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ABSTRACT

PURPOSE: To evaluate the effect of superior- versus
nasal-hinged fiaps on comeal sensation anc dry eye af-
ter femtosecond laser-assisted LASIK.

METHODS: A <otal of 43 patients who had undergone
bilateral femtosecond laser-assisted LASIK for myopia
were evaluated i a prospective, nonrandorized, con-
tralateral eye study to compare the difference betwieen
difterent hinges on comesl sensation and diy eye, Cor-
cal esthesiomety, Schirmer basic tear secredon tost
(BS, tear sl tma (BUT, ouir suracs st
ings, ‘and the Geuiar Suriace. Disesss Mo (550
questionnalre were Used 1o evaluate comeal sensation
2nd a1 oy parameters preaperatiel a3 wll a5 ot 1
weeicand 1, 3, and & months postoperatively.

RESULTS: Comeal sensation decreased significantly in
both groups 1 week after surgery (P<.05 In the nasal
hinge group; P<.01 in the superior hinge group) and
@adually recoverec over the first 3 months. No sighif-
cant change was noted in BUT after surgery in efther
goup (P>.05). Signifcant increases were noted in
BST values at 1 and 3 months (P<.05) and 6 months
(P<.01) postoperatively in botn groups. Comeal fluo-
rescein staining increased sigrifcantly in both groups at
1 week (P<.01) and retumed to baseline by 6 morths.
Conjunctval Rose Bengal staining decreased signficantly
by 6 months in the superior hinge group only (P<.05).
The OSDI significantly increased 1 week after surgery
(P<.01) and did not completely retum to baseline by &
monins postopersthely n eltrer group (P<.05). No se-

ersnces vero ncted i any of th parameters
et B ot any e point (P>>.05)

CONCLISiofes: ines o ou Ped o i fcen et
on comesl sensation or cy eye parameters.

iy ey rogimens ere hesceq fo patiens it precpars.
tive . U Refract Surg. 2012;28(9):625-631.]
0110.3928/1081597-20120815-07

L

[[aser n situ keratomileusts (LASIK) is the most com-
| monly petformed refractive surgical procedure? and
| the first choice for the correction of refractive errors
T the majorily of patients. Howsver, patients who have re-
ceived LASIK often present with dry eye symptoms post-
operatively.? Multiple factors have been implicated in this
problem, including damage to the limbal goblet cells due to
suction ring pressure, altered tear-8lm distribution and sta-
bﬂilv due to altered corneal curvature, inflammat !inn effects
icati; an i i i # Laser in
snu il is-i d de-
scribes the neurotrophic component of LASTK dry eye as are-
sult of corneal denervation from transection of corneal nerves
during flap formation and stromal ablation.*
was provicusly believed that the corneal merves pre-
dominantly enter the cornea at the 3- and 9-0'clock positions.
I“OWEVE), Muller et al® performed histopathologic analysis
i human cormeas that showed conclusively no larger nerve
e prosent at 3 and 9 o'clock in the human cornea.
Othor studies™ also confirmed the squal distribution of nerve
trunks around the cirumference of the cornea. Thus, creat-
ing a LASIK flap with a nasal or temporal hinge provides a
potential channel for comeal narves, but may not help to pre-
serve corneal innervation, Although previous studies on the
side effeqts of microkeratome-assisted LASIK have found that
loss of corneal sensation and presence of dry eye syndrome
“were less common in eyes with 2 nasal-hinged flap than in
eyes with a superior] hmcd Hap,*2* other studies did not re-
port such findings, 1%
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TABLE
Preoperative and Surgical
Hinge Fosition
Parameter Superior Nesal P vaiue
Preaperatve SE (D] “7ez=334 8242290 26
Assigmarism (0) os8x0.82 Lo1s111 38
Mean keratometry (D} 42.63=4.35 % 42.71£3.73 46
Galoulated abiation dept () 103.80=30,69 1074622382 23
Suction time (5) 33252740 38
SE = spherica equiment et
HPaie oo Stdat  tn.
the central cornea, as well as into superior, inferior, 7
nasal, and temporal quadrants as recommended by the S
National Eye Institute Industry Workshop.™ =r
SCHIRMER BASIC SECRETION TEST
After instilling one drop of proparacaine 0.5% in |
each eye and drying the fornix, a sterile standardized |
Schirmer tear test strip (Aloon Laboralories Inc) was | £, |
placed at the junction of the lateral and middle third | 2
of the inferior fornix. The length of the wet portion of | &' |
the strip was measured at 5 minutes and recorded in | o !
e bt I e

‘SUBJECTIVE DRY EYE SYMPTOMS

Subjective symptoms were evaluated using the
OSDI questionnaire, which is a reliable and validated
12-item questionnaire used to assess subjective symp-
toms of ocular surface diseases and their impact on vi-
sual function.!®

'STATISTICAL ANALYSIS

Gomparisons of dry eye outcome variables between
different hinge positions as well as pre- and post-
operative within-eye comparisons were performed
using paired Student ¢ tests. Data are prosented as
mean+standard deviation.

RESULTS

The study population comprised 10 men and 33
women with a mean age of 29.8 years (range: 22 Lo 43
years). All patients (86 eyes) completed 6-month follow-
up. Mean preoperative spherical equivalent refraction
in the superior hinge group was ~7.82+3.34 D (range:
—1.00 to —18.75 D) and —8.24+2.90 D ({range: —3.25
to ~16.25 D) in the nasal hinge group. No significant
differences were noted in mean spherical equivalent re-
fraction, astigmatism, keralomelry roadings, calculated
ablation depth, and suction lime between the femto-

Figre 1. Comral Cochel-Bonne esthesiometry-measured mean comesl
sensation assoclated with nasal- and suparior-hinged flaps. *P<.05 and
*+P<.01 when compared with preoperative baseline within group.

second laser—created nasal hings and superior hinge
groups (Table).

Mean pmopexam © corneal sensation was 5.4620.84
mm (out of 6.0 m e nasal hinge group and
5,500,756 me In the suporior hinge group. Gorneal
sensation decreased significantly 1 week postop-
eratively in both groups (4.631.60 mm in the nasal
hinge group (P<.05] and 452153 mm in the su-
petior hinge group [P<.01)) and at 1 month postop-
enatively in the superior hinge group (5.15%1.16 1m,
P<.05) relative fo preoperalive measuroments (Fig 1),
Gradual recovery of corneal sensation to baseline
levels was abserved over time in both groups. Mean
corneal sensation returned to baseline by 1 month
(5.22=1.06 mm) in the nasal hings group and by 3
months postoperatively (5.36=1.02 mm) in the supe-
rior hinge group. However, there was 0o difference in
cornoal sensation between the superior hinge group
and nasal hinge group at any time point. Tear BUT
decreased insignificantly at 1 weok (nasal: 7.10+4.13
seconds; superior: 6.94£2.82 seconds) and at 1 month
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ime

Figure 2. Tear bresic-up fime in patients with nasal- and superiorninged

Figuro 3. Scritmer test vailes in patients with nasal-
hinged flaps. *P<.05 and
baseiine witin goup.

and superior-
#*P<.01 when cormpared wih preoperarive

i
i
3

Tims

Ros agalStainingcore)

T

Figure 4. Comel luoresseln staining in patients with nasl- 2nd superior-
hinged flaps. *P<.05 and L when compared with preoperative
baseline within group.

postoperatively (nasal: 6.85%4.03 seconds; superio
6.8823.66 seconds), but recovered by 3 months (nas:
8.24+4.95 seconds: superior: 8.82:£4.65 seconds) after
surgery in both groups. Comparisons of pnstupcxahve
values between groups and with baselins values (nas:
9.02+8.78 seconds; superior: 8.91%8.07 seconds) were
not statistically significant at any time point (Fig 2).
Mean preoperative BST values were 6.003.88 mm in
the nasal hinge group and 6.135.29 mm in the superior
hinge group. Because of the preoperative dry eye condi-
tions in the patients enrolled in the study, punctal plug
occlusions were performed immediately after surgery
in all patients, Mean BST values increased gradually
throughout postoperative follow-up and were signifi-
cantly higher than baseline values 1 month after suz-
gery (nasal: 8.22:26.60 mm; superior: 8.11%6.18 mm)
and at 3 and 6 months postoperatively in both hinge
groups. There were no differences in mean BST values
between groups at any follow-up (Fig 3). The degree of
corneal fluorescein staining incraased significantly in
Doth the nasal and superior hinge groups at 1 week and

Flgure 5. Roso Bengal staning e inpetlents Wi nasalond supr-
hinged flaps. *P<.05 when compared with preoperative baseling wihin
e

1 month after surgery. In the nasal hinge group, the in-
crease remained significant al 3 months postoperatively,
whereas in the superior hinge group, no significant
difference was noted between the degree of corneal
fluorescein staining at 3 months postoperatively and
degree of staining at baseline, A gradual trend towards
Tecovery was noted in both groups, and no significant
difference was noted between the hinge groups at any
time pmm (Fig 4).
degree of conjunctival Rose Bengal staining
1 week alter surgery did not differ significantly from.
baseline scores in either group. From thal point on,
a gradual decrease occurred in mean scores in both
groups, and at 6 months after surgery, mean staining
scores in the superior hinge group were significantly
lower than those at baseline (0.55:-0,62, P<.05). There
were no sigaificant diferences in mean staining scores
between the groups at any time point (Fig 5).
Subjective dry eye symptoms were scored by the
OSDI questionnaire {0 fo 12 = novmal eye, 13 to 22 =
mild dry ey, 23 to 32 = moderate dry eye, 33 ta 100 =

Copyight © SLACK Incorporated
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severe dry eye disease). The preoperative mean OSDI
score was 14.0 in both hinge groups. The mean scores
wwere significantly higher in both groups at 1 week (25.0;
P<.01) after surgery and remained significantly elevated
at 1 month (21.0; P<.05), 3 months (10.0; P<.08), and
6 months (19.0; P<.05) postoperatively despite show-
ing a trend in reduction towards baseline values (Fig
6). No significant differences were observed in any of
the subfective and objeative parameters tested between
eyes that roceived nasal-hinged flaps and eyes that re-
ceived superior-hinged flaps at any time point.

DISCUSSION

Dry eye symptoms js the most common complaint
after LASIK surgery, with an incidence rate rang-
ing from 0.25% to 59%,%"** depending on how these
symptoms are defined and evaluated and presence or
absence of dry eye symptoms preoperatively. Postop-
erative LASIK dry eye symptoms are usually tempo-
rary and begin to recover within 3 months; however,
prolonged cases of up to 18 months have been reported.
In our study, subjective dry eye symptoms as measured
by OSDI were mild (mean OSDI=14) in both hinge
groups preoperatively, The mean OSDI peaked at 1
week postoperatively (25.0) and decreased by 1 month

il

Ocolar Surfe Discase ades (sore)

=]

Figure 6. Ocular Surfzce Diseass Index (scores) values In patients with
nasal- and superlor-hingsd flaps. *P<.08 and *+P<.0L wren comoared
With preoperstive bassiine wihin group.

by Mian et al** This may be partly atiributed to the
shorter suction time required with the 60-kHz model
used in our study. Moreover, we found that our pa-
tients who received LASIK for high myopia had ongo-
ing dry eye symptoms despite improved clinical signs
of tear insufficiency and hypoesthesia, a finding that is
consistent with that reported by Tuisku et al

I our study, the BST values incieased at 1 week

postoperatively, although at 6 months
the scores remained significantly elevated relative to
preoperative baseline values. This result differs from
that reported by Mian et al,"" who showed that dry
eye symptoms normalized within the first 3 months
after surgery. Al of our patients had mean preopera-
tive spherical equivalent refraction in the high myopic
range and had more severe mean preoperative dry eye
symptoms (mean OSDI=14). Studies have shown that
preexisting dry eye and high myopia are risk factors for
severe postoperative dry eye®; therefore, those preop-
erative conditions in our patients most likely played
an important role in the persistence of dry eye symp-
toms postoperatively.

One of the major postulated mechanisms for the
development of dry eye after LASIK is the decroased
coreal sensation and blink reflex due to amputation
of corneal afferent nerves during flap creation and
stromal eblation.? Patisnts included in our study bad
a significantly higher mean preoperative spherical
equivalent refraction correction than patients in pre-
vious studies with femtosecond laser—assisted LASIK.
Thus, we expected that our patients would have more
severe dry eye symptoms than patients in related stud-
ies because they required greater ablation depths due
to high degteo of prooperative myopia. However, we
found that recovery of mean central corneal sensation
was faster in our patients than in the patients reported

and became higher than
at baseline at 1-, 3-, and 6-month follow-up. This is
probably because of the fact that punctal plug occlu-
sions were performed in all eyes of patients snrolled
in the study, The degree of corneal fluarescein stain-
ing was significantly greator than at baseline at 1 week
postoperatively in both hinge groups but gradually re-
turned to baseline 3 and 6 months after surgery. Like-
wise, the degres of conjunctival Rose Bengal staining
increased, although not significantly, at 1-week follow-
up and returned to baseline 1month after surgery. Fur-
ther reduction in conjunctival staining was noted at
3 and 6 months postoperatively. Tear BUT decreased
insignificantly at 1 week postoperatively and returned
to baseline by 3-month follow-up. These results are
consistent with the gradual improvement of corneal
sensation and increased hasic tear secretion postop-
exatively. Therefore, postoperative punctal plug occl-
sions should be considered for patients who present
with dry eye symptoms before LASIK.

In terms of dry eye parameters and corneal sensitiv-
ity, the results from previous studies on LASTK with
a microkeratome that attempted to spare horizontally
oriented corneal stromal nerves during flap prepara-

tion via meking a nasal-hinged flap versus making a
ged flap were Donuenfeld et
1% and Vroman et al* reported less corneal sensitivity

loss and a lower incidence of dry eye syndrome in na-
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sal-hinged eyes and Lee and Joo™ reported greater tear
BUT and Schirmer test values in nasal-hinged eyes
than in superior-hinged cyes. However, Ghoreishi et
al’* reported no differences between nasal and superior
hinge flap methods in regards to signs and symptoms
of dry eye after LASIK with a microkeratome. Kumano
et al® noted a significantly greater decrease in corneal
sensitivity in patients who underwent nasal-hinged
LASTK than in patients who received a superior hinge.

More recent studies hava compared the effects of
varying hinge positions on dry eye paramoters af-
ter LASIK with a femtosecond laser. Mian et al’>1
compared temporal and superior hinge positions and
noted no difference between the two hinge positions
in corneal sensation and dry eye symptoms at auy
time point. In this study, we compared pre- and pos-
operative within-eye parameters to ses whether any
differences ocourred in dry eye symptoms and signs
between nasal- and superior-hinge flaps in patients
Teceiving LASIK with a femtosecond lasor. We found
that hinge position did not have a significant effect
on central corneal sensation and dry eye parameters
at any time point postoperatively, a inding that sug-
gests variation of flap hinge positions does not affect

al when

laser—assisted LASTK. This is consistent with the
more recent human studies with in vive confocal mi-
aroscpy and Heidelberg Retinal Tomograph (HRT
IL; Heidelberg Engincering, Garlsbad, California) that
suggost an alternative model of corneal innervation.
Tn those studies, subbasal nerves appeared to be Ta-
dially organized along the circumforence and equal
numbers of nerves appeared to penetrate the stroma
in all quadrants #9267

In addition to hinge position, factors such as hinge
width, flap diameter, and flap depth may play impor-
tant roles in the health of the corneal surface. The ef-
fect of hinge width seems to have an effect on dry eye
parameters. Donnenfeld et al'® showed that the loss of
comeal sensation and presence of dry eye syndrome
<were greater in eyes with a narrow hinge (0.6 mm)
flap than in eyes with a wider hinge (1.2 mm) flap. We
speculate that prior studies of nasal versus superior
flap sensation differences were likely confounded by
differences in flap diameters between the patients wi
nasal and superior hinges. However, further study is
needed to establish the correlation. A recent study by
Mian et al's noted that hinge angle (45° vs 90° hinge
angles) and flap thickness (100 vs 130 pm) have no ef-
fect on comeal sensation or dry eye syndrome. There-
fore, other fagtors such as damage to conjunctival gob-
let cells* may be imporlant contributing factors to the
multifactorial nature of LASTK-induced dry ey

In summary, femtosecond laser-assisted LASIK
reduced corneal sensitivity and led to increased cor-
neal staining postaperatively, although these param-
eters returned to baseline values within § months. We
found that the subjective OSDI values increased after
surgery and did not improve by 6 months postopera-
tively. Thus, for patients with high myopia and precp-
erative symptoms of dry eye, more aggressive postop-
erative dry eye regimens may be needed. In addition,
we found that differences in hinge position in femto-
second laser-assisted LASIK had no significant effect
on contral corneal sensation and dry eye parameters;
therefore, we suggest that selection of hinge position
can be made according to the surgeon’s preference.
However, the low mumber of patients as well as the
lack of flap thickness measurements are the limiting
factors in our study. Therefore, future large scale study
is mandatory and further evaluation of comeal nerve
organization and regrowth pattorns may help us un-
derstand how to minimize dry eye after LASIK.,
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