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Abstract

Paediatric chronic rhinosinusitis (PCRS) is a common
disease in children. It is defined as continuing inflam-
mation of the nasal cavity and sinuses for =12 weeks.
Because of the compound aetiology and pathophysiology
of this disease in children, it is extremely important for
the physician to consider the differential diagnosis before
planning treatment. The aim of the review was to present
the guidelines from The European Position Paper on Rhi-
nosinusitis and Nasal Polyps (EPOS 2020) and promising
treatment options of CRS in the paediatric population.

The authors of the guidelines proposed a new division
of chronic sinusitis (CRS). Chronic sinusitis has a great-
er impact on deteriorating the quality of life of patients
than acute sinusitis. CRS is a syndrome with a multifac-
torial aetiology, resulting from an abnormal interaction
between particular environmental factors and the host's
immune system. The mucosa is chronically penetrated
by the inflammatory process, which in many cases leads
to tissue remodelling and clinical symptoms. EPOS 2020
recommendations are based on the use of proper nasal hy-
giene, sinus saline irrigations and topical corticosteroids.
Surgical intervention is considered for patients with CRS
who have failed appropriate medical therapy. However,
there are new promising therapies on the horizon.

The EPOS 2020 guidelines signaled the impact of im-
munomodulation on the development of the disease. In
addition to the standard therapy recommended by EPOS
2020, new therapeutic options, such as low-dose macro-
lide (LDM) therapy and biological treatment, that may
have a potential impact on improving CRS treatment in
children, should be investigated.

Introduction and objective

Paediatric chronic rhinosinusitis (PCRS) is a common
disease in children under 18 year old and is defined as
continuing inflammation of the nasal cavity and sinuses
for 212 weeks [1]. PCRS differs significantly from adult
chronic rhinosinusitis (CRS) in terms of clinical features.

An important symptom in children is chronic cough.”
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It is estimated that the incidence of CRS in children and
adolescents under 18 years old is up to 4%." Paediatric
CRS is associated with a high financial and healthcare
burden due to its prevalence in the population. Repeated
visits to the clinic lead to the loss school days and par-
ents' days off. CRS also affects negatively quality of life
and learning ability.”! Because of the compound aetiol-
ogy and pathophysiology of this disease in children, it is
extremely important for the physician to consider the dif-
ferential diagnosis before planning treatment. Depending
on age, specific factors that contribute to sinusitis are
distinguished. In younger children it is adenoiditis, and
in older children it is allergic rhinitis.” Inflammation,
mucociliary dysfunction and changes in the microbial
environment are causing the disease."! Recent work has
focused on the nasal microbiome and its role in infection
and inflammation.*>¢

In this review, guidelines from The European Position
Paper on Rhinosinusitis and Nasal Polyps (EPOS 2020)
and recent literature reports from the Medline and Sco-
pus databases were analysed. It pays a special attention
to new promising treatment options of CRS in the paedi-
atric population. The articles present the most up-todate
guidelines for symptomatology, diagnosis and treatment
in children with chronic sinusitis.

Description of the state of
knowledge
The authors of the guidelines proposed a new division of

chronic sinusitis (CRS) which is presented on Figure 2
and Figure 3.
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In EPOS 2020, no changes were made to the definition of
severity, or to the criteria for classifying acute and chron-
ic sinusitis.

Chronic sinusitis has a greater impact on deteriorating
the quality of life of patients than acute sinusitis. The im-
pact of CRS on the global quality of life and social func-
tioning is greater than in the course of angina or chronic
heart failure." The most insufferable and common symp-
toms in CRS with polyps are nasal obstruction and dis-
turbances in the sense of smell and taste. In CRS without
polyps, there is also nasal obstruction, facial pain, and
disturbed sense of smell and taste.”"

CRS is a syndrome with a multifactorial aetiology, re-
sulting from an abnormal interaction between particu-

lar environmental factors and the host's immune system.
This allowed for a different approach to CRS therapy.
It is known that both the nasal cavities and the sinuses
are not sterile: the colonization of the nasal cavities and
paranasal sinuses by viruses, bacteria and fungi begins
at birth. In healthy humans, the mucosa is a barrier that
modulates the host's immune system, promotes toler-
ance, and prevents and reduces inflammation. In patients
with CRS, this barrier is chronically penetrated by the in-
flammatory process, which in many cases leads to tissue
remodelling and clinical symptoms."” Scientists focused
on identifying the molecular pathways and endotypes
that were triggered. After pathogens penetrate the mu-
cosal barrier, an immune response occurs, characterized
by a cellular and cytokine response targeting one of the
three types of pathogens: viruses (type 1), parasites (type
2) or extracellular bacteria and fungi (type 3). All these
reactions conclude in the elimination of pathogens and
the restoration of the integrity of the mucosa.'/ In CRS,
mucosal penetration persists, resulting in a chronic in-
flammatory response. In type 2 inflammation, the cyto-
kines interleukin-4 (IL-4), interleukin-5 (IL-5) and inter-
leukin-13 (IL-13) are released, and eosinophils and mast
cells are recruited and activated. Studies have shown that
patients with endotype 2 are more resistant to current
therapies and have frequent relapses.!”

Remodelling of the sinonasal tissue in CRS mainly con-
sists in the formation of polyps, goblet cell hyperplasia

and damage to the epithelial barrier. These changes may

be responsible for many or most of the symptoms and a

high rate of treatment failure. The mainstay of treatment

of patients with generalized CRS is topical glucocortico-

steroid (GCS) therapy and rinsing of the nasal cavities

with saline.™

Exacerbation of chronic paranasal sinusitis (CRS) is de-
fined as the severity of CRS symptoms, which returns
to the baseline state as a result of glucocorticoid thera-
py and / or antibiotic therapy. The precise aetiology of
CRS exacerbation is still unexplained, but it is believed to
be multifactorial. The major factor is the altered balance
of the microbiota, not the single pathogen leading to the
inflammatory response in the host. On the other hand,
viral infections may be a likely cause of CRS exacerba-
tions, especially as there is growing evidence that rhino-
virus infection can lead to eosinophilic inflammation.
Focusing on the prevention and appropriate treatment of
viral infections may be more effective than treating sec-
ondary infections with antibiotics or treating eosinophil-
ia with glucocorticoids. There is still a lack of scientific
evidence that would decide on the optimal treatment of
CRS exacerbation. Despite this fact, GCS and antibiotics
remain the basis for the treatment of CRS exacerbations,
although their role in therapy has not been confirmed in
the literature.
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Upper respiratory tract infections (URTI) are a common
cause of medical visits for paediatric patients, with 5-13%
of these URTIs progressing to acute bacterial sinusitis,
some of which progress to PCRS. There are many factors
that contribute to the development of sinusitis. The most
frequently mentioned are the adenoids, impairment in
mucociliary clearance (e.g., primary ciliary dyskinesia,
and cystic fibrosis), and anatomic abnormalities of the
sinuses. Adenoids influences the development of PCRS
especially in children under 12 years of age.””’ Wherefore,
adenoidectomy is one of the most frequently performed
procedures, but its effectiveness has not been demonstrat-
ed in children over 13 years of age."'") The adenoid tissue
is a reservoir of bacteria and causes posterior nasal ob-
struction, which causes an impairment of the mucociliary
clearance of the sinus cavities.”’ Bacterial biofilms have
been shown to cover the mucosa of the tonsils, tonsils and
sinuses. The microbiome of adult and paediatric patients
is different.” The most common pathogenic organisms
identified in the adenoids include Haemophilus influ-
enzae, Staphylococcus aureus, Streptococcus pneumo-
niae, and group A streptococci, Corynebacterium spp.”
The presence of biofilm can cause incomplete penetration
of antibiotics and result in a lack of clinical improvement
despite frequent courses of antibiotics."’

Diagnostics is based on several tests. It is important to
observe major clinical signs during physical examination
to determine if CRS is suspected. The EPOS guidelines
recommend nasal endoscopy as a preliminary objective
method to aid in the recognition of CRS."'?l Another mo-
dality to visualize the CRS is computed tomography (CT).
CT can support navigation during surgical procedures
and provide high sensitivity for mucosal inflammation.™
CT is the gold standard for imaging when establishing a
PCRS diagnosis or preparing for sinus surgery, particu-
larly a non-contrasted CT with axial, coronal, and sagit-
tal views. CT is recommended in patients with PCRS in
whom conservative treatment and / or adenoidectomy did
not control the symptoms of the disease and in patients
with suspected complications.™” Nevertheless, there are
some limitations that must be taken into consideration.
There are reports of an increased risk of brain tumour
(2-3 head CTs) and leukaemia (5-10 brain CTs) in chil-
dren in association with radiation exposure during CT."*”!
Magnetic Resonance Imaging (MRI) is another medical
imaging technique. The lack of exposure to radiation
makes MRI a safer choice in the diagnosis of CRS. The
downside is that MRI does not reveal bone details that are
often required when considering surgical interventions."*
The use of X-rays for PCRS is limited."!

Topical corticosteroids and saline lavage are considered
the first line of therapy in the treatment of Paediatric
CRS. Studies have shown that topical nasal steroid sprays
and daily nasal irrigation with a saline solution are bene-

ficial medical treatments.""! Due to the lack of evidence,
the use of antibiotics is not recommended. Surgical inter-
vention should be considered in patients with unsuccess-
ful conservative treatment.”

Surgical treatment is reserved for cases, where pharmaco-
logical treatment has failed." However, there is no gen-
eral agreement on the surgical treatment of CRS in pae-
diatric patients. EPOS 2020 suggest that adenoidectomy
is considered first-line in children under 12 years of age.
Adenoidectomies with or without sinus irrigation appear
to be the safest.”""” Functional endoscopic sinus surgery
(FESS) should only be considered in case of failure of
pharmacological therapy and adenoidectomy. FESS also
should be considered in patients with disorders in mu-
cociliary function and without adenoid hypertrophy."*

Currently the success rate of medical management of CRS
is approximately 50%."¢!

Hard-to-treat CRS is called refractory CRS and occurs when
all treatment options have failed. It occurs in patients who
have persistent symptoms despite recommended medical or
surgical treatment. Patients suffering from difficult-to-treat
rhinosinusitis should be considered patients who do not
achieve an acceptable level of symptom control despite
appropriate surgical treatment, intranasal glucocorticoid
treatment and despite the use of two short antibiotic treat-
ments or oral glucocorticoid treatments during the last year."

Refractory CRS is common in paediatric patients, thus It
is essential to understand the inflammatory pattern of pae-
diatric CRS to control the refractory disease."”!

The majority of treatment-resistant CRS in children is as-
sociated with neutrophilic inflammation with elevated lev-
els of interferon-y, transforming growth factor B (TGF-p),
interleukin-17 (IL-17), myeloperoxidase, interleukin-6
(IL-6), interleukin-8 (IL-8), and interleukin-1f (IL-1p)."”
Long-term low-dose macrolide (LDM) therapy suppress-
es production of pro-inflammatory cytokines such as IL-8
and TNF-a, moreover LDM modulates mucus synthesis
and secretion resulting in effective mucus clearance."” Un-
fortunately, there is no guideline or consensus that applies
to children, to evaluate the clinical efficacy of LDM in the
treatment of paediatric CRS and it has not been mentioned
in EPOS 2020 guidelines. However, Seresirikachorn et al.
investigated the effects of LDMs on paediatric CRS patients
who did not respond to the standard treatment. In their
study paediatric patients received LDM therapy with con-
comitant nasal steroid spray intervention."” They propose,
that LDM therapy should be administered with half of the
full dose of the antibacterial agent for more than 3 months
and could be second-line treatment for children with CRS.
This option should be considered prior to adenoidectomy,
sinus aspiration, and endoscopic sinus surgery."”
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Another promising modality for treatment of CRS in pae-
diatric patients with refractory conditions are biologics.
Newly developed targeted and specific therapies such as
biologics may be treatment strategies that can target re-
sistant CRS [16]. Patients with refractory CRS and who
require multiple doses of corticosteroids are the most
evident candidates for the use of biologics."” By using
targeted therapy, inflammation is reduced and symptom
control is ensured with fewer side effects. Consequently,
there is a reduced need for multiple corticosteroid use.*’!

In 2019, Dupilumab (anti-IL-4R alpha Immunoglobulin)
was approved by the US Food and Drug Administration
(FDA) and European Medicines Agency (EMA) for treat-
ment in adults with CRS type 2. Biological treatment
criteria include patients who meet at least three of the
following criteria: CRS type 2, systemic glucocorticoid re-
quirement, deterioration in quality of life, anosmia, con-
comitant asthma.?"!

However, currently the use of biological drugs is restricted
to patients with uncontrolled severe asthma and as a ther-
apeutic option in patients with CRS refractors when drugs
and surgery have failed."*'™

The current EPOS 2020 recommendations are briefly pro-
vided in this overview. They can be utilized in clinical
practice on a daily basis. It's worth noting that research
into chronic paranasal sinusitis in children and the search
for causes of the disease's onset could help to improve the
diagnostic and therapeutic procedure, as well as reduce
treatment costs.

The impact of the EPOS 2020 guidelines on health poli-
cy and national guidelines will enable patients to be di-
agnosed and treated using evidence-based medicine. By
propagating the recommendations among General Prac-
titioners, CRS could be diagnosed earlier and treatment
suited to the patient can be implemented more effectively.
The development of new treatment methods that would
significantly influence the treatment of Paediatric CRS
should also be carefully monitored.

Conclusion

Despite the significant increase in the number of publi-
cations in recent years, many clinical questions remain
unanswered. Immunomodulation is a common term
used in the EPOS 2020 guidelines. It means all medical
interventions aimed at modifying the immune response.
Biologics and LDM are effective in immunomodulation,
therefore further studies are needed to assess their impact
on the treatment of Paediatric CRS. Research into micro-
biota dysfunction and its impact on CRS development

may explain the causal relationship between microbiota
imbalance and the inflammatory response in the host.
There is still no scientific evidence to support the optimal
treatment of CRS exacerbation. Social and environmental
factors, especially exposure to tobacco smoke, are becom-
ing increasingly important in primary prevention and the
effects of global warming and industrial pollution should
be carefully monitored.
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