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Introduction

Sinonasal pathology is common in children yet, has a unique 
pathology, symptomatology, management considerations 
and implications when compared to sinonasal disease 
in adults. Surgery and medical therapy in children with 
sinonasal pathology is controversial and is less standardised 
when compared to that in adults. A consensus on the 
indications for sinonasal surgery in children is also lacking. 
Ear, nose and throat surgeons are often reluctant to perform 
procedures such as septoplasty, turbinate or endoscopic sinus 

surgery in children (1). This reluctance stems from a concern 
that sinonasal surgery in children will negatively impact 
facial growth and also the difficulties of post-operative care 
in children. The following article is presented in accordance 
with the narrative review reporting checklist (available at 
https://dx.doi.org/10.21037/ajo-21-16).

Objectives

This paper aims to explore and present the developmental, 
anthropometric, anatomical and pathophysiological 
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differences between adult and paediatric sinonasal anatomy, 
physiology and pathology. The role of effective and safe 
surgical treatment of these disorders in children will then 
be presented with key considerations and recommendations 
highlighted. 

Methods

A structured literature search was performed using Medline, 
PubMed and Embase from inception to June 20, 2021. 
The search was restricted to English language articles only 
and search terms related to topics of paediatric sinonasal 
pathology, anatomy pathophysiology and surgery were 
identified and queried to identify relevant articles. The 
following terms were used ‘pediatrics’, ‘cephalometry’, 
‘craniofacial morphology’, ‘craniofacial abnormalities’, 
‘nasal obstruction’, ‘septoplasty’, ‘rhinosinusitis’, ‘inferior 
turbinate’ and ‘endoscopic sinus surgery’. Articles were 
reviewed for inclusion by the author and references of 
relevant articles were then hand-searched to identify 
additional manuscripts. Relevant websites were also 
included.

Results

A total of 1,701 papers were initially identified and 1,531 
papers were excluded due to lack of relevance or duplication. 
Thirty-six other papers that were relevant to the topic 
were identified from a hand search of the references. Six 
other references were discovered from websites, one from a 
clinical trials registry and two from book chapters relevant 
to the topic. One reference found during the hand-search of 
the references was translated from French by the author.

The importance of nasal breathing on respiration

The nose contributes more than 50% of the total resistance 
of the upper airway and is the physiologic route of 
respiration during sleep as it is more efficient than mouth 
breathing (2). Nasal resistance is higher in children than 
in adults and demonstrates growth-dependent changes up 
to the age of 19 years (3). In fact, the nasal resistance in a 
7-year-old child is double that of an adult (3). 

Nasal airflow stimulates respiration and improves upper 
airway dilatory muscle tone via the nasal-ventilatory reflex 
(4,5). Evidence for this reflex is supported by studies that 
demonstrated an increase in contralateral thorax amplitudes 
with unilateral nasal obstruction and ipsilateral thorax 

expansion when air was blown into one nostril (6,7). Another 
prospective controlled study found that stimulation of the 
middle meatal mucosa in healthy volunteers results in a 
reduction in forced expiratory volume in the first second 
(FEV1) and an increase in total pulmonary resistance (8). This 
effect disappeared when the mucosa was anaesthetised (8).  
Further, nasal airflow also stimulates the trigemino-
hypoglossal reflex. Changes in nasal intraluminal pressure 
and airflow will stimulate afferent signals from nasal 
mucosal trigeminal mechanoreceptors to the medulla and 
then to the genioglossus muscle via the hypoglossal motor 
neuron, resulting in tongue protrusion and improved 
airway patency (9-12). This reflex may explain the finding 
of increased upper airway collapsibility when the nasal 
mucosa is anaesthetised (13). Therefore, dynamic changes 
in the cross-sectional area of the nose will alter airflow 
velocity, resulting in the altered stimulation of airway 
mechanoreceptors and downstream modulation of the 
downstream collapsible pharyngeal segment of the upper 
airway (2). Further, a change from laminar flow to turbulent 
flow in the nose (for example with inferior turbinate 
hypertrophy or nasal septal deviation) will dehydrate nasal 
mechanoreceptors and negatively impact their function (2). 

The impact of prolonged nasal obstruction in 
children

Experimental studies in young Rhesus monkeys have 
demonstrated significant craniofacial and neuromuscular 
changes secondary to artificially-induced nasal obstruction 
(14-16). Nasal airflow is a stimulus for lateral maxillary 
growth and lowering of the palatal vault (17). Many human 
observational studies have also noted the craniofacial 
impacts of prolonged mouth breathing/nasal obstruction 
in children including increased upper and lower anterior 
facial height, mandibular and maxillary retrognathia, more 
proclined maxillary incisors, increased palatal height, a 
narrow, V-shaped maxillary arch, increased soft palate 
length and thickness and more cross bites (17-19). In fact, 
in a study assessing the impact of adenoid hypertrophy on 
facial morphology, it was found that the more severe nasal 
obstruction resulted in the most divergent cephalometric 
measures (20). 

These craniofacial changes may also predispose a child 
to sleep disordered breathing in adulthood (21). Nasal 
obstruction is also an independent contributor to sleep 
disorders such as obstructive sleep apnoea syndrome (22). 
Chronic mouth breathing in children causes a downward 
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and posterior movement of the mandible and hyoid bone 
which results in an inferior and posterior location of the 
genioglossus muscle further narrowing of the upper airway 
(2,19,23). In children, the impact of sleep disordered 
breathing cannot be underestimated as “untreated chronic 
sleep disorders may lead to impaired brain development, 
neuronal damage and permanent loss of developmental 
potentials” (24). Sleep disordered breathing in children 
has also been associated with impaired psychomotor and 
cognitive performance, daytime somnolence, enuresis and 
hyperactivity (25,26). This may be due to the impact of 
sleep disordered breathing during periods of critical brain 
development where the sleep needs are greatest and the 
fact that paediatric neuronal circuits are primed to acquire 
and respond to information yet, they more susceptible to 
injury (27-29). However, unlike adults, the upper airway 
in children is more mechanically stable, particularly at 
the level of the tongue and velopharynx (23). This is due 
to the more superiorly located hyoid bone and improved 
mechanical efficiency of the genioglossus muscle’s protrusor 
activity (23). This explains the extended neck position 
adopted by many children with sleep disordered breathing 
in an attempt to elevate the hyoid bone and increase the 
retrolingual airway space (23). Other consequences of 
craniofacial immaturity favouring a more stable upper 
airway in children include reduced nasomaxillary height, 
a shorter vertical height of the pharynx, a more obliquely 
oriented pharynx, shorter tongue height and a reduced 
angle formed by the posterior border of the mandible, angle 

of the mandible (gonion) and the most inferior point of the 
chin (gnathion) (23). This upper airway mechanical stability 
explains why relief of nasal obstruction in children can 
actually cure their sleep-disordered breathing, in contrast 
to adults in whom relief of nasal obstruction rarely cures 
significant sleep-disordered breathing (23). Prolonged nasal 
obstruction in children has also been found to be associated 
with an increased incidence of respiratory tract infections 
including bronchitis and sinusitis (30).

Paediatric sinonasal anatomy

Children’s noses are less projected, shorter and more 
cartilaginous when compared to adults (31). Compared to 
adults, children have a larger nasolabial angle, shorter nasal 
dorsum, a flatter tip with a shorter columella (Figure 1) (32).  
Children also have wider and more rounded nares (3).  
Whilst the nose continues to grow into older age, nasal 
and midfacial maturation (defined as the steepest descent 
in growth velocity) is complete by the age of 14–20 years 
in females and 16–25 years in males (33,34). The maximum 
growth velocity of the Caucasian nose is between 8–13 
years (35). Nasal and facial growth velocities in children 
also relate to body height velocity (36). An anthropometric 
study of 280 people noted the following anthropometric 
milestones:
 Nasal height and bridge length reaches maturity at the 

age of 15 years in males and 12 years in females (37).
 The nasal dorsum and anterior to posterior depth 

Figure 1 Facial profile of a 7-year-old child and his 48-year-old father demonstrating the different facial proportions. The child has a larger 
nasolabial angle and the nose is less projected. This image is published with the patient/participants’ consent.
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reaches maturity at 14 years in males and 12 years 
in females (37).

 Nasal tip protrusion reaches maturity at 15 years in 
males and 13 years in females (37).

Nasal septum

Between 37% and 57% of neonates are born with some 
form of septal deformity (38). The nasal septum is 
cartilaginous at birth, progressively ossifies over time and 
continues to grow until up to 36 years of age, particularly 
in the central section and the anterior free end (31,39,40). 
As the paediatric septum is predominantly cartilaginous, 
children are more prone to greenstick and avulsion 
fractures, and also septal haematomas, following mild 
trauma which can also more easily result in splaying and 
disarticulation of the nasal bones (31,41,42). The septum 
undergoes a rapid growth phase immediately after birth 
until 2 years of age where the cartilaginous septum reaches 
adult dimensions (39). Subsequent septal growth decelerates 
and is predominantly bony (39). Continued septal growth 
beyond the growth period of the surrounding facial skeleton 
may contribute the greater magnitudes of septal deviation 
in adults (43). The bony septum comprises the vomer 
and the perpendicular plate of the ethmoid bone. The 
perpendicular plate undergoes endochondral ossification 
and the vomer undergoes intramembranous ossification (39).  
Endochondra l  os s i f i ca t ion  i s  much  s lower  than 
intramembranous ossification therefore, much of the bony 
growth of the septum into adulthood is due to growth of 

the perpendicular plate of the ethmoid bone (39,44). The 
junction of the perpendicular plate of the ethmoid bone and 
cartilaginous septum is a key growth zone for the length 
and height of the septum and nasal dorsum (32). However, 
the junction of the cartilaginous septum and vomer is not a 
key area for nasal growth (32). The nasal septum contains 
two thicker areas corresponding to growth zones: the 
sphenodorsal and sphenospinal zones (Figure 2) (32). The 
sphenodorsal zone controls development of the length and 
height of the nasal dorsum and the sphenospinal zone is 
responsible for the forward projection of the premaxilla and 
maxilla and sagittal growth of the septum (39). A saddle-
nose deformity will result from injury to the sphenodorsal 
zone (Figure 3) and injury to the sphenospinal zone will 
result in impaired growth of the premaxilla and midface (45). 
Unlike in adults, septal cartilage regeneration after injury is 
possible in children, yet requires intact perichondrium (46).

The anterior septospinal ligament anchors the septum to 
the premaxilla in the midline and contributes to outgrowth 
of the nasal dorsum by placing tension on the premaxillary 
suture inducing an osteogenic response (32,47,48). This 
process is known as the nasal septal traction model (49). 
Early fusion of the premaxillary suture results in an increase 
in anterior nasal spine development and septal deviations 
possibly due to the loss of the impact of ligamentous tension 
on the premaxillary suture (49,50). A deviated septum has 
been found to be associated with an anterior displacement 
of the inferior aspect of the anterior sphenoid body 
(corresponding to the sphenoethmoidal synchondrosis, 
a key growth centre) and also with a dorsal rotation of 

Figure 2 Schematic representation of the neonatal septum 
demonstrating the sphenospinal (2) and sphenodorsal (3) zones. 
Ventrocentral area of thinner cartilage (1), sphenoid (4), anterior 
nasal spine (5), vomer anlage (6). Reproduced with permission: 
Verwoerd et al. (32).

Figure 3 Saddle nose deformity from nasal trauma 2 years prior in 
a 15-year-old male.
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the midline skull base (43). It is therefore, imperative to 
preserve the septospinal ligament when performing septal 
surgery in children.

Inferior turbinates

The inferior turbinates develop from the maxilla and lateral 
cartilaginous capsule on the lateral nasal wall, whereas 
the middle and superior turbinates develop from the 
ethmoid bone on the roof of the nasal cavity and septal 
wall, becoming more lateral during development (51). The 
inferior turbinate has its own ossification centre and ossifies 
during the fifth embryonic month (52,53). Therefore, 
surgery on the inferior turbinate does not impact the 
development of other facial bones. 

Paranasal sinuses

The paranasal sinuses in children continue to develop 
until early adulthood and reach maturity at different 
rates (51). Pathologic processes that occur during 
these developmental stages can impact paranasal sinus 
development (54). Whilst paranasal sinus development 
begins in the second to third month of gestation, only 
the maxillary and ethmoid sinuses are present on imaging 
at birth (54-56). However, these sinuses may not be 
aerated at birth (57). The maxillary sinuses undergo a 
biphasic pneumatization process commencing with rapid 
pneumatization between the ages of 12 months and  
4 years and the second phase coinciding with the descent 
of permanent dentition between the ages of 7–12 years 
(54,58,59). The floor of the maxillary sinus remains 
above the level of the nasal cavity floor until the age of  
10–14 years (54,59). Thus, developing teeth can be injured 
during any maxillary sinus procedure performed prior to 
this age without appropriate caution. 

The ethmoid sinuses develop from the cartilaginous 
olfactory capsule and are phylogenetically, anatomically, 
embryologically and functionally distinct from the other 
paranasal sinuses which develop beyond the confines of the 
olfactory capsule (59). Essentially, the size of the ethmoid 
sinus is constrained, whereas the remaining sinuses develop 
to a highly variable extent (59). Ultimately, the ethmoid 
sinuses comprise a system of between 6–16 air cells per  
side (59). The ethmoid sinuses are composed of distinctly 
thin-walled lamellae compared to the remaining sinuses 
that may contain more rigid and robust septations, not 
lamellae (59). This permits migration of ethmoid cells 

into surrounding bones or sinuses, resulting in a complex 
labyrinth-like structure occupying all available space (59). 
The ethmoid sinus cells can impact the ventilation and 
drainage of all the other sinuses. 

The sphenoid sinuses commence pneumatisation 
between 1 and 3 years of age and are not really appreciable 
before the age of 3 years (56,58).  Sphenoid sinus 
pneumatisation continues into the teenage years and may 
continue into adulthood (58). The sphenoid sinus does not 
become clinically relevant until the age of 10 years (58). As 
the posterior ethmoid sinus commenced pneumatisation 
earlier, it can grow above the sphenoid sinus, forming an 
Onodi cell (58).

The frontal sinuses only start to significantly pneumatise 
by the age of 4–8 years reaching adult size by 12 years 
or older (56,58,60). Frontal sinus pneumatisation results 
in a significant change in facial features during puberty. 
The frontal sinuses pneumatise into the frontal bone 
and therefore, increase the size of the skull base (51,59). 
This growth supports the palate which is growing to 
accommodate the increasing number of teeth as permanent 
dentition develops (51). Clinically, frontal sinusitis is 
unlikely prior to the age of 4 years (58). Further, frontal 
trephination should not be performed until the frontal sinus 
has pneumatised over the orbital plate or further to avoid 
intracranial penetration.

Adenoids

Adenoiditis is also a contributor to paediatric chronic 
rhinosinusitis (PCRS) (61,62). The adenoids grow until the 
age of 5–7 years and start to involute by the age of 12 years 
and therefore, are less likely to be a contributing feature in 
CRS in older children (63). The nasopharynx has a distinct 
microbiota and a greater bacterial diversity compared to the 
nasal cavity suggesting they are two distinct ecological sites 
despite being in anatomic continuity (64). Large adenoids 
contribute to sinus disease by serving as a bottleneck for the 
drainage of sinus secretions and also adenoids of any size 
may serve as a bacterial biofilm reservoir as the bacterial 
isolation rate from the adenoids increases in association with 
rhinosinusitis severity but not with adenoid size (65-68).  
Children with PCRS are more likely to have adenoid 
biofilms than those with obstructive sleep apnoea (68,69). 
Adenoid hypertrophy is also associated with divergent 
cephalometric measures and adenoidectomy prior to the age 
of 6 years has been recommended in children with adenoid 
hypertrophy to have the greatest impact on aberrant 
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craniofacial growth (20,23).

Chronic rhinosinusitis in children

Rhinosinusitis is prevalent in children yet, is poorly 
understood. Of the 3–8 annual viral upper respiratory tract 
infections experienced by children, up to 10% of these 
will progress to acute bacterial rhinosinusitis (70-74). The 
overall prevalence of PCRS is up to 8% and this tends to 
reduce between the ages of 7–9 years (75,76). However, it is 
difficult to obtain accurate prevalence data on PCRS due to 
the difficulty in examining and obtaining accurate histories 
from children, physicians’ reluctance to perform imaging in 
children (due to concerns for radiation exposure and/or the 
need for sedation or general anaesthesia) and the frequent 
viral respiratory tract infections encountered by children 
that can mimic PCRS. Adenotonsillar hypertrophy may also 
cause symptoms similar to PCRS (77).

Paediatric rhinosinusitis is defined similarly to that in 
adults with the exchange of cough for olfactory dysfunction 
(see Symptoms below) (78). Paediatric CRS can significantly 
impact quality of life, concentration and academic 
performance (79).

Whilst PCRS with nasal polyposis is a distinct patient 
subgroup with a unique pathophysiology, the exact 
prevalence of PCRS with nasal polyposis is not known (77). 
Paediatric CRS with nasal polyps is less common than in 
adults yet, is present in up to 50% of children with PCRS 
undergoing sinus surgery (74,77,80). Paediatric CRS with 
polyps is uncommon in children under 10 years of age and is 
mostly found in children with allergic fungal sinusitis, cystic 
fibrosis or primary ciliary dyskinesia (77,81). Contributing 
factors in PCRS include familial risk, age, environmental 
exposures (cigarette smoking etc.), asthma and adenoiditis 
(61,62,82-85). The association of PCRS with atopy is 
controversial with many studies finding a prevalence similar 
to the general population and some reporting a high 
prevalence of atopy in PCRS (86-89). A retrospective review 
of 82 children with PCRS noted that central compartment 
atopic disease (CCAD), a variant of CRS strongly associated 
with atopy, was present in 38% (89-91). However, due to 
the heterogeneity in the definitions of PCRS and atopy, 
and varying geographic locations of the study populations, 
it cannot be determined whether atopy has any association 
with PCRS. 

Chronic rhinosinusitis in general has a more complex 
pathophysiology compared to acute rhinosinusitis and PCRS 
has a different pathogenesis to adult CRS (77,92,93). The 

histopathology, immunology, microbiology, developmental 
anatomy, the incidence of gastroesophageal reflux disease 
and the presence of adenoids all contribute to this difference. 
The sinonasal mucosa in CRS differs between adults and 
children (92-94). The mucosa in children with PCRS 
demonstrates a different inflammatory response: the mucosa 
has less basement membrane thickening, less morphologic 
injury, less mucus gland hypertrophy and hyperplasia, is 
more lymphocytic and less eosinophilic than adults with CRS 
(92,94). A retrospective review of 82 children with PCRS 
noted that the serum eosinophil count was not elevated 
in any of the children with nasal polyposis (89). However, 
CCAD has been found to be slightly higher in older 
children (mean age 16.1 years) with CRS compared to adults 
with CRS in a retrospective cross-sectional study (89,95). 
The mucosa of children with PCRS also demonstrates 
different inflammatory and immune mediator profiles 
when compared to adults (96). In particular, cytokines such 
as IL6, IL8, IL12A and several TNF factors, noted to be 
elevated in adults with CRS, were found to be significantly 
decreased in children with PCRS in a prospective controlled 
study using gene microarray analysis in 21 children aged 
from 2.5–18 years (96,97). Further, IL5, IL6 and IL8, 
known to be elevated in certain adults with CRS, were not 
found to be elevated in children with PCRS (96,97). This 
study also found an upregulation of inflammatory genes 
that encode proteins involved in both the innate and the 
adaptive immune systems (96). A retrospective review of 86 
children (aged 1–13 years) and 49 adults with recurrent sinus 
infections (>3 per year) noted that children were less likely to 
have humoral immunodeficiencies compared to adults (98). 
Older children with CRS tend to demonstrate what may 
represent a progression towards the adult histopathologic 
endotype and often demonstrate features common to  
both (94). This may be a reflection of a child’s developing 
immune system and sinuses and the involution of the 
adenoids among other factors. Another hypothesis is 
that the different inflammatory response in children with 
PCRS is due to a greater activation and/or dysregulation 
of the innate immune system and/or a shorter duration of 
inflammation (93). However, it must be considered that 
geographic variation may confound comparisons between 
adult and paediatric CRS (77). 

There is a discordance between microbial abundance 
determined by culture and that detected by 16s ribosomal 
ribonucleic acid (rRNA) gene sequencing (64). This may 
explain the inconsistencies reported between studies. 
However, both culture and 16S rRNA studies have found 
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that the microbiome in PCRS differs to that of adult CRS 
and that microbial diversity increases with age (64,99-101).  
This further supports the difference between PCRS and 
adult CRS. However, the flora of the middle meatus 
also differs between healthy children and adults and the 
microbiology in healthy children has been found to be 
similar to that of children with CRS (100,101). Certainly 
the microbiome in children differs between younger  
(4–12 years) and older (13–18 years) children (101). This 
may suggest that infection plays less of a role in PCRS.

The relationship between PCRS and gastroesophageal 
reflux disease (GORD) remains controversial, however, 
children do have a higher incidence of GORD than adults 
and up to 63% of children with CRS have been found to 
have GORD (102). Further, a prospective study reported 
an improvement in the symptoms of PCRS in children 
with GORD and PCRS who underwent treatment for  
GORD (102). Therefore, GORD should not be discounted 
in PCRS (64,103,104).

Overall, due to these differences, CRS in children under 
12 years of age often differs to that in children over 12 years 
of age (55,74,101).

Symptoms

Unlike adults, cough is one of the most significant 
symptoms in PCRS and rhinorrhoea is one of the 
strongest predictors of PCRS (75,105). The combination 
of rhinorrhoea plus halitosis, cough, facial pain and nasal 
obstruction results in a near 100% probability of PCRS (75). 
Sleep disordered breathing or halitosis may be other more 
common chief complaints in children with PCRS (77).

Investigations

Children who do not respond to initial medical therapy or 
who present with complications of PCRS should undergo 
further investigations and examination. These investigations 
may include nasendoscopy (in children who will tolerate it), 
pathology, imaging, olfactory testing and measurements of 
nasal airflow and patency. 

MRI scans may be indicated as an initial radiologic 
investigation (avoiding radiation) or in complicated sinus 
disease which has extended beyond the limits of the 
paranasal sinuses. However, MRI scans do not provide the 
detailed sinonasal bony anatomy and anatomic variants 
required prior to any sinus surgery. CT scans provide a 
high specificity and sensitivity for PCRS and are essential 

to assess sinonasal anatomy, extent of sinus development 
as well as the extent and severity of disease (74,106). Low 
radiation CT scans are available which expose children to 
doses as low as 0.1–0.2 mSv (107). Some in-office scanners 
provide CT scans with even lower doses (0.04–0.18 mSv) 
of radiation (108). These doses are comparatively low 
when compared to the annual radiation exposure due to 
background radiation of approximately 3.1 mSv (109). 
Whilst CT scans are a recommended aid to the diagnosis 
of PCRS, the radiation risks must be considered on an 
individual basis. It must also be noted that sinus disease 
has been found on CT scans in 18–45% of asymptomatic 
children undergoing scans for other indications (110-113).  
These findings must be interpreted with caution due to 
varying definitions of “abnormal” and many studies used 
non-validated scoring systems (110-112). The Lund-
Mackay system was designed for scoring adult sinus disease 
on CT scans. This validated system scores the disease per 
sinus (the anterior and posterior ethmoid sinuses are scored 
separately) plus the osteomeatal complex from 0–2 with a 
total score from 0–24 being awarded (114). A score of ≥5 
is considered indicative of CRS in adults (78). When this 
system was used and scaled using a correction factor for the 
number of sinuses present in an asymptomatic paediatric 
population, over 80% of children had sinus abnormalities 
on CT scan (115). However, the mean scaled score in these 
healthy patients was 2.81 suggesting a Lund-Mackay score 
of ≥4 is more likely to represent CRS in children (115). 
Another study found that a scaled Lund-Mackay score 
of ≥5 had a sensitivity of 86% and specificity of 85% for 
diagnosing PCRS (106). More recently, paediatric CT sinus 
staging system has been developed that considers both sinus 
opacification and the varying sinus developmental stages as 
a tool to predict which children may require surgery (116).  
However, this system did not demonstrate superiority to 
the Lund-Mackay system for distinguishing between disease 
severity (116). Finally, the maxillary and ethmoid sinuses 
are normally opacified at birth (57). These sinuses could 
be incorrectly diagnosed as abnormal if this fact is not 
considered.

Lateral airways x-rays to assess adenoid size are not 
recommended as adenoid size does not correlate with the 
adenoids functioning as a bacterial reservoir (65).

Pathology investigations may include a full blood count, 
vitamin D and IgE levels, biopsies, allergy testing and 
studies to exclude immunodeficiencies in certain children. 
Vitamin D3, a regulator of dendritic cell maturation and 
migration, has been found to be significantly lower in 
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90% of children with PCRS with polyps or allergic fungal 
sinusitis compared to healthy controls and children with 
PCRS without polyps (117). Vitamin D levels were also 
found to be lower in children with complications of acute 
rhinosinusitis (118). Vitamin D3 supplementation has been 
shown to reduce asthma-related hospitalisations and anti-
inflammatory requirements in asthmatic children (119). 
Vitamin D3 levels have also been found to be inversely 
associated with the frequency of upper respiratory tract 
infections in people aged 12 years or older (120). However, 
the role for vitamin D supplementation in children with 
PCRS remains unclear. 

Measures of nasal airflow and patency including peak 
nasal inspiratory flow, rhinomanometry and acoustic 
rhinometry are all possible in children with normative data 
available (3,121-125).

Patient reported outcome measures for children include 
the Sinus and Nasal Quality of Life Survey (SN-5 for 
children ≤5 years of age) (126). Or the Sinonasal Outcome 
Test (SNOT-22 for children >5 years of age).

Diseases such as atopy, cystic fibrosis, primary ciliary 
dyskinesia, allergic fungal sinusitis and immunodeficiencies 
(particularly IgA and IgG subclass deficiencies and an 
inadequate response to pneumococcal vaccination) should 
always be considered in children with PCRS, especially 
in those with nasal polyposis and/or a history of recurrent 
infections such as pneumonia (127,128). Allergic rhinitis is 
rare in children under 2–3 years of age (129-131). A nasal 
foreign body should be excluded in a child with unilateral 
symptoms. Asthma should also be investigated in children 
with PCRS as it is present in 18.1% of these children and 
40.7% in children with PCRS and allergic rhinitis (132). It 
is also important to assess the ears in children with PCRS 
as there is a high concurrence of chronic otitis media with 
effusion and PCRS, particularly in children with PCRS 
under the age of 3 years (127,133-136).

Treatment

Medical therapy is the mainstay of treatment for PCRS 
with surgery reserved for those resistant to medical therapy 
or for complications such as periorbital abscesses. Yet, 
what constitutes optimal medical therapy for PCRS is yet 
to be determined and most recommendations are based 
on the efficacy of adult therapies. Allergen avoidance 
should be initiated in all children with allergic rhinitis. 
Immunotherapy should be considered in children with 
persistent allergic rhinitis that does not respond to 

avoidance and medical therapy. Saline irrigations or sprays 
are safe and effective in children as is the long-term use 
of second-generation intranasal corticosteroid sprays in 
children over the age of 3 years (137-139). Combination 
intranasal second-generation steroid and antihistamine 
sprays have demonstrated safety in children over 6 years of 
age (unpublished data) (140).

The bacteriology of PCRS is controversial, however, 
antibiotics may also be indicated for exacerbations of 
chronic rhinosinusitis or for complications of PCRS (74). 
Antibiotics alone are rarely beneficial in the treatment 
of PCRS and most recommendations are based on data 
from acute paediatric sinusitis studies (141-143). A 
recent prospective study using rRNA gene sequencing 
of nasopharyngeal and nasal cavity samples detected no 
significant difference in microbial diversity or composition 
between children with PCRS versus controls (64). Further, 
the risk of development of antimicrobial resistant bacteria 
increases in children who have had recent treatment with 
antibiotics and in those who attend daycare (144). However, 
when indicated, antimicrobial therapy should include 
antibiotics effective against anaerobic and beta-lactamase 
producing bacteria (141). Amoxycillin-clavulanate, a 
cephalosporin or clindamycin (for anaerobes) should be 
considered as first-line oral antibiotics when indicated 
in immunocompetent children (141,142,145). There 
is no consensus on the duration of antibiotic therapy, 
however, 20 days has been shown to be superior to 10 days. 
Parental therapy is reserved for children with significant 
complications or comorbidities. There is limited evidence 
or consensus supporting the routine use of antibiotic 
nasal irrigations in children and therefore, they are 
not recommended (74,141,142). Post-operative use of 
antibiotics irrigations may be of benefit in specific paediatric 
populations (e.g., those with cystic fibrosis), however, 
research is lacking in this area.

Systemic corticosteroids are reserved for severe disease 
or for complications of PCRS. The use of other therapies 
such as antihistamines, leukotriene receptor antagonists 
or imidazolines for PCRS is not routinely recommended 
unless warranted for concomitant disease such as allergic 
rhinitis or asthma (78). The use of imidazolines in children 
can cause toxicity and overdose in rare instances with 
doses of more than 2.5 mL or 0.4 mg/kg (146,147). Whilst 
children with gastroesophageal reflux disease do have an 
increased risk of sinusitis, empiric treatment of undiagnosed 
gastroesophageal reflux disease or extra-oesophageal reflux 
disease in PCRS is not recommended (74,148).
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Surgical management

Surgery should be considered in children who fail medical 
management, for whom medical management is not an 
option or in those children with a significant complication 
of their disease.

Adenoidectomy

One meta-analysis of 9 moderate to good quality studies 
and a prospective interventional study of 60 children found 
that performing an adenoidectomy in children with PCRS 
improves quality of life and also improves the symptoms of 
PCRS (149,150). An adenoidectomy should be considered 
in any child with chronic rhinosinusitis to reduce the 
bacterial and biofilm load and has been recommended as 
a first line treatment for PCRS, particularly, in children 
under the age of 6 years (69,74,78). However, the success 
rates for adenoidectomy for PCRS vary from 50–92% and 
endoscopic sinus surgery has been found to result in greater 
symptom improvement versus adenoidectomy alone in 
these children (151,152).

Septoplasty

Septoplasty is commonly avoided in children due to 
concerns that septal surgery may negatively impact midfacial 
and nasal growth (153). This misconception stemmed from 
case reports and animal studies using aggressive septoplasty 
techniques (154,155). However, paediatric nasal septal 
surgery has been shown to significantly improve quality 
of life and to be effective and safe (31,156-161). In fact, 
adolescent growth can cause an exacerbation of deviated 
nasal structures if they are not addressed (162). If key areas 
or zones are respected, septal surgery does not impact facial 
growth (32,163). A recent systematic review included 8 
papers and found no major disturbances in facial growth 
after septoplasty in children (164). They also concluded 
that both the external and endonasal approaches did not 
impair facial growth (164). However, they found the level 
of evidence for recommendations was level C due to the 
lack of a standardised method to measure facial growth, 
inadequate durations of follow-up, high losses to follow-up, 
a failure to report details of surgical techniques and a failure 
to evaluate growth of the whole face rather than that of the 
nose alone (164). 

However, there is certainly enough evidence indicating 
the negative impact of nasal obstruction and nasal septal 

deviation on the nasal and midface growth and quality of 
life in children (18,158,165). Therefore, septoplasty should 
be considered when a septal deviation is contributing to 
nasal obstruction and when the benefits are determined to 
outweigh the risks. 

Timing of septal surgery in children 

Traditionally, it has been recommended to wait until a child 
is 5 or 6 years old or older before performing a septoplasty 
(157,166-168). However, a limited septoplasty using a 
unilateral mucoperichondrial flap in a 14-day-old child has 
been reported (169). The child, who had a severe anterior 
septal deviation, both obstructive sleep and awake apnoeas 
and cyanosis, demonstrated immediate resolution of the 
apnoeas post-operatively (169). Unfortunately, no long-
term outcomes were presented (169). However, no facial 
disproportions were noted in two long-term follow-up 
studies after closed reduction of septal deviations performed 
in over 65 children at birth (170,171). Unfortunately, these 
studies did suffer from significant drop-out rates (170). 
Interestingly, a controlled study with long-term follow-up 
comparing neonates with septal deviations who did and did 
not undergo correction of their deviation within 1 week of 
birth (172). They noted that the subluxed caudal septum 
tended to be straight in both groups at 8-year follow-up, yet 
children with a subluxed body of the septal cartilage rarely 
straightened over time (172). However, persistent deviations 
were noted at 3 years of age in another similar long-term 
follow-up study of neonates with septal deviations who did 
not undergo treatment (170). No comment was made as to 
the location of the deviations. Successful septal surgery has 
also been reported in children as young as 4.5 years of age 
and this author has performed septoplasty in a 3-year-old 
child with cystic fibrosis and severe obstructive sleep apnoea 
with no cosmetic impairment at 3-year follow-up and 
complete resolution of the sleep apnoea (158). Therefore, 
if a child has a significant septal deviation causing severe 
airway obstruction, a septoplasty or closed reduction 
should be considered at any age. However, based on the 
limited evidence available, if the airway obstruction is not 
severe, waiting until the child is 4–5 years of age would be 
recommended.

Key points in paediatric septal surgery:

 Uni- or bilateral elevation of the mucoperichondrium 
does not impact facial growth, however, the mucosa 
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of the nasal floor should not be elevated to prevent 
injury to the incisive nerves (32,173). 

 Avoid incisions through the sphenopinal and 
sphenodorsal zones of the septum (32).

 Avoid separating the cartilaginous septum from the 
perpendicular plate of the ethmoid bone (32). 

 There is a highly variable ossification of the skull base 
and septum in children and caution must be exercised 
when instrumenting the superior septum (32).

 The anterior edge of the perpendicular plate of 
the ethmoid bone is located intracranially in young 
children and becomes extracranial as they grow (32).

 Avoid resection of the anteroinferior portion of the 
septum to avoid injury to the septospinal ligament (173). 

 Avoid perforation by re-inserting autologous cartilage 
(173).

 Resecting the junction of the vomer and septal 
cartilage does not interfere with nasal or midface 
growth (32).

Inferior turbinate reduction

A randomised, double-blinded study found that inferior 
turbinate reduction using the medial flap technique provides 
the best long-term results when compared to tissue ablative 
techniques (174). Two retrospective cohort studies of 107 
children (1.2–17.9 years of age) and 227 children under  
10 years of age concluded that inferior turbinate surgery 
is safe and effective in children and does not impair facial 
growth with up to 7 years follow-up (175,176). Any 
child with inferior turbinate hypertrophy should also be 
investigated for allergic rhinitis (177). 

Balloon sinus catheterisation

Multiple prospective cohort studies have reported successful 
outcomes using balloon sinuplasty/catheterisation (BCS) 
in children with PCRS, often in combination with other 
procedures such as adenoidectomy (178-180). A systematic 
review also found BCS was effective and safe (181). 
However, the review was limited by the limited number 
of included studies and also as most of the studies were 
observational (181). A retrospective cohort blinded chart 
review and a blinded randomised controlled trial have not 
noted a difference between balloon sinuplasty and ESS 
or between balloon sinuplasty and adenoidectomy with 
maxillary sinus irrigation (182,183). Balloon dilatation is 
not without risks in the paediatric population due to the 

limited size of the nasal cavity and sinus ostia, the size of 
the balloons, the unique paediatric sinonasal anatomy and 
the radiation involved to confirm balloon placement. Due 
to these considerations, the conflicting results, the findings 
of a blinded randomised controlled trial, a lack of long-term 
outcomes and a lack of comparison data between balloon 
sinuplasty and ESS, balloon catheterisation in children with 
PCRS is not currently recommended.

Endoscopic sinus surgery

Further research into the indications and outcomes of 
endoscopic sinus surgery in children is required as many 
studies are retrospective, include small numbers, present 
poor quality data and rely on parental subjective reported 
outcomes. One retrospective chart review of 500 children 
aged 14 months to 16 years undergoing ESS describes 
exploring the frontal recess in all children with chronic 
or recurrent disease (184). The frontal sinuses do not 
commence pneumatisation before the age of 4–8 years and 
frontal sinus disease is rare in children under 4 years of 
age (56,58,60). Whilst detailed data regarding the age and 
number of the children specifically involved is not provided, 
the results of this study must be interpreted with caution. It 
is unfortunate that meta-analyses have included data from 
this study which may have caused significant bias due to 
the large number of patients involved (185,186). However, 
a systematic review that excluded the data from this study 
concluded that paediatric endoscopic sinus surgery was safe 
(with a complication rate of 1.4%), effective and resulted 
in long-term improvements in quality of life (187). A non-
randomised prospective study of 22 children with sinonasal 
disease undergoing either ESS or adenoidectomy found 
that ESS resulted in a significantly greater improvement in 
quality of life (188). Another non-randomised controlled 
prospective study noted that SNOT-22, Lund-Mackay 
and Lund-Kennedy scores improved after ESS in 132 
children with PCRS compared to 15 healthy controls (189).  
This study also found that the number of ciliated cells, 
ciliary beat frequency, cell viability and ciliary length 
were significantly higher 9 months after surgery than 
pre-operatively (189). Further, epithelial dystrophy and 
neutrophil infiltration were significantly reduced 12 months 
post-operatively (189). Interestingly, cilial function was noted 
to be severely impaired 0-3 months post-operatively (189).  
A prospective observational study of 39 children with 
PCRS with polyps (mean age 10.9 years) undergoing 
ESS demonstrated an improvement in quality of life after 
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surgery (190). Similarly, a retrospective questionnaire-based 
review of 115 children undergoing ESS for PCRS noted 
sustained improvements in symptoms and quality of life 
with a mean follow-up of 5.4 years (191).

Regarding the impact of ESS on facial growth, one 
retrospective age-matched cohort study of 67 children and 
one longitudinal review of 8 children found that ESS did not 
impair facial growth (192,193). A retrospective review of 11 
children undergoing endoscopic skull base surgery before 

the age of 7 and 33 patients who underwent surgery after 
this age also found no impact on midfacial growth (194).

Antral irrigation combined with adenoidectomy is 
a simple procedure that may be considered in children 
with minimal sinus disease (78). More extensive sinus 
surgery should be considered in children who fail 
adenoidectomy and antral washout, in children with more 
severe disease such as allergic fungal sinusitis (Figure 4), 
primary ciliary dyskinesia, cystic fibrosis (Figure 5) or 
immunodeficiencies or in children with complications of 
CRS such as large subperiosteal abscesses extending into 
the orbit (Figure 6). 

Patients with nasal allergy and higher Lund-Mackay 
scores have been shown to be at risk for worse outcomes after 
ESS, whilst older age is a positive prognostic factor (195).  
However, pre-operative management of atopy in children 
with PCRS improves ESS outcomes (196). Certainly, 
children with asthma and PCRS are more likely to benefit 
from ESS (152). A prospective observational study of 14 
children (3.5–13 years of age) reported that endoscopic 
sinus surgery reduced hospitalisations, corticosteroid 
requirements and absenteeism and improved symptom 
scores in children with asthma (197). No improvement 
in lung function was noted in this study, however, lung 
function in children with cystic fibrosis does improve after 
ESS (198). Complications and readmissions after ESS are 
more common in children undergoing ESS as an emergent 
procedure, those with a history of coagulation disorders, 

Figure 4 Coronal CT scan of an 11-year-old female with extensive 
allergic fungal rhinosinusitis. This image is published with the 
patient/participant’s consent.

Figure 5 Coronal CT scan of a 3-year-old female with cystic 
fibrosis and extensive sinus disease.

Figure 6 Coronal T2 fat-suppressed MRI scan of an 8-year-old 
male with a right subperiosteal abscess from ethmoid sinus disease 
displacing the medial rectus muscle laterally.
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asthma or cystic fibrosis and those aged under 3 years 
(199,200). 

The use of any packing material, let alone non-absorbable 
dressings, is generally not indicated in ESS, especially 
when mucosal preservation techniques are used (201-204). 
Further, frequent debridements have not been shown to 
provide any additional benefit to outcomes post-operatively, 
except to delay pulmonary exacerbations in patients with 
cystic fibrosis (205-209). It is the author’s experience that 
children as young as 4 are able to tolerate, and even self-
administer, saline irrigations. Further, the use of videos of 
other children irrigating and allowing the child a period 
of acclimatization to the irrigation bottle prior to the 
surgery can improve compliance. This reduces the need for 
post-operative removal of dressings and the frequency of 
debridements in children which often requires sedation or 
a general anaesthetic. When required, a debridement under 
general anaesthetic is safe although, it is ideal to minimise 
the frequency. The impact of general anaesthesia in children 
has been shown to negatively impact academic performance 
in children exposed at the age of 37–48 months (210).  
This impact was less than that associated with gender, 
maternal education level and the child’s month of birth (210).  
Paediatric general anaesthesia has not been shown to 
negatively impact global development but does have a 
slight negative impact on manual dexterity and social 
communication skills (211).

Conclusion

Paediatric sinonasal surgery requires a detailed knowledge 
of nasal and facial growth patterns and of the unique age-
related paediatric sinonasal anatomy. The pathophysiology 
and consequences of nasal obstruction and sinonasal 
disease in children differs to that of adults and even differs 
throughout the stages of childhood. The quality of the 
evidence for paediatric sinonasal surgery is predominantly 
level IV at best and is further limited due to inadequate 
follow-up periods which do not incorporate the second 
paediatric facial growth phase. However, when indicated, 
paediatric sinonasal surgery is safe, improves quality of life 
and should include adenoidectomy in children with PCRS, 
particularly those aged under 6 years. Finally, chronic nasal 
obstruction in children does result in craniofacial changes 
however, sinonasal surgery does not appear to impair facial 
growth, particularly, if certain key considerations regarding 
the septum and age-related sinus anatomy are respected. 
Future research is needed that includes randomised 

controlled trials, controlled trials and trials with extended 
follow-up periods that extend beyond the second facial 
growth phase.
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