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Abstract. The aim of this study was to explore whether botulinum toxin A (BTXA)

injection treats epiphora secondary to submandibular gland (SMG) transplantation
for severe keratoconjunctivitis sicca.

Fifteen patients with epiphora after SMG transplantation were separated to three
groups, and received 15 U, 20 U and 25 U BTXA injection in the transplanted SMG,
respectively. Secretion of transplanted SMG was assessed subjectively by visual
analogue scale (VAS) regarding epiphora, and objectively by Schirmer test.

There were no significant differences in the 15-U BTXA group regarding the
values of the VAS on epihora before and 1 month after BTXA injection. While in
20-U group and 25-U group, the values of VAS on epihora decreased significantly
after BTXA injection, and lasted for 6 months. Under resting conditions, the
secretion of transplanted SMG decreased 64.4%, 73.0% and 78.0% in 15-U, 20-U
and 25-U groups, respectively (P < 0.01), in 1 month after BTXA injection;
significant secretion decreasing lasted 3 months only in the 25-U BTXA group.

BTXA injection can decrease the secretion of transplanted SMG significantly,
relieving the symptoms of epiphora; 25 U BTXA is a suitable dose to treat
‘opportunistic epiphora’ after SMG transplantation.
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Keratoconjunctivitis sicca (KCS), or dry-
eye syndrome, is a relatively common
disease. In cases of absolute dry eye,
severe pain and blindness may occur
due to ocular surface failure. With severe-
ly dry eye, affected individuals can also
suffer significant pain, have a risk of sight-
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threatening corneal infection and ulcera-
tion, and lose their sight completely'.
Autotransplantation of the submandibular
gland (SMG) offers an effective approach
for providing tear substitution and pre-
venting damage to the cornea from
KCS. Studies have shown that with suc-

cessful transplantation, symptoms of dry
eye disappear and discomfort from bright
light is relieved' © In approximately 40%
of viable grafts, however, epiphora may
occur due to oversecretion of the trans-
planted SMG. This condition may lead to
social embarrassment and blurred vision
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due to a corneal edema, and may require a
secondary procedure to reduce the size of
the graft'>’ For patients with relatively
mild epiphora, topical application of mod-
ified atropine gel is effective®, but is in-
sufficient to control symptoms in more
severe cases.

The cause of epiphora is believed to
result from the surgical denervation of
the gland, which affects the secretory
mechanism of the transplanted SMG.
Therefore, physical exercise or local hy-
perthermia can increase the secretion of
transplanted SMG resulting in excessive
tearing, or ‘opportunistic’ epiphora. Op-
portunistic epiphora occurs primarily dur-
ing the period from May to October when
air temperature is relatively high, but is
rare from November to April due to the
relatively low air temperature®. Therefore,
a reversible therapy seems like an ideal
form of treatment for the condition.

Botulinum toxin type A (BTXA) is a
neurotoxin that inhibits presynaptic ace-
tylcholine release from nerve endings,
thereby interfering with nerve impulses.
After BTXA-induced paralysis, the base-
line functioning of the neuromuscular
junction gradually recovers over a period
of months. Local effects of BTXA, with-
out systemic effects, have led rapidly to its
application in various neuromuscular and
movement disorders, such as dystonia and
spasticity”'?. BTXA has also been used to
treat excessive glandular secretion (e.g.,
hyperhidrosis, hyperlacrimation, allergic
rhinitis and excessive drooling) with en-
couraging results'''®. In 2002, Keegan
et al. reported a case of epiphora second-
ary to autologous SMG transplantation for
KCS that was treated with BTXA. Treat-
ment produced a marked decrease in se-
cretions which lasted for 3 months. This
case report highlighted the need for further
research with a larger cohort to investigate
the efficacy of BTXA for epiphora in this
particular groups of patients'®.

Considering that opportunistic epiphora
occurs for a period of 3—5 months every
year, it would be convenient if the duration
of effect for BTXA was more than
3 months. This study was designed to
investigate the efficacy, duration of activ-
ity, appropriate dosage, and possible side
effects of BTXA injection for opportunis-
tic epiphora secondary to SMG transplan-
tation in former KCS patients.

Patients and methods
Patients

This study was approved by the Ethics
Committee for Human Experiments at Pek-

ing University School and Hospital of Sto-
matology (PKUSSIRB-201413040). All
possible adverse effects and risks of the
study were explained to all of the patients,
and written informed consent was obtained.

The indications for SMG transplanta-
tion were that the patients had persistently
pronounced symptoms of dry eye, and that
other previous ophthalmologic treatments
had failed. Ophthalmologic evaluation
showed that a Schirmer test value of
<2 mm, a break-up time of tear film value
of <5 s, and a positive fluorescence stain-
ing of the cornea.

There were 15 patients (four males, 11
females) enrolled in the study between June
2009 and November 2014, and all had
opportunistic epiphora secondary to micro-
vascular SMG transplantation for severe
KCS. Steven—Johnson’s syndrome (six
cases) was the main aetiology of KCS in
this series, followed by acute conjunctivitis
(three cases) and other aetiologies (three
cases). The aetiology of three cases was
unclear. The mean age of the patients was
38 years (range, 20-73 years). Eight
patients had previously had reduction sur-
gery of the transplanted SMG to decrease
glandular secretion. Among them, six
patients had undergone a reduction proce-
dure once; and two patients had undergone a
reduction procedure twice. Inclusion and
exclusion criteria are described in Table 1
(note, one patient had received a partial
SMG transplantation, and the rest had entire
gland transplants). Before treatment,
patients completed a VAS for epiphora.
Each patient was asked to score the severity
and frequency of tearing (from 0 to 10). The
required score on the VAS, representing the
degree of epiphora, for enrollment in the
study was greater than six.

Design of the study

Outcome measurement was divided into
subjective and objective assessments. In

Table 1. Inclusion and exclusion criteria.

the subjective assessment portion, VAS on
epiphora and its impact on the patients
were assessed at baseline, and at 1, 2, 3, 4,
5 and 6 months after BTXA injection. The
patients completed VAS at every assess-
ment. A decrease of two or more grades
from baseline in the VAS score was de-
fined as an effective treatment.

The objective assessment included a
clinical evaluation that consisted of visual
acuity testing and slit-lamp microscopy. It
also included Schirmer test 1 to measure
secretion of the transplanted SMG as we
previously reported'> Briefly, without
topical anaesthesia, the folded end of
Whatman no. 41 paper (5 x 120 mm)
was inserted into the lateral side of the
lower conjunctival fornix. The Schirmer
test was performed in a quiet location at a
room temperature of 23 °C. The test was
conducted in two conditions: basal (or
resting) and with physical activity. The
former was to represent unstimulated se-
cretion; the latter, stimulated secretion. In
the basal condition, the patients rested for
30 min with no physical activity or glan-
dular stimulation, and the Schirmer test
was conducted the first time. Then, after
physical activity (climbing six flights of
stairs in 3 min), the Schirmer test was
immediately repeated. The results were
recorded for both the unstimulated (first
test) and stimulated (second test) condi-
tions.

Examination by slit-lamp microscopy
was performed to check for the occurrence
of eyelid entropion, corneal opacities or
corneal neovascularization after BTXA
injection. Examinations of visual acuity,
and slit-lamp microscopy were measured
at baseline and again 1 month after BTXA
injection. Schirmer test was conducted at
baseline, 1 month, 3 months and 6 months
after BTXA injection.

Fifteen patients were divided into three
groups according to the dosage of BTXA
injection. Each group consisted of five

Inclusion criteria

e >3 months since submandibular gland transplantation for keratoconjunctivitis sicca
e Severe epiphora primarily in during the summer
o Visual analogue scale for epiphora greater than six

e Schirmer test result >30mm/5min
e Age >20 years
e Informed consent given

Exclusion criteria

e Treatment with botulinum toxin A before

e Known hypersensitivity to botulinum toxin or any part of the formulation
e Taking, or have taken, drugs that affect saliva secretion in the past 6 months
e Known systemic diseases (e.g., bronchial asthma, congenital heart failure, myasthenia

gravis)

e Severe epiphora occurring year-round or in the winter
e Obstructed duct of transplanted submandibular gland



patients, and received 15U, 20U and
25 U BTXA injection, respectively. The
patients received BTXA injection in the
transplanted SMG once. The start time of
treatment was in May or June.

Treatment procedures

For the injections, BTXA was diluted using
2 ml of normal saline (0.9%) per 100 U, for
a concentration of BTXA solution of 5U/
0.1 ml. Telephone follow-up calls were
conducted every month for 6 months fol-
lowing BTXA injection. The patients were
also asked to record side effects in a diary.

The extent of transplanted SMG can be
roughly evaluated by palpation. BTXA was
administered via percutaneous injections in-
to the transplanted SMG in the temporal
region (depth of injections, 1-1.5 cm; 1-ml
syringe, 27-gauge needle). According to the
patient group, a corresponding dose of
BTXA was injected into the transplanted
SMG with three separated entry points
(Fig. 1). In order to avoid damage to Whar-
ton’s duct, the direction of injection was from
posterior to anterior. Also, an attempt was
made to aspirate after the needle was inserted
to make certain BTXA was not injected
directly into a blood vessel or the SMG duct.

Statistical analysis

Data were expressed as mean + standard
deviation (SD). Statistical analyses were

BTXA treatment of epiphora secondary to SMG transplant

performed with SPSS for Windows, ver-
sion 11.5 (SPSS, Chicago, IL, USA). Dif-
ferences between the groups were
analyzed using one-way analysis of vari-
ance followed by Fisher’s least-significant
difference post hoc tests. P < 0.05 was
considered statistically significant.

Results

All of the patients reported that the symp-
toms of epiphora had greatly improved at
1 week after injection. In the 15-U group,
three of five patients felt secretions from
the transplanted SMG were decreased at
1 month following BTXA injection.
Among the three patients, two felt the
improvement from BTXA lasted for
2 months, and one for six months. Like-
wise, in the 20-U group, three of five
patients felt that secretions from the trans-
planted SMG were decreased at 1 month
after treatment. Among these three
patients, one patient felt the duration of
improvement after BTXA lasted for
1 month; one felt it lasted for 2 months,
and one for six months. In the 25-U group,
all of the patients reported that the trans-
planted SMG secretion decreased signifi-
cantly after BTXA injection, and four
patients felt the beneficial effect lasted
for 6 months (Table 2).

There were no significant differences
between mean pre- and post-treatment
scores on VAS for the 15-U group;

Fig. 1. Botulinum toxin A was administered via percutaneous injections guided by palpation.
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Table 2. Duration of effectiveness after botu-
linum toxin A (BTXA) injection.

Cases at different durations
(months) after BTXA injection

Group

<1 1 2 3 4 5 6
15U 2 2 1
20U 2 1 1 1
25U 1 4

whereas in the 20-U and 25-U groups,
the VAS scores decreased significantly
after BTXA injection, and a significant
difference persisted during the study
(6 months; Fig. 2).

Analysis of the objective Schirmer test
results showed that, under rest conditions
at 1 month after BTXA injection, the
mean reduction in the secretion values
were significant for all groups: mean se-
cretion was decreased by 64%, 73%, and
78% for 15-U, 20-U and 25-U groups,
respectively (P < 0.01 for all groups);
the mean stimulated secretion values de-
creased by 40%, 52% and 84% in the
respective groups at 1 month (P < 0.01
for all groups). By 3 months, there was
a significant difference between the mean
secretion measurements for the 25-U
group under basal conditions (it decreased
by 29.0%; P < 0.05). No difference was
found under stimulated conditions
(Fig. 3). At the 6-month point after BTXA
injection, no differences were found for
any of the groups.

Only two patients complained of
thicker, more viscous secretions after
BTXA treatment (one in the 20-U group,
another in the 25-U group). This situation
lasted for 2 months. There were no other
adverse side effects reported by the
patients. Furthermore, objective measure-
ments of visual acuity and slit-lamp mi-
croscopy at 1 month showed no side
effects on vision or the ocular surface from
BTXA injection. In fact, visual acuity
improved in one patient at 1 month in
the 25-U group.

Discussion

Salivary secretion is controlled by both
sympathetic and parasympathetic auto-
nomic nerves. Fluid and electrolyte secre-
tion from salivary glands is primarily
evoked by the action of acetylcholine on
muscarinic  acetylcholine  receptors
(mAChRs) and norepinephrine on ot-adre-
noceptors, whereas protein secretion is
mainly evoked by isoproterenol on
B-adrenoceptors'®'’.  Glandular fluid
and ion secretion are mainly regulated
by the release of acetylcholine from para-
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Fig. 2. Values of visual analogue scale (VAS) on epiphora changed before and 6 months after
botulinum toxin A injection (20-U group: *P < 0.05, **P < 0.01 vs. control; 25-U group:

##P <0.01 vs. control). m, months.

sympathetic nerves and its interaction with
mAChR. We published a previous study
showing increased mRNA and protein
expression of M1- and M3-mAChR in
the transplanted SMG glands of patients
with epiphora'®. In normal rabbit SMGs,
inhibited redistribution of aquaporin-5
(AQP5) resulted in decreased SMG secre-
tions'”. Therefore, it is possible that inhib-
ited release of Ach from the
parasympathetic nerve terminal leads to
decreased expression of the M3 receptor
and AQPS5. On this basis, we designed this
clinical study to investigate the efficacy of
BTXA injection in controlling epiphora
secondary to SMG transplantation.

VAS was used for subjective assessments
in this study. The results showed that the
mean value of VAS decreased substantially
and remained at significant levels for
6 months in group 3 (25-U dose), indicating
BTXA injection could improve symptoms
for patients with severe epiphora.

The results showed that BTXA injection
could decrease the secretion of transplanted
SMG significantly under both conditions of
rest and physical activity in the 25-U group:
secretory flow rates decreased by 78% and
84%, respectively, at 1 month after treatment
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with 25-U BTXA. The effectiveness of
BTXA was maintained at the basal condition
3 months after treatment. These results fur-
ther confirmed the effectiveness of BTXA
injection in controlling severe epiphora.

In previous studies, when BTXA was
used in nontransplanted SMGs to reduce
excessive drooling, no conclusion was
drawn as to the appropriate dosage. In
published reports, the dose of BTXA
has varied from 5 U/gland to 25 U/gland,
for which the maximum subjective re-
sponse rate was 80%'"?° In the one case
that was previously reported of the treat-
ment of epiphora after SMG transplanta-
tion by periglandular injection of Dysport,
the total dose administered was 1200 U.
With this dose, a subjective improvement
in symptoms was achieved, although the
patient received a repeat injection of
1000 U 3 months later because of in-
creased tearing'*. Compared to perigland-
ular injection, BTXA can be -easily
spreaded to the whole transplanted SMG
with a low dosage by intra-gland injection.
Our study showed that the effect of BTXA
was dose-dependent. Both subjective and
objective assessments demonstrated sig-
nificantly better results in the 25-U group
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compared with the other groups (15 U and
20 U). Therefore, we recommend 25 U as
the appropriate dosage for controlling epi-
phora after SMG transplantation.

The volume of injection in studies with
BTXA treatments has not been clearly
described elsewhere in the literature. Jon-
gerius et al. suggested in his study of the
treatment of excessive drooling, that
BTXA should be diluted in a volume of
1-1.5 ml saline before injection into SMG
to achieve adequate spreading and to di-
minish the risk of diffusion into surround-
ing structures®'. Considering the size of
transplanted SMG may decrease, in our
study, the volume used to mix with BTXA
was 0.1-0.2 ml per injection, but the total
BTXA dose was divided into three injec-
tions, each given at a different entry point
(for a total of 0.3-0.6 ml) for every SMG.
This method of administration was used to
ensure that BTXA was distributed
throughout the gland, and was less likely
to diffuse into neighbouring tissues.

The reported duration of effect for
BTXA treatments has varied among stud-
ies (ranging from 8 to 16 weeks)'' '°. In
our study, the time period for which there
was a significant treatment effect for the
25-U group was 3 months by objective
assessment, and 6 months by subjective
assessment. General speaking, the months
June, July, and August have the highest
temperatures. Therefore, the beginning of
June is a suitable time for injection of
BTXA. When the function of BTXA de-
creased, the epiphora relieved automati-
cally because of the lower temperatures
(entering the month of September). This is
why some patients felt the function of
BTXA lasted for 6 months.

With BTXA injections, there is a risk
that larger injected volumes can diffuse
from the transplanted SMGs into the
neighbouring muscle groups, causing side
effects. Mild side effects such as chewing
difficulties, dry mouth, dysphagia, and

Z 3m [ 6m

MMMt

20U

Fig. 3. (A) Schirmer testing before and 1 month, 3 months and 6 months after botulinum toxin A injection in the basal condition. (B) Schirmer testing
before and 1 month, 3 months and 6 months after botulinum toxin A injection after physical activity. **P < 0.01 vs. control ##P < 0.01 vs. 1 m.



transient weakness of mouth closure have
been reported in studies evaluating the use
of BTXA for treatment of drooling®® *2. In
this study, there was less possibility of side
effects from diffusion because there are
only the temporalis muscle and skin
around the transplanted SMG. Two
patients complained of transient thicker
secretions at 2 months, more viscous se-
cretions after treatment suspected to have
been caused by a temporary dramatic de-
crease in SMG secretions. Lastly, the
question of whether the injected BTXA
in transplanted SMG has any effect on the
ocular surface has been addressed. No
changes in the ocular surface of patients
using slit-lamp exam or decreases in visual
acuity were found in our series.
Different modalities for controlling epi-
phora secondary to SMG transplantation
have their indications. Based on a series
of studies, we provide a proposal for con-
trolling epiphora secondary to SMQG trans-
plantation: (1) transplantation of partial
SMG is suggested for patients with ample
SMGs with normal function, in which se-
vere postoperative epiphora would be
expected; (2) conventional reduction sur-
gery is recommended for patients with se-
vere epiphora which is year-round; (3)
BTXA injection should be used in patients
who have severe epiphora primarily in the
summer; and (4) topical application of mod-
ified atropine gel is suitable for patients with
relatively mild epiphora before exercise.
In conclusion, BTXA injection can de-
crease the secretion of transplanted SMG
significantly, relieving the symptoms of
epiphora; 25 U BTXA is the most appro-
priate dose to treat opportunistic epiphora
secondary to SMG transplantation.
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