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Abstract

Purpose To analyse the relationship between
the results of the phenylephrine test and
postoperative eyelid droop in transcutaneous
aponeurotic repair using epinephrine-
containing local anaesthetic for aponeurotic
blepharoptosis.
Patients and methods We retrospectively
reviewed the medical records of 66 eyelids
from 40 patients who underwent
transcutaneous aponeurotic repair. A positive
phenylephrine test result was defined as an
increase in margin reflex distance-1 (MRD-1)
≥ 0.5 mm after application of phenylephrine
eye drops. The patients were divided into a
positive phenylephrine response group
(Group A, 16 patients) and a negative
phenylephrine response group (Group B, 24
patients). The ΔMRD-1 was calculated by
subtracting the 3-month postoperative value
from the intraoperative value. Patient age,
sex, pre- and intraoperative MRD-1s, levator
function, and phenylephrine response were
investigated as factors potentially influencing
the ΔMRD-1. The relationship between these
factors and ΔMRD-1 was analysed using
single and multiple regression analysis.
Results The ΔMRD-1 in Group A
(0.68± 0.52 mm) was significantly greater than
that in Group B (0.17± 0.56 mm; P= 0.004).
A moderate correlation was found between
phenylephrine response and ΔMRD-1 in the
total patient group (YΔMRD-1= 0.441
Xphenylephrine+0.358; r= 0.462; r2= 0.213;
P= 0.002).
Conclusions Although the ΔMRD-1 in
Group B was quite small, the ΔMRD-1 in
Group A was considerable, and there was a
moderate positive correlation between

phenylephrine response and the ΔMRD-1
overall. This indicates that the degree of
postoperative eyelid droop can be estimated
by the phenylephrine test results in
transcutaneous aponeurotic repair.
Eye (2018) 32, 93–98; doi:10.1038/eye.2017.153;
published online 4 August 2017

Introduction

Obtaining optimal symmetrical eyelid height
after blepharoptosis surgery is challenging,1 and
it is essential for oculoplastic surgeons to
identify factors affecting postoperative eyelid
height.2,3 Intraoperative quantification is usually
used to determine appropriate advancement of
the levator aponeurosis during the
transcutaneous approach.1 However,
epinephrine-containing local anaesthetic
stimulates the Müller muscle for several hours,4

which occasionally results in less advancement
of the levator aponeurosis during surgery,
resulting in an undercorrected upper eyelid
position after loss of the epinephrine effect.5,6

The frequency and degree of the upper eyelid
droop after loss of the epinephrine effect has not
been examined.
Application of topical phenylephrine

hydrochloride stimulates the Müller muscle and
subsequently raises the upper eyelid.7 As the
degree of this response reflects Müller muscle
function, a preoperative phenylephrine test is
routinely performed to determine the appropriate
amount of Müller muscle conjunctival resection
(MMCR).8 We assumed that the results of the
phenylephrine test were applicable to
preoperative prediction of the upper eyelid droop
after loss of the epinephrine effect.
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In the following study, we examined the relationship
between the results of the phenylephrine test and the
degree of postoperative upper eyelid droop after
transcutaneous aponeurotic repair.

Patients and methods

This was a retrospective review of the data from all
patients who underwent transcutaneous aponeurotic
repair for aponeurotic blepharoptosis performed by one
oculoplastic surgeon (HM) between April 2014 and March
2016. Patients with a history of upper eyelid surgery,
levator function o5 mm, and a follow-up
periodo3 months were excluded from the study. Patients
who underwent simultaneous removal of redundant skin
were also excluded, as this procedure required a larger
volume of injected local anaesthetic than ptosis surgery
without skin removal, which caused intraoperative
mechanical ptosis and affected the intraoperative
quantification.
Institutional Review Board (IRB) approval was

obtained from The Jikei Medical University (number
27–321), and the protocol adhered to the tenets of the
Declaration of Helsinki. As this was not an interventional
study, the IRB granted a waiver of a written informed
consent for this study on the basis of the ethical guidelines
for medical and health research involving human subjects
established by the Japanese Ministry of Education,
Culture, Sports, Science and Technology, and by the
Ministry of Health, Labour and Welfare. Nevertheless, the
IRB requested us to present an outline description of this
study to the public via a notice board in our institution to
provide an additional opportunity for patients to refuse
participation in this study, before patient records were de-
identified and made anonymous. None of the patients
declined participation.
The following data were collected: patient age, sex,

surgical side, results of the phenylephrine test, volume of
local anaesthetic injected, margin reflex distance (MRD)-1,
levator function, and postoperative complications. All
examinations were performed by one of the authors
(HM). MRD-1 was measured before, during, and
3 months after surgery. MRD-1 was determined as the
distance from the upper eyelid margin to the corneal light
reflex in the primary eye position. The distance was
measured using a mm ruler while the patient was in the
sitting position and looking at a light source (a penlight).9

All measurements of the eyelid height were measured in
units of 0.5 mm. An intraoperative measurement was
performed immediately before creation of the eyelid
crease. The ΔMRD-1 was defined as the difference
between the postoperative MRD-1 value and the
intraoperative value.

A 5% phenylephrine test was preoperatively performed
on the surgical side. A positive response was defined as
an increase in MRD-1 of ≥ 0.5 mm 20 min after application
of the phenylephrine eye drop.10 We confirmed the secure
application of the phenylephrine eye drop by a dilated
pupil measurement.
Patients were classified into two groups according to

the results of phenylephrine test as Group A (positive
response) and Group B (negative response).
The patient age and the measurement values were

expressed as the mean values± standard deviation.
Intergroup differences in patient age, volume of local
anaesthetic, and levator function were examined using
the Mann–Whitney U test. The male-to-female ratio and
the ratio of the surgical side were compared between the
groups using the Χ2 test for independent variables. The
comparison of the mean pre- and intraoperative MRD-1s
was performed between the groups using the Mann–
Whitney U Test. The Wilcoxon signed-rank test was used
to compare the intra- and postoperative MRD-1s in the
total patient group, Group A, and Group B, as the
populations were not normally distributed. The ΔMRD-1
was compared between the groups using the Mann–
Whitney U test.
Patient age, sex, pre- and intraoperative MRD-1s,

levator function, and phenylephrine response were
investigated as possibly influencing the ΔMRD-1. Patient
sex was expressed using a binary system (a dummy
variable; 0=male, 1= female). The relationship between
the influential factors and ΔMRD-1 was analysed using
single and subsequent multiple regression analysis in the
total group and in Group A. We obtained a statistical
error of the relationship in Group B, as the results of
phenylephrine tests were 0 in all patients in Group B.
The statistical significance for each analysis was defined

as Po0.05. All analyses were performed using JMP
version 12 software (SAS, Cary, NC, USA).

Surgical technique

A skin incision line 20–22 mm long was marked. We
usually set an incision line 7 mm above the eyelid margin;
however, in patients with a mild amount of redundant
skin, we set a high incision line (8–9 mm above the eyelid
margin) to prevent excess skin hooding from the eyelid
crease. Local anaesthetic of 1% buffered lidocaine and a
1 : 100 000 dilution of epinephrine without hyaluronidase
was injected subcutaneously around the skin incision line.
A skin incision was made using a number 15 blade. The
layer under the orbicularis oculi muscle was dissected to
expose the tarsal plate. The posterior lamella of the
levator aponeurosis, which extends to the tarsal plate,11

was incised at its attachment site and dissected from the
tarsal plate with Westcott scissors until the insertion of the
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Müller muscle onto the upper edge of the tarsal plate was
exposed. The levator aponeurosis was easily bluntly
dissected away from the Müller muscle using a cotton
swab, as the posterior lamella does not firmly attach to
the Müller muscle.11 The orbital septum was then incised
transversely to expose the anterior lamella of the levator
aponeurosis, which joins the orbital septum.11 The levator
aponeurosis was advanced and secured to the upper one-
third of the tarsal plate with a 6-0 Asflex suture (Kono
Seisakusho, Tokyo, Japan). The advancement was repeated
until an adequate eyelid height was obtained. If necessary,
the levator aponeurosis was fixed to the tarsal plate at one
or two additional points to create a natural curvature. At
this time, the intraoperative MRD-1 was measured in the
sitting position. Finally, an eyelid crease was created at
three points using 6-0 Asflex buried sutures, and the
wound was closed with 6-0 Asflex sutures.
Postoperative medications consisted of oral

levofloxacin for 3 days, and 0.3% ofloxacin ointment and
0.5% topical levofloxacin for 2 weeks.

Results

Patient data, measurement results, and statistical
comparisons are shown in Table 1. Although 58 patients
underwent blepharoptosis surgery, 18 patients were
excluded because of prior blepharoptosis surgery in two
patients, poor levator function in two patients, an
insufficient follow-up period in three patients, and
simultaneous blepharoplasty in 11 patients. This study
included a final total of 66 eyelids (34 right, 32 left) in 40
patients (14 males, 26 females; mean age, 70.6 years;
range, 47–87 years). Group A comprised 26 eyelids in 16

patients and Group B comprised 40 eyelids in 24 patients.
Bilateral surgery was performed in 26 patients, 10 of
whom were in Group A and 16 were in Group B. The
mean follow-up period was 6 months (range,
4–13 months). There was no significant difference
between the groups in patient age, male-to-female ratio,
surgical side, levator function, or volume of injected local
anaesthetic (all P40.05).
There was no significant difference between the groups

in mean preoperative MRD-1 (Group A, 0.09± 1.17 mm;
Group B, 0.04± 0.58 mm; P= 0.669) and intraoperative
MRD-1 (Group A, 2.80± 0.79 mm; Group B,
2.30± 1.03 mm; P= 0.225). The mean postoperative
MRD-1 was significantly lower than the mean
intraoperative MRD-1 in each group (total patient group,
Po0.001; Group A, Po0.001; Group B, P= 0.045). The
ΔMRD-1 in Group A (0.68± 0.52 mm) was significantly
greater than that in Group B (0.17± 0.56 mm; P= 0.004).
In the total patient group, single regression analysis

showed that ΔMRD-1 was not significantly correlated
with age (P= 0.277), sex (P= 0.151), preoperative MRD-1
(P= 0.611), or levator function (P= 0.755), while ΔMRD-1
was significantly correlated with intraoperative MRD-1
(P= 0.031) and phenylephrine test results (Po0.001).
However, multiple regression analysis showed that only
the phenylephrine test results had a moderate correlation
with ΔMRD-1 (phenylephrine test, P= 0.002;
intraoperative MRD-1, P= 0.112; YΔMRD-1= 0.441
Xphenylephrine+0.358; r= 0.462; r2= 0.213; Figure 1). The
correlation between the presumptive influential factors
and ΔMRD-1 did not reach statistical significance using
single regression analysis in Group A (P40.05), although

Table 1 Summary of the patient data, measurement results, and statistical comparisons

P

Total Group A Group B Group A vs B

No. of eyelids/patients 66/40 26/16 40/24 —

No. of patients bilateral/unilateral 26/14 10/6 16/8 0.525a

Right/left 34/32 13/13 22/18 0.953a

Male/female 14/26 8/8 6/18 0.542a

Age (range), yrs 70.6± 9.4 (47 to 87) 68.5± 9.0 (54 to 87) 70.8± 9.1 (47 to 87) 0.589b

Levator function (range), mm 13.8± 4.5 (6.5 to 16) 13.2± 4.5 (8.0 to 15.5) 13.9± 4.6 (6.5 to 16) 0.835b

Volume of anaesthetics (range), mm 0.75± 0.28 (0.6 to 1.6) 0.80± 0.35 (0.6 to 1.5) 0.73± 0.25 (0.7 to 1.6) 0.899b

Preoperative MRD-1 (range), mm 0.06± 0.81 (−2.0 to 2.5) 0.09± 1.17 (−1.5 to 2.5) 0.04± 0.58 (−2.0 to 2.0) 0.669b

MRD-1 using phenylephrine eye drop 0.55± 1.01 (−2.0 to 3.0) 1.22± 1.21 (−0.5 to 3.0) 0.04± 0.58 (−2.0 to 2.0) o0.001c

Intraoperative MRD-1 (range), mm 2.46± 1.11 (2.0 to 4.5) 2.80± 0.79 (2.0 to 4.5) 2.30± 1.03 (2.0 to 4.0) 0.225b

Postoperative 3-month MRD-1 (range), mm 2.12± 1.0 (0 to 4.5) 2.12± 1.05 (0 to 4.5) 2.13± 1.01 (0.5 to 4.0) 0.915b

ΔMRD-1 (range), mm 0.34± 0.55 (0 to 2.0) 0.68± 0.52 (0 to 2.0) 0.17± 0.56 (0 to 1.5) 0.004c

P-value: intra vs post 3-month MRD-1 o0.001d o0.001d 0.045d —

Group A: positive phenylephrine response group (16 patients), Group B: negative phenylephrine response group (24 patients), MRD: margin reflex
distance.
The ΔMRD-1 was the difference between the 3-month postoperative MRD-1 value and the intraoperative value. aNo statistical significance using the
Χ2 test. bNo statistical significance using the Mann–Whitney U test. c Statistical significance using the Mann–Whitney U test. d Statistical significance using
the Wilcoxon signed-rank test.
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the correlation between phenylephrine response and
ΔMRD-1 was close to statistical significance (P= 0.081).
Three eyelids (one eyelid in Group A and two eyelids in

Group B) showed a mild upper eyelid oedema lasting
more than 1 week, but this symptom resolved
spontaneously during the measurement period. An
undercorrected upper eyelid position (MRD-1o2 mm)
was observed; postoperative MRD-1 was 0 mm in one
eyelid in Group A, 0.5 mm in four eyelids in Group B,
1.0 mm in four and seven eyelids in Group A and Group
B, respectively, and 1.5 mm in two eyelids and five
eyelids in Group A and Group B, respectively. Inter-
eyelid height asymmetry 41.0 mm was observed only in
Group A: a laterality of 1.0 mm was shown in three
patients (two were unilateral cases, and one was
bilateral), 1.5 mm in one patient with bilateral
blepharoptosis, and 2.0 mm in one patient with unilateral
blepharoptosis. An overcorrected upper eyelid position
(MRD-1 45.5 mm) was not present in any patient during
the follow-up period.

Discussion

The present study showed a relationship between the
results of the phenylephrine test and postoperative upper
eyelid droop. Although previous studies showed a
relationship between the phenylephrine test and
MMCR,8,10 we first examined the effect of the
phenylephrine test on transcutaneous ptosis surgery.
The ΔMRD-1 in Group A was considerable. In addition,

a significant moderately positive correlation was found
between phenylephrine response and ΔMRD-1 in the
total patient group. These results imply that although
the upper eyelid droops after transcutaneous
aponeurotic repair, the degree of this postoperative eyelid

droop can be estimated using the results of the
phenylephrine test.
In contrast, the ΔMRD-1 in Group B was quite small

(0.17 mm), although the postoperative MRD-1 was
significantly lower than the intraoperative MRD-1. This
indicates that changes in MRD-1 after aponeurotic repair
are clinically negligible in patients with negative results
from the phenylephrine test.
Intraoperative MRD-1 was around 2.5 mm in most

patients in the present study. In such patients,
postoperative eyelid droop of 0.68 mm (Group A) largely
affects quality of vision.12 Although the ΔMRD-1 in
Group A was relatively small, we believe that the
difference in ΔMRD-1 between the groups has clinically
significant implications.
Of 66 eyelids in the present study, 23 eyelids (34.8%)

were undercorrected (o2 mm). This high undercorrection
rate may be attributed to the intraoperative MRD-1 of
2.46 mm. We intentionally targeted such a relatively low
intraoperative MRD-1 in some patients because a high
upper eyelid position results in an unsuitable appearance
for typical elderly Japanese patients and occasionally
worsens the condition of dry eye.13,14 Other patients had
moderate levator function (6–7 mm) and/or fuller upper
eyelids,15 which prevent the attainment of a high upper
eyelid position during ptosis surgery.
A previous study recommended 1 mm of

overcorrection during intraoperative adjustment when
aponeurotic repair was performed using lidocaine with
epinephrine.16 However, the ΔMRD-1 was significantly
different between the groups (Group A, 0.68 mm; Group
B, 0.17 mm) in the present study. The application of 1 mm
of overcorrection therefore carries a risk of creating an
overcorrected upper eyelid position after aponeurotic
repair in patients with a negative response to the
phenylephrine test. Hence, surgeons need to apply
intraoperative overcorrections based on the results of the
phenylephrine test.
The distribution of local anaesthetic after injection into

the eyelid is unknown. However, as the orbital septum is
an inelastic, multilaminar, fibrous sheet,11 it may block
deep infiltration of local anaesthetic toward the Müller
muscle. The attachment site of the orbital septum to the
levator aponeurosis was thought to extend inferiorly to
the tarsal plate in Japanese patients,17 suggesting
complete blockage of any deep infiltration. However, the
orbital septum reportedly attaches to the levator
aponeurosis above the tarsal plate, even in Japanese
patients,15 which implies that local anaesthetics can
infiltrate the Müller muscle at least between the upper
edge of the tarsal plate (distal top of the Müller muscle)
and the attachment site of the orbital septum. In this
situation, both epinephrine and lidocaine infiltrates into
the Müller muscle. However, we can intraoperatively

Figure 1 A scatter diagram of Group A. The results of the
phenylephrine test and the Δmargin reflex distance (MRD)-1 are
shown on the x and y axes, respectively.
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obtain elevation of the upper eyelid with MMCR,
indicating that the Müller’s muscle can contract due to the
epinephrine without severe paresis being caused by the
lidocaine.
A previous study reported another technique that

included simultaneous resection of the infiltrated part of
the Müller muscle to eliminate the effect of sympathetic
nerve stimulation on the Müller muscle.18,19 As the
levator aponeurosis was solely advanced in the present
study, the results may not be applicable to the previously
reported technique. Further studies are necessary to
determine the correlation between the results of the
phenylephrine test and the ΔMRD-1 after the previously
reported technique.
Local anaesthetics can infiltrate the levator palpebrae

superioris muscle during blepharoptosis surgery.20 In
such a situation, a large amount of advancement of the
levator aponeurosis is necessary for obtaining the
appropriate intraoperative MRD-1 from an excessively
lowered upper eyelid position caused by the paralytic
levator palpebrae muscle. This step causes postoperative
overcorrection after restoring the function of the levator
palpebrae superioris muscle.20 However, none of the
patients in the present study exhibited an intraoperative
eyelid droop or postoperative overcorrection, suggesting
that the local anaesthetic had little or no effect on the
levator palpebrae superioris muscle.
Local anaesthetic injection paralyses the orbicularis

oculi muscle. As this muscle is an antagonist of the levator
aponeurosis,21 paralysis of the orbicularis oculi may cause
intraoperative elevation of the upper eyelid. However, the
volume of local anaesthetic used for injection did not
differ between the groups, suggesting that this would
have had little influence on the present results.
The present study found that 24 of 40 patients (60.0%)

had a negative phenylephrine test result. This percentage
is higher than that reported in the UK.22,23 One of the
possible reasons is the presence of a fuller upper eyelid
due to downward extension of the preaponeurotic fat pad
in Japanese patients.15 This heavy upper eyelid may
prevent rising of the upper eyelid after application of
phenylephrine eye drops.
Our study was limited by several factors. First, this

study had a retrospective design and comprised a
relatively small sample size. A larger number of patients
would provide a greater statistical power. Another
limitation was the inclusion of only Japanese patients. The
results of the present study may not be applicable to other
nationalities. We chose transcutaneous aponeurotic
repair, not MMCR, in patients with a positive
phenylephrine response; this was done to avoid corneal
abrasion and to allow simultaneous creation of the eyelid
crease that is absent in some Japanese patients.24

However, as the present results may not be applicable to

MMCR, future studies are needed to confirm the
correlation in MMCR. Finally, only 5% phenylephrine eye
drops are commercially available in Japan, although 2.5%
phenylephrine eye drops are commonly used in other
countries.25,26 A previous study showed more
cardiovascular adverse effects after 10% phenylephrine
instillation, compared with 2.5% phenylephrine
instillation.27,28 Although we used 5% phenylephrine eye
drops, this may cause a greater risk of adverse side effects
than 2.5% phenylephrine instillation. On the contrary,
although another study demonstrated greater elevation of
ptotic upper eyelids after 10% phenylephrine instillation
than after 2.5% phenylephrine, the difference in eyelid
elevation was quite small.29 The disparity between 2.5
and 5% concentrations may, therefore, not produce a
large difference in eyelid elevation after phenylephrine
instillation.
In conclusion, the ΔMRD-1 was considerable in Group

A but was clinically negligible in Group B. In addition, a
significantly moderately positive correlation was found
between the ΔMRD-1 and the results of the
phenylephrine test in the total patient group. These
results indicate that the degree of a postoperative
eyelid droop can be estimated by the results of the
phenylephrine test in transcutaneous aponeurotic
repair.

Summary

What was known before
K It is essential for oculoplastic surgeons to identify factors

affecting postoperative eyelid height. Epinephrine-
containing local anaesthetic stimulates the Müller muscle,
it occasionally results in an undercorrected upper eyelid
position after loss of the epinephrine effect. However, the
frequency and degree of the upper eyelid droop after loss
of the epinephrine effect has not been examined.

What this study adds
K There was a moderate positive correlation between

phenylephrine response and the ΔMRD-1, which is
defined as the difference between the postoperative
MRD-1 value and the intraoperative value. The degree of a
postoperative eyelid droop can be estimated by the results
of the phenylephrine test in transcutaneous aponeurotic
repair.
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