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Abstract
Purpose of Review Pediatric and adult chronic rhinosinusitis (CRS) have some similarities but a number of differences. This
article reviews the similarities and differences between pediatric and adult CRS.
Recent Findings Rhinosinusitis is an inflammatory disease of the nose and the paranasal sinuses. In adults, inflammation in CRS
without polyps (CRSsNP) mainly manifests with T-helper 1 lymphocytes while in CRS with polyps (CRSwNP) manifests with
T-helper 2 lymphocytes and eosinophilic inflammation. In children, CRS inflammationmanifests with neutrophils, macrophages,
and lymphocytes. The associations between the ostiomeatal complex occlusion and CRS are revealed in adults but are not so
evident in children. Although the relationship between the CRS and allergic rhinitis is still controversial, recent findings have
shown an association between allergen sensitization and a specific group of adults with rhinosinusitis. Intranasal corticosteroids
and saline constitute the first-line of medical treatment for both pediatric and adult rhinosinusitis. Low-dose macrolides are used
for immunomodulatory activities and beneficial effects to adult patients with CRSsNP were demonstrated by recent meta-
analyses. For surgical treatment, adenoidectomy is a key strategy to eradicate mature biofilms in pediatric CRS and effective
in treating children with CRS regardless of the adenoid size. Although endoscopic sinus surgery has been proven to improve
quality of life outcomes in adult CRS, it should be only considered in the pediatric CRS after failure of adenoidectomy.
Summary Pediatric and adult CRS are different in many aspects, including immunopathogenesis and management.
Investigations should be considered in specific cases. After failure of medical treatments, endoscopic sinus surgery is recom-
mended for adults, while adenoidectomy is primarily considered for children.
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Introduction

Rhinosinusitis is an inflammatory disease of the nose and the
paranasal sinuses. It is a major health problem which causes a
significant financial burden on society [1]. Chronic
rhinosinusitis (CRS) is common in both pediatric and adult
populations and more prevalent than acute rhinosinusitis in all
age groups [2]. Although the presenting symptoms of CRS are
similar, pediatric and adult CRS are different in many aspects.
Pediatric CRS commonly eludes diagnosis [3••] and carries
significant morbidity [4]. Knowledge gained from the litera-
ture published has been updated by the EPOS2020 position
paper [5] and shows that knowledge in adult CRS cannot be
applied to pediatric CRS patients in clinical practice and vice
versa. This article reviews the similarities and the differences
of the anatomy, epidemiology, immunopathogenesis, cause,
comorbidities, clinical presentation, medical management,
and surgical management between the pediatric and adult
CRS.
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Recent findings

Differences in the Anatomy of the Upper Airway

Development of the Paranasal Sinuses

The paranasal sinuses develop, at the eighth week of gestation,
from the ethmoturbinals which are a series of ridges and folds
on the lateral nasal wall. Around threefold to fourfold persist
from the initial sixfold to sevenfold. The paranasal sinuses are
formed by pneumatic extensions of the nasal cavity walls in
the adjacent bones [6] and they grow rapidly during the first
3 years of life then grow slowly until the age of 7–12 years [7].
The maxillary sinuses are already present at birth, their floor
reaching the nasal floor level by the age of 9 years. After a full
pneumatization, the floor of adult maxillary sinus extends to
about 1 cm below the level of the nasal cavity floor. The roof
of the maxillary sinus slopes infero-laterally during childhood.
When pneumatization progresses, the slope gradually be-
comes more horizontal in adulthood. The size ratio between
maxillary and ethmoid sinuses is greater in childhood (2:1)
compared with adulthood (4:5).

The ethmoid sinuses are formed by invaginations of the
mucous membrane of the middle and superior nasal meatus
into the ethmoid bone. They are also present at birth but not
visible in plain X-rays until 2 years of age. The ethmoid si-
nuses begin to grow rapidly around 6 to 8 years of age [6]
being fully mature at 12–14 years old. Anatomical variations
in ethmoid air cells are common in adults but rare in children.
Abnormal developments of ethmoid air cell include Haller,
supraorbital, Onodi, supra agger, supra agger-frontal cell,
and supra bulla-frontal and fronto-septal cells. The frontal
sinuses are absent in neonates. Around 2 years of age, the
most anterior ethmoidal cells of each side grow into the frontal
bone, forming a frontal sinus of that side. The frontal sinuses
are usually visible in plain X-rays by the age of 7 years [6] and
fully developed at 12–14 years. Adults however may have
unilateral or bilateral undeveloped frontal sinuses. The sphe-
noid sinuses are also absent in neonates. Pneumatization of
sphenoid bone starts at 3–4 years. The most posterior ethmoi-
dal cells of each side grow into the sphenoid bone forming a
sphenoid sinus of that side [6] and the sinuses develop rapidly
during the first 6–7 years of life and fully developed at 9–
12 years old.

Differences between the anatomy of pediatric and adult
paranasal sinuses raise several concerns regarding the com-
prehensive management of rhinosinusitis. In fact, poor
pneumatization of the paranasal sinuses does not cause chron-
ic refractory inflammation as long as the sinus outflow tracts
are patent. Well-pneumatized paranasal sinuses may have
poor ventilation and ineffective drainage. For example, highly
pneumatized air cells around the opening may cause ineffec-
tive drainage resulting in chronic rhinosinusitis. Poorly

pneumatized paranasal sinuses are more difficult to approach
in non-responsive or complicated rhinosinusitis that requires
endoscopic sinus surgery. For example, if the ostia of poorly
aerated maxillary sinuses are close to the orbital wall, the orbit
may be injured during the operation. Another common com-
plication is an injury of the lateral lamella of the cribiform
plate during ethmoidectomy which may cause cerebrospinal
fluid leakage. Injuries of the optic nerve and internal carotid
artery are major complications of a difficult sphenoid sinus
surgery. In addition, anatomical correction of poorly
pneumatized paranasal sinuses may lead to a difficult sinus
surgery causing fibrosis, scars, and poor outcomes. For in-
stance, frontal sinusostomymay become a permanent stricture
as a result of an inadequate operation.

Role of Adenoids in Rhinosinusitis

The adenoids are lymphoid tissue which form part of the
Waldeyer ring. Adenoid enlargement continues until 5 to
7 years old. As the pharyngeal airway of the pediatric popu-
lation is relatively narrow and the adenoids are close to the
paranasal sinuses, adenoid hypertrophy may cause a bottle-
neck obstruction and compromise the drainage of postnasal
discharge at the nasopharynx. The role of adenoids in pediatric
rhinosinusitis has been demonstrated in many studies.
Adenoid tissue was shown to be a bacterial reservoir that
contains bacteria identical to the etiopathogenic bacteria of
pediatric rhinosinusitis. Davcheva-Chakar et al. [8] found pos-
itive cultures in all adenoid tissue specimens from patients
with recurrent rhinosinusitis. Haemophilus influenzae,
Streptococcus pneumoniae, and Moraxella catarrhalis were
the bacteria isolated in the adenoid specimens. Likewise,
Elwany et al. [9] assessed the correlation between the micro-
biology of adenoid core specimens and middle meatal swabs
in pediatric patients with rhinosinusitis. Adenoid core culture
had a positive predictive value of 91.5% and a negative pre-
dictive value of 84.3% in forecasting the middle meatal cul-
ture. In addition, biofilms are more common in children with
CRS than healthy children and children with ARS. A study of
biofilms using electron microscopy was performed by Zuliani
et al. [10] Mature biofilms were found in 95% of adenoids
removed from patients with CRS, compared with 2% from
patients with obstructive sleep apnea. These studies revealed
the role of adenoids as a bacterial reservoir which may cause a
higher chance of negative bacterial culture and resistance to
antibiotics therapy. Thus, adenoidectomy has a potential role
in the treatment of chronic or recurrent pediatric rhinosinusitis.
Currently, numerous strategies are being utilized to eradicate
the established biofilms of respiratory pathogens, including
selective and non-selective inhibitors of adhesion. Adenoid
removal is an effective strategy regardless of the adenoid size
[11]. Shin et al. [12] retrospectively assessed adenoid micro-
biology and found that the bacterial isolation rate was
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increased in association with rhinosinusitis severity but not
with adenoid size.

Epidemiology

Despite the growing knowledge in clinical diagnosis and treat-
ment, the epidemiology of both adult and pediatric CRS is
difficult to assess. Because CRS is a heterogeneous disease,
the diagnostic criteria used in different studies are varied.
Nasal endoscopy and/or imaging and adequate evaluation of
follow-up patients were not possible in most studies. In gen-
eral, the prevalence of CRS in children is around 5–15% [13]
compared with the prevalence of 11–12.8% in adults [14, 15].
The findings from different reports are varied because differ-
ent questionnaires were used. The EPOS diagnostic criteria
[2] was used in a questionnaire, conducted by the
GA(2)LEN network of excellence [16], and the prevalence
of CRS for Europe was estimated around 11%. This was high-
ly correlated with the prevalence of physician-diagnosed
CRS. Sami and Scadding [17] used the MSNOT-20 Young
Persons Questionnaire (MSYPQ), a validated disease-specific
quality of life questionnaire, to assess 213 adolescents in East
London. Rhinosinusitis symptoms were reported by 13–15%
of the participants which was comparable with an adult pop-
ulation. In contrast, Westman et al. [18] reported a low prev-
alence of CRS in adolescents from a Swedish population–
based study. Based on the children’s criteria from The
European Position Paper on Rhinosinusitis and Nasal Polyps
(EPOS) [2], 2% of 3112 adolescents reported symptoms of
CRS by questionnaires. When these adolescents were
interviewed, the prevalence was 0.8% calculated by symp-
toms criteria and 0.3% by endoscopic criteria. When a preva-
lence was calculated by using the diagnosis by physicians and
procedure codes for medical encounters from national survey
databases, the prevalence of CRS was lower than the preva-
lence calculated by questionnaires in both children and adults.
The prevalence of adult CRS was only 2% when the ICD-9
codes from the diagnosis by physicians were used [19]. Sidell
et al. [20] reported a prevalence of childrenwith CRS at 4% by
using theMedical Expenditure Panel Survey. Likewise, Gilani
and Shin [21] assessed patient’s doctor visits from national
survey databases and identified that 2.1% of the visits were
diagnosed with pediatric CRS. Children in the age group of 5
to 15-year-old were the most affected.

Nasal endoscopy is required to assess the prevalence of
CRS with nasal polyps (CRSwNP) in epidemiologic studies.
Johasson et al. [22] estimated a 2.7% prevalence of adult nasal
polyps by endoscopy in a Swedish population. Min et al. [23]
also used nasal endoscopy from a nationwide survey in Korea
and estimated a prevalence of adult CRSwNP at 0.5%.
CRSwNP is uncommon in children. The average age of onset
was around 42 years old [24].

The impact of CRS on quality of life (QOL), particularly
physical and psychosocial functioning domains, was assessed
in children along with their parents. Children with CRS had
severely impaired general health, especially in the physical
domain. The physical impairments may be related to missing
classes, impairments of concentration in school, sleep quality,
and physical and emotional health. Body pain and physical
limitations were higher in children with CRS than children
with asthma, attention deficit hyperactivity disorder, juvenile
rheumatoid arthritis, and epilepsy [25]. QOL is also impaired
in adult CRS [26].

Causes and Mechanisms of Action

The Ostiomeatal Complex Occlusion

CRS is a heterogeneous chronic inflammatory disease with
various causes and mechanisms of action with internal and
external factors. In adults, the ostiomeatal complex occlusion
is associated with the pathogenesis of rhinosinusitis.
Anatomical obstruction of this functional unit affects the ven-
tilation and drainage of the sinuses and results in chronic in-
flammation of the nose and paranasal sinuses [27]. In children,
there are anatomical variations that causing ostiomeatal com-
plex occlusion. The Agger nasi cell is the most common ana-
tomical variation [28, 29], followed by septal deviation, Haller
cell, concha bullosa, paradoxical middle turbinate, and Onodi
cell. In contrast to the adults, the ostiomeatal complex occlu-
sion in the pediatric age group is not associated with the extent
and severity of CRS. Haruna et al. [30] assessed CT scans of
95 children and did not find any relationship between the
presence of concha bullosa and pediatric rhinosinusitis. Al-
Qudah [28] studied anatomical variations from CT scans of
65 children with CRS and failed to show an association be-
tween the presence of anatomical variation and the extent of
rhinosinusitis. Likewise, Likewise, Kim et al. [29] showed no
relationship between rhinosinusitis and anatomical variations
in 113 children with CRS. Instead, the most common anatom-
ical obstruction of the pediatric population is hypertrophic
adenoid causing a bottle-neck obstruction [3••, 31].

Underlying Inflammatory Mechanisms

Inflammatory patterns of adult CRS, CRSwNP and CRSsNP,
and pediatric CRS are different. In adults, patients with
CRSsNP mainly manifest with type 1 response which cause
an increase in the amount of transforming growth factor
(TGF)-β, interleukin (IL)-2, and IL-10. Patients with
CRSwNP show a predominance of type 2 inflammation [2,
32] with an increase of innate lymphoid cells (ILC2), Th2
lymphocytes, goblet cells, mast cells, and eosinophils,
resulting in an increased production of IL-4, IL-13, IL-5,
and specific immunoglobulin E (IgE) to staphylococcal
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enterotoxins [13]. Tissue eosinophilia is closely related to
CRSwNP severity. In addition, patients with eosinophilic
polyps are significantly associated with squamous metaplasia
and tissue remodeling [33]. Tissue eosinophilia is however
uncommon in pediatric CRS patients, having increased tissue
lymphocytes, CD8+, MPO+, and CD68+ cells in the epithe-
lium, and more CD20+, kappa+, lambda+, MPO+, and
CD68+ cells (representing increased number of neutrophils,
macrophages, B lymphocytes, and plasma cells) in the sub-
mucosa [34]. Epithelium and basement membrane thickening
were not found in pediatric patients.

Allergic Rhinitis

Allergic rhinitis is still a current controversial issue for both
pediatric and adult CRS. Allergic inflammation of the nasal
mucosa causes nasal congestion and impairs mucociliary
function which decreases the clearance of proinflammatory
agents. Hamizan et al. [35] assessed allergy tests of 120 pa-
tients with adult CRS. The results showed an association be-
tween inhalant allergen sensitization and a specific group of
patients who had soft tissue thickening of the central portion
of the nose and paranasal sinuses and spared the sinus roof or
lateral wall. Tantimongkolsuk et al. [36] assessed allergy tests
of 100 pediatric patients with CRS and reported a high prev-
alence of positive inhalant allergen sensitization of 53.6%.
Likewise, Anamika et al. [37••] reported a prevalence of
52.7% for allergic rhinitis among pediatric CRS patients. In
contrast, two large series by Leo et al. [38] and Sedaghat et al.
[39] showed that the prevalence of atopy in pediatric CRS
(27–29%) was equivalent to the general pediatric population.
In addition, a prevalence of CRS was not different among
allergic (61%) and non-allergic (64%) children [40].
However, the presence of allergic rhinitis is not correlatedwith
the severity of CRS [41]. Increased allergen sensitization as-
sociated with impact of QOL has been also found in CRSwith
nasal polyps [42, 43].

Immunodeficiency

CRS may be the presenting symptom for primary immunode-
ficiencies which affect the humoral or the cellular immune
system [44]. The immune system in children is not fully de-
veloped. Evidence of humoral immune dysfunction among
pediatric CRS patients includes low IgG and its subclasses,
low IgA, and poor response to pneumococcal vaccine. Baek
et al. [45] assessed 16 children with either CRS or recurrent
rhinosinusitis. Nine patients had immune dysfunction includ-
ing IgG subclasses deficiency (4 patients) and poor response
to a pneumococcal vaccine (5 patients). Likewise, Shapiro
et al. [46] identified 34 of 61 pediatric patients with refractory
CRS that had abnormal results on immune studies. When the
prevalence of humoral immunodeficiency was compared

between the children and adult CRS, Vanlerberghe et al. [47]
found no significant difference between the adults and chil-
dren. The prevalence was 22% of 307 patients with refractory
rhinosinusitis. Ramesh et al. [48] treated six pediatric patients
with refractory CRS with intravenous IgG for 1 year. There
were improvements after the treatment such as a decrease in
duration of antibiotic treatment, a reduction in episodes of
rhinosinusitis, and improvements in radiographic findings.

Cystic Fibrosis

Cystic fibrosis (CF) is an autosomal recessive disease charac-
terized by thick viscous secretions in the respiratory tract,
nasal polyps, recurrent respiratory infections, gastrointestinal
abnormalities, and poor weight gain. P. aeruginosa and
S. aureus are the most common microorganisms which affect
the nose and paranasal sinuses [49]. Diagnosis should be con-
firmed by abnormally elevated sweat chloride levels and an
abnormality in the CF transmembrane conductance regulator
(CFTR) gene or protein [50]. Computed tomography shows
an expansion of the paranasal sinuses (pseudomucocele of the
maxillary sinuses) and hypo-development of the frontal and
sphenoidal sinuses without evidence of bone erosion.
Physicians should have a high index of suspicion for CF when
treating pediatric patients with CRSwNP [2].

Primary Ciliary Dyskinesia

Primary ciliary dyskinesia (PCD) is an autosomal recessive
disease. Patients with PCD have defects in ciliary beating with
impaired mucociliary clearance. Clinical presentations are re-
current infections of the paranasal sinuses and the middle ears,
situs inversus totalis (50%), situs ambiguous (12%), and in-
fertility (50%) [51, 52]. Physical examinations of the respira-
tory tract show purulent nasal discharge, nasal polyps (18–
33%) with decreased pulmonary function. Fifty percent of
patients with PCD have Kartagener’s syndrome which is a
triad of rhinosinusitis, chronic bronchitis with bronchiectasis,
and situs inversus [52]. Diagnosis should be confirmed by a
lower nasal nitric oxide level, prolonged mucociliary transit
times by the saccharin test, a lack of the outer dynein arms in
cilia on electron microscopy, or a combined lack of both inner
and outer dynein arms and genetic testing [53].

Contributing factors of pediatric and adult chronic
rhinosinusitis are summarized in Table 1.

Clinical Presentations and Diagnosis

The European Position Paper on Rhinosinusitis and Nasal
Polyps 2020 [2] defined rhinosinusitis as the presence of two
or more out of four characteristic symptoms. The four symp-
toms criteria for adult and pediatric rhinosinusitis are slightly
different. The criteria for adults are nasal blockage, nasal
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Table 1 Contributing factors of
pediatric and adult chronic
rhinosinusitis

Contributive factor Pediatric CRSa Adult CRSa

Frequent viral URTIsb + ND

Small sinus ostia + ND

Anatomic sinus abnormalities ± ±

Immaturity of the humoral immune system + ND

Biofilm formation in sinus tissue + +

Enlarged adenoidal pads harboring biofilm + ND

Allergy + +

Defects in mucociliary clearance ± ±

− no or not present; ± controversial data; + yes or present; ND no data, CRS chronic rhinosinusitis, CRSsNP
chronic rhinosinusitis without polyps, CRSwNP chronic rhinosinusitis with polyps, N-ERD nonsteroidal anti-
inflammatory drug–exacerbated respiratory disease
a Chronic rhinosinusitis
b Upper respiratory tract infections

Fig. 1 Stepwise treatment
algorithm in pediatric and adult
chronic rhinosinusitis
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discharge, facial pain/pressure, and reduction of smell. The re-
duction of smell is replaced by cough in children [3••]. This is
supported by a study which assessed clinical characteristics of
pediatric CRS by Poachanukoon et al. [54]. They found that the
most common complaints were cough (45%) and rhinorrhea
(37%) and the most common presenting symptoms were
rhinorrhea (96%) and cough (88%). Productive cough was
more common (75%) and mostly occurred at night (71%). In
small children, cough is commonly followed by vomiting.
Periorbital pain and sleep apnea were less common. The sense
of smell could not be assessed in 30% of the children especially
children under 5 years old. For those who could be evaluated,
smell dysfunction was found in 3%. Only a few numbers of
pediatric CRS patients presented with nasal polyps. Children
presenting with nasal polyps carry a substantially increased risk
of underlying cystic fibrosis; therefore, investigations for CF
diagnosis should be assessed in these children. Pediatric CRS
is difficult to diagnose in clinical practice because most children
present with more nonspecific and subtle symptoms than
adults. Moreover, physical examinations may be unremarkable
or difficult to perform nasal endoscopy because most children
cannot tolerate the procedure.

In contrast, the most prominent symptoms in adult
rhinosinusitis are hyposmia (79%) or anosmia [5, 55], follow-
ed by postnasal discharge (76%), nasal obstruction (72%), and
discolored nasal discharge (64%) [56]. About half of the adult
with CRS have facial pain and pressure (47%), and cough
(55%). Symptom-based definition of CRS according to the
EPOS criteria [2] has moderate reliability which may require
further investigations such as nasal endoscopy and computed
tomography. A prospective observational study by Ferguson
et al. [56] assessed 125 adult patients presenting with symp-
toms suggesting CRS. Sixty percent of the patients had abnor-
mal computed tomography. In the same way, Tomassen et al.
[57] assessed the data from the GA2LEN European survey
and found that 62% of the subjects having CRS symptoms
had positive nasal endoscopy.

The diagnosis of CRS is primarily based on clinical mani-
festations. The diagnostic criteria in both children and adults are
the presence of rhinosinusitis symptoms that last longer than
12 weeks in association with endoscopic or imaging signs.
However, nasal endoscopy is not tolerable in most children
and the sinus radiographs are insensitive, causing both false
positive and false negative results. Additionally, the sinus ra-
diographs are technically difficult when children are uncooper-
ative subsequently causing incorrect positioning. A computed
tomography is necessary only for presurgical evaluation [58].

Management of Rhinosinusitis

Medical therapy is the mainstay of management of both adult
and pediatric CRS. The most common medications are anti-
biotics, intranasal corticosteroids, and nasal saline irrigation.

Although the medications for all age groups are similar, phy-
sicians should be aware that the adult and pediatric CRS are
different in the pathogenesis, inflammatory pattern, and co-
morbidities. Surgery is considered when the patients do not
respond to medications (Fig. 1). Endoscopic sinus surgery is
suggested for adult patients but should be only considered in
the pediatric CRS after failure of adenoidectomy.

Antibiotics

Antibiotics are commonly used in both pediatric and adult
CRS. However, the duration of antibiotic treatment is varied
depending on indications. Short-term and long-term uses of
antibiotics are given with different aims such as for anti-
infectious or anti-inflammatory purpose. CRS is a multifacto-
rial inflammatory disorder rather than a persistent infection. In
general, a short-term antibiotic treatment, defined as a treat-
ment duration of 3 weeks or less, is aimed for the treatment of
pathogenic infections. Thus, a short-term antibiotic should be
prescribed for an acute exacerbation of CRS [59]. However,
several randomized controlled trials did not show clinical ben-
efits of a short-term antibiotic treatment in both adult and
pediatric CRS [2]. One randomized controlled trial by
Sabino et al. [60] studied 33 adult patients with an acute ex-
acerbation of CRS. The patients received either amoxicillin/
clavulanate or placebo added tomometasone furoate and nasal
saline irrigation for 2 weeks. Both groups had similar clinical
improvements in symptoms, QOL, and nasal endoscopy find-
ings despite antibiotics susceptibility. Another randomized
controlled trial by Otten et al. [61] studied 75 children with
CRS between the ages of 2 and 12 who received either a 1-
week course of 20 mg/kg/day cefaclor or placebo after an
antral wash out. After 6 weeks, there was no difference in
the numbers of patients with improved radiographic findings.
The role of intravenous antibiotics in routine pediatric CRS is
unclear [3••]. A retrospective study by Adappa et al. [62]
showed that intravenous antibiotics reduced the rate of
adenoidectomy in some children with refractory CRS.

Long-term low-dose macrolides have immune-modulating
properties that modulate neutrophilic action by suppressing pro-
inflammatory cytokines, such as interleukin (IL)-8 and tumor
necrosis factor-alpha (TNF-α). In addition, they alter mucus
rheological properties and pro-mote effectivemucociliary clear-
ance [63••]. Ten randomized controlled trials assessed the ef-
fects of long-term low-dose macrolides for treating adult CRS
and reported mixed results. A recent meta-analysis together
with subgroup analyses by Seresirikachorn et al. [63••] showed
benefits of a long-term macrolide in patients with CRSsNP
using half dosage for 24 weeks. While there is evidence
supporting the use of the long-term low-dose macrolides in
adult CRS, the evidence in pediatric CRS is inconclusive. Iino
et al. [64] conducted a clinical trial giving a low-dose
clarithromycin to children with CRS and/or otitis media with
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effusion for at least 8 weeks and reported a 63% success rate.
However, this study did not compare the success rate between
the treatment group and the control group. Another clinical trial
assessed the effects of long-term antibiotics in pediatric CRS
which included amoxicillin/clavulanic acid and second or third
generation of cephalosporin for 12 weeks [65]. The long-term
antibiotics in this studywere aimed for bacteriologic eradication
but there was no control group in the study. Thus, beneficial
effects of long-term antibiotics could not be concluded.
Doxycycline has dual antimicrobial and anti-inflammatory
properties which impact CRSwNP treatments. The EPOS rec-
ommends doxycycline as a treatment option for patients with
moderate CRSwNP [13]. A clinical trial by Van Zele et al. [66]
demonstrated the effects of doxycycline on reducing polyp size
and patient symptoms.

In summary, bacteriologic eradication properties of short-
term antibiotics are not yet recommended for treating both
adult and pediatric CRS. However, short-term antibiotics are
suggested for CRS with acute exacerbation. The immune-
modulating properties of long-term low-dose macrolides are
effective for adult CRSsNP but their benefits are not yet evi-
dent for adult CRSwNP and pediatric CRS.

Corticosteroids

Although chronic inflammatory pattern in the CRS is hetero-
geneous, corticosteroids are effective anti-inflammatory
agents for all CRS subtypes. Beneficial effects of intranasal
corticosteroids on nasal symptoms and QOL improvement
have been revealed by a systematic review and meta-
analysis [67]. For adult CRSwNP, intranasal corticosteroids
decrease the polyps size and reduce the recurrence of polyps
after endoscopic sinus surgery [68]. They are safe and well
tolerated. For pediatric CRS, only one randomized controlled
trial assessed the safety of intranasal corticosteroids [69].
There is no evidence that supports the efficacy of intranasal
steroids in pediatric CRS. Therefore, the recommendation of
intranasal corticosteroids for treating pediatric CRS is mainly
based on studies performed in adults [3••].

Due to the potent anti-inflammatory properties, a short
course of systemic corticosteroid can be used for treating se-
vere adult CRSwNP and pediatric CRSsNP patients [2]. In
adults, there are 5 double-blind, randomized, placebo-
controlled trials assessing the effects of short course oral cor-
ticosteroid for 7–20 days in patients with CRSwNP. Oral cor-
ticosteroids significantly reduced total symptom scores and
nasal polyp scores. There are no trials evaluating the effects
on patients with CRSsNP. In children, one randomized con-
trolled trial by Ozturk et al. [70] studied 45 pediatric CRS
patients receiving either oral methylprednisolone with a taper-
ing schedule for 30 days or placebo added to amoxicillin/
clavulanate. The patients receiving oral methylprednisolone
had greater improvements on total symptoms scores, nasal

obstruction, postnasal discharge, cough, and computed to-
mography. Although beneficial effects were shown, severe
adverse effects can occur and outweigh advantages of thera-
peutic value in the long term for routinely treating patients
with CRS [71].

In summary, corticosteroids are the mainstay of medical
treatment due to the recognition of inflammation etiology of
both pediatric and adult CRS [2, 59]. Intranasal corticosteroids
are effective on nasal symptoms, QOL improvement, and pol-
yp size reduction. Systemic corticosteroids can be used as an
option for a short-term treatment in severe CRSwNP.

Nasal Saline Treatment

Nasal saline treatment aims for mechanical clearance of thick
mucus and inflammation mediators and improving mucocilary
function. Taccariello et al. [72] assessed nasal saline irrigation
and sea water spray versus no saline treatment in adult
CRSsNP patients and demonstrated that the saline group had
significant improvements in the quality of life and endoscopic
findings. To date, there are ten randomized controlled trials eval-
uating the effects of nasal saline treatment for adult patients with
CRSsNP but none for CRSwNP. The recommendations of nasal
saline treatment for CRSwNP relied on those studies of CRSsNP
and are based on the effective clearance by normal saline treat-
ment. As for pediatric CRS, there are three randomized con-
trolled trials showing benefits of saline treatment in both the sole
modality and adjunction treatments. Although there are random-
ized con-trolled trials comparing saline treatment with hypertonic
saline [73], hypochlorous acid [74], and gentamicin irrigation
[75], there is no well-conducted study which compares saline
with no saline treatments.

In summary, nasal saline treatment is suggested for both
adult and pediatric CRS for effective clearance of thick nasal
secretion [2, 3••, 59].

Adenoidectomy

Adenoids are acknowledged as a bacterial biofilm reservoir.
Hypertrophic adenoids can cause an obstruction of the nasal
discharge drainage. Therefore, adenoidectomy becomes the
first-line surgical treatment for pediatric refractory CRS pa-
tients. Bettadahalli et al. [76] reported an improvement in
QOL in 88% of children with refractory CRS after
adenoidectomy. A meta-analysis by Brietzke et al. [77] pooled
data from 8 studies and showed an overall success rate of 69%.
The previously failed adenoidectomy required subsequent en-
doscopic sinus surgery. These patients were associated with
asthma or age less than 7 years [78]. Maxillary sinus antral
wash out together with adenoidectomy had higher success rate
(88%) compared with adenoidectomy alone (61%). Maxillary
sinus wash at the time of adenoidectomy is suggested for severe
CRS patients with a high CT score greater than 6 [79].
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Endoscopic Sinus Surgery

Endoscopic sinus surgery is recommended for adult CRS pa-
tients who did not respond to maximal medical therapy [13].
For patients with CRSsNP, the surgery is aimed to correct the
ostiomeatal complex occlusion and revive normal physiology
of paranasal sinuses [27]. In contrast, patients with CRSwNP
who have thick eosinophilic mucin require surgical interven-
tions to deliver topical medications throughout the entire cav-
ity and remove eosinophilic hypersecretion [67, 80]. A meta-
analysis by Soler et al. [81•] pooled data from 40 cohort stud-
ies and found that all studies consistently reported a significant
improvement in quality of life. There have been more con-
cerns regarding the success and safety of endoscopic sinus
surgery for children than adults. There are reports supporting
endoscopic sinus surgery for managing pediatric refractory
CRS patients who did not respond to medical treatments.
Children who received an endoscopic sinus surgery had great-
er improvements in nasal obstruction and rhinorrhea com-
pared with medical treatment. The parents’ satisfaction was
higher in the surgical treatment group [82]. The success rate
of endoscopic sinus surgery (77%) was higher than
adenoidectomy (47%) [83]. Asthma was found as an indepen-
dent predictor that endoscopic sinus surgery was significantly
better than adenoidectomy [83]. Two meta-analyses reported
the success rate of endoscopic sinus surgery between 71 and
100% [84, 85]. Bothwell et al. [86] performed quantitative and
qualitative analyses and showed no statistical significance in
facial growth between the 46 children who underwent endo-
scopic sinus surgery and 21 children who did not.

Other Therapies

Biologic agents such as omalizumab (anti-IgE), mepolizumab
(anti-IL-5), and dupilumab (anti-IL-4Rα) have shown effica-
cy in patients with severe CRSwNP. refractory to intranasal
corticosteroids [87–91]. At present, dupilumab is the only
biologic drug approved by FDA and EMA to treat patients
with severe CRSwNP. Aspirin desensitization improves nasal
symptoms in patients with NSAID-exacerbated respiratory
disease who have difficult-to-treat CRSwNP and asthma. It
is well tolerated in most patients [92, 93].

Conclusions

Pediatric and adult chronic rhinosinusitis are two diseases
with similarities but also with differences in their anatomy,
epidemiology, causes, and mechanisms of action, diagnosis,
and treatment. The anatomy of pneumatized adult paranasal
sinuses is different from developing pediatric paranasal si-
nuses and the adenoids. While ostiomeatal complex occlusion
is acknowledged as a principal cause of poor ventilation and

drainage of adult paranasal sinuses, it does not have a pro-
found effect on pediatric rhinosinusitis. Instead, adenoids play
a key role in pediatric rhinosinusitis as they are bacteria and
biofilms reservoirs which cause chronic refractory
rhinosinusitis regardless of adenoid size. The epidemiology
is slightly different. The prevalence of CRS in children (5–
15%) is lower than adults (11–12.8%). Causes and mecha-
nisms of action should be considered cautiously in individual
case. Comorbidities such as immunodeficiency, cystic fibro-
sis, primary ciliary dyskinesia, and allergy should be consid-
ered in pediatric rhinosinusitis that is persistent, rapidly re-
lapses, or do not respond to treatments. Underlying inflamma-
tory mechanisms of these two entities are different. Adult
patients with CRSsNP mainly manifest with a type 1 inflam-
matory response while adult patients with CRSwNP manifest
with a type 2 inflammatory response. In contrast, pediatric
patients with CRS have greater numbers of neutrophils and
macrophages, being tissue eosinophilia uncommon. The diag-
nosis of CRS is more difficult in children. Nasal endoscopy is
not tolerable in most children and the sinus radiographs are
insensitive. Intranasal corticosteroids and nasal saline treat-
ment are the first-line medical treatment for both pediatric
and adult rhinosinusitis. Endoscopic sinus surgery is sug-
gested for adult patients who do not respond to medications,
mainly refractory to intranasal corticosteroids but should be
reserved in children until the failure of adenoidectomy. At the
time of adenoidectomy, maxillary sinus antral wash out should
be considered and performed at the same time for pediatric
CRS patients with high severity categorized by computed
tomography.

Compliance with Ethical Standards

Conflict of Interest Dr. Snidvongs has served on speakers’ bureau for
Merck Sharp Dolme, GSK, and Menarini. The other authors declare no
conflicts of interest relevant to this manuscript.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. Brietzke SE, Shin JJ, Choi S, Lee JT, Parikh SR, Pena M, et al.
Clinical consensus statement: pediatric chronic rhinosinusitis.
Otolaryngol Head Neck Surg. 2014;151(4):542–53.

2. Fokkens WJ, Lund VJ, Hopkins C, Hellings PW, Kern R, Reitsma
S, et al. european position paper on rhinosinusitis and nasal polyps
2020. Rhinology. 2020;58(Suppl S29):1–464.

Curr Allergy Asthma Rep (2020) 20: 29Page 8 of 1129



3.•• Chandy Z, Ference E, Lee JT. Clinical guidelines on chronic
rhinosinusitis in chil-dren. Curr Allergy Asthma Rep. 2019;19(2):
14 The update of the guidelines and literature regarding the
diagnosis, microbiology, and treatment options of CRS in the
pediatric population. Management schemes are summarized.

4. Heath J, Hartzell L, Putt C, Kennedy JL. Chronic rhinosinusitis in
children: pathophysiology, evaluation, and medical management.
Curr Allergy Asthma Rep. 2018;18(7):37.

5. Fokkens WJ, Lund VJ, Hopkins C, Hellings PW, Kern R, Reitsma
S, et al. Executive summary of EPOS 2020 including integrated
care pathways. Rhinology. 2020;58(2):82–111.

6. Moore KL, Persaud TVN, Torchia MG. The developing human
clinically oriented embryology. 9th ed. Elsevier Saunders:
Canada; 2013.

7. Moore KL, Dalley AF, Ager AMR. Clinically oriented anatomy.
6th ed. Philadelphia: Lippincott Williams & Wilkins; 2010.

8. Davcheva-Chakar M, Kaftandzhieva A, Zafirovska B. Adenoid
vegetations - reservoir of bacteria for chronic otitis media with
effusion and chronic rhinosinusitis. Pril (Makedon Akad Nauk
Umet Odd Med Nauki). 2015;36(3):71–6.

9. Elwany S, El-Dine AN, El-Medany A, Omran A, Mandour Z, El-
Salam AA. Relationship between bacteriology of the adenoid core
and middle meatus in children with sinusitis. J Laryngol Otol.
2011;125(3):279–81.

10. Zuliani G, Carron M, Gurrola J, Coleman C, Haupert M, Berk R,
et al. Identification of adenoid biofilms in chronic rhinosinusitis. Int
J Pediatr Otorhinolaryngol. 2006;70(9):1613–7.

11. Hamilos DL. Biofilm formations in pediatric respiratory tract infec-
tion part 2: mucosal biofilm formation by respiratory pathogens and
current and future therapeutic strategies to inhibit biofilm formation
or eradicate established biofilm. Curr Infect Dis Rep. 2019;21(2):8.

12. Shin KS, Cho SH, Kim KR, Tae K, Lee SH, Park CW, et al. The
role of adenoids in pediatric rhinosinusitis. Int J Pediatr
Otorhinolaryngol. 2008;72(11):1643–50.

13. Fokkens WJ, Lund VJ, Mullol J, Bachert C, Alobid I, Baroody F,
et al. European position paper on rhinosinusitis and nasal polyps.
Rhinol Suppl. 2012;2012(23):1–298.

14. Avdeeva K, Fokkens W. Precision medicine in chronic
rhinosinusitis with nasal polyps. Curr Allergy Asthma Rep.
2018;18(4):25.

15. Dietz de Loos D, Lourijsen ES, Wildeman MAM, Freling NJM,
Wolvers MDJ, Reitsma S, et al. Prevalence of chronic rhinosinusitis
in the general population based on sinus radiology and symptom-
atology. J Allergy Clin Immunol. 2019;143(3):1207–14.

16. Hastan D, Fokkens WJ, Bachert C, Newson RB, Bislimovska J,
Bockelbrink A, et al. Chronic rhinosinusitis in Europe–an
underestimated disease. A GA(2)LEN study. Allergy. 2011;66(9):
1216–23.

17. Sami AS, Scadding GK. Rhinosinusitis in secondary school
children-part 2: main project analysis of MSNOT-20 Young
Persons Questionnaire (MSYPQ). Rhinology. 2014;52(3):225–30.

18. WestmanM, Stjarne P, BergstromA, Kull I, Toskala E, Cardell LO,
et al. Chronic rhinosinusitis is rare but bothersome in adolescents
from a Swedish population-based cohort. J Allergy Clin Immunol.
2015;136(2):512–4 e6.

19. Shashy RG, Moore EJ, Weaver A. Prevalence of the chronic sinus-
itis diagnosis in Olmsted County. Minnesota Arch Otolaryngol
Head Neck Surg. 2004;130(3):320–3.

20. Sidell D, Shapiro NL, Bhattacharyya N. Obesity and the risk of
chronic rhinosinusitis, allergic rhinitis, and acute otitis media in
school-age children. Laryngoscope. 2013;123(10):2360–3.

21. Gilani S, Shin JJ. The burden and visit prevalence of pediatric
chronic rhinosinusitis. Otolaryngol Head Neck Surg. 2017;157(6):
1048–52.

22. Johansson L, Bramerson A, Holmberg K, Melen I, Akerlund A,
BendeM. Clinical relevance of nasal polyps in individuals recruited

from a general population-based study. Acta Otolaryngol.
2004;124(1):77–81.

23. Min YG, JungHW, KimHS, Park SK, YooKY. Prevalence and risk
factors of chronic sinusitis in Korea: results of a nationwide survey.
Eur Arch Otorhinolaryngol. 1996;253(7):435–9.

24. Moloney JR. Nasal polyps, nasal polypectomy, asthma, and aspirin
sensitivity. Their association in 445 cases of nasal polyps. J
Laryngol Otol. 1977;91(10):837–46.

25. Cunningham MJ, Chiu EJ, Landgraf JM, Gliklich RE. The health
impact of chronic recurrent rhinosinusitis in children. Arch
Otolaryngol Head Neck Surg. 2000;126(11):1363–8.

26. Khan A, Huynh TMT, Vandeplas G, Joish VN, Mannent LP,
Tomassen P, et al. The GALEN rhinosinusitis cohort: chronic
rhinosinusitis with nasal polyps affects health-related quality of life.
Rhinology. 2019;57(5):343–51.

27. Stammberger H, Posawetz W. Functional endoscopic sinus surgery.
Concept, indications and results of the Messerklinger technique.
Eur Arch Otorhinolaryngol. 1990;247(2):63–76.

28. Al-QudahM. The relationship between anatomical variations of the
sino-nasal region and chronic sinusitis extension in children. Int J
Pediatr Otorhinolaryngol. 2008;72(6):817–21.

29. Kim HJ, Jung Cho M, Lee JW, Tae Kim Y, Kahng H, Sung Kim H,
et al. The relationship between anatomic variations of paranasal
sinuses and chronic sinusitis in children. Acta Otolaryngol.
2006;126(10):1067–72.

30. Haruna S, Sawada K, Nakajima T, Moriyama H. Relationship be-
tween pediatric sinusitis and middle turbinate pneumatization–
ethmoidal sinus pyocele thought to be caused by middle turbinate
pneumatization. Int J Pediatr Otorhinolaryngol. 2005;69(3):375–9.

31. Badr DT, Gaffin JM, Phipatanakul W. Pediatric rhinosinusitis. Curr
Treat Options Allergy. 2016;3(3):268–81.

32. Schleimer RP. Immunopathogenesis of chronic rhinosinusitis and
nasal polyposis. Annu Rev Pathol. 2017;12:331–57.

33. Barham HP, Osborn JL, Snidvongs K, Mrad N, Sacks R, Harvey
RJ. Remodeling changes of the upper airway with chronic
rhinosinusitis. Int Forum Allergy Rhinol. 2015;5(7):565–72.

34. Coffinet L, Chan KH, Abzug MJ, Simoes EAF, Cool C, Liu AH.
Immunopathology of chronic rhinosinusitis in young children. J
Pediatr. 2009;154(5):754–8.

35. Hamizan AW, Loftus PA, Alvarado R, Ho J, Kalish L, Sacks R,
et al. Allergic phenotype of chronic rhinosinusitis based on radio-
logic pattern of disease. Laryngoscope. 2018;128(9):2015–21.

36. Tantimongkolsuk C, Pornrattanarungsee S, Chiewvit P,
Visitsunthorn N, Ungkanont K, Vichyanond P. Pediatric sinusitis:
symptom profiles with associated atopic conditions. J Med Assoc
Thail. 2005;88(Suppl 8):S149–55.

37.•• Anamika A, Chakravarti A, Kumar R. Atopy and quality of life in
pediatric chronic rhinosinusitis. Am J Rhinol Allergy. 2019;33(5):
586–90 An experiment which assessed the impact of atopic sta-
tus on disease severity and quality of life in 110 pediatric pa-
tients with chronic rhinosinusitis.

38. Leo G, Piacentini E, Incorvaia C, Consonni D, Frati F. Chronic
rhinosinusit is and allergy. Pediatr Allergy Immunol.
2007;18(Suppl 18):19–21.

39. Sedaghat AR, Phipatanakul W, CunninghamMJ. Prevalence of and
associations with allergic rhinitis in children with chronic
rhinosinusitis. Int J Pediatr Otorhinolaryngol. 2014;78(2):343–7.

40. Iwens P, Clement PA. Sinusitis in allergic patients. Rhinology.
1994;32(2):65–7.

41. Bonfils P, Avan P, Malinvaud D. Influence of allergy on the symp-
toms and treatment of nasal polyposis. Acta Otolaryngol.
2006;126(8):839–44.

42. Davila I, Rondon C, Navarro A, Anton E, Colas C, Dordal MT,
et al. Aeroallergen sensitization influences quality of life and co-
morbidities in patients with nasal polyposis. Am J Rhinol Allergy.
2012;26(5):e126–31.

Curr Allergy Asthma Rep (2020) 20: 29 Page 9 of 11 29



43. Munoz del Castillo F, Jurado-Ramos A, Fernandez-Conde BL,
Soler R, Barasona MJ, Cantillo E, et al. Allergenic profile of nasal
polyposis. J Investig Allergol Clin Immunol. 2009;19(2):110–6.

44. Nayan S, Alizadehfar R, Desrosiers M. Humoral primary immuno-
deficiencies in chronic rhinosinusitis. Curr Allergy Asthma Rep.
2015;15(8):46.

45. Baek JH, Seo HK, Jee HM, Shin YH, Han MY, Oh ES, et al.
Antibody response to pneumococcal vaccination in children with
chronic or recurrent rhinosinusitis. Korean J Pediatr. 2013;56(7):
286–90.

46. Shapiro GG, Virant FS, Furukawa CT, Pierson WE, Bierman CW.
Immunologic defects in patients with refractory sinusitis. Pediatrics.
1991;87(3):311–6.

47. Vanlerberghe L, Joniau S, Jorissen M. The prevalence of humoral
immunodeficiency in refractory rhinosinusitis: a retrospective anal-
ysis. B-ENT. 2006;2(4):161–6.

48. Ramesh S, Brodsky L, Afshani E, Pizzuto M, Ishman M, Helm J,
et al. Open trial of intravenous immune serum globulin for chronic
sinusitis in children. Ann Allergy Asthma Immunol. 1997;79(2):
119–24.

49. Oomen KP, April MM. Sinonasal manifestations in cystic fibrosis.
Int J Otolaryngol. 2012;2012:789572.

50. Farrell PM, Rosenstein BJ, White TB, Accurso FJ, Castellani C,
Cutting GR, et al. Guidelines for diagnosis of cystic fibrosis in
newborns through older adults: Cystic Fibrosis Foundation consen-
sus report. J Pediatr. 2008;153(2):S4–S14.

51. Fretzayas A, Moustaki M. Clinical spectrum of primary ciliary dys-
kinesia in childhood. World J Clin Pediatr. 2016;5(1):57–62.

52. Mener DJ, Lin SY, Ishman SL, Boss EF. Treatment and outcomes
of chronic rhinosinusitis in children with primary ciliary dyskinesia:
where is the evidence? A qualitative systematic review. Int Forum
Allergy Rhinol. 2013;3(12):986–91.

53. Lobo J, Zariwala MA, Noone PG. Primary ciliary dyskinesia.
Semin Respir Crit Care Med. 2015;36(2):169–79.

54. Poachanukoon O, Nanthapisal S, Chaumrattanakul U. Pediatric
acute and chronic rhinosinusitis: comparison of clinical character-
istics and outcome of treatment. Asian Pac J Allergy Immunol.
2012;30(2):146–51.

55. Mullol J, Marino-Sanchez F, Valls M, Alobid I, Marin C. The sense
of smell in chronic rhinosinusitis. J Allergy Clin Immunol.
2020;145(3):773–6. https://doi.org/10.1016/j.jaci.2020.01.024.

56. Ferguson BJ, Narita M, Yu VL, Wagener MM, Gwaltney JM Jr.
Prospective observational study of chronic rhinosinusitis: environ-
mental triggers and antibiotic implications. Clin Infect Dis.
2012;54(1):62–8.

57. Tomassen P, Newson RB, Hoffmans R, Lotvall J, Cardell LO,
Gunnbjornsdottir M, et al. Reliability of EP3OS symptom criteria
and nasal endoscopy in the assessment of chronic rhinosinusitis–a
GA(2) LEN study. Allergy. 2011;66(4):556–61.

58. Leo G, Triulzi F, Incorvaia C. Sinus imaging for diagnosis of chron-
ic rhinosinusitis in children. Curr Allergy Asthma Rep. 2012;12(2):
136–43.

59. Orlandi RR, Kingdom TT, Hwang PH, Smith TL, Alt JA, Baroody
FM, et al. International consensus statement on allergy and
rhinology: rhinosinusitis. Int Forum Allergy Rhinol. 2016;6(Suppl
1):S22–209.

60. Sabino HA, Valera FC, Aragon DC, Fantucci MZ, Titoneli CC,
Martinez R, et al. Amoxicillin-clavulanate for patients with acute
exacerbation of chronic rhinosinusitis: a prospective, double-
blinded, placebo-controlled trial. Int Forum Allergy Rhinol.
2017;7(2):135–42.

61. Otten HW, Antvelink JB, Ruyter de Wildt H, Rietema SJ,
Siemelink RJ, Hordijk GJ. Is antibiotic treatment of chronic sinus-
itis effective in children? Clin Otolaryngol Allied Sci. 1994;19(3):
215–7.

62. Adappa ND, Coticchia JM. Management of refractory chronic
rhinosinusitis in children. Am J Otolaryngol. 2006;27(6):384–9.

63.•• Seresirikachorn K, Suwanparin N, Srisunthornphanich C,
Chitsuthipakorn W, Kan-janawasee D, Snidvongs K. Factors of
success of low-dose macrolides in chronic sinusitis: systematic
review and meta-analysis. Laryngoscope. 2019;129(7):1510–9 A
systematic review of the effects of long-term low-dose
macrolides in treating patients with chronic rhinosinusitis.
The group included 10 randomized controlled trials with a
total of 608 participants including both nasal polyps and with-
out nasal polyps. Meta-analyses for all symptoms were per-
formed. Factors of success were assessed.

64. Iino Y, Sasaki Y, Miyazawa T, Kodera K. Nasopharyngeal flora and
drug susceptibility in children with macrolide therapy.
Laryngoscope. 2003;113(10):1780–5.

65. Shin YH, Kim HS, Lee EK, Kim YJ, Lee HS, Jang PS, et al.
Eosinophil-related markers and total immunoglobulin E as a pre-
dictive marker for antibiotic response in chronic rhinosinusitis. Ann
Saudi Med. 2015;35(4):312–7.

66. Van Zele T, Gevaert P, Holtappels G, Beule A, Wormald PJ, Mayr
S, et al. Oral steroids and doxycycline: two different approaches to
treat nasal polyps. J Allergy Clin Immunol. 2010;125(5):1069–76
e4.

67. Snidvongs K, Kalish L, Sacks R, Sivasubramaniam R, Cope D,
Harvey R. Sinus surgery and delivery method influence the effec-
tiveness of topical corticosteroid for chronic rhinosinusitis; system-
atic review and meta-analysis. Am J Rhinol Allergy. 2013;27(3):
221–33.

68. Snidvongs K, Thanaviratananich S. Update on intranasal medica-
tions in rhinosinusitis. Curr Allergy Asthma Rep. 2017;17(7):47.

69. Chur V, Small CB, Stryszak P, Teper A. Safety of mometasone
furoate nasal spray in the treatment of nasal polyps in children.
Pediatr Allergy Immunol. 2013;24(1):33–8.

70. Ozturk F, Bakirtas A, Ileri F, Turktas I. Efficacy and tolerability of
systemic methylprednisolone in children and adolescents with
chronic rhinosinusitis: a double-blind, placebo-controlled random-
ized trial. J Allergy Clin Immunol. 2011;128(2):348–52.

71. Hox V, Lourijsen E, Jordens A, Aasbjerg K, Agache I, Alobid I,
et al. Benefits and harm of systemic steroids for short- and long-
term use in rhinitis and rhinosinusitis: an EAACI position paper.
Clin Transl Allergy. 2020;10:1.

72. TaccarielloM, Parikh A, DarbyY, Scadding G. Nasal douching as a
valuable adjunct in the management of chronic rhinosinusitis.
Rhinology. 1999;37(1):29–32.

73. Shoseyov D, Bibi H, Shai P, Shoseyov N, Shazberg G, Hurvitz H.
Treatment with hypertonic saline versus normal saline nasal wash
of pediatric chronic sinusitis. J Allergy Clin Immunol. 1998;101(5):
602–5.

74. Cho HJ, Min HJ, Chung HJ, Park DY, Seong SY, Yoon JH, et al.
Improved outcomes after low-concentration hypochlorous acid na-
sal irrigation in pediatric chronic sinusitis. Laryngoscope.
2016;126(4):791–5.

75. Wei JL, Sykes KJ, Johnson P, He J, Mayo MS. Safety and efficacy
of once-daily nasal irrigation for the treatment of pediatric chronic
rhinosinusitis. Laryngoscope. 2011;121(9):1989–2000.

76. Bettadahalli V, Chakravarti A. Post-adenoidectomy quality of life in
children with refractory chronic rhinosinusitis. J Laryngol Otol.
2017;131(9):773–8.

77. Brietzke SE, Brigger MT. Adenoidectomy outcomes in pediatric
rhinosinusitis: a meta-analysis. Int J Pediatr Otorhinolaryngol.
2008;72(10):1541–5.

78. Ramadan HH, Tiu J. Failures of adenoidectomy for chronic
rhinosinusitis in children: for whom and when do they fail?
Laryngoscope. 2007;117(6):1080–3.

Curr Allergy Asthma Rep (2020) 20: 29Page 10 of 1129

https://doi.org/10.1016/j.jaci.2020.01.024


79. Ramadan HH, Cost JL. Outcome of adenoidectomy versus
adenoidectomy with maxillary sinus wash for chronic
rhinosinusitis in children. Laryngoscope. 2008;118(5):871–3.

80. Snidvongs K, Chin D, Sacks R, Earls P, Harvey R. Eosinophilic
rhinosinusitis is not a disease of ostiomeatal occlusion.
Laryngoscope. 2013;123(5):1070–4.

81.• Soler ZM, Jones R, Le P, Rudmik L, Mattos JL, Nguyen SA, et al.
Sino-nasal outcome test-22 outcomes after sinus surgery: a system-
atic review and meta-analysis. Laryngoscope. 2018;128(3):581–92
A systematic review of the improvement in Sino-nasal Outcome
Test-22 in patients with chronic rhinosinusitis after endoscopic
sinus surgery. The group included 40 published cohorts. Meta-
analyses for all symptoms were performed. The impacts of pa-
tient factors were assessed.

82. Lusk RP, Bothwell MR, Piccirillo J. Long-term follow-up for chil-
dren treated with surgical intervention for chronic rhinosinusitis.
Laryngoscope. 2006;116(12):2099–107.

83. Ramadan HH. Adenoidectomy vs endoscopic sinus surgery for the
treatment of pediatric sinusitis. Arch Otolaryngol Head Neck Surg.
1999;125(11):1208–11.

84. Vlastarakos PV, Fetta M, Segas JV, Maragoudakis P, Nikolopoulos
TP. Functional endoscopic sinus surgery improves sinus-related
symptoms and quality of life in children with chronic rhinosinusitis:
a systematic analysis and meta-analysis of published interventional
studies. Clin Pediatr (Phila). 2013;52(12):1091–7.

85. Hebert RL 2nd, Bent JP 3rd.Meta-analysis of outcomes of pediatric
functional endoscopic sinus surgery. Laryngoscope. 1998;108(6):
796–9.

86. Bothwell MR, Piccirillo JF, Lusk RP, Ridenour BD. Long-term
outcome of facial growth after functional endoscopic sinus surgery.
Otolaryngol Head Neck Surg. 2002;126(6):628–34.

87. Gevaert P, Van Bruaene N, Cattaert T, Van Steen K, Van Zele T,
Acke F et al. Mepolizumab, a humanized anti-IL-5 mAb, as a

treatment option for severe nasal polyposis. J Allergy Clin
Immunol. 2011;128(5):989–95 e1–8.

88. Pinto JM, Mehta N, DiTineo M, Wang J, Baroody FM, Naclerio
RM. A randomized, double-blind, placebo-controlled trial of anti-
IgE for chronic rhinosinusitis. Rhinology. 2010;48(3):318–24.

89. Bachert C, Han JK, Desrosiers M, Hellings PW, Amin N, Lee SE,
et al. Efficacy and safety of dupilumab in patients with severe
chronic rhinosinusitis with nasal polyps (LIBERTY NP SINUS-
24 and LIBERTY NP SINUS-52): results from two multicentre,
randomised, double-blind, placebo-controlled, parallel-group phase
3 trials. Lancet. 2019;394(10209):1638–50.

90. Bachert C, Sousa AR, Lund VJ, Scadding GK, Gevaert P, Nasser S,
et al. Reduced need for surgery in severe nasal polyposis with
mepolizumab: randomized trial. J Allergy Clin Immunol.
2017;140(4):1024–31 e14.

91. Gevaert P, Omachi TA, Corren J, Mullol J, Han J, Lee SE. Efficacy
and safety of omalizumab in patients with chronic rhinosinusitis
with nasal polyps: results from two, multicenter, randomized, dou-
ble-blind, placebo-controlled phase III trials (POLYP 1 and POLYP
2). The Journal of allergy and clinical immunology. 2020;[Epub
ahead of Print].

92. Wongsa C, Sompornrattanaphan M, Tantilipikorn P, Thongngarm
T. Clinical characteristics and aspirin desensitization in Thai pa-
tients with a suggestive history of NSAID-exacerbated respiratory
disease. Asian Pac J Allergy Immunol. 2019. doi:https://doi.org/10.
12932/AP-150619-0583.

93. Kowalski ML, Agache I, Bavbek S, Bakirtas A, Blanca M,
Bochenek G, et al. Diagnosis and management of NSAID-
exacerbated respiratory disease (N-ERD)-a EAACI position paper.
Allergy. 2019;74(1):28–39.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Curr Allergy Asthma Rep (2020) 20: 29 Page 11 of 11 29

https://doi.org/10.12932/AP-150619-0583
https://doi.org/10.12932/AP-150619-0583

	Pediatric Versus Adult Chronic Rhinosinusitis
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Recent findings
	Differences in the Anatomy of the Upper Airway
	Development of the Paranasal Sinuses
	Role of Adenoids in Rhinosinusitis

	Epidemiology
	Causes and Mechanisms of Action
	The Ostiomeatal Complex Occlusion
	Underlying Inflammatory Mechanisms
	Allergic Rhinitis
	Immunodeficiency
	Cystic Fibrosis
	Primary Ciliary Dyskinesia

	Clinical Presentations and Diagnosis
	Management of Rhinosinusitis
	Antibiotics
	Corticosteroids
	Nasal Saline Treatment
	Adenoidectomy
	Endoscopic Sinus Surgery
	Other Therapies


	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



