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Introduction

The first surgical treatment for
lacrimal sac and duct obstruction
with permeable canaliculi was
external dacryocystorhinostomy
(DCR), with fistulisation of the
lacrimal sac into the nasal cavity.
Endonasal dacryocystorhinostomy
(DCR) was developed shortly
after as a technique for avoiding
cutaneous scarring (which is
 highly important when there is a
high risk of hypertrophic scar) and
the disruption of medial canthus
anatomy. The technique resurged
with the advent of endoscopic
nasal surgery. Endoscopic
 technique had a high success rate,
with less intra-operative and post-
operative bleeding, but it still
required a prolonged operative
time and considerable expertise.1

In this context, the introduction of
a non-surgical treatment for
 nasolacrimal obstruction by Song

et al. was promising.2 Song stents
are positioned by radiologists,
they require no general anaesthe-
sia and the advantages include the
absence of cutaneous scarring, a
minor risk of bleeding and the out-
patient setting. Some authors have
even reported on the possibility
of placing these stents without
the assistance of fluoroscopic
guidance.3

However, the usefulness of the
Song stent is limited by its
 moderate long-term success rate.
Lumen obstruction is common
and the success rate for stent
implantation is rather variable.
Most authors report complete
 resolution of symptoms in less
than 50% of cases after 4 years of
follow-up.4-8 By contrast, external
and endoscopic non-laser DCR
showed higher success rates in a
recent systematic review.9

The aim of the present study is
to use ESEM to evaluate the

 development of biofilms in
 nasolacrimal stents removed from
patients after prosthesis failure.
ESEM is a  technique that allows
the ultrastructural study of  biolo -
gical  samples without  dehydration.

Materials and methods

Thirty-three polyurethane Naso -
lacrimal Duct Stents (COOKR,
Queensland, Australia) were
implanted in 27 Caucasian
patients between January 2006
and December 2007. All
 procedures took place in the
Radiology Unit on an outpatient
basis. Mild sedation and local
anaesthesia of the conjunctival
and nasal mucosa were adminis-
tered in all cases. The stents were
implanted using Song’s technique
by introducing a guide wire
through the superior or inferior
punctum into the canaliculus and
advancing it across the obstruction
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into the opening of the inferior
meatus of the nasal cavity.2 Oral
prophylactic amoxycillin was
given 24 hours before the proce-
dure and for 7 days afterwards,
along with a topical antibiotic and
steroid eye drops. In 18 cases, the
symptoms were found to persist
and patients were referred to
the Department of Otorhino -
laryngology for the removal of the
prosthesis and endoscopic DCR.

Seven prostheses were  randomly
sampled for study. Once the
patient was anaesthetised, the
nasolacrimal stent was located and
removed from the lacrimal duct
through its natural opening in the
inferior meatus. The stent was
 preserved in saline and sent in
fresh for visualisation using
ESEM. In two cases, a small
 fragment from the superior end
was cut and sent in saline for
 culture. A Philips XL-30 ESEM
with tungsten filament and
equipped with a Peltier cooling
stage was used. The specimen was
cut into small pieces of approxi-
mately 5 × 5 mm and placed in the
ESEM chamber, the temperature
was fixed at 2ºC and pressure
inside the chamber was modified
slowly from 6.0 to 4.0 Torr to con-
trol the dehydration process and
observe the sample. Photographs
were taken at ×250, ×500, ×1000
and ×2000 magnifications and
images were contrast-enhanced
for publication with Adobe
Photoshop 7.0 (Adobe Systems
Inc, San Jose, Calif, U.S.).

Informed consent was obtained
from all patients. This study was
approved by the Ethics Committee
of our Centre.

Results

A total of 33 polyurethane stents
were implanted in 27 patients

(12 male, 15 female), mean age
63.9 (range 82-40). No major
complications occurred in any
patient. Follow-up ranged from
11 months to 30 months (mean
follow-up 21.5 months).

Eighteen nasolacrimal stents
were removed because of the
 failure of the device (54.5% of
implanted prostheses). Mean time
to stent failure was 6.5 months
(15 days-24 months). Ten patients
underwent a surgical procedure as
a second treatment, six through an
external approach and four
through an endoscopic DCR. The
other patients rejected any kind of
intervention.

Biofilms were found in all the
samples studied, predominantly
on the irregular inner surface
(Figure 1B), in obstructed areas
(Figures 1A,1C), and at the nasal
and lacrimal ends (Figure 1D).
Five stents showed occlusion
caused by mucus secretion or
granulation tissue macro -
scopically.

Cultures yielded Staphylo -
coccus aureus in one patient and
Stenotrophomonas maltophilia in
the other case.

Discussion

Although traditionally employed
in industry, ESEM soon became a
diagnostic method in human
microbiological diseases. It repre-
sents an important extension of
conventional electron microscopy.
ESEM provides a technology for
imaging hydrated or dehydrated
biological samples with minimal
manipulation and without the
need for conductive coatings.10,11

External and endoscopic DCR
and their surgical variants have
been reported as effective
 techniques for the treatment of
epiphora, with stable results

over time. External DCR has
 traditionally been the gold stan-
dard. However, endoscopic DCR
is a valid  alternative for distal
lacrimal  system obstruction,12 with
shorter operating times and fewer
 cosmetic sequelae. By contrast,
the learning curve is longer than
for the external approach.13 Both
procedures need an experienced
surgeon and general anaesthesia.
On the other hand, non-surgical
methods have also been developed
for the relief of epiphora. Quickert
and Dryden developed a new
method of nasolacrimal intubation
in 1969.14 Since then, different
materials have been used to
achieve the best results (silicone,
metal and polymers). The Song
stent has been one of the most
popular methods and its creator
reported an initial success rate of
90%.15 However, other authors
have reported varied success rates
with the use of the Song stent,
ranging from 31.2%5 to 68.4%6 at
18-24 months of follow-up.
Failure rates increase considerably
over time, reaching 86,5% at
4 years in some series.4 Song
 himself reported poorer results
than previously expected.16 These
poor results and success rates of
85% for endonasal DCR (slightly
better for the external approach)
make these two procedures the
definitive solution in most cases.

Stent obstruction is a
 possibility, despite saline solution
irrigations and topical and
 systemic antibiotics. Several
 studies have suggested mucus,
granulation tissue, fibrosis or
necrotic material collection within
the lumen as a possible cause of
device occlusion.7,8,16 Nevertheless,
the development of biofilms is a
proven cause of device failure in
otorhinolaryngology and other
specialities. A biofilm is a
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 complex organisation of bacteria
attached to a surface that live
together in organised structures
and communicate with one
 another in a co-operative manner.17

The bacteria are embedded in a
polysaccharide matrix. This
 structure provides advantages
such as protection from environ-
mental changes, resistance to
host defence mechanisms and
resistance to antibiotics. Bacterial
biofilms have been increasingly
recognised as playing an
 important role in chronic human
infections. Dental plaque, cystic
fibrosis, chronic prostatitis, otitis
media and recurrent tonsillitis are
only a few examples.11

External prostheses provide
surfaces for the rapid formation of
biofilms. Urinary catheters,
venous and arterial catheters,
vocal prostheses, endotracheal
and ventilation tubes, among
 others, have therefore been

described as being susceptible
to biofilms.18 It suggests that
open cavities with commensal
pathogens are ideal locations for
biofilm growth, especially if an
external prosthesis is placed
inside, which is the case with
nasolacrimal stents. All these
 factors account for the ubiquitous
presence of biofilms in the
 nasolacrimal stents removed for
study.

The presence of mucus or
 granulation tissue in prosthesis
lumens and irregularities
(Figures 1A,1B,1C) in the surface
of prostheses predispose to the
development of bacterial and
 fungal colonies. Conversely,
biofilms could influence the
inflammatory process, leading to
eventual stent obstruction.

There is controversy about
what kind of material would be
more appropriate for preventing
biofilm colonisation and whether

modifications to materials (i.e.
 silver coating) are protective or
not. In our experience, grooves
and other irregularities seem to be
points of easy adherence and
 subsequent colonisation. More -
over, some authors have found
surface changes and degradation
in polyurethane devices exposed
to organic environments for three
months.19 It is remarkable that
we found Stenotrophomonas
 maltophilia (formerly classified in
the genus Pseudomonas), a low-
virulence pathogen that frequently
colonises the respiratory tract in
patients with cystic fibrosis, even
though the patient in whom this
bacteria was found had no risk
factors.20 S. maltophilia can also
colonise irrigation solutions and
the hands of medical personnel,
and this could be the origin of this
colonisation in our patient.21

The limitation of this study is
that the causative relationship
between biofilm colonisation and
stent failure was difficult to
 establish. Biofilms were identified
in all the stents studied but ethical
grounds precluded the studying of
patients with functioning lacrimal
stents. However, the presence of
biofilms in failing prostheses is
well documented in both otolaryn-
gology and other medical fields.
Since infection is a major cause of
prosthesis failure, it is reasonable
to see biofilms as an important
influencing factor and a major
research target in the field of
 biomaterials and medical devices.

Conclusion

Although nasolacrimal intubation
is a simple and fast procedure, the
high rate of restenosis has reduced
its usefulness in the management
of lacrimal duct obstruction. The
development of new, improved

Figure 1
Nasolacrimal stent images from environmental scanning
microscopy in four different patients. Note the magnifications
and chamber pressure in the black bar of each micrograph.
A: Biofilms covering obstructing plug in stent lumen (500×
magnification); B: Micrograph showing stent irregularities (*)
next to biofilm colonies (**). Normal stent architecture is vis-
ible in some parts (500× magnification); C: Biofilms over an
obstructed area of a nasolacrimal stent (1000× magnification);
D: Micrograph showing microcolonies over the nasal end of a
nasolacrimal stent (250× magnification).
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materials and designs in the
 manufacturing of nasolacrimal
stents might benefit patients.
Designing materials with
non-stick properties and/or drugs
 capable of destroying the
 polysaccharide matrix of biofilms
could result in lower failure rates
for lacrimal stents and other oto-
laryngological devices, enhancing
patient safety and lowering costs.
At present, dacriocystorhinostomy
shows better results, making it the
technique of choice for the treat-
ment of distal nasolacrimal
obstruction. The endonasal ap -
proach results in less morbidity
than the external approach and
must be offered to patients with
nasolacrimal disease.
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