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Presbyopia-correcting intraocular lens options in myopic eyes
undergoing cataract surgery

Saevit Eye Hospital, Goyang, Korea

With ongoing advancements in surgical techniques and intraocular lens (IOLs) technologies, cataract surgery is increasingly recognized as a form of
refractive procedure aimed at enhancing overall visual performance rather than being viewed solely as lens extraction. In parallel with this shift, a
growing number of aging individuals with myopia are actively seeking spectacle independence following cataract surgery. The selection of IOLs for
presbyopia correction in patients with myopia presents distinct clinical and refractive challenges, necessitating careful preoperative evaluation and
individualized surgical planning. In this review; the author summarizes current evidence regarding the use of various IOLs, including monofocal,
enhanced monofocal, extended depth-of-focus, and multifocal IOLs, for presbyopia correction in myopic patients and discusses key considerations
involved in selecting the most appropriate IOL for this specific population.

Keywords: Extended depth of focus; Intraocular lens; Myopia; Multifocal intraocular lens; Presbyopia
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Therapeutic effects of diquafosol ophthalmic solution and
carbomer eye gel in dry eye patients with lid wiper epitheliopathy

Jong Suk Song, In Ho Woo

Department of Ophthalmology, Korea University College of Medicine, Seoul, Korea

Purpose: This study aimed to evaluate the therapeutic effects of 3% diquafosol tetrasodium ophthalmic solution (Diquas) and a carbomer-based,
lipid-containing eye gel (Liposic, Bausch & Lomb) in dry eye patients with lid wiper epitheliopathy (LWE) that was refractory to topical treatment
with conventional artificial tears.

Methods: Thirty-three dry eye patients with LWE of the upper eyelid were treated with 3% diquafosol ophthalmic solution administered six times
daily and a carbomer-based, lipid-containing eye gel administered four times daily. After the 2-week treatment period, changes in ocular symptoms
were assessed using a visual analog scale (VAS), and changes in ocular signs were evaluated using tear film break-up time (TBUT), corneal staining,
and LWE grading.

Results: The mean patient age was 37.58+12.35 years (range, 21-67 years); six patients were male and 27 were female. At baseline, the mean VAS
symptom score was 7.18+1.47, and the mean TBUT was 2.78+0.78 seconds. After 2 weeks of treatment, the mean VAS score decreased to 4.87+1.97,
and the mean TBUT increased to 3.68+1.08 seconds (both P<0.05). The mean corneal staining score was 1.09+1.50, and the mean LWE grade was
5.76%0.61 at baseline. Following treatment, these values decreased to 0.55+0.83 and 2.24+1.95, respectively (both P<0.05). Among the objective pa-
rameters, only the LWE grade showed a significant correlation with the VAS score.

Conclusion: The LWE grade showed a significant correlation with ocular symptoms. Combined treatment with diquafosol ophthalmic solution and
a carbomer-based, lipid-containing eye gel demonstrated excellent therapeutic effects in dry eye patients with LWE who were refractory to treat-

ment with conventional artificial tears.

Keywords: Lid wiper epitheliopathy; Friction; Blinking; Mucin secretagogue

Introduction

According to Korb et al. [1,2], the anatomical area of the lid
wiper region is the portion of the palpebral marginal conjunc-
tiva in the upper and lower lids that is in contact with the ocu-
lar globe. In the upper lid, it extends from the crest of the sharp
posterior (inner) lid border (i.e., the mucocutaneous junction
or line of Marx) to the subtarsal fold vertically and from the
medial upper punctum to the lateral canthus horizontally.

Lid wiper epitheliopathy (LWE) is a clinically observable al-

teration in the epithelium of the lid wiper area, the portion of
the marginal conjunctival epithelium of the upper eyelid that
wipes the ocular surface during blinking [3,4]. The tear film is
composed of a mixture of lipids, lacrimal fluid, and mucins [5].
In patients with dry eye, the tear film is thought to be insuffi-
cient to lubricate the friction between the ocular surface and
the lid wiper. Due to the increased friction, the lid wiper area is
subjected to trauma during blinking as a result of continual
rubbing of the narrow surface area of lid wiper tissue against
the corneal surface [3,6]. LWE may be caused by mechanical
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forces during blinking, resulting in inflammation of the ocular
surface [7].

The incidence of LWE is higher in patients having both dry
eye symptoms and signs compared with normal control pa-
tients who have no symptoms and signs [8]. However, LWE
was reported to occur in subjects with dry eye symptoms de-
spite the absence of positive dry eye test findings, providing a
potential answer to the portion of the spectrum of dry eye dis-
ease in which signs and symptoms did not correlate well [2].

Therefore, the purpose of this study was to investigate the
associations between LWE and other parameters of dry eye
disease and to determine the effectiveness of combined thera-
py of 3% diquafosol ophthalmic solution (Diquas, Santen) as a
mucin secretagogue and a carbomer-based, lipid-containing
eye gel (Liposic, Bausch & Lomb) to reduce the friction be-
tween the lid wiper area and the ocular surface.

Methods

Ethics statement

This study followed the tenets of the Declaration of Helsinki.
This study was approved by the Institutional Review Board of
Korea University Guro Hospital.

Patient and study design

We retrospectively reviewed patients who were diagnosed with
LWE associated with dry eye disease at the Department of
Ophthalmology of Korea University Guro Hospital, from Feb-
ruary to June of 2017. A total of 33 eyes in 33 patients with LWE
who were refractory to topical medication with conventional
artificial tears.

Thirty-three dry eye patients with LWE of the upper eyelid
were treated with 3% diquafosol ophthalmic solution six times
a day and a carbomer-based, lipid-containing eye gel four
times a day were enrolled in this study.

All patients were diagnosed with dry eye disease according
to the Dry Eye Workshop 1I guidelines [9]. All patients were
treated using a 3% diquafosol ophthalmic solution and car-
bomer-based, lipid-containing eye gel. The exclusion criteria
were systemic disease that might affect the tear film, a history
of ocular trauma or ocular surgery, bacterial or viral infection
of the cornea and conjunctiva, and use of contact lenses for 3
months. The eye with a higher LWE grade was selected from
each patient. When the LWE grade was the same in both eyes,
the eye with the higher corneal staining score was selected.

10
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Clinical measurements

Subjective dry eye symptoms were evaluated using a visual
analog scale (VAS) from 0 to 10 points. Patients described their
ocular pain and discomfort intensity due to dry eye disease. If
there was no pain and discomfort, the score was 0 points, and
if there was very severe pain or discomfort, the score was 10
points. Objective assessments were evaluated for LWE, tear
film break-up time (TBUT), and fluorescein corneal staining
score. After instillation of fluorescein dye, the ocular surface
was examined under the combination of a yellow filter and the
highest cobalt blue illumination using a slit-lamp (Haag-Streit
900, Haag Streit) [10]. In accordance with the National Eye In-
stitute (NEI) classification, the cornea was divided into five ar-
eas, with each area assigned a maximum staining score of 3
points, resulting in a total maximum score of 15 points.

LWE was graded from 0 to 6 points using a modified Korb’s
grading system [1-4]. The stained horizontal length and sagit-
tal width were separately graded from 0 to 3 points, and the fi-
nal grade was determined as the sum of stained horizontal
length and sagittal width. The corneal fluorescein staining
score was graded from 0 to 15 points using the NEI scoring
scheme [6]. After contacting the conjunctival sac with fluores-
cent staining paper, the eyes were blinked more than three
times for several seconds to uniformly apply the dye to the sur-
face of the cornea, and then the TBUT test was performed.
TBUT, the interval between blinking and the first appearance
of a dry spot on the tear film, was measured three times, and

the mean value of the three measurements was used.

Treatment protocol

The protocol to treat dry eye patients with LWE was 3% diqua-
fosol ophthalmic solution six times a day and a carbom-
er-based, lipid-containing eye gel four times a day. Diquafosol
has been reported to increase tear film stability and improve
symptoms related to dry eye disease [11-14]. Carbomer-based,
lipid-containing eye gel (Liposic Gel, Bausch & Lomb), con-
tains 94% water, 0.2% carbomer, and 1% medium-chain tri-
glyceride. These carbomer-based, lipid-containing gels have
been reported to improve symptoms and signs associated with
dry eye disease [15-17]. To minimize friction between the eye-
lid and the ocular surface, the two topical medications were
used together to treat patients with LWE for 2 weeks.

Statistical analyses
Statistical analyses were performed using the IBM SPSS ver.

https://doi.org/10.63375/icrs.25.019



Jong Suk Song & In Ho Woo Treatment of lid wiper epitheliopathy

21.0 (IBM Corp.). All data are presented as meantstandard de-
viation. Paired t-test was used to compare changes in variables
before and after treatment. Correlations among subjective
symptoms and objective parameters were evaluated by Pear-
son correlation analysis. A P-value less than 0.05 was consid-
ered statistically significant.

Results

A total of 33 patients was included in this study. Their mean
age was 37.58+12.35 years. Of these patients, six were male and
27 were female (81.8%). Table 1 summarizes the meanztstan-
dard deviation of grade of LWE, VAS score, corneal staining
score, and TBUT.

After the 2-week treatment, the VAS symptom score signifi-
cantly decreased from 7.18+1.47 to 4.87+1.97 (P<0.001). The
corneal staining score based on NEI scheme significantly de-
creased from 1.09+1.50 to 0.55+0.83 (P=0.024), and TBUT sig-
nificantly increased from 2.78+0.78 to 3.68+1.08 seconds after

Table 1. Patient demographics

Characteristic Value
Age (yr) 37.58+12.35
Sex (male:female) 6:27
Lid wiper epitheliopathy (grade)
Horizontal length 2.97+0.17
Sagittal width 2.79%0.54
Total 5.76x0.61
Visual analog scale (score) 7.18+1.47
Corneal staining (score) 1.09+1.50
Tear film break-up time (sec) 2.78+0.78

Values are presented as mean+standard deviation.

Table 2. Changes in dry eye parameters after treatment

. After

Parameter Baseline treatfrtrien . P-value
Lid wiper epitheliopathy

Horizontal length 2.97+0.17 1.48+1.37 <0.001

Sagittal width 2.79+0.54 0.76x0.66 <0.001

Total 5.76+0.61 2.24+1.95 <0.001
Visual analog scale (score) 7.18+1.47 4.87+1.97 <0.001
Corneal staining (score) 1.09£1.50 0.55+0.83 0.024
Tear film break-up time (sec) ~ 2.78+0.78 3.68+1.08 <0.001

Values are presented as mean+standard deviation.
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the 2-week treatment (P<0.001) (Table 2). After the 2-week
treatment, the horizontal length grade of LWE decreased from
2.9740.17 to 1.48+1.37, and the sagittal width grade decreased
from 2.79+0.54 to 0.76+£0.66. The LWE, the sum of the two
states, significantly decreased from 5.76+0.61 to 2.24+1.95
(Figs. 1, 2).

In the correlation analysis between dry eye parameters at
baseline, age positively correlated with corneal staining score
and negatively correlated with TBUT. The corneal staining
score negatively correlated with TBUT. However, VAS symp-
tom score only correlated with grade of LWE (r=0.482) (Table
3). Even after the 2-week treatment, VAS symptom score
showed significant correlation only with the grade of LWE (Ta-
ble 4).

Discussion

The term LWE was first used by Korb et al. [1,2]. This occur-
rence was detected by ocular staining with alteration of the
marginal conjunctival epithelium of the upper eyelid that
wipes the ocular surface during blinking. LWE, which is related
to the mechanical force generated during eye blinking, even-
tually leads to irritation of the ocular surface. Korb et al. [2] re-
ported the relationship between LWE and dry eye syndrome
and found that the degree of LWE was high when dry eye
symptoms were severe. This was due to instability of the tear
film, increase in friction between lid wiper area and bulbar
conjunctiva, and decrease in mucin secretion [7]. Yeniad et al.
[18] evaluated LWE in contact lens users, symptomatic dry eye
patients, and normal controls. They found that the prevalence
of LWE was higher in contact lens wearers with ocular discom-
fort symptoms than in contact lens wearers without ocular dis-
comfort. In addition, dry eye patients had a higher prevalence
of LWE than the control group. However, there was no correla-
tion between LWE and TBUT.

In this study, the mean LWE grade was 5.76£0.61 out of 6,
and the mean VAS score, which was a measurement of ocular
discomfort from 0 to 10 points, was 7.18+£1.47. However, the
mean corneal staining score was 1.09£1.50, which was rela-
tively lower compared with the mean symptom score. The
mean TBUT was 2.78+0.78 seconds. The subjects in this study
showed minimal corneal staining score, short TBUT, high LWE
grade, and severe symptom score. Although there was no cor-
relation between LWE and TBUT, grade of LWE was the only
parameter that significantly correlated with ocular discomfort

1"
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Fig. 1. A 35-year-old female patient. Slit-lamp examination performed using a yellow filter and maximal cobalt blue illumination with
fluorescein staining demonstrated lid wiper staining (A) and a clear corneal state (B). After 2 weeks of topical treatment with Diquas and
Liposic, lid wiper staining was markedly improved (C), and the corneal state remained clear (D).

= & =4 LWE horizontal length
—a— |\WE sagittal width
J LWE total

Grade
w

Baseline After treatment

Fig. 2. Graphs illustrating lid wiper epitheliopathy (LWE) grade
before and after treatment.
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symptom (VAS) score. This correlation was found in baseline
examination and after the 2-week treatment.

In normal eyes, tears are constantly secreted and cover the
ocular surface. The tear film is composed of a lipid layer and
an aqueous-mucous layer [5]. Mucins play an important role
in tear film stability and protecting the ocular surface. These
mucins are classified as secretory mucins and membrane-as-
sociated mucins [19,20]. Diquafosol tetrasodium acts as a P2Y2
receptor agonist to promote tear secretion from conjunctival
epithelium and mucin secretion from conjunctival goblet cells
[12-15]. In previous studies, diquafosol stimulated MUC5A se-
cretion from conjunctival goblet cells and increased mem-
brane-associated mucins, such as MUCI, MUC4, and MUCI®6,
in corneal epithelial cells [21,22]. Diquafosol tetrasodium is
now commonly used as a mucin secretagogue to treat dry eye

https://doi.org/10.63375/icrs.25.019
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Table 3. Correlations between parameters before treatment

Corneal

Parameter Age LWE VAS staining TBUT
Age -

ILWE 0.159 -

VAS -0.143 0.482* -

Corneal staining ~ 0.395*  0.126 0.105 -

TBUT -0.460* -0241  -0.183  -0.408* -

LWE, lid wiper epitheliopathy; VAS, visual analog scale; TBUT, tear film
break-up time.
*Statistically significant P-value <0.05 in Pearson correlation analysis.

Table 4. Correlations between parameters after treatment

Parameter Age  ILWE  VAS Sct:frll’;":gl TBUT
Age -

LWE -0.099 -

VAS -0.047 0.364* -

Corneal staining ~ 0.090 0.301 0.117 -

TBUT -0.050  -0.337 -0.251  -0.389* -

LWE, lid wiper epitheliopathy; VAS, visual analog scale; TBUT, tear film
break-up time.
*Statistically significant P-value <0.05 in Pearson correlation analysis.

patients in many Asian countries.

LWE is caused by frictional forces between the ocular sur-
face and the upper eyelid during blinking. Several studies have
examined the change of LWE after using lubricating eye drops
to solve this problem. Guthrie et al. [23] reported that the pro-
pylene glycol-based Systane Balance lubricant eye drop was
effective in early treatment of LWE and long-term improve-
ment of the lid wiper epithelium. Ngo et al. [24] investigated
the therapeutic effects of the TheraTears nutrition formulation
containing sodium carboxymethyl cellulose and reported that
ocular discomfort, non-invasive tear break-up time, and mei-
bomian gland function improved, but that there was no signif-
icant difference in LWE. Itakura et al. [25] reported the thera-
peutic effects of rebamipid on LWE. Similarly, rebamipid also
increased the secretion of both secretory and membrane-as-
sociated mucins in conjunctival goblet cells and corneal epi-
thelial cells. The authors suggested that rebamipid was effec-
tive in treating patients with LWE. Howevey, it was difficult to
determine the statistical significance or therapeutic effect be-
cause only two cases were analyzed. In our study, we evaluat-
ed 33 patients with LWE and confirmed the therapeutic effects

https://doi.org/10.63375/icrs.25.019
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of diquafosol on LWE. Liposic Gel, containing the carbomer
component, was used together with diquafosol in our study.
Therefore, it was difficult to confirm the therapeutic effects of
Liposic Gel and diquafosol solution separately. However, both
topical medications were used to achieve maximal therapeutic
effects to reduce friction, and even after the 2 weeks of short-
term treatment, a significant improvement was found in LWE
grade.

To date, various eye drops and treatments have been pro-
posed as therapeutic agents for LWE [26]. However, there has
been no study on the combined treatment of these two agents.
Therefore, this study is of great significance for the efficacy of
combined therapy using mucin secretagogue and carbomer
lubrication gel as a treatment modality for LWE. After two
weeks of short-term administration to the study subjects, vari-
ous parameters of dry eye disease improved, including LWE
grade, corneal staining score, TBUT, and VAS symptom score.

In conclusion, grade of LWE was the only parameter that sig-
nificantly correlated with ocular discomfort symptom (VAS)
score. The combined therapy using diquafosol ophthalmic
solution and carbomer eye gel even after a short, 2-week treat-
ment showed excellent therapeutic effects on dry eye patients
with LWE who were refractory to topical medication with con-
ventional artificial tears.
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Impact of anterior chamber depth to axial length ratio on
conventional intraocular lens power calculation formulas
performance in axial myopia

Youngsub Eom'’, Jinhwan Park’, Youngbin Song”, Dong Hyun Kim', Jong Suk Song'

'Department of Ophthalmology, Korea University College of Medicine, Seoul, Korea
*YES Eye Clinic, Seoul, Korea

Purpose: To evaluate the effects of the ratio of anterior chamber depth to axial length (ACD/AL), as well as axial length (AL) itself, on the accuracy
of conventional intraocular lens (IOL) power calculation formulas in eyes with axial myopia.

Methods: This retrospective cross-sectional study included 60 eyes from 44 patients with an AL greater than 25.0 mm who underwent uncompli-
cated phacoemulsification with IOL implantation. Eyes were categorized into high and low AL groups using an AL threshold of 27.0 mm, and into
high and low ACD/AL groups based on the median ACD/AL value of 13.4. The median absolute errors (MedAEs) predicted by the Sanders-Ret-
zlaff-Kraff theoretical (SRK/T) and Haigis formulas were compared according to AL and ACD/AL groupings.

Results: In the low ACD/AL group and in the high AL group, the MedAEs predicted by the Haigis formula were lower than those predicted by the
SRK/T formula (P=0.002 and P=0.012, respectively). The MedAEs predicted by both the SRK/T and Haigis formulas were significantly lower in the
high ACD/AL group than in the low ACD/AL group (P<0.001 and P=0.010, respectively). In contrast, no significant difference was observed be-
tween the low and high AL groups in the MedAEs predicted by the Haigis formula. When the ACD/AL ratio was less than 13.4, postoperative re-
fractive outcomes were more hyperopic with both formulas.

Conclusion: In eyes with a long AL and a relatively shallow ACD, the Haigis formula demonstrated superior accuracy among conventional IOL

power calculation formulas. Under these anatomical conditions, targeting slightly more myopic postoperative refractions may therefore be advisable.

Keywords: Intraocular lens; Anterior chamber depth; Axial length; Axial myopia

Introduction

Phacoemulsification with intraocular lens (IOL) implantation
is one of the most widely performed surgeries by ophthalmol-
ogists, and refractive outcomes after cataract surgery have
greatly improved over time [1-3]. IOL power calculation is im-
portant for attaining optimal refractive outcomes. Axial length
(AL) measurement (54%) is the most common source of mis-

calculation with ultrasound biometry, followed by postopera-
tive anterior chamber depth (ACD) estimation (38%), and cor-
neal power (K) measurement (8%) [4]. Due to the availability
of more accurate AL measurements by optical biometry using
the IOLMaster (Carl Zeiss Meditec), the error contribution
from AL measurements has decreased [5-8] and was found to
be less than the error contribution from ACD prediction [3].
Long axial myopic eyes have a high risk for unexpected post-
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operative refractive effects after cataract surgery with IOL im-
plantation [9-15]. In recent studies, the Haigis formula was re-
ported to have the lowest refractive error in eyes with a long
AL, followed by the Sanders-Retzlaff-Kraff theoretical (SRK/T)
formula [10,16]. The Haigis formula, which is a fourth-genera-
tion formula, may be the most accurate because the postoper-
ative effective lens position (ELP) is calculated using the mea-
sured ACD, whereas, in the SRK/T formula, ELP is estimated
from the AL, K, and A constants using the corneal height for-
mula [16,17]. The SRK/T formula assumes that eyes with a
long AL will have deeper ACD than eyes with a short AL. In
other words, according to the SRK/T formula, the estimated
ELP is expected to increase as AL increases. Thus, when eyes
with a long AL have a shallow ACD, the estimated ELP tends to
be deeper than the actual ELP, resulting in myopic refractive
outcomes. Therefore, we hypothesized that the accuracy of the
SRK/T formula in eyes with long AL may be influenced by the
ratio of ACD to AL (ACD/AL).

The aim of this study was to evaluate the effects of ACD/AL
and AL on the accuracy of IOL power calculations made using
the IOLMaster 500 by the SRK/T and Haigis formulas in eyes
with a long AL of more than 25.0 mm.

Methods

Ethics statement

This retrospective study was approved by the Institutional Re-
view Board of the Korea University Guro Hospital (IRB No.
2012GR0192). The requirement for informed consent was
waived due to the retrospective nature of the study and the use
of deidentified data. The study was conducted in accordance
with the tenets of the Declaration of Helsinki.

Patient and study design

This retrospective study included 60 eyes from 44 patients who
underwent uncomplicated phacoemulsification with Acrysof
IQ (SN60WE, Alcon; 23 eyes from 19 patients), Rayner Super-
flex 620H (Rayner Intraocular Lenses Limited; 12 eyes from 10
patients), Tecnis ZCBO0O0 1 piece (Abbott Medical Optics Inc.; 12
eyes from nine patients), Hoya NY-60 (HOYA Corp.; seven eyes
from seven patients), or Sensar AR40E (6 eyes from four pa-
tients) IOL implantation at our institute between September
2009 and January 2012. Eyes with AL measurements of more
than 25.0 mm as made by the IOLMaster 500 and with at least
three valid measurements with a signal to noise ratio (SNR)
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above 1.5 for a single measurement and a SNR above 2.0 for
the composite signal were included. Patients who had
best-corrected visual acuities (BCVA) of less than 20/40 in the
operated eye after cataract surgery, traumatic cataracts, previ-
ous ocular surgeries such as penetrating keratoplasty or refrac-
tive surgery, surgery complications such as anterior or posteri-
or capsular ruptures, sulcus fixated lenses, IOL exchanges,
postoperative complications, or prior retinal detachments
were excluded.

Preoperative K, AL, and ACD were measured using the IOL-
Master 500 ver. 5.02. All measurements were taken by a single
trained ophthalmic examiner. IOL power was calculated using
the SRK II, SRK/T, Holladay 1, Hoffer Q, and Haigis formulas.
The IOL constants for all IOLs were obtained from the User
Group for Laser Interference Biometry database [18]. Postop-
erative uncorrected visual acuity, manifest refraction, and
BCVA were measured three to 10 weeks after the operation.

All phacoemulsification and IOL implantations were per-
formed by one of two surgeons (YYK, JSS) at our institute. After
topical anesthesia with Alcaine (proparacaine hydrochloride
0.5%), a 2.2- or 2.75-mm temporal clear corneal incision was
made and a continuous curvilinear capsulorrhexis slightly
smaller than the IOL optic size was created with a 26-gauge
needle. A standard phacoemulsification technique was used
and the IOL was inserted into the capsular bag using an injec-
tor system.

Median absolute error (MedAE) was defined as the median
absolute value of the predicted refractive error. The predicted
refractive error was defined as the difference between the ob-
served refractive spherical equivalent at postoperative 3 weeks
and the preoperative refraction predicted by the IOLMaster
500 for the implanted IOL using the SRK II, SRK/T, Holladay 1,
Hoffer Q, and Haigis formulas (predicted refractive error=post-
operative spherical equivalent-preoperative predicted refrac-
tion). ACD/AL was defined as the actual measured ACD divid-
ed by AL multiplied by 100. To evaluate the effects of ACD/AL
and AL on the accuracy of IOL power calculation in eyes with a
long AL, the sample eyes were divided into high AL group and
low AL group based on AL of 27.0 mm, and into a high ACD/
AL group and low ACD/AL group by the median ACD/AL val-
ue (13.4).

Theoretical investigation of the SRK/T and Haigis
formulas
The SRK/T formula uses AL and K to estimate ELP using a cor-
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neal height calculation formula. Corneal height calculations
using the IOL power calculation algorithm of the SRK/T for-
mula are as follows [17,19,20]:

1. Corneal radius of curvature, 7 = %

2. Corrected AL, LCOR:
IfL <24.2, then LCOR=L
IfL > 24.2, then LCOR=L-3.446+1.716L-0.0237L’
3. Computed corneal width, C,:
C,=-5.40948+0.58412 LCOR+0.098 K

4. Corneal height, H, calculation:

H=7r—1/r2— (C’w/2)2

If * — (Cu/2)* <0, than s> — (C,/2)* =0

Where ris the corneal radius, K is corneal power, and L is AL.
The Haigis formula [21] uses the following regression equa-
tion for ELP prediction:
ELP =ag+a; Xx ACD +as x AL
Where a, is a constant related to the ACD constant, a, is the re-
gression coefficient for preoperative ACD, and a, is the regres-
sion coefficient for preoperative AL. The mean a, constant of
the Haigis formula used in this study was 0.218.

Statistical analysis

Statistical analyses were performed using repeated measures
ANOVA, Mann-Whitney test, and Wilcoxon’s signed rank test
using SPSS ver. 12.0 (IBM Corp.). Results were considered sta-

tistically significant if the P-value was <0.05.

Results

Sixty eyes from 44 patients that underwent phacoemulsifica-
tion with IOL implantation were included in the present study.
The mean age of subjects was 59.6£13.5 years (range, 16-83
years). Sixteen patients were male (36.4%) and 28 patients
were female (63.6%). The mean AL was 27.76+2.51 mm. The
laterality, K, and calculated IOL power are shown in Table 1.
The calculated MedAEs by the SRK II, SRK/T, Holladay 1,
Hoffer Q, and Haigis formulas are shown in Table 2. According
to repeated measures ANOVA, the MedAE predicted by the
Haigis formula (0.39 diopter [D]) was significantly smaller than
that predicted by the SRK II (1.13 D), Holladay 1 (0.46 D), and
Hoffer Q formulas (0.53 D; P<0.001, P<0.001, and P<0.001, re-
spectively). However, the difference between the MedAEs pre-
dicted by the SRK/T formula (0.39 D) and the Haigis formula
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(0.39 D) was not statistically significant.

Fig. 1 shows the linear regression analysis of the relationship
between the ACD, AL, ACD/AL, and the absolute value of the
predicted refractive error by the SRK/T and Haigis formulas.
The absolute value of the predicted refractive error by the SRK/
T and Haigis formulas both decrease as ACD and ACD/AL in-
crease and as AL decreases. AL and ACD/AL are significantly
correlated with the absolute value of the predicted refractive
error by the SRK/T formula (R*=0.295, P<0.001 and R°=0.231,
P<0.001, respectively) and the Haigis formula (R*=0.102,
P=0.013 and R*=0.097, P=0.015, respectively).

Table 3 shows the MedAEs predicted by the SRK/T and Hai-
gis formulas according to ACD/AL and AL. In the low ACD/AL
group and the high AL group, the Haigis formula (0.43 and 0.39
D, respectively) was more accurate than the SRK/T formula

Table 1. The clinical and demographic characteristics of the
subjects included in the present study (n=60)

Demographic Value
Age (yr) 59.6+13.5 (16-83)
Sex”

Male 16 (36.4)

Female 28 (63.6)
Laterality”

Right eye 34 (56.7)

Left eye 26 (43.3)
Corneal power (D) 44.43+1.50 (41.57 to 48.49)
Anterior chamber depth (mm) 3.58+0.48 (2.35 t0 4.32)
Axial length (mm) 27.76+2.51 (25.05 to 33.90)
IOL power (D) 9.2+6.7 (7.0 to 18.0)

Values are presented as mean+standard deviation (range) or number (%).
D, diopters.
?Frequency count.

Table 2. MedAE and MAE as predicted by different formulas

Whole subjects (n=60)

Formula MedAE (D) MAE(D)  Range (D) Bt
SRK IT 113 1.22 0.02-4.28 <0.001
SRK/T 0.39 0.49 0.02-2.24 0.077
Holladay 1 0.46 0.61 0.02-1.99 <0.001
Hoffer Q 0.53 0.71 0.00-2.45 <0.001
Haigis 0.39 041 0.00-1.30 -

MedAE, median absolute error; MAE, mean absolute error; D, diopters;
SRK II, Sanders-Retzlaff-Kraff IT; SRK/T, Sanders-Retzlaff-Kraff theoreti-
cal.

“Repeated measures ANOVA (vs. Haigis).
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Fig. 1. Linear regression analysis illustrating the relationships among anterior chamber depth (ACD), axial length (AL), the ACD to AL ratio
(ACD/AL), and the absolute value of the predicted refractive error calculated using the Sanders-Retzlaff-Kraff theoretical (SRK/T) and Haigis
formulas. Panels A-C present the associations for the SRK/T formula with ACD (A), AL (B), and ACD/AL (C), whereas panels D-F depict
the corresponding associations for the Haigis formula with ACD (D), AL (E), and ACD/AL (F). MAE, mean absolute error; D, diopters.

Table 3. MedAE and MAE as predicted by the SRK/T and Haigis formulas according to the ACD/AL and AL
Low AL (n=33) High AL (n=27)

Low ACD/AL (n=30) High ACD/AL (n=30)

Formula JAE(D) MAE(D) MedAE(D) MAE (D) Byalue® e E (D) MAE(D) MedAE (D) MAE (D) P-yelue?
SRK/T 0.59 0.70 0.22 028 <0.001 0.35 0.38 0.49 0.63 0.039
Haigis 0.43 0.50 023 0.32 0.010 0.38 0.38 0.39 0.45 0.250
P-value” 0.002 0.449 0.948 0.012

MedAE, median absolute error; MAE, mean absolute error; SRK/T, Sanders-Retzlaff-Kraff theoretical; ACD/AL, anterior chamber depth to axial length
ratio; D, diopters.

“Mann-Whitney test; comparison between low ACD/AL group and high ACD/AL group; ”Mann-Whitney test; comparison between low AL group
and high AL group; “Wilcoxon signed rank test; comparison between the SRK/T formula and the Haigis formula.
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Fig. 2. Comparison of the predicted refractive error according to the anterior chamber depth to axial length ratio (ACD/AL) using the
Sanders-Retzlaff-Kraff theoretical formula (A) and the Haigis formula (B). D, diopters.

(0.59 and 0.49 D, respectively; P=0.002 and P=0.012, respec-
tively). There were no significant differences between the Me-
dAEs predicted by the SRK/T and Haigis formulas for the high
ACD/AL group and the low AL group. The SRK/T and Haigis
formulas were more accurate for the high ACD/AL group (0.22
and 0.23 D, respectively) than for the low ACD/AL group (0.59
and 0.43 D, respectively; P<0.001 and P=0.010, respectively).
The SRK/T formula was more accurate for the low AL group
(0.35 D) than for the high AL group (0.49 D, P=0.039). Howev-
er, there was no significant difference in the MedAEs predicted
by the Haigis formula between the low AL group and the high
AL group.

There was a significant negative correlation between the
ACD/AL and the predicted refractive error by the SRK/T and
Haigis formulas (Fig. 2). When the ACD/AL was smaller than
13.4, the refractive outcome was more hyperopic.

Theoretical investigation of the SRK/T and Haigis formulas
When the estimated corneal height H (SRK/T step 4) was set as
the preoperative ACD, the calculation of the theoretical ACD/
AL in the SRK/T formula is as follows:

—¢/r2—(Cy 2
Theoretical ACD /AL = @

AL

Fig. 3 shows the theoretical ACD/AL with varying AL after K
was set to 44.4 D (the mean K of this study). The theoretical
values of ACD/AL increase as AL increases in the SRK/T for-
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Fig. 3. Graph depicting the theoretical ratio of ACD/AL across
varying AL, generated after setting the corneal power to 44.4
diopters, corresponding to the mean corneal power in this study,
using the Sanders-Retzlaff-Kraff theoretical formula. ACD/AL,
anterior chamber depth to axial length ratio.

mula.

According to the regression equation of the ELP prediction
of the Haigis formula, when ACD was set to 3.58 (the study
mean), the difference of ELP between eyes with an AL of 23.39
mm (the mean AL in the Haigis formula) and eyes with an AL

of 27.8 mm (this study’s mean) was calculated to be 0.97 mm.

19



Youngsub Eom, et al.

Discussion

The possible sources of postoperative refractive error in eyes
with long AL include inaccurate measurement of AL [22], es-
pecially in eyes with posterior pole staphyloma [11], and the
implantation of minus IOLs [9,23,24]. IOLMaster 500 yielded
significantly better IOL power predictions and AL measure-
ments in cataract surgery than ultrasonic biometry did [2,25].
Previous studies have shown that in cases of eyes with staphy-
loma, AL measurement by IOLMaster 500 was more accurate
than by ultrasonic biometry [19]. Accurate ACD prediction has
become increasingly important at the accuracy of IOL power
prediction, as the error contribution from AL measurements
has decreased [3,5-8].

Previous studies have shown that the Haigis formula was
more accurate than several third-generation formulas at IOL
power prediction in eyes with a long AL [10,16]. Bang et al. [16]
analyzed 53 eyes with an AL of more than 27 mm that under-
went uncomplicated cataract surgeries. They categorized the
eyes into three subgroups by AL and reported that the SRK/T
formula was most accurate in eyes with an AL of 27 to 29.07
mm, whereas the Haigis formula was most accurate in eyes
with an AL of more than 29.07 mm. Wang et al. [10] analyzed
68 eyes with an AL of more than 25 mm and showed that the
Haigis and SRK/T formulas were most accurate at IOL power
prediction in eyes with an AL between 25.0 to 28.0 mm. How-
ever, the SRK/T formula was less accurate than the Haigis for-
mula in eyes with an AL of longer than 28.0 mm. In the present
study, the Haigis and SRK/T formulas were found to be the
most accurate in terms of refractive error in eyes with an AL of
more than 25 mm, and there was no statistically significant dif-
ference between the Haigis formula and the SRK/T formula in
eyes with an AL between 25.0 to 26.99 mm. However, the Hai-
gis formula was more accurate than the SRK/T formula in eyes
with an AL of longer than 27.0 mm. These findings were simi-
lar to those reported by previous studies [10,16].

Previous studies have analyzed the accuracy of IOL formulas
according to AL in eyes with a long AL. However, in the present
study, we evaluated the accuracy of the IOL formulas not only
according to AL, but also according to ACD/AL. The Haigis
formula, a fourth-generation formula, uses the actual mea-
sured ACD to estimate ELP. However, third-generation formu-
las such as the SRK/T, Holladay 1, and Hoffer Q formulas do
not use the actual measured ACD, but instead determine ELP
using AL and K [3,16,17,20]. Therefore, the error from estimat-
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ing the ELP should be taken into consideration when evaluat-
ing the accuracy of IOL formulas in long eyes.

In the present study, we hypothesized that the accuracy of
IOL formulas in eyes with a long AL may be influenced by
ACD/AL. We evaluated the effects of ACD/AL and AL on the
accuracy of IOL power calculations made using the IOLMaster
500. The MedAE predicted by the SRK/T formula was found to
be more accurate in the high ACD/AL group than in the low
ACD/AL group. The reason for this result is that, in the SRK/T
formula, estimated ACD/AL increases as AL increases, as
shown in Fig. 3. This means that the increase in ACD is as-
sumed to be greater than that of AL. Thus, MedAE predicted
by the SRK/T formula is more accurate in long eyes with high
ACD/AL than with low ACD/AL. The MedAE predicted by the
Haigis formula was also found to be more accurate in the high
ACD/AL group than in the low ACD/AL group. Although the
Haigis formula uses the actual measured preoperative ACD in
ELP prediction, the ELP prediction is affected by ACD/AL be-
cause ELP prediction made using the Haigis formula includes
both ACD and AL. Olsen [3] showed that the corresponding
refractive error in an eye with an AL of 28.0 mm was about 0.2
D, with a 0.25 mm error in ELP prediction. Thus, the corre-
sponding refractive error from a 0.97 mm difference in ELP
prediction between eyes with an AL of 23.39 mm (the mean AL
in the Haigis formula) and eyes with an AL of 27.85 mm (this
study’s mean) will be higher than 0.2 D, and ACD/AL does af-
fect the refractive error as calculated by the Haigis formula.

Olsen [3] showed that the refractive error of ELP prediction
is strongly dependent on AL and that accurate prediction of
ELP is more important in short eyes than in long eyes. Al-
though postoperative ACD is more important in short eyes
than in long eyes [26], ACD/AL should be taken into consider-
ation when evaluating the accuracy of IOL formulas when
used with long eyes. In the present study, the MedAE predict-
ed by the SRK/T and Haigis formulas were found to be less ac-
curate and refractive outcomes were more hyperopic in the
low ACD/AL group. Haigis formula was especially more affect-
ed by ACD/AL than by AL. Therefore, IOLs with more myopic
targets are recommended for eyes with a long AL and a rela-
tively small ACD/AL.

There are several limitations to the present study. First, the
sample size was relatively small, and the medical records were
reviewed retrospectively. Second, multiple IOL models were
implanted. Consequently, the number of eyes for each IOL
model was insufficient to allow a robust subgroup analysis of

https://doi.org/10.63375/icrs.25.017



Youngsub Eom, et al.

the effects of different IOL designs on refractive outcomes.
However, implanting different IOLs in axial myopia cannot be
avoided, as the range of the IOL power according to the IOL
type is different.

In conclusion, the SRK/T formula was similarly accurate in
IOL power prediction in long eyes with high ACD/AL. Howev-
er, in patients with a long AL and a relatively small ACD, the
Haigis formula would be the better choice for calculating the
IOL power. Besides, IOLs with more myopic targets are recom-
mended for eyes with a low ACD/AL than with a high ACD/AL
in the SRK/T and Haigis formulas.
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Large incisional tear caused by abrupt Bell's phenomenon during
pocket irrigation in femtosecond laser-assisted small incision
lenticule extraction

Sang Beom Han

Saevit Eye Hospital, Goyang, Korea

Purpose: This study reports a case of a large incisional tear caused by abrupt Bell's phenomenon during pocket irrigation in femtosecond laser-as-
sisted small incision lenticule extraction (SMILE).

Case summary: A 28-year-old male patient underwent SMILE surgery. During pocket irrigation of the right eye, Bell's phenomenon suddenly oc-
curred, resulting in a large inferior arcuate extension of the incision that reached the inferior cap margin. After confirming wound integrity and the
absence of additional tissue damage, a bandage contact lens was applied. On postoperative day 7, the incision was self-sealed with intact wound in-
tegrity. Three months postoperatively, uncorrected distance visual acuity was 20/20 in both eyes. The right cornea remained stable, although a faint
residual scar was observed at the site of the incisional tear.

Conclusion: Abrupt eye movements during pocket irrigation in SMILE can cause large incisional tears. Surgeons should exercise heightened vigi-

lance during irrigation, particularly in anxious or uncooperative patients, to prevent such complications.

Keywords: Bell's phenomenon; Incisional tear; Pocket irrigation; Small incision lenticule extraction; Case reports

Introduction

Femtosecond laser-assisted small incision lenticule extraction
(SMILE) is a minimally invasive refractive surgery that involves
extraction of refractive lenticule created using a femtosecond
laser through a 2 to 3 mm corneal incision [1]. Therefore, this
procedure eliminates flap-related complications such as irreg-
ular or incomplete flaps, free caps, and flap dislocation [1,2].
However, SMILE can still be associated with complications, in-
cluding suction loss, cap perforation, incisional tears, and epi-
thelial ingrowth, although these complications are relatively
rare and usually resolve without visual sequelae [1-3]. We
herein present a case of a large incisional tear secondary to
Bell’'s phenomenon during pocket irrigation in SMILE. The pa-

tient’s consent form for publication was obtained.

Case Report

A 28-year-old Asian male patient underwent SMILE surgery
using a femtosecond laser platform (VisuMax, Carl Zeiss Med-
itec AG). In the right eye, lenticule creation, formation of the
3-mm corneal incision, and lenticule extraction were unevent-
ful. Pocket irrigation was then initiated using a 27-gauge blunt
cannula. During irrigation, a sudden upward eye movement
occurred due to Bell’s phenomenon (Fig. 1A). This abrupt
movement caused the cannula to exert mechanical traction on
the incision and cap, resulting in an inferior arcuate extension
of approximately 6 mm, nearly reaching the inferior cap mar-
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Fig. 1. Still images from the intraoperative videos. (A) During pocket irrigation, a sudden upward ocular movement occurred due to Bell's
phenomenon in the right eye. (B) Following the abrupt movement, a large inferior arcuate extension of the incision (arrows) was observed.

Elevation (Back)
BFS=6.60 Flost, Dia=8.00

S0um |

Fig. 2. Postoperative anterior segment photographs (A, B) and postoperative corneal topography (C). (A) An anterior segment photograph
obtained on postoperative day 7 showed a self-sealed incision with intact wound integrity (arrowheads). (B) At 3 months postoperatively, a
faint scar at the incisional tear site remained visible (arrowheads). (C) Postoperative corneal topography demonstrated no abnormal findings

in the right eye (OD).

gin (Fig. 1B). Irrigation was immediately discontinued, and
gentle pressure was applied on the cap using a sponge to stabi-
lize the wound. After confirming wound integrity and the ab-
sence of additional tissue damage, a bandage contact lens was
placed. The procedure in the left eye was completed unevent-
fully. Postoperatively, the patient was instructed to instill topi-
cal levofloxacin 1.5% (Santen) and fluorometholone 0.1%

24

(Samil Pharmaceutical) four times daily.

On postoperative day 7, uncorrected distance visual acuity
(UDVA) was 20/20, and the patient reported no symptoms. Slit
lamp examination revealed a self-sealed incision with intact
wound integrity (Fig. 2A), and the bandage contact lens was
removed. At 3 months postoperatively, UDVA remained 20/20.
Although a faint residual scar at the site of the incisional tear

https://doi.org/10.63375/icrs.25.015
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was still visible, the cornea was otherwise clear (Fig. 2B). Cor-
neal topography (Oculyzer II, WaveLight AG) showed no ab-
normal findings (Fig. 2C).

Discussion

To the best of our knowledge, this is the first report of a case in
South Korea of a large incisional tear associated with Bell’s
phenomenon during pocket irrigation in SMILE. The inci-
dence of small incisional tears has been reported to range from
1.8% to 11.0%, with rates decreasing as the surgeon’s learning
curve improves [1,3-5]. An increased risk is associated with
smaller incision size, excessive or forceful manipulation during
lenticule dissection, and abrupt eye movements while instru-
ments are within the corneal pocket [1,3]. Although most cases
involve only small tears and large extensions are rare [1,3-5],
Ivarsen et al. [3] reported that long radial tear from the incision
occurred in one eye out of 1,800 SMILE cases, caused by pro-
nounced ocular movement. The tear healed with the applica-
tion of a therapeutic contact lens, and, similar to our case, no
significant visual impairment occurred despite the presence of
a residual scar [3]. During pocket irrigation, both hands are
typically engaged and ocular fixation cannot be maintained,
making it difficult to prevent abrupt Bell's phenomenon. Con-
sequently, this step of the procedure is performed under rela-
tively vulnerable conditions, increasing the risk of large inci-
sional tears, as demonstrated in our case. Therefore, in unco-
operative or anxious patients, holding the conjunctiva with
one hand to stabilize the eye while performing irrigation with
the other hand may help prevent these complications.

Although most small tears resolve without visual sequelae
[1-5], large incisional tears can lead to complications such as
epithelial ingrowth, wound instability, induced astigmatism,
and visual disturbance [3]. Therefore, application of bandage
contact lens is recommended to promote wound stability and
prevent complications [2,3].

In conclusion, large incisional tears caused by Bell’s phe-
nomenon can occur during pocket irrigation in SMILE. Sur-

https://doi.org/10.63375/icrs.25.015
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geons should exercise particular caution and closely monitor
for abrupt eye movements, particularly in anxious or uncoop-
erative patients.
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