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Predictive factors in endonasal endoscopic lacrimal surgery — a review
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Abstract. Predictive factors in endonasal endoscopic lacrimal surgery — a review. Objective: Endoscopic endonasal
dacryocystorhinostomy (EN-DCR) is an effective surgical technique for treating symptomatic nasolacrimal duct
obstruction. Although the success rate after primary EN-DCR is high, particularly in revision cases, the likelihood of
failure is significant. The underlying reason for failure is primarily due to the appearance of fibrotic scar tissue at the
rhinostomy site. Sometimes an obvious reason for this scarring can be detected, but most often there is no visible cause.
This suggests that there could be unknown causative factors predisposing to failure in some patients. The aim of this
article was to review the published literature on then predictive factors of outcomes in EN-DCR.

Method: A literature search of PubMed was conducted to find and screen articles concerning predictive factors of EN-
DCR.

Results: There seems to be several factors influencing the outcome and these are categorized into “key points in

the success” and “risk factors for the failure”. Best surgical results can be achieved in experienced hands, but the
previously recommended silicone intubation does not appear to improve the success rate. An antiproliferative agent,
mitomycin C, can improve the outcomes in revision cases.

Conclusion: The review on the topic demonstrates that the exact underlying mechanisms for success or failure in EN-
DCR are most likely multifactorial and not fully understood. In order to improve the quality of care in EN-DCR, there is
a need to provide evidence-based recommendations that have been shown to improve clinical outcomes.

Introduction the lacrimal sac and the nasal cavity. The procedure

was first described in 1893, however, this endonasal

Epiphora is a common complaint of patients
seeking help from otorhinolaryngologists and
ophthalmologists. The degree of epiphora can vary
fromaminorinconveniencetoserious andsignificant
discomfort causing social embarrassment. In adults,
the most common cause of epiphora and discharge
of' the eye is nasolacrimal duct obstruction (NLDO),
a condition that is becoming more prevalent at an
incidence of 20/100 000.'

Dacryocystorhinostomy (DCR) is a surgical
technique for treating symptomatic the lacrimal
sac and NLDO or dacryocystitis in cases with no
response to conservative treatment. The purpose of
DCR is to create a bypass, a rhinostoma, between
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technique did not gain popularity due to difficulties
in the visualization of the rhinostomy site and poor
instrumentation. In 1904, an external approach
was described and this technique, with its high
success rate, became the gold standard of DCRs
for many decades. Nevertheless, during the past
two decades, due to improved instrumentation, less
invasive techniques such as endonasal endoscopic
approaches DCR (EN-DCR) have gained popularity.
The success of primary EN-DCR has been reported
to vary between 74% and 94%.

At present, there are several known predictors
for success following DCR surgery, i.c., the
specific technique was applied, whether adjunctive
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therapy was provided, if there were any sinonasal
infections and whether there was the presence
of any abnormalities, or for example, existing
granulomatosis.** In addition, there may be
individual biomarkers that are associated with
inappropriate scar formation. It has previously been
reported that the expression of some inflammatory
genes, e.g., IL-1p, IL-6 and CCL2, are upregulated
in the nasal mucosa of patients undergoing EN-
DCR. In addition, the presence of heat shock
protein 47 (Hsp47) in metaplastic nasal mucosa
has been claimed to predict a poor outcome after
primary EN-DCR.® However, there is no current
update on these causative factors. This article was
designed to review the literature concerning the
putative predictive factors of EN-DCR in adult
patients.

Materials and methods

Data sources included a US National Library of
Medicine (PubMed) online search of English
language literature. Titles and abstracts were
screened to find potentially relevant articles. In
addition, reviews and ‘“how-I-do-it” descriptions
were included. Articles without an abstract were
excluded. Bibliographies/reference lists were used
to identify other possible relevant articles. In this
article, predictive factors are divided into two
categories: 1) key points in cases of success; 2) risk
factors for failure. The main factors influencing the
success of EN-DCR were further divided under the
subtitles a) perioperative technique;b) intraoperative
adjunctive therapy; c) postoperative care and
follow-up.

1. Key points in the success of EN-DCR

a) Perioperative technique
Stoma location

The correct localization of the rhinostoma is the
most important factor that affects the surgical
success of EN-DCR*, to such a degree that if one
wishes to avoid failure, it is crucial to have precise
endoscopic localization of the sac. The anterior
connection of the middle turbinate is an important
anatomical landmark; the sac is localized on the
anterior-superior part of the axilla of the turbinate,
with variations hardly ever being encountered.®
Wormald et al. recommend that it is best to extend
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the bony ostium superiorly until the common
canaliculus can be directly visualized.® Opening the
ostium at a site too high or too low can predispose the
procedure to the incomplete draining of tears, which
can lead to the development of Sump syndrome.*"
It is widely accepted that not only small but also a
misplaced bony windows are common reasons for
the failure of the procedure.”"" Ragab ef al. state the
presence of a small, misplaced bony window in as
many as 43% of their failed patients."

Osteotomy size

A small bony ostium has been proposed as another
important cause of failure in DCR surgery.” This
proposal is supported by the experience gained
with laser assisted DCR (LA-DCR); the LA-DCR
generally creates a smaller ostium than the external
and endonasal approaches, and the size of this
space correlates with its lower success rates.” EN-
DCR is also much more successful with normal
or enlarged lacrimal sacs, where the ostium can
be made larger than can be achieved in cicatrized
or small lacrimal sacs.” Though there has been
controversy about stomal size,’ there is convincing
evidence highlighting the importance of creating
a sufficiently large ostium. Nevertheless, it seems
that a small ostium can also function properly.

Stoma location

The correct localization of the rhinostoma is
another important factor that affects the surgical
success of EN-DCR*’, to such an extent that if one
wishes to avoid failure, it is crucial to have a precise
endoscopic localization of the sac. The anterior
connection of the middle turbinate is an important
anatomical landmark; the sac is localized on the
anterior-superior part of the axilla of the turbinate,
with variations hardly ever being encountered.®
Wormald ef al. recommend that it is best to extend
the bony ostium superiorly until the common
canaliculus can be directly visualized.® Opening the
ostium at a site too high or too low can predispose
the procedure to incomplete draining of tears, which
can lead to the development of Sump syndrome.*'
It is widely accepted that not only small but also
misplaced bony windows are common reasons for
the failure of the procedure.”"" Ragab et al. stated
the presence of a small, misplaced bony window in
as many as 43% of their failed patients.'
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Mucosal incision and flaps

During EN-DCR, it is recommended that the
mucosal incision be made by making a cut in the
mucosa superiorly, above the insertion of the middle
turbinate on the lateral nasal wall and anterior to the
axilla, and vertically down the frontal process of
the maxilla; at the same time, unnecessary trauma
to neighbouring tissue should be avoided."

Animportant goal of EN-DCR is to ensure careful
apposition of the saccal and nasal mucosal flaps,
simultaneously preventing unnecessary granu-
lation tissue formation. This has been achieved by
suturing the mucosal flaps, or stapling them with
titanium clips.” Subsequently, an approach has been
described where the lacrimal sac is fully exposed
and marsupialized with nasal and lacrimal mucosa
apposition.” Better flap mobility and greater
lacrimal sac marsupialization in EN-DCR are
associated with better success.’

Additional surgery

The endoscopic approach has the advantage of
achieving the simultaneous correction of nasal
aetiopathogenic factors during the same session.
Supplemental surgery such as septoplasty,
uncinectomy, partial resection of the anterior middle
turbinate, or ethmoidectomy when needed, may
favour success, because intranasal abnormalities
are common causes of DCR failure. The incidence
of supplemental procedures was investigated in
256 patients undergoing EN-DCR; 22% of patients
required additional endonasal procedures to
improve access to the operation area."

The need for supplemental nasal surgery has
been reported to be significantly higher in revision
cases than in primary procedures."” Hull et al.” state
that the repair of nasal pathological findings during
secondary surgery and the consequential prevention
of the recurrence of pathology, may have accounted
for the good success among the revision cases.

On the other hand, despite the indisputable
benefits of supplemental surgery in well-selected
patient populations, unnecessary trauma to neigh-
bouring tissue should be avoided. For example,
there are reports that more extensive surgery
may induce more scarring and this can lead to re-
obstruction of the stoma."
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b) Intraoperative adjunctive therapy
Mitomycin C

Mitomycin C (MMC) is an aminoglycoside
antibiotic, isolated from Streptomyces caespitosus,
which is used as a chemotherapeutic agent because
of its antiproliferative properties. MMC prevents
replication of fibroblasts and epithelial cells, but it
is in fact active against all cells, regardless of cell
cycle phase. At lower concentrations, it selectively
interrupts deoxyribonucleic acid (DNA) replication,
inhibiting both mitosis and protein synthesis, thus
affecting the healing process."

Since it can prevent excessive scar formation,
intraoperative topical MMC has been widely used
in ophthalmologic surgery with favourable results
when treating patients with glaucoma, pterygium
and strabismus. For the same reason, MMC has also
been topically used in some otorhinolaryngological
procedures such as myringotomy, choanal atresia,
oesophageal and tracheal stenosis, endoscopic
sinus and lacrimal surgery.

The doses of MMC applied in lacrimal surgery
have ranged from 0.1 mg/mL up to 0.5 mg/mL and
the duration of application has varied from two to
30 minutes. There are substantial variations in the
success rates described in the literature, from 57%
to 96%.? There have been no reported complications
related to the application of MMC in EN-DCRs.
However, direct comparisons between studies
are complicated, because of differences in study
designs, the definition of a ‘successful’ surgery, the
size of study populations, the surgical techniques
used and the duration of follow-up time.

In the reports investigating the effect of MMC
on ostium size, the application of MMC seems to
result in a larger final stoma.'” All of the results
are consistent and clearly support the antifibrotic
property of the MMC in maintaining ostium size
during the postoperative period."”

A recent review and meta-analysis indicated that
the intraoperative MMC application appears to be a
safe adjuvant that can reduce osteotomy closure rate
and enhance success rate after primary and revision
EN-DCR.""* However, although there appears to
be a favourable short-term effect of MMC, there
is no robust evidence to confirm its benefits in
the long-term prevention of restenosis. Therefore,
MMC application has not been adopted in DCRs
as a routine procedure, although nowadays, it is
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recommended in revision cases, because these
patients are at risk of excessive scar formation.'*?

5-Fluorouracil

Like MMC, 5-fluorouracil (5-FU) is an antimeta-
bolic agent; it is a synthetic pyrimidine that inhibits
the formation of thymidine and thus prevents the
synthesis of DNA. 5-FU also possesses a secondary
mode of action that blocks cell protein synthesis by
binding to RNA and it has been shown to inhibit
the proliferation of fibroblasts in Tenon’s capsule.*!
There are only a few studies that have investigated
the intraoperative use of 5-FU during DCR. Doses
of 5-FU have ranged from 0.5 mg/mL to 25 mg/
mL and the duration of applications have varied
between four and five minutes; no complications
have been reported in these studies. In one
prospective, randomized, controlled study, there
was no significant improvement in success rates in
LA-DCR with 5-FU application, compared to the
control group.” Since the evidence is scarce, 5-FU
cannot be recommended and further studies will be
needed to clarify its risks/benefits ratio.

Corticosteroids

Corticosteroidsareknowntoexertanti-inflammatory,
immunosuppressive and antimitogenic properties,
and these properties have been exploited in
ophthalmology. There was a reported 89% success
of revision EN-DCR following an intraoperative
injection of betamethasone into the ostium site.?
However, there was no control group in this rather
small case series of 19 eyes.

¢) Postoperative care and follow-up

It is important that there be an optimal postoperative
endonasal evaluation and debridement of
granulation tissue from the surgical site. In addition,
other postoperative care options include the
administration of systemic antibiotics,acombination
of antibiotic-steroid eye drops, intranasal steroids,
frequent nasal cleaning with a saline solution
and irrigation. In 2006, Jin claimed inappropriate
postoperative care to be one of the main causes of
a lower success rate.' One prospective randomized
trial revealed that a significantly lower number
of debridement sessions was needed to clean
granulations and crustations in patients treated with
MMC."” These investigators stated that MMC can
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be beneficial in revision procedures among patients
who are not capable of undergoing close follow-up
with repeated debridement sessions.

In addition, long-term follow up is recommended,
because the success of the surgery decreases
with time and some failures can be avoided with
optimally-timed clinical visits.* One practical and
cost-effective technique can be the adoption of a
standardized questionnaire in the long-term follow-
up of patients. After completing the symptom
questionnaire at home and dispatching it to the
clinic, only symptomatic patients can be invited for
an additional visit.”?

2. Risk factors for failure
a) Patient related factors
Inclusion criteria

It is crucial that inclusion criteria for surgery are
only stenosis in the lower lacrimal pathway (at the
level of the lacrimal sac or nasolacrimal duct) or
mixed forms of lower stenosis with canalicular
problems. The level of stenosis can easily be
investigated with irrigation or via a fluorescein dye
disappearing test.

Age and gender

There are studies that have detected a negative
correlation between age and surgical outcome, with
younger age at time of surgery being associated
with a higher rate of failure. Some investigators
have postulated that this association is related to
the higher degree of fibrosis in younger patients.
However, age did not affect the final outcome of
EN-DCR in other studies; furthermore, gender did
not seem to influence the success of the procedure.

Previous trauma

Previous trauma has also been associated with
a greater rate of failure in DCR surgery. Walland
found that this association was possibly attributable
to frequent canalicular problems among these
patients.” Their results suggest that trauma may
predispose independently to both failure and soft
tissue infection.

Preoperative inflammation or infection

Sinonasal inflammatory and infectious conditions
may be aetiological factors in NLDO. Nevertheless,
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histopathological changes related to chronic in-
flammation have been postulated to play a role
in the outcome of EN-DCR®** and a history of
sinusitis has been shown to increase the risk of
failure." Even though inflammatory and infectious
conditions may influence the outcome of EN-DCR,
a large population-based study conducted by Woog
revealed a higher success rate in patients with a
history of dacryocystitis." These results indicate
that a saccal infection will not be a risk factor for
surgical outcome, but that sinonasal infections do
seem to increase the risk of failure.

b) Perioperative technique
Intraoperative damage to the canalicular system

Probing of the lacrimal pathway during surgery can
damage the canalicular system causing scarring and
stenosis.? In these cases the stoma is patent, but the
patient is symptomatic and during irrigation, upper
lacrimal pathway stenosis can be detected. Hence,
probing should be conducted as gently as possible.

Stents

Ithas been proposed that stents may prevent common
canalicular stenosis and maintain patency during the
healing process; therefore, most investigators still
routinely use silicone intubation, even though there
is no convincing evidence concerning its benefits.
In fact, there has been vigorous debate about the
pros and cons of routinely-used silicone intubation;
a recent meta-analysis could detect no benefits for
silicone tube intubation in primary DCR, unless
there is associated canalicular stenosis.”’**

Learning curve

EN-DCR is a relatively infrequently performed
operation with a long learning curve. As such,
not surprisingly, the experience of the surgeon
plays an important role in the success rate of the
procedure."® In one study with a mean follow-
up time of four years, surgical success was 94%
in experienced hands, but only 58% if performed
by an inexperienced surgeon." If the physician is
experienced in endoscopic surgery, it should also be
possible to address other nasal pathologies during
the same session. It is advantageous to operate in
pairs; extra hands are often needed, particularly
when a light probe is being used. Additionally,
comments and advice from a second surgeon can be
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helpful, especially when teaching a less experienced
colleague.

¢) Postoperative factors
Postoperative infection

The infection rates following EN-DCR have
been poorly investigated. In external procedures,
a postoperative stomal infection may impair the
normal healing process and this has been associated
with an increased risk of failure.”® After open
lacrimal surgery, a soft tissue infection occurs
in about 8% of cases; however, infection rate in
cases where prophylactic antibiotics have been
prescribed is much lower, between 1.2% and 2%.%*!
Even though antibiotic therapy for established
postoperative infection is less effective than
prophylactic antibiotic use,* it has been claimed that
the routine use of systemic antibiotic prophylaxis
cannot be justified.”” However, appropriately
timed follow-up visits are crucial for detecting any
possible infection, because postoperative infections
are associated with an increased risk of failure.”

d) Biological factors

Biology of nasal mucosa

Granulation tissue and scar formation are thought
to be linked to the biology of wound healing in the
nasal mucosa. Several histopathological studies
have detected the presence of chronic inflammation
and fibrosis in specimens taken from nasal mucosa
during DCR* and various histopathological features
related to chronic inflammation may also have
a role in the outcome of EN-DCR.*?* However,
inflammatory signalling molecules present in the
nasal mucosa of patients with NLDO have not been
thoroughly investigated.

At a cellular level, little is known about the
mechanisms involved in NLDO development,
especially in terms of how the regulation of
different pathways may have been pathologically
altered in these cases, where the outcome of EN-
DCR was a failure. Hsp47 may be a good candidate
for molecular targeting in the evaluation and even
controlling of tissue fibrosis.® The levels of the
fibrinogenetic cytokine, IL-1p, are upregulated
alongside IL-6 and CCI2 in the nasal mucosa of
patients undergoing EN-DCR, triggering increased
Hsp47 expression and tissue fibrosis.*® IL-1-type
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cytokines are major mediators of many innate
immune reactions including the induction of IL-6
and CCL2 expression®?, while blocking of the
interleukin-1 receptor has been demonstrated
to alleviate inflammation.”? Based on currently
available EN-DCR research data, the silencing of
Hsp47 and/or IL-1B may be a potential molecular
target in therapies aimed at reducing post-operative
scarring and improving treatment outcomes in EN-
DCR.

It is indisputable that these biological factors
will become important when investigating potential
targets for the development of new types of anti-
fibrotic therapy, since there are no effective anti-
fibrotic drugs targeting fibrogenetic factors or
blocking their receptors.”

Conclusion

The exact underlying mechanisms for success
or failure in EN-DCR are complex, most likely
multifactorial and not yet fully understood.
In order to improve the quality of care in EN-
DCR, particularly in revision EN-DCR, there
is still a definite need for providing evidence-
based recommendations that have been proven
to improve clinical outcomes. Furthermore, risk
factors for failure need to be better identified. We
should also aim for a better understanding of the
molecular mechanisms behind excessive scarring.
All of these goals can only be achieved by large and
well-controlled studies on the topic in future.
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