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Purpose: To measure marginal reflex distance-1 (MRD-1) values in normal subjects and
patients with blepharoptosis using second-generation swept-source anterior segment optical
coherence tomography (AS-OCT) and to evaluate the usefulness of this measurement
method.

Materials and Methods: MRD-1 values were measured using AS-OCT in 80 eyes of 40
normal subjects (16 men and 24 women) aged 2059 years with no neurological or endocrino-
logical disorders, and the measured values were compared between four age groups comprising
20 eyes of 10 subjects each in their 20s, 30s, 40s, and 50s. The Volk Eye Check system was
simultaneously used to measure MRD-1 in 40 eyes of 20 normal subjects, and the measured
values were compared with those obtained using AS-OCT. In 21 eyes of consecutive 13
involutional blepharoptosis patients (48-84 years of age, mean 70.2 years), MRD-1 values
were measured using AS-OCT preoperatively and 3 months after surgery to examine the rates
of successful measurements as well as preoperative and postoperative results.

Results: The mean MRD-1 value using AS-OCT in 80 eyes of 40 normal subjects was 3.70 +
0.10 mm, whereas the values in 20 eyes of 10 subjects each from the four different age groups
were 4.01 £0.54 mm, 3.88 £ 0.60 mm, 3.96 + 0.77 mm, and 2.94 + 0.79 mm for subjects in their
20s, 30s, 40s, and 50s, respectively; significant differences were observed between the 50s group
and other groups (p<0.01). The mean MRD-1 values using AS-OCT and the Volk Eye Check
system in 40 eyes of 20 normal subjects were 3.68 + 0.70 mm and 3.71 + 0.84 mm, respectively,
with no significant differences (p:0.87). The mean preoperative and postoperative MRD-1 values
in patients with involutional blepharoptosis were 0.29 + 0.70 mm and 3.24 + 0.92 mm,
respectively; the rate of successful MRD-1 measurements using AS-OCT was 100% among
trial subjects.

Conclusion: MRD-1 measurement using AS-OCT is a simple and reproducible method that
allows the direct comparison of numerical values in normal subjects as well as in patients
with blepharoptosis.
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Introduction

With increasing age of the population, more patients are developing blepharoptosis,

thus increasing the need for its surgical treatment each year. Blepharoptosis causes

aesthetic issues and visual function problems, especially narrowed visual field.'”
International guidelines on the surgical treatment of blepharoptosis including

preoperative evaluation and selection of the surgical procedure have not been

established. Nevertheless, it is important to accurately measure the severity of
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blepharoptosis before surgery. According to the recent
AAO opinion,* blepharoptosis surgery is functionally indi-
cated when marginal reflex distance 1 (MRD-1) is <2 mm.
Common methods to measure MRD-1 include the corneal
reflex-based measurement using a ruler (clinical method)®
and calculation using digital photographs and image
J software program (http://rsbweb.nih.gov/ij; digital
method).” Recently, the Volk Eye Check system® and
analogous methods™'" have also been reported. In this

study, we used the second-generation swept-source ante-
rior segment optical coherence tomography (AS-OCT)
(CASIA2, Tomey Corporation, Nagoya, Japan) to measure
MRD-1 values in normal subjects and preoperative and
postoperative MRD-1 values in patients with blepharopto-
sis to assess its usefulness.

Materials and Methods
This study included adults with blepharoptosis or normal
eyelid position. Written informed consent was obtained
from all the subjects. The study was conducted as per the
tenets of the Declaration of Helsinki and with the approval
of the medical corporation of Ogasawara Eye Clinic’s
ethical review board. Patients whose images and/or mea-
surements appear in this publication provided additional
written consent for publication of their photographs.
MRD-1 values were measured using AS-OCT in 80
eyes of 40 normal subjects (16 men and 24 women) aged
20-59 years who had no systemic diseases such as neuro-
1A).
A snapshot taken during the measurement is shown in

logical and endocrinological disorders (Figure

Figure 1B. MRD-1 values were measured as follows: (1)
Images were separately taken for the left and right eyes in
cataract preoperative measurement mode. Each subject
placed his/her face on the chin support and fixed his/her
eyes on a front orange fixation lamp with both eyes open
naturally. (2) For analysis of MRD-1, an orthoptist clicked
the front monitor and fixed the corneal reflex before
adjusting the yellow line to 90°. (3) MRD-1 was automa-
tically measured when the memory was placed on the
superior palpebral margin and corneal apex. The measure-
ments can be performed in a bright room. A typical exam-
ple is shown in Figure 2. For patients whose superior
palpebral margin was lower than the pupil center, the
eyelid was elevated to confirm the pupil center and then
returned to its original position before MRD-1 was mea-
sured (Figure 3).

The MRD-1 values measured using AS-OCT in normal
subjects were compared to detect any significant difference
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Figure | MRD-| measurement scene using AS-OCT (A). A snapshot taken during
the MRD-1 measurement screen using AS-OCT (B).

between the four age groups comprising 20 eyes of 10
subjects each in their 20s, 30s, 40s, and 50s.

For comparison, the Volk Eye Check system® was
simultaneously used to measure MRD-1 in 40 eyes of 20
normal subjects aged 2059 years of age, mean 39.2 years.

As a prospective study, preoperative and postoperative
MRD-1 values were measured using AS-OCT in 21 eyes
of consecutive 13 patients with involutional blepharoptosis
(4884 years of age, mean 68.6 years) to examine the rates
of successful measurements, reproducibility, and values
measured before and 3 months after surgery. The basic
surgical procedure was a modified transconjunctival tuck-
ing method that was reported by us."!

In this study,
(Bonferroni’s method) were used to detect significant

t-test and analysis of variance

differences.

Results
In 80 eyes of 40 normal subjects, the mean of MRD-1
values measured using AS-OCT was 3.70 = 0.10 mm. In
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Figure 2 A photograph of eyelids of a normal subject (A) and AS-OCT findings (B) A 26-year-old woman; MRD-1, right: 3.59 mm, left: 3.45 mm.

20 eyes of 10 subjects each from the four different age
groups, the mean MRD-1 values were 4.01 £ 0.54 mm,
3.88 £ 0.60 mm, 3.96 + 0.77 mm, and 2.94 + 0.79 mm for
subjects in their 20s, 30s, 40s, and 50s, respectively; sig-
nificant differences were observed between the 50s group
and other groups (Figure 4). The rate of successful mea-
surements was 100%, and the measurements were repro-
ducible.
measured definitely in trial subjects and get acceptable
data.

The mean of MRD-1 values measured using AS-OCT and
Volk Eye Check system in 40 normal eyes of 20 subjects were
3.68 £ 0.70 mm and 3.71 £+ 0.84 mm, respectively, with no
significant differences between the two methods (Figure 5).

Successful means MRD-1 was able to be

The rate of successful measurements using AS-OCT was

100%, whereas that using the Volk Eye Check system,® the
result was 90%.

In patients with involutional blepharoptosis, MRD-1
values could be measured using AS-OCT for all cases,
including severe ones. The mean MRD-1 values measured
using AS-OCT before and 3 months after blepharoptosis
surgery were 0.29 £ 0.70 mm and 3.24 £ 0.92 mm, respec-
tively, demonstrating significant improvements (Figure 6).
Photographs taken before and 3 months after surgery and
for MRD-1 measurement for the representative patient are
in shown Figures 3 and 7, respectively.

Discussion
CASIA2 is an excellent instrument for AS-OCT, offer-
ing a variety of functions.'?'? These include cataract
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submit your manuscript

637

Dove


http://www.dovepress.com
http://www.dovepress.com

Ogasawara Dove

right eye left eye
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Figure 3 Photographs of eyelids of a patient with severe blepharoptosis (A), those being elevated to identify the pupil center (B), and those returned to the original position
and subjected to MRD-| measurement (C). A 84-year-old man; MRD-I, right: —0.23 mm, left: —0.58 mm.

preoperative examination, gonioscopic analysis, and well as corneal shape. In this study, we used AS-OCT
observation of the filtration bleb after glaucoma sur- functions to measure MRD-1 values in normal subjects
gery, analysis of sagittal images of upper eyelid'® as  and preoperative and postoperative MRD-1 values in
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Figure 4 MRD-| measurement data from 20 eyes of 10 normal subjects in their
20s-50s. Significant differences were observed between the 50s group and other
groups by analysis of variance (Bonferroni’s method). F (3,76)=10.60, p<0.01.
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I I

1.0

0.0

AS-OCT Eye Check System

Figure 5 Results of MRD-1 measurement using AS-OCT and Volk Eye Check
system in normal subjects. AS-OCT mean: 3.68 = 0.70 mm, Volk Eye Check system
mean: 3.71 £ 0.84 mm. No significant differences between the two methods were
observed.

patients with blepharoptosis to examine the usefulness
of AS-OCT.

This study revealed that MRD-1 could be measured
using AS-OCT in a simple manner, measured MRD-1
values could be directly compared as numerical values,
and AS-OCT could be used to measure MRD-1 values in
normal individuals as well as preoperative MRD-1 values
in patients with severe blepharoptosis. In addition, because
the reproducibility of measured values was high, it appears
that AS-OCT is a clinically significant MRD-1 measure-
ment method.

Compared with the AS-OCT method used in this study,
previously reported methods for MRD-1 measurement

have some drawbacks. The disadvantages of the clinical

(MRD-
1)

(mm) 1

pre-ope MRD-1 post-ope MRD-1

Figure 6 Preoperative (pre-ope) and postoperative (post-ope) MRD-I measure-
ments in patients included in this study. The mean MRD-I values of pre-ope and 3
months post-ope were 0.29 + 0.70 mm and 3.24 *+ 0.92 mm, respectively.

method include measurement errors as large as 0.5 mm®

and a complicated process required for MRD-1 analysis,
although Imagel is probably the most popular image ana-
lysis software program. The ORBSCAN?2 topography sys-
tem is used to improve the accuracy of values determined
with the ImageJ program;'> however, this method is asso-
ciated with several biases and has a disadvantage of indir-
ectly measuring MRD-1 values. Choi et al’ compared
MRD-1 values obtained from Image] analysis of photo-
graphs taken with four different cameras and reported
MRD-1 errors varying approximately 0.5-0.7 mm depend-
ing on the differences in cameras used and positional and
size differences of flashbulbs used.

In this study, we compared MRD-1 values that were
measured using AS-OCT and those measured using the
Volk Eye Check system.® The Volk Eye Check System is
a modified smartphone intended to collapse the space
between convenience of clinical and the precision of digital
measurements. This device is outfitted with image proces-
sing software that automatically measures parameters such
as MRD-1 in real-time using photographs taken by inte-
grated camera. No significant differences between the two
methods were noted in normal subjects (Figure 5).
However, in patients with blepharoptosis, MRD-1 could
be measured using the Volk Eye Check system only for
<50% of moderate to severe cases, and we could not com-
pare the AS-OCT and Volk Eye Check system results in this
population. Sinha et al'® compared the values measured
using the clinical method, digital method, and Volk Eye
Check system. Similarly to our results, they found no sig-
nificant differences among the three groups in normal eyes.
In patients with blepharoptosis, they found that the Volk
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Figure 7 A photograph taken 3 months after surgery for severe blepharoptosis (A) and MRD-| measured using AS-OCT (B) A 84-year-old man:MRD-1, right: 2.70 mm,

left: 3.21 mm. Before surgery photographs are shown in Figure 3.

Eye Check system overestimated the amount of blepharop-
tosis and the rate of successful measurements was approxi-
mately 66%. These and our data indicate advantage and
superiority of AS-OCT compared to the Volk Eye Check
System. Many Japanese individuals have thick eyelids that
are shallow in depth and double eyelids are relatively min-
ority. These characteristics may explain why software ana-
lysis of photographs is difficult (see a representative case in
Figure 8). In AS-OCT measurement, there were concerns
that the instrument might interfere with MRD-1 because it
is placed right in front of the eyes. Our results indicate that
this caused negligible errors, if any.

The AS-OCT method allows simple MRD-1 measure-
ment even in moderate and severe blepharoptosis patients
with a stable measurable rate of 100%. In addition, this

method may be useful to accurately and objectively assess
the degree of recovery and postoperative course following
blepharoptosis surgery. Furthermore, this method may be
useful to identify unilateral blepharoptosis and compare the
amounts of blepharoptosis between the left and right eyes.

Conclusions

MRD-1 measurement using AS-OCT is a simple and
reproducible method that allows the direct comparison of
numerical values. AS-OCT can be used to measure MRD-
1 values for preoperative and postoperative values in
patients with blepharoptosis. This measurement method
might enable accurate and objective assessment of the
degree of recovery and postoperative course following
blepharoptosis surgery.
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right eye left eye

414 MRD-1 3.86

Figure 8 A photographs of eyelids of a 75-year-old male patient with severe blepharoptosis (A) and postoperative three months after surgery (B, C). Measuring MRD-|
values by AS-OCT (C) are 4.14 mm in right eye and 3.86 mm in left eye. Preoperative MRD-I, right eye:-0.81 mm, left eye:-1.19 mm.
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