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Abstract

Purpose Endoscopic endonasal balloon-assisted dacryoplasty is a minimally invasive surgical approach that can be applied
after failure of dacryocystorhinostomy with recurrence of distal acquired lacrimal obstruction.

Methods At the Department of Otolaryngology, San Raffaele Hospital, Milan (Italy), from December 2016 to October
2020, 14 patients underwent trans-nasal balloon-assisted dacryoplasty after a failed dacryocystorhinostomy (both external
and endoscopic endonasal). The routinary pre-operative work-up included multidisciplinary study of the lacrimal disease,
which consisted in primary ophthalmological and otorhinolaryngological visits associated with nasal endoscopy, in which a
radiological exam was added if needed. The surgical approach includes pneumatic enlargement of the stenotic rhinostomy,
created during the primary dacryocystorhinostomy, using a high-pressure trans-nasal balloon catheter. Anatomical success
was considered when the ostium was patent upon irrigation, while functional success was considered as resolution of epiphora
or free lacrimal flow on functional test.

Results Among 14 patients included and after a mean follow-up of 19.5 months (range 13-51 months), anatomic success
was achieved in 100% of patients and functional success was achieved in the 85.7% (12/14). Operative time ranged from 9
to 28 min (mean 18 min) and no complications were reported.

Conclusion Trans-nasal balloon-assisted dacryoplasty is a mini-invasive surgical approach to treat failed dacryocystorhi-
nostomies with reliable and stable outcomes in the long term. The absence of post-surgical complications, high success rate
and short operative time are the main features of this innovative procedure.
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Introduction

Distal acquired lacrimal obstruction (DALO) is a common
pathology that affects the lacrimal drainage system distal
to Rosenmuller’s valve and its main clinical presentation is
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represented by epiphora or recurrent dacryocystitis [1]. The
main etiology for this entity is believed to be idiopathic, also
known as primary acquired nasolacrimal duct obstruction
(PANDO), even if other causes have been described [2-9].

While in the past decades the approach of choice has
been considered external dacryocystorhinostomy (EXT-
DCR) [10], a recent review has highlighted that, among
all treatments available, endoscopic endonasal dacryocys-
torhinostomy (END-DCR), similar to EXT-DCR, is associ-
ated with higher functional success rates compared to other
approaches; accordingly, both can be considered the gold
standard techniques for DALO [11, 12]. Nevertheless, it is
generally acknowledged that END-DCR provides advan-
tages over EXT-DCR, such as less operative time, morbid-
ity, post-operative complications, and absence of external
scar, which, however, frequently presents optimal esthetic
outcomes [13—15].
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Overall, END-DCR and EXT-DCR have a surgical fail-
ure rate of 10% that can be distinguished as early failure,
mainly caused by inadequate surgery, or late failure, which
can have multifactorial causes. In particular, the most com-
mon reasons for unsuccessful DCRs are excessive cicatricial
ostium closure or granulation tissue formation, inadequate
osteotomy/sac opening, internal ostium stenosis, common
canalicular obstruction and sump syndrome [16]. Excluding
the last two reasons, which require specific ophthalmological
management, the others determine intranasal ostium stenosis
which is mainly treated either with an endoscopic or external
approach [17]. However, even if no significant difference
has been noted, over the past few years, the END-DCR has

Table 1 Characteristics of the 14 patients included in the study

Patient characteristics Total (%)
Age

>60y 8(57)

<60y 6 (43)
Gender

Male LN

Female 13 (93)
Affected eye

Left 7 (50)

Right 7 (50)
Previous surgery

EXT-DCR 4 (29)

END-DCR 10 (71)
Time between 1st and 2nd surgery (months)

<12 7 (50)

>12-24< 4 (29)

>24 3(21)

Fig. 1 Diagnostic work-up for
failed DCRs. DCR: dacryo-
cystorhinostomy; END-DCR:

gained popularity among clinicians for revision surgeries
because, using endoscopic instrumentation, it provides
a direct identification of the cause for the surgical failure
and permits its rectification [18]. In addition, several endo-
scopic mini-invasive approaches have been proposed, with
particular attention to balloon-assisted endoscopic dacryo-
plasty (balloon END-DCP), which is a high-pressure bal-
loon catheter system introduced through the nose and used
to restore the lacrimal pathway in revision cases of distal
acquired obstruction [19]. In fact, although a trans-canalicu-
lar balloon-assisted approach has been previously described,
its potential damage to the canalicular system has limited its
application in favor of endoscopic approaches [20].

The aim of this study is to analyze the long-term out-
comes of our series of patients who underwent balloon-
assisted endoscopic dacryoplasty as revision surgery for
recurrence of distal acquired lacrimal obstruction (Table 1).

Methods

In this analysis, we included patients who underwent, at the
Department of Otolaryngology of San Raffaele Hospital in
Milan (Italy), between December 2016 and October 2020,
endonasal endoscopic balloon dacryoplasty (balloon END-
DCP) after a failed EXT-DCR or END-DCR.

All patients presented recurrent epiphora due to distal
acquired lacrimal obstruction after a primary DCR (both
END or EXT) and received a diagnosis on the site of
obstruction made by multidisciplinary agreement between
an otolaryngologist and ophthalmologist. In particular, the
diagnostic work-up for failed dacryocystorhinostomy (Fig. 1)
is initially based on ophthalmologic examination that dif-
ferentiates canalicular disease or pump failure, which is

endoscopic endonasal dacryo-
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tomography
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treated accordingly by an ophthalmologist, to distal recur-
rent obstruction. In fact, when a neorhinostomy closure
is detected, in-office otorhinolaryngologic examination
with 30 ° rigid nasal endoscopes is mandatory to directly
visualize the nasal cavities and to better define the poten-
tial cause of the surgical failure. Pre-operative radiologi-
cal imaging, particularly maxilla-facial CT scan, was not
always requested since in our END-DCR series, we always
performed it before the primary approach to treat any pos-
sible nasal comorbidity during the primary surgery [21].
However, in case of suspected novel nasal pathologies or
absence of radiological examination, particularly after an
EXT-DCR for which it is not always requested, a pre-oper-
ative radiological imaging (MRI or CT) was performed to
detect and treat any endonasal pathology that could have
influenced the final outcome. When complete examination
of the nasal-lacrimal condition was achieved, two different
surgical techniques were proposed, standard END-DCR
or endonasal endoscopic balloon-assisted dacryoplasty,
depending on the endonasal characteristics. In particular, the
applicability of balloon END-DCP has been standardized in
patients with internal ostium stenosis with a tiny neorhinos-
tomy highlighted on high-pressure lacrimal irrigation and
visualized on nasal endoscopy; additionally, the procedure
was proposed if no adjunctive endonasal procedures were
needed.

All primary surgeries of the patients were treated for idi-
opathic distal obstruction, also known as primary acquired
nasolacrimal duct obstruction (PANDO).

Exclusion criteria included other causes of NLDO such
as malignancy, bone disease, previous radiotherapy, Down’s
syndrome, sarcoidosis and granulomatosis with polyangiitis
(GPA).

Informed consent was obtained from each patient for
treatment and use of de-identified clinical data for study pur-
poses. We obtained approval from the institutional review
board (IRB) of San Raffaele Hospital for this clinical review
study, which was conducted according to the ethical stand-
ards established in the 1964 Declaration of Helsinki, as
revised in 2000.

Surgical technique

All procedures were performed by the same two surgeons,
one ophthalmologist and one otolaryngologist (M.T. and
G.R.A), under general anesthesia following our previous
description of this surgical approach. Nasal cavities were
treated with local oxymetazoline hydrochloride-soaked
gauze; subsequently, the inferior lacrimal punctum was
dilated by the ophthalmologist with a Bowman’s lacrimal
probe that was inserted into the canalicular system down
the stenotic lacrimal ostium. The tip of this probe was used

as a surgical guide to allow direct endonasal endoscopic
visualization of the stenotic point. Using an endoscopic
endonasal approach, an 8 mm balloon catheter was gently
introduced into the closed nasal neorhinostomy created dur-
ing the primary DCR. Subsequently, the catheter, connected
to an inflation device, determines enlargement of the rhinos-
tomy using a balloon system which was inflated to 12 atm
(1.216 x 10° Pa) for 3 cycles of at least 20 s each (Fig. 2).

No nasal packing was placed post-operative, although
bicanalicular silicone stenting was placed in selected cases
(2/14) of primary post-operative extensive fibrosis. All
cases were prescribed oral antibiotics (amoxicillin + cla-
vulanate), antibiotic-steroid eye drops for 7 days, periodic
nasal washes, and use of local emollient ointment. Follow-
up visits were done on days 1 and 7, once a week for the
first month, and then once a month for 3 months and every
6 months for 1 year, similar to our previous data on END-
DCR [14].

All post-surgical clinical visits consisted of a nasal endos-
copy and lacrimal pathway irrigation (Figs. 3 and 4). Ana-
tomical success was defined if a patent ostium on irrigation
was achieved, whereas functional success was defined as
absence of tearing symptoms (less than Munk 1) [22] and
free lacrimal flow on functional test.

Results

A total of 14 patients (13 females and 1 male) underwent 14
balloon dilatations for recurrence of epiphora after a failed
EXT-DCR or END-DCR, 50% were left neorhinostomy clo-
sures and 50% right closures (Table 1). Considering all the
revision END-DCRs performed in our institution between
December 2016 and October 2020, 41% (14/34) were treated
with the balloon dilation, whereas 59% were treated in a
standard endoscopic approach due to total neorhinostomy
closure and excessive fibrosis, previous radiotherapy, and
concomitant sarcoidosis or granulomatosis with polyangiitis.

In the included patients of this paper, several causes
of primary surgical failure were detected, which included
development of sinonasal synechiae close to the neorhi-
nostomy (9/14), formation of foreign body granuloma
(3/14), and fibrosis formation (2/14). All patients treated
did not report any antecedent or concomitant episodes
of acute dacryocystitis. Mean age was 58.4 years (range
38-75 years) and the main comorbidities were hyperten-
sion (n=4), glaucoma (n=1), chronic kidney disease
(n=1), and aortic valve stenosis (n=1). In four patients
(29%), a primary EXT-DCR was performed, while the
remaining ten patients (71%) underwent primary END-
DCR. The mean duration between primary and second-
ary surgical approach ranged from 3 to 48 months (mean
15.7 months), whereas the mean time to symptomatologic
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Fig.2 Endoscopic endonasal balloon-DCP: A Stenotic neorhinos-
tomy (dashed white circle); B Trans-nasal introduction of the balloon
catheter into the stenotic neorhinostomy; C Complete inflation of the
catheter; D Enlarged neorhinostomy

relapse was 6.5 months. All procedures were unilateral
with a mean surgical duration of 18 min (9-28 min);
the mean follow-up length was 19.5 months (range
13-51 months).

@ Springer

Fig. 3 Post-surgical follow-up: 28th post-operative day in patient A

Fig.4 Long-term post-operative follow-up: 12 months after surgery
in patient B

At last follow-up, anatomic success rate was obtained in
100% of cases, whereas functional success was achieved in
85.7% (12/14 patients). Among failed cases, recurrences
were encountered within the first month and, to date, due to
COVID-19 pandemic, no other treatment has been proposed.
No significant complications such as bleeding, infection or
bone necrosis were noted.

Discussion

END-DCR and EXT-DCR have recently gained the role
of treatments of choice, as primary approaches, for DALO
since they provide reliable and stable outcomes over the
years [11]. Conversely, little is known about the best man-
agement for recurrent cases, which represent approximately
10% of treated patients.

To the best of our knowledge, this work represents one
of the first studies analyzing long-term outcomes of balloon
END-DCP and proposes a reproducible decision-making
work-up for patients affected with recurrent distal acquired
lacrimal obstruction after END-DCR or EXT-DCR (Fig. 1).

Revision surgeries for distal lacrimal obstruction is
challenging for the oculoplastic and otorhinolaryngologic
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surgeon since several factors may concur and, not uncom-
monly, multiple causes for failure may be noted [16, 23]. In
the last century, different approaches have been proposed,
but external and endoscopic dacryocystorhinostomies still
remain the treatments of choice; nevertheless, recent studies
highlighted several advantages in revision cases of endo-
scopic approaches over the external one, rendering endo-
nasal surgery more popular [18, 24, 25]. In fact, apart from
the avoidance of a cutaneous scar and preservation of the
orbicularis muscle, the endoscopic approach allows direct
access to the stenotic lacrimal tract. This improves the pos-
sibility to address the specific cause of DCR failure and
treat any concurrent pathologies which EXT-DCR may not
allow [26]. As a result, more encouraging END-DCR out-
comes have been reported compared to traditional external
approach in revision surgeries [27, 28].

In recent years, a balloon-assisted dacryoplasty approach
has been described for revision cases and represents a valid
mini-invasive procedure in which a pneumatic force (the
balloon catheter) determines an enlargement of the stenotic
tract with no bone exposure and, consequently, less fibro-
sis or granulation tissue [29, 30]. This innovative techni-
cal approach was first delivered through a trans-canalicular
manner [31]. However, on one hand, this could cause poten-
tial canalicular damage due to manipulation of the proxi-
mal lacrimal drainage system [20], while on the other does
not usually provide reliable outcomes compared to stand-
ard techniques [32]. As a result, an endoscopic endonasal
balloon-assisted dacryoplasty has been described in few
patients and applied either to revisions or primary cases,
with encouraging outcomes: in fact, in this way the mini-
invasive technique has been merged with direct visualization
of the stenotic tract through endoscopic visualization and
treatment [32, 33].

Our results demonstrate that, after mean follow-up of
19.5 months and no adverse events, balloon-END-DCP pro-
vides reliable and stable outcomes with anatomical success
of 100% and functional success of 85.7%, which is slightly
decreased compared to our preliminary results at 6.4 months
[19]. In fact, as demonstrated by Allon et al., a mean follow-
up of 18 months is required to define the result as being sta-
ble for revision surgeries, since late neorhinostomy closure
can occur [34]. Compared to our previous work, the present
data represent the longest follow-up described for balloon
END-DCP, with a functional success rate comparable to or
even better than the long-term results of END-DCR revision
cases. In particular, our previously reported revision END-
DCRs with a powered approach has demonstrated, among
96 patients, a functional success rate of 85.1% at mean fol-
low-up of 38 months [14], whereas Ali et al. [27] described
23 cases of revision END-DCR with a mean follow-up of
26.4 months reporting an anatomical and functional suc-
cess rates of 91.3% and 86.9%, respectively, both data in

line with our END-DCP results. Conversely, another revi-
sion END-DCR case-series made by Allon et al. [17] pre-
sented lower success, with yearly rates, from immediate to
5 years, of 93.3%, 75.5%, 71.1%, 68.9%, 68.9%, and 68.9%,
respectively. Even if dichotomous compared to the work of
Ali et al., the difference noted with the latter study can be
explained by the less invasiveness and bone exposure of bal-
loon END-DCP compared to standard END-DCR, which
is also demonstrated by the reduced surgical time and the
possibility to perform the balloon-END-DCP in local anes-
thesia [19]. Another reason for the lower surgical successes
of Allon et al. can be explained by the long follow-up period
and larger cohort size.

Nevertheless, it is noteworthy that the mini-invasive bal-
loon END-DCP can be applied in a highly selected patients
with subtotal internal ostium stenosis through which the
balloon catheter can be placed and dilated in the lacrimal
pathways; in fact, if a total neorhinostomy closure is detected,
END-DCR should be considered the treatment of choice.
However, one of the major drawbacks of this balloon device
is the high equipment cost (140-170 euros for a powered
approach vs 500-1200 euros for the balloon device), which
could influence its applicability in lower-income countries.

Due to the limited number of publications on balloon
END-DCP, comparison of our data with other similar studies
is difficult. In fact, only Silbert et al. reported a success rate
of 92% in 97 patients who underwent balloon END-DCP
that, however, were treated as primary surgeries; in only 3
cases, it was subsequently applied as a revision technique,
with success in only 1 of 3 patients. However, the difference
of the technical primary surgery (END-DCR/EXT-DCR vs
balloon END-DCP) makes these results incomparable.

Finally, considering post-surgical therapy, different pos-
sibilities have been discussed in the literature, both for post-
operative medical therapy and bicanalicular stenting. Never-
theless, with the current data available regarding END-DCR,
no difference is noted regarding either lacrimal stenting
[34-36] or medical therapies (e.g., mitomycin C, oral anti-
biotics (ABT), nasal steroids or ocular steroids) [37—40]. As
a result, in our series, we do not apply mitomycin C, but we
do prescribe post-operative oral ABT and antibiotic-steroid
eye drops; bicanalicular stenting was placed in only selected
patients (2/14) in which extensive fibrosis was noted as fail-
ure of the primary surgical approach.

The present study has some limitations: first, the retro-
spective design and the small number of patients involved
are the main limitations of this study; second, the feasibil-
ity of balloon END-DCP depends on the dimension of the
previous neorhinostomy so that complete stenosis makes
the procedure more difficult to perform. As a result, the
described outcomes could be hypothetically influenced by
the selection bias of patients with favorable stenosis of the
neorhinostomy.
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Conclusion

Considering revision surgeries after END-DCR and EXT-
DCR, balloon END-DCP is a mini-invasive procedure with
reliable and stable outcomes in long-term that can be con-
sidered an option in patients with internal ostium stenosis.
The reduced operatory time and absence of post-operative
complications are the main advantages of this approach
over revision DCRs. Future prospective studies are needed
to compare balloon END-DCP to other surgical approaches
in the management of recurrent distal lacrimal obstruction.
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