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ABSTRACT

Hormonal factors, atopy, viral infections, gastroesophageal reflux, ischemic
heart disease and swimming in a pool are believed to affect the development of
primary acquired nasolacrimal duct obstruction (PANDO). It is suggested that
patients with PANDO have more advanced inflammatory lesions revealed by
the tomographic examination of the paranasal sinuses. The authors’ aim was to
answer the question whether there is a connection between the chronic inflam-
mation and disruption of the microbiome of the nasal cavity and sinuses and the
development of inflammation in the lacrimal ducts.

Pubmed.gov was the information source. Years reviewed included 2018 to 2023.
Inclusion criteria included presence of an abstract, pathology of the nasolacri-
mal ducts, acute and chronic inflammation of the nasolacrimal ducts, papers
written in English, studies on humans, publications regarding pathology of the
lacrimal sac and paranasal sinuses, case report. The exclusion criteria included:
lack of abstract, pathologies of other sections of the drainage system, pathology
of the nasolacrimal ducts, other than chronic or acute inflammation, papers
written in a language other than English, lack of case report. No gender criterion
was used.

Based on the data available in the literature, only 7 studies described the co-
-occurrence of pathologies of the lacrimal ducts and paranasal sinuses. Only
4 publications contained information on the microbiome and identified Strep-
tococcus intermedius and Staphylococcus aureus, and in 2 cases no increase in
pathological flora was revealed.

The question about the relationship between the microbiome of the lacrimal sac
and the paranasal sinuses and their mutual impact on the developing inflamma-
tion has not been answered, which, according to the authors, requires further
research.
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INTRODUCTION

With the development of endoscopic techniques within

the nasal cavity and paranasal sinuses, laryngologists are

increasingly dealing with the nasolacrimal duct obstruc-
tion and lacrimal sac pathology. Primary acquired nasolac-
rimal duct obstruction (PANDO) is much more common

(51.56%) [1] than secondary nasolacrimal duct obstruction

(SANDO). The most common causes of secondary obstruc-

tion are lacrimal sac tumours, inflammatory diseases, in-

cluding specific ones, mechanical obstruction, and injuries

[2]. Unfortunately, despite many years of observations and

research, the causes of primary obstruction have not been

unequivocally determined yet [3]. Hormonal factors, atopy,
viral infections, disorders of autonomic innervation in the
vessels, tear composition disorders, increased concentra-

tions of interleukin (IL) 2, IL-6, fibroblast growth factor 2

and vascular endothelial growth factor are among the sug-

gested causes of PANDO. Others include gastroesophageal
reflux, ischemic heart disease, swimming in a pool, using
antiglaucoma medications, smoking, eye makeup, as well
as changes in the structure and function of the nasal cavity

and paranasal sinuses [4].

Based on the nature of the observed histopathological le-

sions in the nasolacrimal ducts, the course of the disease

can be divided into:

1. Active inflammation: usually visible in the initial stage
of the disease. Periductal tissue is oedematous with
subepithelial cell infiltrates of plasma cells and lympho-
cytes. Hypertrophy of mucous cells is visible.

2. Intermediate stage: it is characterized by diffuse in-
flammation with less lymphocytic infiltration. Segmen-
tal areas of fibrosis are visible.

3. Fibrosis stage: the lumen of the nasolacrimal duct
is obliterated by mature fibrous tissue. There are no
epithelial or glandular tissues or inflammatory infil-
trates [5].

Chronic fibrosis is probably related to type 2 macrophage
activation (M2) in response to IL-4 and IL-13 via the al-
ternative pathway, which leads to the secretion of growth
factors by M2 macrophages, which act on fibroblasts, in-
creasing collagen synthesis and consequently leading to
tissue fibrosis.

The type of inflammation associated with the above cy-
tokine profile is a common endotype of chronic sinusitis.
This may suggest a relationship between the inflammation
of the lacrimal duct epithelium and the inflammation in
the nasal mucosa. Studies on the relationship between the
extent of inflammation in the sinuses and the incidence of
primary acquired nasolacrimal duct obstruction showed
that patients with PANDO had more advanced lesions in
sinus tomography assessed according to the Lund—Mackay
scoring system [6].
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The authors of the paper wanted to verify whether there is
a relationship between the chronic inflammation and dis-
ruption of the microbiome of the nasal cavity and sinuses
and the development of inflammation in the lacrimal ducts.
For this purpose, a literature review was carried out in
terms of the causes of the so-called nasolacrimal duct ob-
struction (obstruction of the lacrimal sac and nasolacrimal
duct), with particular emphasis on inflammatory lesions
within the lacrimal sac in relation to the lesions in the nasal
cavity and paranasal sinuses.

METHODOLOGY

The review was conducted in accordance with the PRISMA
2020 checklist. Two authors (O.K.B and M.K) independent-
ly conducted a comprehensive literature review using the
electronic database PubMed. The database was searched
between June 2023 and September 2023; 3 keywords were
used to search for available articles: “lacrimal drainage
system pathology’, “lacrimal sac pathology’, “dacryocysti-
tis” A time criterion was applied in the search, i.e. papers
published in the last 5 years. Neither informed consent nor
ethics approval was required as this study was a systemic
review of published papers. When conducting the litera-
ture review, the following inclusion criteria were used: (1)
presence of an abstract, (2) pathology of the nasolacrimal
ducts, (3) acute and chronic inflammation of the nasolac-
rimal ducts, (4) papers written in English, (5) studies on
humans, (6) publications regarding pathology of the lacri-
mal sac and paranasal sinuses, (7) case report. The exclu-
sion criteria included: (1) lack of abstract, (2) pathologies
of other sections of the drainage system, (3) pathology of
the nasolacrimal ducts, other than chronic or acute inflam-
mation, (4) papers written in a language other than Eng-
lish, (5) lack of case report. No gender criterion was used.
The results obtained from the 3 keywords mentioned above
were exported to EndNote 20. Duplicate articles were au-
tomatically removed using the “find duplicates” tool. Two
reviewers (M.K., O.K.B.) independently checked all the ti-
tles and abstracts. In the case of disagreement, the relevant
articles were discussed between the authors until reaching
consensus. Full texts were then evaluated. All tests that did
not meet the inclusion criteria were excluded. In the event
of disagreement as to qualifying the study, the supervising
author (G.S-M) made the final decision.

RESULTS

The literature review yielded 701 articles, 92 articles were
removed as part of the basic verification process, which
consisted in identifying and excluding duplicates from the
search. The other 609 articles were subjected to another
verification and evaluation process. After reviewing the
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titles and abstracts, 495 publications were rejected due to
the following reasons: 72 publications did not have an ab-
stract, 368 publications did not concern the lacrimal sac
pathology, 55 publications concerned the lacrimal sac pa-
thology other than chronic or acute inflammation. During
a full-text review of 114 articles, the relationship between
the microbiome of the lacrimal sac and its pathology as
well as the relationship between the lacrimal sac patholo-
gy and the lesions of the paranasal sinuses were searched
for. 22 publications were excluded due to the lack of access,
7 publications were written in a language other than Eng-
lish, 5 publications concerned animals, 68 publications did
not concern the subject of the article, 5 did not have a case
report. Only 7 publications were related to the authors’ top-
ic of interest (fig. 1).

All patients had distal lacrimal duct obstruction, in 4 cases
co-occurring with nasal polyps, but in 1 of them the nasal
polyps occurred on the side opposite to the lacrimal duct
obstruction [7, 10, 11]. In the case of the 37-year-old patient
with distal obstruction, in addition to nasal polyps, a patho-
logical mass on the lateral wall of the nose was described,
histopathologically identified as an inverted papilloma [7].
In the case of the 66-year-old woman with symptoms of
tearing caused by lacrimal apparatus obstruction, which
co-occurred with non-specific swelling of the side wall of
the nose, an inverted papilloma with squamous cell carci-
noma was diagnosed [7].

In 1 case, distal lacrimal duct obstruction coexisted with
damage to the lateral nasal wall, histopathologically diag-
nosed as angular granuloma [7]. Lacrimal sac inflammation

Flow diagram illustrating the literature selection process; adapted from the Preferred Reporting Items for Systematic Reviews

and Meta-analysis (PRISMA).
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All7 articles were written in English and published between
2018 and 2022. They described 10 patients, most of whom
were males (8 males/2 females). The mean age of the pa-
tients was 41.2 years, the oldest was a 66-year-old woman
and the youngest was a 15-month-old boy. All patients had
comorbid pathology of the lacrimal ducts and paranasal si-
nuses. 2 subjects had previously undergone paranasal sinus
surgery (a 37-year-old man had right external dacryocyst-
orhinostomy, a 36-year-old woman had bilateral maxillary
antrostomy) [7, 12]. In the case of 5 articles, there was no
data on previous head injuries or surgery within the para-
nasal sinuses or lacrimal ducts.

was described in 4 cases: a 28-year-old man with nasolac-
rimal duct obstruction and inflammation of the lacrimal
sac with bulging of the side wall of the nose, a 48-year-old
patient in whom lacrimal sac inflammation coexisted
with inflammation of the paranasal sinuses with polyps,
a 36-year-old woman with hypersensitivity to non-steroidal
anti-inflammatory drugs, with lesions in all the paranasal
sinuses, lacrimal duct obstruction and inflammation of the
lacrimal sac [9, 11, 12], a 15-month-old child with an orbital
infection with purulent sac inflammation coexisting with
inflammation of the paranasal sinuses [13]. Congenital pa-
thology of the lacrimal ducts in the form of dacryocystocele
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was diagnosed in a patient with bulging of the side wall of
the nose in the area of the nasolacrimal duct and the lacri-
mal sac, in whom a myxoma from the ethmoid mucosa was
identified histopathologically [8].

Only 4 publications contained information on the microbi-
ome. Streptococcus intermedius (obtained from intraopera-
tive pus culture) and Staphylococcus aureus (obtained from
the nasal cavity) were identified. In 2 cases, no growth of
pathological flora was observed [10-13]. All patients were
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treated surgically, mostly by endoscopic method, and in
5 cases additional conservative treatment in the form of an-
tibiotic therapy was applied [7, 9, 11-13]. When an inverted
papilloma with squamous cell carcinoma was diagnosed, ra-
diotherapy was used [7]. In people who were under continu-
ous medical monitoring after treatment, complete or partial
regression of symptoms caused by the pathology of the lac-
rimal ducts and paranasal sinuses was found. The character-
istics of the 7 included articles are summarized in table 1.

1
Characteristics of included articles.
Previous
Histo- sT‘rgery of |
Lead Num- ry of the nose,l Pa‘ranasa Lacrimal icrobiol . I
Papers | author |berof | Sex | Age | head | P2ranasal| sinuses | . age Microbiol- | Histopa- | o ¢ one|  FOF
sinuses or | paathol- ogy thology low-up
(year) | cases trau- lacrimal pathology
ma acrima ogy
drainage
system
Epipho- | Confalo- |4 M 43 No No data Odema of | Post-sac- | No data No data FESS - Com-
raand nieri et al. data the lateral | cular ob- inferior tur- | plete
unrec- (2020) nasal wall | struction binate and | resolu-
ognized with nasal theright | tion of
paranasal polyps maxillary | symp-
sinuses sinus toms
pathology M 61 No No data Lesion Post-sac- |- Pyogenic | FESS - Com-
data right lat- cular ob- granu- inferior plete
eral nasal | struction loma, a turbinate | resolu-
wall benign remova, tion of
vascular create symp-
lesion stoma be- | toms
charac- tween the
terized by | lacrimal
inflam- sac and
matory the nasal
cellsand | cavity
lobular
capillary
prolifera-
tion
M 37 - Right Bilateral Post-sac- |- Inverted Conserv- | No data
external nasal cular ob- papilloma | ative
DCR polyps, struction treatment,
purulent endoscop-
rhinorrhea, ic maxillec-
right lat- tomy.
eral nasal Resection
wall mass of the
nasolacri-
mal duct,
endonasal
DCR
F 66 No No data Nonspecif- | Post-sac- |- Sinonasal | Lateral No data
data icoedema | cular ob- inverted rhinotomy
of the right | struction papilloma | with orb-
lateral with syn- | itotomy,
nasal wall chronous | adjuvant
squamous | radiother-
cell carci- | apy
noma
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scopic etal. the lateral | cystocele arising icmarsu- | plete
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of a huge within the ethmoidal | of the tion of
orbital middle mucosa lacrimal symp-
ethmoidal meatus sac toms
mucocele over the
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ading lacrimal
as dacryo- sacand
cystocele nasolacri-
mal duct
Agger Saratziot- | 1 M 28 - - Bulging of | NLDO, No data No data En-DCR, Improve-
nasi isetal. the lateral | dacryocys- left ment of
mucocele |(2021) nasal wall | titis anterior symp-
cause atthe ethmoid- | toms
nasolacri- left-sided ectomy
mal duct agger nasi and
obstruc- area sphenoid-
tion and ectomy;
chronic Temporary
dacryo- silicone
cystitis: stenting
clinical conserv-
profile, ative
manage- treatment
ment
and out-
come
Dacryo- | Ishikawa |1 M 35 No No data Thickened | Complete [ Lacrimal No positive | En-DCR Com-
cystitis etal. data nasal nasolacri- | sacwall staining on the left | plete
and (2018) mucosa on | mal duct - nonca- acid-fast side; resolu-
rhinosi- both sides, | obstruc- seating bacteria or | ESS on the | tion of
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secondary the right left side granulo- toms
to sar- side mas in the
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The nasal
polyps
similar
patholog-
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oped sinusitis. fect of the treatment | tion of
apart Polypsin | lacrimal symp-
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paranasal nasal
sinusitis meatus
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cystitis in
fibrous
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Samter’s tenderness abscess.
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lacrimal maxillary
sac antrosto-
my, nasal
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with the
Crawford
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Conserv-
ative
treatment
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Bilateral | Rajara- 1 M 15 No No data
puffy jeswari month | data

orbitsin | etal.

atoddler: |(2021)

therapeu-

tic chal-

lenges

Left sided | Oedema of | No data No data Left en- No data
mucoid left upper doscopic
nasal dis- | and lower ethmoid-
charge and | eyelids. ectomy,
conges- Lacrimal En-DCR.
tiong, left | sac bulg- Conserv-
ethmoid- |ing with ative
itis purulent treatment
discharge

DCR - dacryocystorhinostomies; En-DCR - endonasal dacryocystorhinostomies; ESS — endoscopic sinus surgery; FESS functional endoscopic sinus surgery; NLDO —

nasolacrimal duct obstruction.

DISCUSSION

The immediate vicinity of the lacrimal ducts and paranasal
sinuses raises the question whether there is a relationship
between the pathology of these systems. The nasolacrimal
duct, which drains the secretion from the lacrimal sac,
opens into the inferior nasal meatus, connecting the nasal
cavity with the eye socket. Chronic inflammatory lesions
resulting from the mucous membrane microbiome distur-
bances or anatomical deformations in the nasal cavity and
paranasal sinuses are a potential cause of disturbances to
the patency of the nasolacrimal ducts.

The authors of the study reviewed the literature with the
aim of finding descriptions of patients in whom obstruction
of the nasolacrimal ducts was associated with pathological
lesions in the paranasal sinuses, with particular emphasis
on microbiome disturbances. Based on the data from the
literature, it was found that the most common pathogens
causing acute inflammation of the lacrimal sac were Staph-
ylococcus aureus (S. aureus), S. epidermidis and S. pneumo-
niae [14, 15], whereas in the case of chronic inflammation,
it was S. epidermidis, Pseudomonas spp., S. aureus or Can-
dida albicans [16]. Chronic sinusitis is most often caused by
Staphylococcus aureus, Haemophilus influenzae and Strep-
tococcus pneumoniae [17]. According to Soriano, chronic
inflammation of the paranasal sinuses and nose may result
in more frequent episodes of chronic lacrimal sac inflam-
mation, especially of a purulent nature [18].
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However, in the reviewed literature there was no informa-
tion indicating whether the lacrimal sac microbiome was
similar to the microbiome of the paranasal sinuses.

Some researchers paid particular attention to the influ-
ence of anatomical disorders in the nasal cavity on the
nasolacrimal duct pathology. Anand drew attention to the
nasal septal deviation as a pathology that statistically sig-
nificantly co-occurred with the lacrimal sac inflammation,
without analysing the relationship with the inflammation
of the paranasal sinuses [19]. Samarei, on the other hand,
pointed out the nasal septal deviation is a factor that may
be important in the case of PANDO, at the same time indi-
cating agger nasi cell and maxillary sinusitis as pathologies
co-occurring with PANDO compared to the control group
[20]. However, it was not proven that these lesions occurred
more often on the same side as the lacrimal duct pathology.

CONCLUSION

Based on the data available in the literature, it was not pos-
sible to unequivocally answer the question whether there
is a relationship between chronic inflammation and micro-
biome disturbance in the nasal cavity and sinuses and the
development of inflammation in the nasolacrimal ducts.
This issue requires further research. However, it is worth
keeping in mind the possibility of pathology of these 2 sys-
tems occurring simultaneously during the treatment and
diagnosis of patients in everyday medical practice.
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