predicting postoperative refraction as compared to the
Haigis-L formula [15]. In this case, the Haigis-L for-
mula again proved to be reliable to attain emmetropia.

Conclusion
In conclusion, our report shows that, for cataract pa-
tients with previous LASIK, FLACS with implantation of
the AT LISA tri839MP can be an effective option to ob-
tain spectacle independence.

Fig. 4 Contrast sensitivity under mesopic and photopic conditions at 3 months postoperatively. Grey area shows the normal range of contrast
sensitivity among 56–75 year-old people

Table 1 Preoperative and postoperative pentacam measurements

Preoperative Postoperative

1 week 3 months

K1 37.5@49.6 37.2@56.2 37.7@69.2

K2 38.4@139.6 37.6@146.2 38.2@159.2

Total Astig(D) 0.9 0.4 0.5

SA at 6 mm zone(um) 0.392 0.305 0.375

Irregular astig(um) 0.115 0.238 0.161

Pentacam showed slightly decreased postoperative total corneal astigmatism
and corneal SA. Besides, there was only a slight change in astigmatism and
axial direction at 3 months compared to that of 1 week postoperative
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