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Background: Although the functional and anatomical differences between the left
and right eyelids are important in the evaluation of age-related changes in the
eyelids, they have not been described clearly as indications for surgical treatments.
This study aimed to investigate how laterality of the eyelids affects evaluation of
age-related changes.

Methods: Photographs of either one or both eyelids of 100 people were evaluated
in four stages by 10 plastic surgeons. To investigate the consistency of the results
between evaluations, surgeons evaluated the single-eyelid photographs (group U)
or two-eyelid photographs (group B). It was investigated whether the difference in
margin reflex distance 1, height of the upper eyelid crease, height of eyebrow, and
levator contractile function were associated with mismatched evaluations.

Results: The weighted kappa coefficient for groups B and U was 0.77 (substantial
agreement). One-point difference in scores was observed in 23 cases. In the mul-
tiple logistic regression analysis, only the laterality the height of the eyelid crease
was significantly different between patients whose evaluations were matched and
those whose evaluations were mismatched (0.9 + 0.1 mm versus 1.7 + 0.2mm; OR =
1.06, 95%CI: 1.01-1.10; P=0.01).

Conclusions: Besides the structure and function of each eyelid, the laterality of
the height of the eyelid crease was important in the evaluation of the age-related
changes in the eyelids. This factor may be important in evaluating the aesthetic and
visual impressions of age-related changes in the eyelids. (Plast Reconstr Surg Glob Open
2021;9:¢3909; doi: 10.1097/GOX.0000000000003909; Published online 4 November 2021.)

INTRODUCTION
Age-related changes in the eyelids include aponeu-
rotic blepharoptosis and dermatochalasis. Blepharoptosis
is diagnosed by decreased levator function, but derma-
tochalasis simultaneously presents in many cases, and a
comprehensive evaluation is needed to improve the cos-
metic aspect of age-related eyelid changes. In addition,
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the difference between the left and right side is also an
important factor in cosmetic evaluation.

Cahill et al divided the indications for surgical treat-
ment of blepharoptosis into objective symptoms and sub-
jective symptoms and, on the basis of a systematic review,
cited margin reflex distance 1 (MRDI1) in frontal vision
and visual field disturbances in upward and downward
vision as objective symptoms.'* Averbuch-Heller et al
described surgical indications on the basis of levator con-
tractile function, in which the distance of the eyelid mar-
gin was measured from the bottom to the top of vision.”
All of these indicators are based on the function of one
eyelid.

In many patients, the appearance of the eyelids varies
from side to side.”® As is known from Hering’s law, the
direction of eyelid opening to the left and right levator pal-
pebrae is controlled bilaterally.””'* When laterality is pres-
ent, the eyelid on the side with no or mild ptosis appears
hyper-opened by bilateral signals. In daily practice, both
eyelids are observed at the same time, and morphological
differences between the left and right eyelids seem to be
important information with which to determine the surgi-
cal indications.

Disclosure: The authors have no financial interest to declare
wn relation to the content of this article.
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We hypothesized that the evaluation of age-related
changes in the eyelids might be aided by the integration
of information about laterality with information about
the functional and aesthetical indicators of each eyelid.
Although various factors may be involved, we focused on
four: the laterality difference in MRD1, the height of the
upper eyelid crease, the height of eyebrow, and levator
contractile function.

The primary endpoint of this study was how laterality
in appearance of the eyelids affected the evaluation of the
age-related changes in the eyelids. We investigated the
consistency of the evaluation of severity of the age-related
changes in the eyelids by experienced plastic surgeons
between photographs of one and both eyelids. When the
evaluation results were inconsistent, we verified which
factors accounted for the inconsistency. Additionally, we
compared the results of evaluations by plastic surgeons
with limited clinical experience with those by experienced
plastic surgeons.

We believe that the results of this study will elucidate
how well-experienced plastic surgeons recognize the age-
related changes of the eyelid and will contribute to the
development of theory and standardization of evaluation of
the cosmetic aspect of the age-related changes of the eyelid.

PATIENTS AND METHODS

This study was conducted at the Chiba University
Hospital, Chiba, Japan, with approval from the relevant
institutional review board and permission from the hos-
pital ethics committee (No. 2910). This study is an obser-
vational study without intervention. Written informed
consent to participate in this study was obtained from all
selected study participants before their enrollment in the
study.

Photographs of upward, frontal, and downward views
of the eyelids were taken in 25 healthy volunteers and

A

Fig. 1. Plastic surgeons evaluated ptosis by looking at patient photographs (A-C). Each plastic surgeon evaluated both sides of the eyelid
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Takeaways
Question: How does laterality of the eyelids affect evalua-
tion of age-related changes in the eyelids?

Findings: In evaluating age-related changes in the eyelids
scoring on a four-point scale, plastic surgeons with exten-
sive experience showed fairly good consistency for photo-
graphs of both eyelids and of single eyelids, but one-point
deviation was observed for 13% of the eyelids. Laterality in
the height of eyelid crease was an important factor in the
evaluation of the age-related changes in the eyelids.

Meaning: The laterality of the height of the eyelid crease
may be important in evaluating the aesthetic and visual
impressions of age-related changes in the eyelids.

75 patients with untreated aponeurotic blepharoptosis.
Patients with myasthenia gravis, Horner syndrome, or
neurologic disease were excluded. For each subject, pho-
tographs were taken of the two eyes together in the three
views, including the eyebrows and the upper and lower
eyelids (Fig. 1).

The photographs were taken by a digital camera with
a flash, with a reference 10mm? marker (CASMATCH,;
Bear Medic Corporation, Tokyo, Japan), which was used
as an index to measure the absolute value of the length.
We used Photoshop CS (version 5) software (Adobe Inc.,
San Jose, Calif.) to measure MRD 1, the height of eyelid
crease, eyebrow height, and levator contractile function.
The vertical distance from the imaginary line connecting
the inner canthus on both sides to the upper edge of the
eyebrow on the line through the center of the pupil was
defined as the eyebrow height (Fig. 2). Height of the eye-
lid crease was also measured on the same line. These dis-
tances used in this study were the apparent heights in the
standing frontal view, and they differed from the length

"

simultaneously in photographs of both eyelids of 50 patients (A), or each side of the left and right eyelid separately in photographs of a

single eyelid of another 50 patients (B and C).
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| Eyebrow Height (mm)
| Height of Upper Eyelid Crease (mm)
| Margin of Reflex Distance 1 (mm)

Line connecting the inner canthus on both sides

Levator Contractile Function (mm)

Fig. 2. Measurement sites on the eyelid. A, The blue line indicates the eyebrow height, which was

defined as the vertical distance from the imaginary line connecting the inner canthus on both sides
to the upper edge of the eyebrow on the line through the center of the pupil. The green line indicates
margin reflex distance 1, and the red line indicates the height of the upper eyelid crease. These lengths
were measured on the same line. B, The distance along the upper eyelid margin from the upward to
downward visual images was used as an index of levator contractile function.

in the supine position with eyelids closed. The distance
along the upper eyelid margin from the upward to down-
ward visual images was used as an index of levator contrac-
tile function.”

Validation 1: Concordance between Evaluations of Ptosis in
Two- and Single-eyelid Photographs by Plastic Surgeons with
Extensive Clinical Experience

A diagram of the study outline is presented in Figure 3.
Ten plastic surgeons who obtained specialist qualifica-
tions from the Japanese Society of Plastic Surgeons and

had treated more than 100 cases of blepharoptosis were
asked to evaluate ptosis in eyelid photographs of 100
patients.

Each plastic surgeon scored each eyelid on a four-point
scale: 0 (no surgical indication for age-related change), 1
(mild age-related change as an indication for surgery), 2
(moderate age-related change), and 3 (severe age-related
change) from the photographs without any patient infor-
mation, including eye or age dominance. Each plastic sur-
geon evaluated both sides of the eyelid simultaneously in
photographs of both eyelids of 50 patients (Fig. 1A), or

‘ Eyelid photographs of 200 sides of 100 cases

l

l

Five plastic surgeons evaluated bilateral eyelid photographs.
(Group B)

Five plastic surgeans evaluated unilateral eyelid photographs
(Group U)

I

‘ Validation of the degree of consistency among the five evaluations ‘ | Validation of the degree of consistency among the five evaluations

The mode, representing the final evaluation for group B

The mode, representing the final evaluation for group U

l

l

Cases of consistent score in groups B and U
(n=23)

Cases of inconsistent score in groups B and U
n=77)

|

Fig. 3. Diagram of the study outline of validation 1. Each plastic surgeon evaluated 50
case photographs of both eyelids (group B) and 50 case photographs of a single eyelid
(group V). Different questions were assigned to each plastic surgeon to eliminate bias
regarding which of the 100 patients were evaluated with photographs of both eyelids
and which were evaluated with photographs of single eyelids.



each side of the left and right eyelid separately in photo-
graphs of a single eyelid of another 50 patients (Fig. 1B,
C). The single-eyelid photographs of the same patient
were evaluated not consecutively but at intervals to ensure
that the judgments about one side did not affect those
about the other. The surgeons were assigned to evaluate
two- and single-eyelid photographs of different patients to
reduce bias. Thus, for all 100 patients (200 eyelids), five
judgments were obtained for each photograph. Results
of evaluations of photographs of both eyelids were cat-
egorized as the “bilateral photograph evaluation group”
(group B), and results of evaluations of photographs of
one eyelid were categorized as the “unilateral photograph
evaluation group” (group U). Within each group, the
degree of agreement between the raters was determined.

To determine the final evaluation results of each
group, the mode score of each group was adopted. If
there were two mode scores, the higher score was used
because it meant that a majority of five plastic surgeons
judged that the eyelid was an indication for surgical treat-
ment. The correlation between final evaluation score and
MRD1, the height of the upper eyelid crease, the height
of eyebrow, and levator contractile function were inves-
tigated in both groups B and U. The degree of agree-
ment between the scores of groups B and U was then
determined.

The cases with inconsistent scores between groups B
and U were compared with those with consistent scores
regarding lateral differences in MRDI, height of the
upper eyelid crease, height of eyebrow, and levator con-
tractile function (Fig. 3).

Validation 2: Comparison between Plastic Surgeons with
Extensive Clinical Experience and Those with Limited
Clinical Experience

With the same set of photographs as in validation 1,
evaluations were conducted by 10 plastic surgeons who
were certified by the Japan Society of Plastic Surgeons but
had experience with fewer than 100 cases of blepharopto-
sis. The results of these evaluations were compared with
those by plastic surgeons with extensive clinical experi-
ence. The degree of consistency between the final evalu-
ation scores of groups U and B was compared between
plastic surgeons with extensive experience and those with
limited experience.

Statistical Analysis

JMP Pro (version 13.0.0) and SAS (version 9.4) (SAS
Institute, Cary, N.C.) were used to conduct all statistical
analyses. Weighted kappa coefficients were used to cal-
culate the degree of agreement among the groups. To
determine the rate of evaluation agreement within each
group, weighted GLMM-based ordinal measure kappa
coefficients with a confidence interval (CI) of 95% was
calculated. The values of kappa coefficient were inter-
preted according to the criteria defined by Landis and
Koch: -1.00, total disagreement; 0.00, no agreement;
0.01-0.20, slight agreement; 0.21-0.40, fair agreement;
0.41-0.60, moderate agreement; 0.61-0.80, substan-
tial agreement; 0.81-0.99, almost perfect agreement;

4

PRS Global Open ¢ 2021

and 1.00, perfect agreement.”!'Spearman’s correlation
coefficient was used to determine the strength of the
correlation among the four variables between patients
with consistent scores in groups B and U and those with
inconsistent scores in groups B and U. A multiple logis-
tic regression analysis was performed to identify the vari-
ables associated with inconsistent scores, calculating the
odds ratio (OR) with 95%CI and P values. The assessed
variables were as follows: MRDI1, height of eyelid crease,
eyebrow height, and levator contractile function. After
the univariate logistic regression analysis, statistically sig-
nificant variables were substituted for the multiple logis-
tic regression analysis.

A Pvalue less than 0.05 was considered statistically sig-
nificant. The data are presented as means + SDs.

RESULTS

Basic characteristics of the 100 patients evaluated in
this study are listed in Table 1. All the participants in this
study were active clinicians working as plastic surgeons in
Japan. The average number of cases that had been han-
dled by the plastic surgeons with extensive clinical expe-
rience was 475.0 + 519.3, whereas that handled by those
with limited clinical experience was 55.5 + 24.1.

Validation 1

The mean weighted GLMM-based ordinal measure
kappa coefficients of the five evaluations by plastic sur-
geons with extensive clinical experience were 0.58 in
group B and 0.59 in group U. The numbers of eyelids
with final evaluation scores of 0, 1, 2, and 3 were 58, 71,
58, and 13, respectively, in group B and 59, 74, 50, and
17, respectively, in group U. The weighted kappa coef-
ficient of the final score for groups B and U was 0.77,
suggesting that the results of the evaluation based on
bilateral and unilateral eyelid photographs were consis-
tent, to some extent, when evaluated by plastic surgeons
with extensive experience (Table 2). Nevertheless, a
one-point deviation was observed in 26 (13%) of the

Table 1. Basic Characteristics of the Patients

Parameter Results
Total no. patients 100
Mean age (y) 52.3 +18.0
Gender

Men 27

Women 73
Subjective symptom

Unilateral ptosis 29

Bilateral ptosis 46

No ptosis 25
Margin reflex distance 1

Mean (mm) 19+1.3

Lateral difference (mm) 09+09
Height of eyelid crease

Mean (mm) 22+19

Lateral difference (mm) 1.2+1.2
Eyebrow height

Mean (mm) 29.7 + 4.7

Lateral difference (mm) 1.5+1.7
Levator contractile function

Mean (mm) 9.4 +2.6

Lateral difference (mm) 14+1.8
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Table 2. Weighted Kappa Coefficient within each Group
and between Groups Evaluated by Plastic Surgeons with
Extensive Experience

Right Side
(95% CI)
Coefficient within group B* 0.57 (0.51-0.62)
Coefficient within group Ut 0.56 (0.51-0.62)
Coefficient between groups  0.77 (0.67-0.87)
*Photographs of two eyelids.

1Photographs of single eyelids.

Left Side
(95% CI)
0.59 (0.54-0.64)

0.62 (0.58-0.67)
0.76 (0.66-0.86)

Mean

0.58
0.59
0.77

Parameter

Table 3. Spearman’s Rank Correlation Coefficients between
the Factors and the Score Evaluated by Plastic Surgeons
with Extensive Experience

Factor Group B*

-0.73 (P<0.0001)

Group Ut

~0.77 (P< 0.0001)
0.23 (P=0.0009)
0.50 (P< 0.0001)

~0.56 (P< 0.0001)

Margin reflex distance 1
Height of eyelid crease 0.24 (P=0.0005)
Eyebrow height 0.47 (P<0.0001)
Levator contractile function -0.62 (P< 0.0001)

*Photographs of two eyelids.
1Photographs of single eyelids.

200 eyelids. The results of Spearman’s rank correlation
coefficient between the final evaluation score and vari-
ous measurement distances are shown in Table 3. Final
evaluation score and MRDI were strongly negatively
correlated in group B (-0.73) and group U (-0.77). In
both groups B and U, although final evaluation score
was significantly correlated with height of eyelid crease,
the correlation coefficients were weak (0.24 and 0.23,
respectively).

In the evaluation of group B, evaluation scores did not
differ between the right and left sides in 54 patients but
did differ in the other 46 patients. Between patients with
left-right differences in evaluation score and those without
left-right differences, there were significant differences
in MRDI (1.4 + 1.0mm versus 0.8 = 0.9 mm, respectively;
P=0.005), height of eyelid crease (1.5 + 1.4mm versus 1.0
+ 1.3mm, respectively; P = 0.0009), eyebrow height (2.2
+ 2.0mm versus 0.5 + 0.5mm, respectively; P < 0.0001),
and levator contractile function (2.4 + 2.1 mm versus 0.6 +
0.7 mm, respectively; P< 0.0001).

Between groups B and U, scores for 26 eyelids of 23
cases were inconsistent. Of these, 15 eyelids were scored
one point higher in group B, and the remaining 11 eyelids
were scored one point higher in group U. We compared
the degree of laterality in various measurements between
77 cases with consistent scores between groups B and U

and 23 cases with inconsistent scores between groups B
and U. The result of comparisons between cases with con-
sistent scores and those with inconsistent scores is shown
in Table 4. Between cases with consistent scores and those
with inconsistent scores, univariate logistic regression
revealed significant differences in the laterality of height
of eyelid crease (0.9 + 0.1 mm versus 1.9 + 1.6 mm; OR =
1.06, 95%CI: 1.02-1.11; P= 0.003) and in laterality of eye-
brow height (1.3 = 1.5 mm versus 2.3 + 2.2mm; OR = 1.03,
95%CI: 1.00-1.05; P=0.03), and no significant difference
was observed in the laterality of MRD1 (0.9 + 1.0mm ver-
sus 1.1 £ 0.7mm; OR = 1.02, 95%CI: 0.97-1.07; P = 0.40)
or the laterality of levator contractile function (1.1 =
0.9mm versus 1.5 + 2.0mm; OR = 0.99, 95%CI: 0.95-1.02;
P=0.33). Multivariate logistic regression revealed a signifi-
cant difference only in width of eyelid crease (OR = 1.06,
95%CI: 1.01-1.099; P=0.01).

Validation 2

In the results of evaluations by plastic surgeons with
limited clinical experience, the mean weighted kappa
coefficients were 0.62 for group B and 0.59 for group U.
The numbers of eyelids with final evaluation scores of 0,
1, 2, and 3 were 78, 60, 42, and 20, respectively, in group
B and 81, 58, 46, and 15, respectively, in group U. The
weighted kappa coefficient for groups B and U was 0.51
(Table 5). In 63 eyelids of 52 cases, there were discrepan-
cies between the results of groups B and U. The consis-
tency of the results between groups B and U was higher
among the plastic surgeons with extensive experience
than among the plastic surgeons with limited experience
(P < 0.0001, OR = 0.28, 95%CI: 0.15-0.51; Fig. 4). The
weighted kappa coefficient for the final evaluation scores
of group B by plastic surgeons with limited experience
and those with extensive experience was 0.59.

DISCUSSION

Although the age-related changes of the eyelids can be
evaluated based on structure and function of single eye-
lids, the actual control of eyelid opening is bilateral, and
plastic surgeons evaluate the severity by observing both
eyelids of each patient in daily clinical practice.'”>*'%1
In this study, we investigated the degree to which plastic
surgeons evaluated age-related changes in the eyelids in
this manner in single eyelids, and we examined what infor-
mation about the contralateral eyelid was used to make a
final evaluation.

In this study, even when evaluated by an extensively-expe-
rienced plastic surgeon, 13% of patients had differences in

Table 4. Multivariate Logistic Regression Analysis between the Patients with Consistent Scores (n = 23) and Those with

Inconsistent Scores (n=77)

Univariate Logistic Regression

Multivariate Logistic Regression

Variables (n=100) (n=100)

OR (95%CI) P OR (95%CI) P
Laterality in margin reflex distance 1 1.02 (0.97-1.0 0.40
Laterality in height of eyelid crease 1.06 (1.02-1.1 0.003 1.06 (1.01-1.10) 0.01
Laterality in eyebrow height 1.03 (1.00-1.0 0.03 1.02 (0.99-1.05) 0.23
Laterality in levator contractile function 0.99 (0.95-1.0 0.33




Table 5. Weighted Kappa Coefficient within and between
Groups Evaluated by Plastic Surgeons with Limited
Experience

Right Side Left Side
Parameter (95% CI) (95% CI)  Mean
Coefficient within group B* (0.59-0.69) 0.62

60 (0.55-0.65) 0.64
55 (0.50-0.60) 0.63 (0.57-0.68) 0.59
0.53

0.
Coefficient within group Ut 0.
0.49 (0.36-0.63) (0.40-0.66) 0.51

Coefficient between groups

*Photographs of two eyelids.
tPhotographs of single eyelids.

evaluation based on bilateral and unilateral eyelid photo-
graphs. Although laterality in MRD1 and levator contractile
function were strongly correlated with evaluation scores
in both groups B and U, they were not related to whether
the evaluations were consistent or inconsistent. Conversely,
although the correlation coefficient with the score was not
very high for the height of eyelid crease itself, the left—
right difference of it was independently and significantly
correlated with the consistency of scores between groups
B and U. These results suggest that the evaluation of pto-
sis by experienced plastic surgeons is largely based on the
structure and function of one eyelid along with information
about laterality, such as the height of the eyelid crease.

As there is no criteria for correct evaluation of the
severity of age-related changes in the eyelids, there was
a similar variation among the subjects evaluated by both
plastic surgeons with extended experience and plastic sur-
geons with limited experience. However, the evaluations
of plastic surgeons with extensive experience demon-
strated a higher agreement rate between groups B and U
than the plastic surgeons with limited experience. These
results suggest that experienced plastic surgeons are less

100

80
70
60
50

40

Number of patients

30

Extensive experience
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affected by the shape of the contralateral eyelid during
evaluation.

MRD1 and levator contractile function have been
proposed as indicators of visual field dysfunction in the
treatment of blepharoptosis.'” '” Although the height of
the eyelid crease also changes, setting criteria for surgical
treatment at absolute value is difficult because this width
varies greatly among people. A comparison of both eyelids
reveals more clearly whether they are normal or abnormal.
It has been widely recognized and reported that asymme-
try in eyebrow position and height of eyelid crease reflects
compensation for blepharoptosis and that correction of
both is important in increasing patients’ satisfaction with
treatment.'*"® In conjunction with the results of this study,
recording changes before and after surgery is necessary
because the laterality of the eyelid crease height is a factor
that emphasizes age-related changes in the eyelids.

Is it possible to standardize the objective aspects of age-
related changes in the eyelids for evaluation? Itis difficult to
conclude only from the results of this study. In clinical prac-
tice, evaluation has to be done on a patient and analysis of
photographs cannot replace clinical evaluation. However,
by analyzing the results of evaluation by experienced plas-
tic surgeons, investigators in future studies may devise a
highly reproducible algorithm for objective evaluation.
Determining the morphological and functional abnormali-
ties of individual eyelids and accounting for the leftright
difference of height of eyelid crease may be important steps.

One of the limitations of this study is that the move-
ment of the eyebrows is not restricted in measuring the
levator contraction function. Thus, limiting the function
of the frontal muscle to accurately measure the levator
muscle function in the evaluation of aponeurotic ptosis

= Consistent score

® Inconsistent score

Limited experience
*P < 0.05

Fig. 4. The rate of discrepancies in evaluations of groups B (photographs of both eye-
lids) and U (photographs of single eyelids) was significantly lower in evaluations by
extensive experienced plastic surgeons than in those of plastic surgeons with limited
experience (P < 0.0001, OR = 0.28, 95%Cl: 0.15-0.51).
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is necessary. This study evaluated the overall age-related
changes in the eyelid and measured the distance of the
movement of the eyelid margin, including the elevation of
the eyebrow by the frontal muscle. However, the measured
value was different from the accurate levator muscle func-
tion. Another limitation of this study is the classification of
evaluators by the number of experienced cases. There was
a large difference between the two groups, and as a result
there was a difference between the two groups. However,
it should be noted that the number of experienced cases
does not always reflect diagnostic ability.

CONCLUSIONS

In evaluating age-related changes in the eyelids, scor-
ing on a four-point scale, plastic surgeons with extensive
experience showed fairly good consistency for photo-
graphs of both eyelids and of single eyelids, but one-point
deviation was observed for 13% of the eyelids. Laterality in
the height of eyelid crease was an important factor in the
integration of left- and right-sided information. Height of
eyelid crease may thus need to be included in an algo-
rithm for evaluating age-related changes in the eyelids to
include aesthetic aspects and visual impressions.
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