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Abstract
Purpose To report the outcome of repeated botulinum toxin-A (BTA) injections in the lacrimal glands in patients with
epiphora.

Methods We performed retrospective chart review of patients who were injected with 2.5 units of BTA in the lacrimal
gland. Epiphora and tear production were assessed by the Munk score and Schirmer-1 test, respectively, pre-injection and at
1 and 3 months post injection. Regarding repeated injections, the effects of the first were compared to those of the second
and third injections.

Results Forty-six eyes of 35 patients had an average of 2.3 injections per eye (range, 1-6). The mean Munk score
significantly decreased from 3.72 to 1.87 at 1 month (p <0.001) and 2.21 at 3 months (p <0.001) after injection. The mean
Schirmer-1 score also significantly decreased from 15.35 mm to 10.52 mm at 1 month (p <0.001) and 12.48 mm at 3 months
(p <0.001) after injection. The mean reduction rates of Munk and Schirmer-1 scores after the second (66.1% and 29.8%,
respectively) and the third injections (56.1% and 23.3%, respectively) were not significantly different from those after the
first injection (63.3% and 26.1%, respectively) (p > 0.05 for each comparison). There was a significant correlation between
the difficulty in exposing the lacrimal gland for injection and the risk of complication (p = 0.017).

Conclusion BTA injection in the lacrimal gland showed favourable outcomes; repeated injections did not compromise
efficacy. BTA injection can be safely repeated for epiphora, especially in patients whose lacrimal gland can be easily
exposed.

Introductions

Epiphora is a common problem causing blurred vision, eye
redness, ocular discomfort, and skin irritation, which can
affect quality of life. Obstruction of the tear drainage
system is one of the most common causes of epiphora, and
surgical procedures such as silicone stent intubation and
dacryocystorhinostomy, according to the obstruction site,
have been the standard treatments. In particular, con-
junctivodacryocystorhinostomy (CDCR) may be required
for proximal canalicular obstruction [1], but it has a risk
of complications such as tube extrusion, malposition,
obstruction, and tearing in the recumbent position [1, 2].
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Several reports described the effects of injection of
botulinum toxin-A (BTA) in the lacrimal gland in patients
with epiphora [3-8]. BTA injection in the lacrimal gland
decreases tear production by blocking presynaptic release of
acetylcholine into the neuromuscular end plates of choli-
nergic nerve fibres [9]. To our knowledge, however, there
have been few previous studies that quantitatively assessed
the effect of BTA injection or that reported the efficacy of
repeated BTA injections. Thus, the purpose of this study
was to report the qualitative and quantitative assessment of
repeated BTA injections in the lacrimal gland in patients
with epiphora.

Materials and methods

We reviewed the clinical records of all consecutive
patients who had BTA injections in the lacrimal gland,
performed by one operator (H-S.S.) between March 2011

and July 2017 for epiphora caused by various aetiologies.
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The review included demographic information, previous
medical history, aetiology of epiphora, clinical informa-
tion needed for epiphora assessment, treatment
information, outcomes, and complications. Each patient
underwent a lacrimal system examination at presentation
that included lacrimal irrigation and diagnostic probing,
and dacryocystography if needed. Indications for BTA
injection included proximal canalicular obstruction,
functional nasolacrimal duct obstruction (NLDO), croco-
dile tearing, and inoperable general condition. All patients
included in the study underwent one or more BTA
injections in the lacrimal gland and were followed up
for at least 3 months. We performed repeated BTA
injections when the patient wanted another injection for
recurrent epiphora. We excluded patients who were
followed up for <3 months or who did not have adequate
follow-up data.

The severity of epiphora was assessed with the Munk
epiphora rating system and the Schirmer-1 test before
injection, at 1 month and 3 months after injection, and at
the last follow-up visit [10]. The Munk score consisted of
5 grades from 0 to 4: 0 =no epiphora; 1= occasional
epiphora requiring dabbing less than twice a day; 2 =
epiphora requiring dabbing 2—4 times a day; 3 = epiphora
requiring dabbing 5-10 times a day; 4 = epiphora requir-
ing dabbing > 10 times a day or constant teaming [10]. In
patients with repeated injections, epiphora evaluation was
repeated according to the same evaluation methods. The
effects of the second and third injections were compared
with that of the first injection by comparing the reduction
rate of Munk and Schirmer-1 scores after each injection.
All patients were asked to report the subjective duration of
effect and complications related to BTA injections. The
paired 7 test and Fisher’s exact test were conducted for
analysing categorical data. Statistical significance was set
at p<0.05.

BTA (Botox; Allergan; Irvine, CA, USA: 50 mouse unit)
was reconstituted with sterile, preservative-free 0.9%
sodium chloride solution diluted to a concentration of
50 units/1 ml. Under topical anaesthesia with proparacaine,
we gently elevated the lateral portion of the upper eyelid to
expose the palpebral lobe of the lacrimal gland while the
patient looked down and to the nasal side (easy-exposure
group). When the palpebral lobe of patients could not be
well exposed with manual elevation of the eyelids, we
elevated the upper eyelid with a Desmarres eyelid retractor
(difficult-exposure group). A transconjunctival injection of
2.5 units/0.05 ml of BTA using a 30-gauge needle tuber-
culin syringe was administered into the bulging part of the
exposed palpebral lobe.

This retrospective study was approved by the institu-
tional review board at our institution and was carried out
following the tenets of the Declaration of Helsinki.
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Table 1 Characteristics of 46 eyes of 35 patients who had botulinum
toxin-A injections in the lacrimal gland

Median age (range) (years) 66 (8~83)
Male:female 20: 15
Unilateral injection:bilateral injection (eyes) 24 : 11
Median follow-up (range) (months) 22.0 (3~76)
Mean number of injections (range) 2.3 (1~6)
Mean interval of injections (range) (months) 6.0 (1~17)

Results

Forty-six eyes of 35 patients were included in the study. The
median age was 66 years (range, 883 years), and there were
20 males and 15 females. The median follow-up was
22.0 months (range, 3-76 months). A mean of 2.3+1.5
injections (median = 2.0, range, 1-6 injections) were given
per eye. Out of the total 46 eyes, 21 eyes (46%) underwent
only one BTA injection and 25 eyes (54%) underwent repe-
ated injections: 9 eyes (20%) had two injections, 4 eyes (9%)
had three injections, and 12 eyes (26%) had four or more
injections. The mean subjective duration of BTA effect was
3.1+ 1.4 months (range, 1-7) and the mean interval between
injections was 6.0 +4.0 months (range, 1-17) (Table 1).
The most common aetiology of epiphora was proximal
canalicular obstruction (32 eyes, 69%), followed by func-
tional NLDO (6 eyes, 13%), crocodile tearing (4 eyes, 8%),
and NLDO with inoperable condition (4 eyes, 8%). Causes
of proximal canalicular obstruction included S-1 anticancer
therapy-associated obstruction (15 eyes), idiopathic
obstruction (6 eyes), traumatic obstruction (6 eyes), post-
epidemic keratoconjunctivitis obstruction (2 eyes), CDCR
failure (2 eyes), and punctal plug-related obstruction (1 eye).
The inoperable conditions included 2 eyes with nasal
cavity cancer and 2 eyes in insufficient general condition
(Table 2). There were patients who had surgical history of
silicone stent intubation (n=3), dacryocystorhinostomy
(n=3), or CDCR (n=2), but all of the bypass tube
including silicone stent and Jones tube had been removed
prior to BTA injections. None of the patients had bypass
tube at the time of BTA injections and during follow-up.
The mean Munk score significantly decreased from
3.72+0.7 (range, 2—4) before injection to 1.87 + 0.9 (range,
0-4; p<0.001, paired ¢ test) at 1 month and 2.21+1.0
(range, 0—4; p <0.001, paired ¢ test) at 3 months after BTA
injection (Fig. la). The mean Schirmer-1 score also sig-
nificantly decreased from 15.35+4.3 mm (range, 6-24)
before injection to 10.52 + 3.2 mm (range, 5-22; p <0.001,
paired ¢ test) at 1 month and 12.48 + 3.8 mm (range, 6-20;
p <0.001, paired ¢ test) at 3 months after injection (Fig. 1b).
In terms of efficacy and duration of effect of repeated
injections, there was no significant difference in the mean
reduction rates of the Munk and Schirmer-1 scores and the
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Table 2 Actiologies of epiphora in 46 eyes

Aetiology Eyes, n (%)
Proximal canalicular obstruction 32 (69.6)
Oral S-1-associated 15 (32.6)
Idiopathic 6 (13.0)
Traumatic 6 (13.0)
Post-EKC 2 (4.3)
CDCR failure 2 (4.3)
Punctal plug-related 1(2.2)
Functional NLDO 6 (13.0)
Crocodile tearing 4 (8.7)
Inoperable condition 4 (8.7)
Nasal cavity cancer 2 (4.3)
Insufficient general condition 2 (4.3)
Total 46 (100)

EKC epidemic keratoconjunctivitis; CDCR conjunctivodacryocystor-
hinostomy; NLDO nasolacrimal duct obstruction

mean subjective duration of effect after each injection (the
first, n = 46 eyes; the second, n =25 eyes; the third, n =16
eyes). The mean reduction rate of the Munk score after the
first injection was 63.3+16.0% (range, 50-100%), which
was not significantly different from the mean reduction rate
after the second injection (66.1 +26.1%; range, 25-100%;
p =0.657, paired ¢ test) and after the third injection (56.1 £
16.6%; range, 50-75%; p = 0.085, paired ¢ test) (Fig. 2a).
Similarly, the mean reduction rate of the Schirmer-1
score after the first injection was 26.1+14.9% (range,
—8.3-54.2%), which was not significantly different from the
reduction rate after the second injection (29.8 + 20.5%; range,
0-62.5%; p = 0.416, paired ¢ test) and after the third injection
(23.3 £21.6%; range, —23.1-43.8%; p = 0.370, paired ¢ test)
(Fig. 2b). The mean subjective duration of effect after the first
injection was 3.2 + 1.5 months (range, 1-6), which was not
significantly different from subjective duration of effect after
the second injection (2.8 + 1.1 months; range 1-5; p = 0.959,
paired ¢ test) and after the third injection (3.1 + 1.6 months;
range, 1-7; p = 0.437, paired ¢ test).

Complications occurred in 10 out of the total 106 injections
(9.4%), involving 10 patients, each of whom experienced one
complication: seven cases of upper eyelid ptosis and three
cases of horizontal diplopia. Of the seven cases of ptosis, two
were ptosis obscuring the visual axis and the other five were
mild ptosis that did not obscure the visual axis. Ptosis resolved
spontaneously within 3 weeks in all seven cases. Diplopia also
resolved spontaneously within 6 weeks in all three cases: two
in 2 weeks, and the other in 6 weeks. Regarding difficulty in
exposing the lacrimal gland at the time of injections, there
were 41 eyes (101 injections) in the easy-exposure group and
5 eyes (5 injections) in the difficult-exposure group, which
required a Desmarres eyelid retractor owing to difficulty in
exposing the lacrimal gland with manual traction of the upper
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Fig. 1 Change in the mean Munk and Schirmer-1 scores after BTA
injection. a The mean Munk score significantly decreased at 1 month
(1.87+£0.9, p<0.001) and 3 months (2.21 + 1.0, p <0.001) after BTA
injection compared with before injection (3.72+0.7). b The mean
Schirmer-1 score significantly decreased at 1 month (10.52+3.2, p<
0.001) and 3 months (12.48 £3.8, p<0.001) after BTA injection
compared with the score before injection (15.35 +4.3)

eyelid alone. Complications including ptosis and diplopia
occurred in 6 out of 101 injections in the easy-exposure group,
and in 4 out of 5 injections in the difficult-exposure group.
There was a significant association between the difficulty in
exposing the lacrimal gland for injection and the risk of
complication (p =0.017, Fisher’s exact test).

Discussion

The major finding of this study, using both Munk and
Schirmer score methods, is that BTA injections in the
lacrimal gland can improve epiphora both qualitatively and
quantitatively, without permanent complications. We also
found the effect of injection and the duration of effect
remained significantly consistent in repeated injections.

SPRINGER NATURE
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Fig. 2 Comparison of the mean reduction rates of Munk and Schirmer-
1 scores between before and after each injection in patients who had
repeated injections. a The mean reduction rate of Munk score after the
first injection (63.3 +16.0%) was not significantly different from the
mean reduction rate after the second injection (66.1+26.1%; p=
0.657) and after the third injection (56.1 +16.6%; p = 0.085). b The
mean reduction rate of Schirmer-1 score after the first injection (26.1 +
14.9%) was not significantly different from the mean reduction rate
after the second injection (29.8 +20.5%; p = 0.416) and after the third
injection (23.3 +21.6%; p = 0.370)

Both qualitative and quantitative evaluations are impor-
tant in patients with epiphora, but there have been few stu-
dies reporting the effect of BTA injection with both
assessment methods. Ziahosseini et al. [7] evaluated the
effect of BTA injection for epiphora by the reduction of the
mean Munk score after injection from 3.4 to 1.6 in the series
with 22 eyes. Kaynak et al. [8] reported both qualitative and
quantitative evaluations of epiphora in a comparative study
including 20 eyes treated with BTA injection: the mean
Munk and Schirmer-1 scores were 3.95 and 12 mm before
injection respectively, and decreased to 1.05 and 5.4 mm at
1 month after injection and to 1.36 mm and 5.8 mm at
3 months after injection, respectively. These results of pre-
vious studies were similar to our findings showing sig-
nificant improvement of epiphora at 1 month and 3 months
after BTA injection [3-8].

To our knowledge, there have been few studies on the
clinical outcomes of repeated BTA injections in the lacrimal
gland, and our study revealed that each injection shows a
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consistent efficacy and duration of effect on improving
epiphora when BTA is injected repeatedly in the lacrimal
gland. Owing to the pharmacological characteristics of
BTA, the treated muscles or secretary glands gradually
regain function and generally return to their original status
approximately 3 months after injection, and repeated
injections may be required when the patient’s symptom
recurs and additional treatment is needed [11-14]. Some
previous studies evaluated the histologic changes of lacri-
mal gland after BTA injection in the lacrimal gland of
rabbits, and showed that BTA injections were not associated
with inflammation or structural changes of acini or ductules
such as atrophy and fibrosis [9, 15]. BTA is also widely
used for treating limb spasticity, and previous studies
demonstrated a consistent efficacy and safety of repeated
BTA injections in patients with upper and lower limb
spasticity [16, 17]. Taken together, these findings suggest
that BTA can be injected in the lacrimal gland repeatedly at
the same dosage if needed, and each injection may have a
similar efficacy for treating epiphora.

The most common complications of BTA injection in the
lacrimal gland are ptosis and diplopia; these are typically
temporary, lasting for 24 weeks [18]. Diffusion of toxin
into the levator palpebrae superioris muscle and superior or
lateral rectus muscles is believed to cause upper eyelid
ptosis and diplopia, respectively [3, 5, 7, 8]. The compli-
cation rate was 9.4% (10/106 injections) in our study, and
the reported rates vary among studies, from 11% to 25%
[3, 5, 7, 8]. Interestingly, we found a significant correlation
between the difficulty in exposing the lacrimal gland and
the risk of complication (p =0.017). Given the complica-
tions caused by toxin diffusion, if it is difficult to expose the
lacrimal gland, the BTA cannot be injected correctly into
the lacrimal gland and is likely to spread to surrounding
tissues such as levator and rectus muscles. Our patients who
had difficulty in exposing the lacrimal gland had only
one BTA injection each, and it was not confirmed whether
these patients would experience complications repeatedly if
they got repeated injections. Nevertheless, our findings
suggest that physicians should inject BTA into the most
protruding part of the lacrimal gland after the maximum
exposure of the gland to avoid unwanted toxin spread and
to reduce the incidence of complications. We believe that
transconjunctival BTA injection method is particulary use-
ful in older patients who may have horizontally loose upper
eyelid and whose lacrimal gland can be easily exposed.

This study had several limitations. First, this study was
based on data retrospectively reviewed. There is the
potential for error in collecting data on the duration of effect
or complications assessed by patients’ reports. However, all
patients included in the study were managed and evaluated
using a uniform and standardised method by one practi-
tioner, and patients with missing data or short follow-up
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periods were excluded. Second, approximately half of the
patients in this study underwent only one BTA injection.
However, this series involving 46 eyes represents one of the
largest single-centre studies of BTA injection in the lacrimal
gland with a long follow-up period (median of 22 months),
and we were able to perform a comparative analysis to
evaluate the efficacy of repeated injections: this is a main
strength of our results in this study.

In conclusion, transconjunctival injection of BTA in the
lacrimal gland showed favourable outcomes for epiphora
without permanent complications. It is a simple and mini-
mally invasive technique performed in the office. Repeated
injections had consistent efficacy and duration of effect.
BTA injections can be repeated for symptomatic epiphora as
an alternative to complex surgery such as CDCR, especially
in older patients whose lacrimal gland can be easily exposed.

Summary
What was known before

e Obstruction of the tear drainage system is one of the
most common causes of epiphora, and surgical proce-
dures have been the standard treatments.

e Several reports described the effects of injection of BTA
in the lacrimal gland in patients with epiphora.

e However, there have been few previous studies that
quantitatively assessed the effect of BTA injection or
that reported the efficacy of repeated BTA injections.

What this study adds

e Transconjunctival injection of BTA in the lacrimal gland
showed favourable outcomes for epiphora without
permanent complications.

e Repeated injections had consistent efficacy and duration of
effect, and BTA injections can be repeated for sympto-
matic epiphora as an alternative to complex surgery.

e There was a correlation between the difficulty in
exposing the lacrimal gland with manual elevation of
upper eyelids and the risk of complications.
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