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Corneal Thickness and Volume Measurements by
Swept Source Anterior Segment Optical Coherence
Tomography in Normal Subjects
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ABSTRACT

Purpose: To evaluate central corneal thickness (CCT) and corneal volume (CV) in healthy eyes using swept
source anterior segment optical coherence tomography (55-AS-OCT) and other devices.

Methods: Thirty-three healthy right eyes of 33 subjects were investigated. CCT was measured with 55-AS-OCT,
rotating Scheimpflug camera, ultrasonic pachymetry and specular microscopy. CV was determined within a
diameter of 10mm at the center using 55-AS-OCT and Scheimpflug camera.

Results: Mean CCT was 523.5 4:25.2 um by S55-AS-OCT, 523.9 +26.1 um by Scheimpflug camera, 532.1£26.6 um
by ultrasonic pachymetry, and 525.5 & 33.5 um by specular microscopy. The CCTs measured with S5-AS-OCT,
Scheimpflug camera and specular microscopy were significantly thinner than those measured with ultrasonic
pachymeter (p <0.001). The mean CV within a diameter of 10mm at the center was 57.2 % 3.0 mm® by SS-AS-
OCT and 59.4£2.9mm?® by Scheimpflug camera. Scheimpflug measurements of CV were statistically larger
than SS-AS-OCT measurements (p=0.0008). Statistically significant correlation was found between the CCT
and CV measurements of each imaging devices (p<0.0001, r=0.527, and p<0.0001, r =0.749, respectively).
Conclusion: S5-AS-OCT enables the measurements of CCT and CV, demonstrating agreement with other devices.
CV in addition to CCT measurement may serve as a practical parameter of the corneal endothelial pump
function.

Keywords: Central corneal thickness, corneal volume, optical coherence tomography, Scheimpflug camera,
ultrasonic pachymetry

INTRODUCTION only commercially available modality to automat
cally calculate CV, within regions of 3, 5, 7 and 1

Central corneal thickness (CCT) measurement is an diameter. Previously, CV has been evaluated
essential parameter of corneal endothelial function with keratoconus,> 2 after cataract opera
and serves as a valuable quantitative evaluation for laser in situ keratomileusis (LASIK)? an
corneal diseases and surgical procedures.? wear.®® A combination of CCT and C}
Traditionally, CCT measurements have been assessed could possibly present a more cor

using various devices including ultrasonic pachyme- standing of corneal conditions.

try,"™* scanning-slit topograph4y/ gach metry,* 3202 Recently introduced Fourier

rotating Scheimpflug camera, 712172022 1 oncontact anterior segment OCT (S

specular microscopy® '**** and optical coherence length of 1310 nm (SS-10

tomography (OCT).*®'*172 In terms of corneal obtain three-dimensi

volume (CV), the rotating Scheimpflug camera, sectional imaging

Pentacam (Oculus, Wetzlar Germany), used to be the eyes. This OCT.
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acquisition, greater imaging depth and wider observ-
able range,®" and has been reported to yield high
repeatability and reproducibility of anterior ocular
biometric measurements.>* Further, a newly installed
system in 55-1000 enabled CV measurements from
2mm to 16 mm in diameter via the application of its
three-dimensional imaging technique. However, the
evaluation of CV by SS5-AS-OCT has not yet been
reported. Therefore, the aims of the current study
were to evaluate the CCT and CV using SS-AS-OCT
and to compare these measurements with other
principal devices in normal eyes.

MATERIALS AND METHODS

This study followed the tenets of the Declaration of
Helsinki and was approved by the Institutional
Review Board of the Miyata Eye Hospital, Japan.
The observational cross-sectional study population
constituted 33 healthy right eyes of 33 patients (six
males and 27 females). Exclusion criteria were ocular
diseases, history of intraocular surgeries including
refractive surgeries and contact lens use within two
weeks.

All subjects underwent ophthalmic examination,
including refractometer and keratometer (ARK530A,
Nidek Corp., Japan), SS-AS-OCT, Scheimpflug
camera, specular microscopy (SP-2000P, Topcon
Corp., Japan) and ultrasonic pachymetry (UP-2000,
Nidek Corp., Japan) sequentially. For SS-AS-OCT,
CCT measurements were acquired in an anterior
segment mode in a dimly lit room. This protocol
consists of 128 radial B-scans of 16-mm length
centered on the corneal center, with each B-scan
including 512-A-scans. The measurement time
was 2.4s per eye. This OCT system applies three-
dimensional refractive correction based on the index
of the human cornea, 1.389.% During the examination,
patients were encouraged to open their eyes as widely
as possible. When motion or blinking of the eyes
hampered accurate examination, the practice was
repeated up to three times and the best image was
selected for analysis. If necessary, the examiner used
fingers to open the patients’ eyes wide enough to
permit the best possible observations without press-
ing the eyeballs. Under horizontal image with refrac-
tive correction, CCT was automatically determined by
the device while scleral spur on both sides was
plotted manually by an ophthalmologist (RF). For CV
measurements, the same anterior segment mode was
selected. After designating a domain of 10-mm diam-
eter on a two-dimensional basis, the area of the cornea
was automatically traced. For normal cornea, the
program recognizes the appropriate outlines of the
cornea and further correction is not necessary. Thirty-
two images were analyzed by the program, because
an analysis of 32, 64 and 128 images conducted prior

to this study showed no significant difference
between image numbers (data not shown). By inte-
grating the area of 32-slice images in the rotational
direction, CV was automatically calculated.

Scheimpflug camera uses a blue light-emitting
diode with a wavelength of 475nm, generating 50
slit images in 2s. During the measurement, subjects
were instructed to fixate on a target in a dark room,
and CCT was automatically calculated. CV within a
diameter of 10 mm centered on the thinnest point was
automatically calculated by the reconstruction of
elevation points at each slit into three-dimensional
data. The SP-2000P is a noncontact specular micro-
scope that projects light onto the cornea and captures
the image reflected from the optical interface between
the corneal endothelium and the aqueous humor,
providing specular images and pachymetry.
Measurement was taken once in a dimly lit room.
For ultrasonic pachymetry, the cornea was anesthe-
tized with topical 0.4% oxybuprocaine hydrochloride,
and a probe that generates ultrasound waves into the
cornea and detects reflected ultrasound waves was
applied perpendicularly on the central corneal surface
of the subjects in a sitting position. Up to 10 sequential
measurements were obtained until the value was
stabilized, and the most frequent value was adopted.

For statistical analysis, measurements were com-
pared across the four devices using the repeated-
measures analysis of variance, and two devices were
compared using the paired f-test or f-test with the
Bonferroni correction. Agreement between measure-
ments of two devices was evaluated by a Bland-
Altman plot with 95% limits of agreement for each
comparison. Furthermore, the intra-class correlation
(ICC) and slope value of the linear regression line
were calculated between CV measurements by SS-
AS-OCT and Scheimpflug camera. For bivariate cor-
relation analysis, the Pearson’s correlation coefficient
was calculated. Data analysis was conducted using
Microsoft Excel 2007 (Microsoft Corp., WA, USA) and
JMP version 6.0 (SAS Institute Inc. NC, USA).

RESULTS

Subject age ranged from 18 to 53 years with the mean
age+standard deviation (SD) of 37.8+9.8 years.
The mean spherical equivalent refraction was
—1.28+2.04 D (range: —8.0 D to+2.25 D), with the
mean astigmatism of —0.59+0.64 D (range: —2.0 D
to+0.75 D). The mean CCT was 523.5+25.2um by
55-AS-OCT, 523.9£26.1 um by Scheimpflug camera,
532.1+£26.6pum by ultrasonic pachymetry and
525.5+33.5um by specular microscopy (Table 1).
Ultrasonic pachymetry measurements were signifi-
cantly greater than measurements obtained by OCT,
Scheimpflug camera and specular microscopy mea-
surements (p<0.001 in all cases, t-test with the
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Bonferroni correction). CCT measurements did not
significantly differ across these latter three devices
(p=0.603, repeated measures analysis of variance).
Statistically significant linear correlation was present
among all four devices (p<0.0001 in all cases,
r=0.90-0.99). The strongest linear relationship was
found between SS-AS-OCT and ultrasonic pachyme-
try (p<0.0001, r=0.990). Figure 1 demonstrates the

Corneal Thickness and Volume by OCT 533

Bland-Altman plots for the different comparisons
between each pair of instruments.

The mean CV was 57.2+£3.0mm> by SS-AS-OCT
and 594429mm® by Scheimpflug camera.
Scheimpflug measurements of CV were significantly
larger than OCT measurements (p = 0.0008, paired t-
test). CV measurements correlated significantly
between the two devices (p<0.0001, »=0.863). ICC
for CV measurements was 86.3%, and the slope of the
linear regression line was 0.90, indicating very high

TABLE 1. Central corneal thickness measurements. agreement between OCT and Scheimpflug camera.
Mean=4SD Minimum Maxdmum Furthermore, a statistically significant correlation was

(um) values (um) values (um) found between CCT and CV measurements taken by

each imaging devices (p<0.0001, r=0.527, and

SS-AS-OCT 523.5+25.2 469 576 p<0.0001, r=0.749, respectively). The Bland-Altman
%ﬁ?:gggﬁugai;?rf:try ggg?i;gé ig; ggg plot showed that the limit of agreement between SS-
Specular microscopy  525.5£33.5 441 504 AS-OCT and Scheimpflug measurements of CV was

55-AS-OCT = Swept source anterior segment optical coherence
tomography; SD = standard deviation.

good (£3.08 mm®, Figure 2). Age, sex and refraction
were not correlated with CCT or CV measurements
regardless of the device.
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FIGURE 1. Bland-Altman plots of the differences in central corneal thickness measurements (um) between (A) Scheimpflug camera
and swept-source anterior segment optical coherence tomography (SS-AS-OCT), (B) specular microscopy and Scheimpflug camera,
(C) ultrasonic (US) pachymetry and SS-AS-OCT, (D) specular microscopy and SS-AS-OCT, (E) US pachymetry and Scheimpflug
camera and (F) US pachymetry and specular microscopy. The solid lines represent the mean differences and the dotted lines represent
the 95% limits of agreement.
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FIGURE 2. Bland-Altman plots of the differences in corneal
volume measurements (mm®) within a 10mm diameter
between swept source anterior segment optical coherence
tomography (5S-AS-OCT) and Scheimpflug camera. The solid
line represents the mean differences and the dotted lines
represent the 95% limits of agreement.

DISCUSSION

Our results showed that CCT measurements deter-
mined by SS-AS-OCT were correlated with those
determined by Scheimpflug camera, ultrasonic pachy-
metry and specular microscopy. Although ultrasonic
pachymetry has been a gold standard for CCT
measurements, it provided consistently higher
values than the other three devices. In previous
studies, ultrasonic pachymetry provided measure-
ments that were higher than the OCT measure-
ments, 1141720 which is consistent with our
result. One of the accepted theoretical explanations
for this discrepancy is methodological differences.'®
While ultrasonic pachymetry is a contact technique,
the other techniques are noncontact. Ultrasonic
pachymetry measures CCT by detection of reflected
ultrasound waves; however, uncertainty over the
posterior corneal reflection point for ultrasound
waves, which is considered to be between
Descemet’s membrane and the anterior chamber, has
been pointed out.” Manual determination of the center
of the cornea’” and lack of fixation lights for precise
control of patient gaze during measurements are
additional shortcomings of ultrasonic pachymetry.'
Although high repeatability of ultrasonic pachymetry
has been reported,® the operator’s skill level and the
patient’s fixation capability may influence the accu-
racy of measurements. Furthermore, corneal edema
from local anesthesia drops may lead to the over-
estimation of CCT measurements: Nam et al.*® dem-
onstrated a 7.7 -pum increase in corneal thickness after
applying oxybuprocaine.

Previous studies of CCT measurements using
5S-OCT were based on a model designed for posterior
segment imaging; for anterior segment imaging,
primarily Visante OCT has been used (Carl Zeiss
Meditec, CA). Li et al® indicated that with an
automatic algorithm, the anterior corneal boundary
delineated by Visante OCT was positioned slightly

below the anterior corneal surface. Although auto-
matic Visante OCT measurements underestimated
CCT compared to ultrasonic pachymetry, manual
identification of the boundaries yielded OCT mea-
surements that were thicker than those of ultrasonic
pachymetry. Meanwhile, a recently developed SS-AS-
OCT, the SS-1000 has a measurement speed over 10
times faster than time-domain-OCT.*® S§S-1000 dem-
onstrated the most comparable agreement with ultra-
sound pachymetry (r=0.990, p<0.0001). Fukuda
et al® reported that the SS-1000 produced better
repeatability and reproducibility compared to Visante
OCT for CCT measurement. They also reported that
CCT measurements with SS-1000 were not signifi-
cantly different from ultrasonic pachymetry or scan-
ning-slit topography, but lower than Scheimpflug
camera measurements.* On the other hand, our
results showed that CCT measurement with S5-1000
was not significantly different from Scheimpflug
camera and specular microscopy, but was signifi-
cantly thinner than ultrasonic pachymetry measure-
ment. A larger study size and manual measurements
with the S5S5-1000 should be considered in future
investigations.

CV is gaining attention as an appealing parameter
for topographical, morphological and pachymetric
changes. The Scheimpflug camera used to be the only
means to determine corneal volume automatically.
Other studies obtained corneal volume measurements
by scanning-slit topography/pachymetry data® o
the original calculation method using topography and
topographic pachymetry data.®® To the best of our
knowledge, this report is the first to measure CV using
55-AS-OCT.

Scheimpflug camera can estimate CV within 3, 5, 7
and 10mm diameter regions, whereas S5-1000 is able
to calculate volume within a 2-16 mm range by every
2mm, possibly offering more precise information
about CV. In this study, Scheimpflug measurements
of CV were consistently larger than SS-AS-OCT
measurements in the same area (10mm central
region), although CCT measurements by the two
instruments did not significantly differ. One possible
explanation for this discrepancy may be due to
peripheral corneal thickness determination. Ponce
et al.'” reported that Scheimpflug imaging gave
approximately 30 um greater peripheral corneal thick-
ness values than Visante OCT. They also proposed
that this discrepancy may be due to the different
measurement principles of these two instruments.

CV measurements may contribute to the early
detection of complications after cataract 0perat10n27 28
as well as LASIK.* Although specular microscopy
demonstrates corneal endothelial damage by measur-
ing the change in the endothelial cell number after
cataract surgery, it only represents the selected portion
of the corneal endothelium. By contrast, CV can be
calculated up to 10mm zones with a Scheimpflug
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camera, possibly representing an overall evaluation of
corneal endothelium function, since postoperative
corneal swelling correlates to corneal endothelial cell
loss.*’ Suzuki et al.”’ reported that 10mm CVs one
month after cataract surgery were significantly higher
than preoperative values, whereas 3mm CVs showed
no difference. Although CV measurements correlated
with CCT measurements, respective values could not
be used interchangeably for the evaluation of corneal
condition. Moreover, CV measurement has been pro-
posed as a new index to diagnose keratoconus.”>¢
Significant decrease in CV in keratoconus was
detected by Scheimpflug camera, especially in central
and paracentral areas.>?**’ CV measurements may
represent a more comprehensive indicator of corneal
health. As a next step for future studies, CV should be
evaluated using SS-AS-OCT in corneal diseases and
perioperative corneas.

In conclusion, the current study evaluated CCT and
CV measured by SS-AS-OCT and compared these
values with those from other principal instruments in
the healthy cornea. CCTs measured with S5-AS-OCT,
Scheimpflug camera and specular microscopy were
significantly thinner than those measured with ultra-
sonic pachymetry. SS-AS-OCT and Scheimpflug
camera demonstrated comparable agreement between
CCT and CV.
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Clinical Outcomes of Phototherapeutic Keratectomy in
Eyes With Thiel-Behnke Corneal Dystrophy

OSAMU HIEDA, SATOSHI KAWASAKI, KOUICHI WAKIMASU, KENTA YAMASAKI, TSUTOMU INATOMI,
AND SHIGERU KINOSHITA

e PURPOSE: To investigate the functional and morpho-
logic midterm outcome of phototherapeutic keratectomy
(PTK) for Thiel-Behnke corneal dystrophy diagnosed by
gene-mutation analysis.

® DESIGN: Retrospective, single-center clinical study.

® METHODS: Between July 2001 and May 2010, 10
consecutive PTKs were performed in 10 eyes of 5
patients (2 male, 3 female; mean age: 55 * 13 years)
with superficially accentuated opacities caused by Thiel-
Behnke corneal dystrophy and were followed up for at
least 12 months (range: 12—108 months). Main outcome
measures included (1) best-corrected visual acuity
(BCVA), (2) uncorrected visual acuity (UCVA), (3)
spherical equivalent, and (4) recurrence rate. The prob-
ability of recurrence of Thiel-Behnke corneal dystrophy
after PTK was calculated using the Kaplan-Meier method
for survival analysis.

© RESULTS: The p.Arg555GIn mutation was found within
the TGFBI gene in all 5 patients. Average logarithm of
minimal angle of resolution (logMAR) BCVA change was
—0.55 = 0.26. Average logarithm UCVA change was
—0.54 = 0.31. In 5 of the 10 eyes, recurrence of central
superficial opacification was clinically identified during the
follow-up periods, and in 4 of those 5 eyes, the level of the
recurrence was so significant that the visual acuity was
reduced more than 2 lines. The maximum follow-up period
of the 1 eye without significant post-PTK recurrence was
108 months.

® CONCLUSIONS: PTK is a successful therapy for Thiel-
Behnke corneal dystrophy, and results in midterm stable
visual acuity and corneal transparency. Unlike in Reis-
Biicklers corneal dystrophy cases, PTK delays the need
for more invasive surgical intervention in Thiel-Behnke
corneal dystrophy. (Am ] Ophthalmol 2013;155:
66-72. © 2013 by Elsevier Inc. All rights reserved.)
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as “honeycomb” corneal dystrophy,” is an autosomal

dominant inheritable disease and was described as
corneal dystrophy of the Bowman layer and superficial
stroma type II (CDB II, OMIM#602082) in a report by
Kiichle and associates.” Recent molecular biological anal-
ysis has revealed that this dystrophy is caused by the
missense mutation (p.Arg555Gln) of the human trans-
forming growth factor beta—induced (TGFBI) gene.**~’

Characteristic bilateral, subepithelial corneal opacities,
frequently accompanied by recurrent corneal erosions, nor-
mally appear in Thiel-Behnke comeal dystrophy patients
between the ages of 10 and 20 years. This disease runs a slow
progressive course, with painful erosive episodes and gradual
deterioration of vision.””* The treatment modalities for this
disease include superficial keratectomy, lamellar kerato-
plasty,’ penetrating keratoplasty (PKP),” and phototherapeu-
tic keratectomy (PTK).” '

In Japan, the Ministry of Health, Labour and Welfare
approved the medical use of 193-nm argon-flucride exci-
mer laser devices for PTK procedures in 2000. Since then,
PTK has been applied for the treatment of various types of
corneal diseases, including inheritable corneal dystro-
phies,>**™'7 band keratopathy,'®'®*° recurrent corneal
erosion,'”?"*% certain types of degenerative corneal dis-
eases (eg, Salzmann’s degeneration),'®*“* and bullous
keratopathy.”*?> The PTK procedure is generally thought
to produce the best results when it is used for the ablation
of corneal opacity restricted to the anterior stroma of the
cornea. When PTK is performed on patients who have
passed strict diagnostic criteria, the satisfaction level in
relation to the results of this procedure is reportedly very
high.2¢

The purpose of this retrospective, single-center clinical
study was to investigate the functional and morphologic
midterm outcome of PTK performed in multiple Thiel-
Behnke corneal dystrophy patients who were strictly diag-
nosed through the use of gene mutation analysis.

T HIEL-BEHNKE CORNEAL DYSTROPHY," ALSO KNOWN

METHODS

® STUDY POPULATION: This study involved 10 consecu-
tive PTKs performed in. 10 eyes (5 right eyes and 5 left
eyes) of 5 patients (2 male and 3 female) to treat
superficially accentuated opacities that were clinically and

0002-9394/$36.00
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FIGURE 1. Slit-lamp microscopy images of the left eye of a 57-year-old woman with Thiel-Behnke corneal dystrophy (Patient 1)
(Left) before and (Right) 1 month after undergoing phototherapeutic keratectomy surgery. Note that the superficial corneal
opacities visible around the axial area of the cornea in the left-hand image (presurgery) are no longer visible in the right-hand image

(postsurgery).

eal Dystrophy

BCVA (logMAR) (Month)
Patient? Age (y) Sex Eye Preoperative Postoperative® Calculated Ablation (um) ™ T2
1 R 0.52 -0.18 113 1 108
1 L 0.70 0.10 100 12 12
2 R 0.22 -0.08 100 3 108
2 L 0.15 —0.08 110 3 108
3 R 0.52 0.05 114 24 96
3 L 1.22 0.15 120 3 96
4 R 0.70 —0.08 120 12 18
4 L 0.70 0.22 121 12 18
5 R 0.52 0.15 140 6 18
5 L 0.52 0.10 125 3 18

bPostoperative BCVA denotes t

est overall BCVA after surgery

qgérfthn{
llow-up period.

genetically diagnosed as Thiel-Behnke corneal dystrophy
between July 13, 2001 and May 14, 2010. Only the
patients who were followed up for at least 12 months after
the PTK surgery were enrolled in this study. The mean age
of the patients was 55 * 13 years (range: 32-66 years).
None of the enrolled patients had any previous history of
corneal surgery. The PTK surgery was performed for the
patient’s visual rehabilitation at the time when the patient
complained of decreased vision or when the patient’s best-
corrected visual acuity (BCVA) had become worse than
logMAR 0.15. Each of the 5 patients had experienced painful
erosive episodes prior to undergoing the surgery. Three of the
5 patients-were members of the same pedigree.

© MOLECULAR ANALYSIS: Peripheral blood samples were
collected from all 5 patients after they had received a
complete, detailed explanation of the study protocols.
DNA was extracted from the peripheral blood lymphocytes

VouL. 155, NO. 1

using a commercially available kit (DNeasy Blood &
Tissue Kit; QIAGEN GmbH, Hilden, Germany). Exons 4,
11, 12, and 13 of the TGFBI gene, as well as their flanking
introns, were amplified by polymerase chain reaction
(PCR) and directly sequenced on both strands using
previously published primers.*’

® INTERVENTIONAL PROCEDURE: PTK was performed
by the use of 1 of 3 commercially available 193-nm
excimer laser devices, each produced by a different com-
pany. Five eyes were treated using the EC-5000 excimer
laser (NIDEK Co Ltd, Gamagori, Japan), 3 eyes were
treated using the VISX S4IR excimer laser (Abbott Med-
ical Optics Inc, Abbot Park, Illinois, USA), and the
remaining 2 eyes were treated using the Technolas T-217z
Zyoptix laser system (Bausch & Lomb, Rochester, New
York, USA). In all 10 eyes, the epithelium was removed
directly by the excimer laser, and the ablation continued
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FIGURE 2. A scattergram demonstrating the relationship between the spherical equivalent changes (between preoperative and
postoperative) and the calculated ablation depth of phototherapeutic keratectomy surgery in eyes with Thiel-Behnke corneal
dystrophy. Although the spherical equivalent change seems to have a tendency to increase with the increase of ablation depth, no
statistically significant (R* = 0.06) association was found between the spherical equivalent changes and the calculated ablation

depth.

into the corneal stroma until approximately 50 pm of the
stromal ablation was performed. During the surgery, the
cornea of each eye was examined by use of the microscope
equipped in the excimer laser devices under sclerotic
scattering illumination using a vitrectomy-endoillumina-
tor placed on the limbus.”® When deemed necessary,
additional ablations were performed to remove the bulk of
the pathologic opacity from the visual axis. For all 10 eyes,
the ablation was performed until the majority of opacities
were removed, thus resulting in a mean calculated total
ablation depth (including epithelium and stroma) of 116 *
12 pm (range: 100~140 pm). Masking fluid was not used.
Postoperatively, all 5 patients were initially administrated
0.1% fluorometholone (FLUMETHOLON; Santen Phar-
maceutical Co, Ltd, Osaka, Japan) and 1.5% levofloxacin
hydrate (CRAVIT; Santen Pharmaceutical Co, Ltd) 4
times daily, with a tapering-off of the dosage over 12
weeks. Each patient was instructed to continually wear a
soft contact lens on the operated cornea until the epithe-

lial defect had closed.

® MAIN OUTCOME MEASURES: In this present study, main
outcome measures including BCVA, uncorrected visual acu-
ity (UCVA), spherical equivalent (SE), and recurrence of
Thiel-Behnke corneal dystrophy were assessed.

® CLINICAL DEFINITION FOR RECURRENCE OF THIEL-
BEHNKE CORNEAL DYSTORPHY POST-PHOTOTHERAPEU-
TIC KERATECTOMY: The recurrence of Thiel-Behnke
corneal dystrophy was considered significant when slit-
lamp examination showed signs of increased central opaci-
fication of the superficial cornea that were also associated
with significant visual loss (a 2-line or more loss of BCVA)
according to the previous study.'” The probability of
recurrence of Thiel-Behnke corneal dystrophy after PTK

68 AMERICAN JOURNAL OF OPHTHALMOLOGY

surgery was calculated using the Kaplan-Meier method for
survival analysis.'»!*1%17

© STATISTICAL ANALYSIS: For analysis of the results,
Excel Tokei 2002 statistics software (SSRI Co Ltd, Tokyo,
Japan) was used. Differences between paired samples were
analyzed with the paired ¢ test. A probability value of <.05
was considered statistically significant.

RESULTS

THE P.ARG555GLN MUTATION WAS FOUND WITHIN THE
TGFBI gene in all 5 patients. In all 5 patients, the
superficial corneal opacities were successfully removed
from the corneal visual axis (Figure 1). In all 10 eyes,
epithelial defects closed within 3 to 5 days and visual
acuity gradually improved in 3 to 24 months after the
surgery (Table.). The mean follow-up period was 60 = 46
months (range: 12-108 months). Postoperatively, all 5
patients requested to have PTK surgery performed to their
contralateral eyes, thus indicating that they were satisfied
with the results of the initial PTK surgery.

A 2-line or more increase in BCVA was found in all of
the 10 enrolled eyes after the PTK surgery. The mean
loeMAR BCVA improved from 0.57 = 0.29 preopera-
tively to the overall best of 0.04 * 0.13 postoperatively,
which was statistically significant (P < .001). The mean
UCVA also significantly improved, from logMAR 0.84 +
0.34 preoperatively to the overall best of logMAR 0.30 =
0.26 postoperatively (P < .01). The average logMAR
UCVA change was —0.54 = 0.31.

The mean SE significantly increased from —1.63 = 2.74
diopters (D) preoperatively to 0.43 = 2.13 D postopera-
tively, which was statistically significant (P << .01). The
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FIGURE 3. Slit-lamp microscopy images of the right eye of 32-year-old man with Thiel-Behnke corneal dystrophy (Patient 2) (Top
left) before phototherapeutic keratectomy, (Top right), 3 years after phototherapeutic keratectomy, (Bottom left) 5 years after
phototherapeutic keratectomy, and (Bottom right) 8.5 years after phototherapeutic keratectomy. The degree of the opacification at
the final follow-up visit (Bottom right) is almost the same as that at 3 years after the phototherapeutic keratectomy surgery (Top

right).
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FIGURE 4. Line chart demonstrating the cumulative survival
rate for the recurrence of Thiel-Behnke corneal dystrophy after
phototherapeutic keratectomy analyzed by Kaplan-Meier sur-
vival analysis. The recurrence of Thiel-Behnke corneal dystro-
phy was defined by significant visual decrease with a 2-line or
more loss of best-corrected visual acuity (BCVA) caused by the
increased corneal opacification resulting from Thiel-Behnke
corneal dystrophy.

average refractive change was +2.05 = 1.68 D (range:
—0.25 to +5.75 D). There was no apparent difference in
the SE changes in relation to the type of excimer laser
device used or to the calculated ablation depths (Figure 2).

Postoperative complications such as infection, delay in
epithelial healing, or stromal haze were not noticed in any of

VoL. 155, NO. 1

the 10 eyes, and none of the patients experienced any
postoperative painful erosive episode. During the follow-up
period, 5 of the 10 eyes experienced recurrence of the central
superficial opacification. One of those 5 eyes (the right eye of
Patient 2) had only a 1-line decrease of visual acuity at 108
months postoperatively (Figure 3). However, in 4 of those 5
eyes, the degree of recurrence was significant enough to lead
to a decrease in visual acuity of more than 2 lines, yet none
of those patients requested a PTK reoperation at their final
follow-up visit. The earliest significant recurrence (the right
eye of Patient 3) was observed after 42 months (Figures 4 and
5). The remaining 5 of the 10 eyes exhibited no apparent
signs of recurrence, possibly because the follow-up period for
those eyes was not very long.

DISCUSSION

IN THE PRESENT STUDY, PTK SURGERY FOR THIEL-BEHNKE
corneal dystrophy was found to result in the significant
midterm improvement of visual acuity for all patients.
During the follow-up period, a gradual recurrence of
central superficial opacification was observed, yet the level
of the opacification was not severe enough to lead to a
significant decrease in visual acuity for at least 42 months
after surgery.

PHOTOTHERAPEUTIC KERATECTOMY FOR THIEL-BEHNKE DYSTROPHY 69
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FIGURE 5. Polygonal line graphs denoting the time course of logMAR best-corrected visual acuity (BCVA) in 5 eyes of 3 Thiel-Behnke
corneal dystrophy patients followed up for over 96 months after phototherapeutic keratectomy surgery. (Top) Right eye of a 57-year-old
woman (Patient 1). (Middle left) Right eye of a 32-year-old man (Patient 2). (Middle right) Left eye of a 32-year-old man (Patient 2).
(Bottom left) Right eye of a 57-year-old woman (Patient 3). (Bottom right) Left eye of a 57-year-old woman (Patient 3). Solid circles
indicate the time points of the patients’ follow-up visits. Arrows indicate the time points when significant recurrences were observed.
Broken lines indicate the preoperative logMAR best-corrected visual acuity (BCVA). The recurrence of Thiel-Behnke corneal dystrophy
was defined by significant visual decrease with a 2-line or more loss of BCVA caused by increased corneal opacification resulting from
Thiel-Behnke corneal dystrophy. logMAR = logarithm of minimal angle of resolution.

To date, 3 previous studies have reported a successful
clinical outcome in Thiel-Behnke corneal dystrophy pa-
tients after undergoing PTK surgery. The first study en-
rolled 6 eyes of 5 patients who were diagnosed with
Thiel-Behnke corneal dystrophy just from the clinical
appearance of their corneas and not by genetic analysis.”
The second study enrolled 8 eyes of 4 patients who were

70 AMERICAN JOURNAL OF OPHTHALMOLOGY

clinically diagnosed with Thiel-Behnke corneal dystrophy
but who had a genomic linkage to chromosome 10, which
is therefore thought to be a distinct pathologic entity
of the typical Thiel-Behnke corneal dystrophy bearing
the p.Arg555GIn mutation within the TGFBI gene.'* The
third study enrolled 1 eye of 1 patient who had the
p-Arg555GIn mutation within the TGFBI gene and who
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underwent the PTK procedure on a grafted cornea that had
undergone PKP.'?

Reis-Biicklers corneal dystrophy®® is a bilateral and
autosomal dominant inheritable disease. This disease is
clinically characterized by corneal opacities in a “geo-
graphic” pattern at the level of the Bowman layer, fre-
quently associated with the episode of recurrent painful
corneal erosion,” and has been referred to as corneal
dystrophy of the Bowman layer and the supetficial stroma
type I (CDB1, OMIM#60847).% Because of the similarity
of opacity pattern and opacity depth observed in Thiel-
Behnke corneal dystrophy and Reis-Biicklers corneal dys-
trophy, considerable clinical confusion may still exist in
distinguishing between these 2 diseases. Although the opacity
pattern of Thiel-Behnke corneal dystrophy is reported to be
apparently different from that of Reis-Biicklers corneal dys-
trophy, the opacity patterns of the 2 corneal dystrophies can
appear to ordinary ophthalmologists to be quite similar, thus
possibly resulting in considerable clinical confusion in dis-
criminating between these 2 dystrophies. In the 1980s,
Thiel-Behnke corneal dystrophy was considered to be a
special type of Reis-Biicklers corneal dystrophy. These 2
corneal dystrophies of the Bowman layer were reported to be
distinguishable through electron microscopy examination of
the patient’s corneal tissue. However, since a patient’s corneal
tissue is normally unavailable, it is often difficult to distin-
guish between these 2 dystrophies.”® The only clinically
identifiable difference between Thiel-Behnke corneal dystro-
phy and Reis-Biicklers corneal dystrophy is that Reis-Biicklers
corneal dystrophy is clinically characterized by disease onset
occurring in the patient at a younger age, the severe degree of
corneal opacity, and a worse deterioration of vision compared
to Thiel-Behnke corneal dystrophy.”"* Recent molecular
biological analysis has revealed that Reis-Biicklers corneal
dystrophy is caused by a mutation (p.Argl24Leu)’ of the
TGFBI gene that is distinct from that in Thiel-Behnke
corneal dystrophy.

It should be noted that the early reports'®*® of PTK for
Reis-Biicklers corneal dystrophy possibly included Thiel-
Behnke corneal dystrophy cases. In general, there is almost
always a recurrence of Reis-Biicklers corneal dystrophy
after PTK,!® and even after PKP,® and the recurrence
occurs earlier and with a more severe degree of disease
compared with other TGFBI-related corneal dystrophies.

However, despite the prominent similarities in several
clinical attributes found in Thiel-Behnke corneal dystro-
phy and Reis-Biicklers corneal dystrophy, Thiel-Behnke
corneal dystrophy patients demonstrated a relatively slow
postoperative rate of recurrence after undergoing PTK
surgery, as is shown in the findings of this present study.
This finding may be the result of the difference in the
molecular character of the TGFBI proteins that reflect
each distinct mutation site. Thus, the simple PTK proce-
dure appears to be an insufficient treatment for Reis-
Biicklers corneal dystrophy. In a previous clinical trial, the
usefulness of a topical administration of mitomycin C was
assessed in Reis-Biicklers corneal dystrophy patients, and it
was found to have a beneficial effect on preventing
recurrence after PTK surgery.”’ Thus, it is very important
to perform gene mutation analysis against the TGBFI gene
to definitively discriminate Thiel-Behnke corneal dystro-
phy from Reis-Biicklers corneal dystrophy in order to make
a more precise prediction of postoperative prognosis, as
well as to consider the possible additional treatments, such
as the administration of mitomycin C, that will be needed
when patients are diagnosed as having Reis-Biicklers cor-
neal dystrophy.

In conclusion, the findings of the present study show
that PTK is a successful therapy for Thiel-Behnke corneal
dystrophy. It should be noted that this study was retrospec-
tive and that the sample size was not very large. In
addition, TGFBI corneal dystrophies sometimes demon-
strate varying degrees of severity even with the same gene

mutation. Thus, it is difficult to make a generalized

statement as to the efficacy of PTK surgery for Thiel-
Behnke corneal dystrophies from the limited results pre-
sented in this study. However, and to the best of our
knowledge, this is the first report to demonstrate the
midterm clinical outcome of PTK surgery for Thiel-
Behnke corneal dystrophy patients who were diagnosed
strictly by gene mutation analysis to have the
p.Arg555GIn mutation and who had not undergone any
surgery to their corneas prior to the PTK surgery. We hope
that a randomized controlled trial will be conducted in the
future in order to better understand the more precise
clinical course of Thiel-Behnke corneal dystrophy after
PTK surgery.
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