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Abstract

Chronic rhinosinusitis (CRS) in children is difficult to treat, with resultant frequent
recurrences and failures. There are controversies in the treatment, mirroring the
debate over the exact etiology of this disorder. The available medical treatments are
antibiotics, topical nasal corticosteroids, and nasal lavage with saline solutions;
though, there is no general agreement on the efficacy of the latter. The new tech-
nique of balloon sinuplasty allows ventilation to the sinuses to be restored with min-
imal risk and trauma to the tissues, and initial outcome seems promising, being
successful in most treated children. Concerning the surgical approach, adenoidec-
tomy is among the most frequent surgical procedures performed on children, but its
therapeutic effect is controversial, because randomized studies have failed to prove
that adenoidectomy alone is sufficient in curing CRS. Instead, functional endoscopic
sinus surgery is a minimally invasive technique which restores the sinus ostia
patency and can re-establish ventilation and drainage through the natural pathways.
It is important that the effectiveness of any treatment is also evaluated by patient-
reported outcomes (PROs) that refer to all health-related reports coming from the
patients, without any involvement or interpretations by physician or others. Among
PROs, health-related quality of life (HRQL) is the one most widely known and
used. HRQL can be measured by means of validated questionnaires, which provide
scores proportional to the degree of well-being perceived by patients. Concerning
diseases of the upper airway including RS, there are numerous instruments specifi-
cally designed for children and caregivers, which allow to assess the effects of treat-
ments in a more extensive and complete manner.

Chronic rhinosinusitis (CRS) is an inflammatory process
involving the mucosa of the nose and one or more sinuses.
Because the mucosa of the nose and sinuses form a func-
tional and anatomic continuum, the sinuses are always
involved in nasal diseases. Of fundamental importance of the
normal physiology of the paranasal sinuses are the patency
of the sinus ostia, the function of the epithelial and the ciliary
apparatus, and the quality and quantity of secretions (1).
Any mechanical obstruction of the sinus ostia, generally con-
sequent to an acute upper respiratory tract infection (URI)
or to a persistent rhinitis or both, can modify the normal
ventilation and clearance function of the paranasal sinuses,
thus causing a CRS (2).

Pathophysiology and pathogenesis of CRS are still insuffi-
ciently defined and for these reasons are difficult to treat.

The diagnosis, which is largely clinical, is sometimes confused
by pediatricians as allergic rhinitis or by otolaryngologist as
a consequence of chronic hyperplastic adenoiditis, thus lead-
ing to inappropriate medical or surgical treatment (3). These
two disorders are indeed frequently associated with CRS and
cooperate in maintaining or causing partial or incomplete res-
olution of CRS. Symptoms, especially in children, lack speci-
ficity, but rhinorrhea, nasal congestion and obstruction,
chronic cough, purulent nasal discharge, and postnasal drip
are the most frequently seen. CRS is defined by a duration
longer than 3 months and is one of the major causes of
morbidity in the pediatric population (4). A widely accepted
classification of CRS based on temporal time frames is
reported by Slavin et al. (5): acute rhinosinusitis (ARS),
7 days to 4 wk; subacute rhinosinusitis (SRS), 1-3 month;
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recurrent acute rhinosinusitis (RARS), more than four epi-
sodes of ARS per year; and CRS, more than 3 months.

Background for management of CRS

Histopathological investigation into sinus mucosa of young
children with CRS demonstrated predominantly lymphocytic
inflammation characterized by a mixed lymphocyte popula-
tion, macrophages, and neutrophils, rather than eosinophilic
inflammation typical of adult CRS. Differences between pedi-
atric and adult CRS suggest differing pathogenic mechanisms
or progression in the inflammatory response with protracted
disease (6). Ongoing immunohistopathological studies could
further define the cellular response in pediatric CRS (7). The
gene expression of inflammatory mediators in the sinus
mucosa of children with CRS was significantly upregulated
or downregulated by at least 50% in the CRS sinus tissues
(8). Tuszynska et al. (9) in a group of patients with CRS
found that in mucosal inflammation, there was an evidence
of osteitis and increase in inflammatory marker genes in bone
tissue.

Data concerning the distribution of bacterial species in
patients with CRS are not consistent. The most commonly
identified bacteria were a-hemolytic Streptococcus (20.8%),
Haemophilus influenzae (19.5%), Streptococcus pneumoniae
(14.0%), coagulase-negative Staphylococcus (13.0%), and
Staphylococcus aureus (9.3%) (10). Anaerobes were recovered
from 8% of all isolates, but their role in CRS is still debated
and unclear (11). The variability of the results of microbio-
logic investigations into CRS may be due to the different
techniques of collection or culture methods, previous antibi-
otic use, and difficulty in distinguishing bacterial flora from
pathogenic agents. In patients with acute exacerbations of
CRS (intermittent episodes characterized by purulent nasal
discharge), the usual microorganisms associated are S. pneu-
moniae, M. catarrhalis, and H. influenzae, but the role of
bacterial agents is not completely clear, because the persis-
tence of symptoms despite appropriate antimicrobial treat-
ment supports the hypothesis that bacterial infection is not
the only cause of CRS (12). The presence of bacterial bio-
films has been demonstrated in several studies on CRS, this
being able to explain the negative cultures found in some
cases and provide some link between bacterial infection and
persistence of inflammation (13, 14). Several studies have
shown a relationship between nasal symptoms and asthma,
and rhinitis is identified as an important risk factor of devel-
oping asthma. In approximately 25% of patients, asthma is
associated with several comorbid diseases, including CRS
(15). The association between CRS and asthma is supported
by strong epidemiological and pathogenic evidence. The pro-
file of inflammatory cells and inflammatory mediators seen in
both conditions bears considerable similarity, with a relevant
role played by eosinophils. Severe asthma is uncommon in
childhood, but there is compelling evidence showing that the
most severe asthma is closely associated with upper respira-
tory illness, especially RS. Treatment of CRS, medical or
surgical or both, benefits concomitant asthma and has been
shown to reduce the severity of asthma (16). Adenoid hyper-
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trophy, mouth breathing, and impaired sleep are sometimes
associated with the other symptoms and observed with
obstructive sleep apnea syndrome (OSAS) (17). Physical
examination is of limited value in distinguishing among the
various causes of rhinitis. Anterior rhinoscopy is often unreli-
able and non-specific. For this reason, nasal endoscopy is
preferred, and more reliable, fiberoptic nasopharyngeal
endoscopy can be easily performed by any pediatric ear—
nose—throat (ENT) service with minimal patient discomfort
and allows a good evaluation of septal, turbinate, or meatal
abnormalities. These areas (middle turbinate and middle mea-
tus) should be inspected carefully concerning the quality,
quantity, and site of secretions (e.g., purulence originating
from the osteomeatal complex), the presence of inflammation
(mucus, edema of middle meatus or ethmoid area), and the
choanae, nasopharynx, eustachian tube ostium, and soft pal-
ate (18).

An ENT consultation should be considered, and it is rec-
ommended in children with CRS or after unsuccessful ther-
apy to perform a complete otolaryngologist evaluation
associated with a nasal endoscopy (19). As far as imaging is
concerned, radiologic studies are not routinely needed in the
initial management of patients with suspected CRS. Abnor-
malities of the paranasal sinuses are found frequently on con-
ventional radiographs or CT scans also in the absence of RS,
and abnormal imaging findings may persist well after symp-
toms’ improvement (20). Routine laboratory assessment is
not useful in evaluation of children with uncomplicated CRS,
and bacterial culture from nasopharyngeal swab could not
reflect the organisms involved in CRS. Pediatric CRS is often
refractory to standard antimicrobial therapy and difficult to
treat, with resultant frequent recurrences and failures and
controversy in the treatment, probably due to insufficient
knowledge on the exact etiology of the disease and to antibi-
otic resistance frequently encountered in clinical practice. The
evidence for diagnosis and treatment of pediatric CRS is lim-
ited, and generally expert local consensus was used. Current
consensus on treatment for CRS includes a prolonged course
of a broad-spectrum B-lactamic oral antibiotic, adenoidec-
tomy in case of failure of medical management or persistent
CRS, and, in selected cases, surgical endoscopic procedure
(21). In CRS, the goal of minimally invasive endoscopic sur-
gery techniques is to re-establish sinus drainage and ventila-
tion. Treatment protocols, which include maxillary sinus
irrigation followed by long-term intravenous antibiotics, have
been recently demonstrated to be an effective alternative to
endoscopic surgery in cases hard to resolve (22).

The role of adenoid treatment in rhinosinusitis and otitis
media

Known also as nasopharyngeal or Luschka’s tonsil, adenoids
are formed of lymphoepithelial tissue located in the naso-
pharynx, specifically at the level of its superior and posterior
wall. This lymphoid tissue is not evident at birth and reaches
its largest size between the age of 2 and 5 yr, occupying most
of the nasopharyngeal space in many children and thus lead-
ing to difficulties in nasal breathing. During puberty, ade-
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noids undergo an involution until disappearing in adult age.
This is also related to the fact that, during the first years of
infancy, the increase in size of the nasopharynx is slower than
that of the nasopharyngeal lymphoid tissue, resulting in a
decrease in the size of this airway tract. Subsequently, the
nasopharynx increases, whereas adenoids remain stable or
involute. This results in later enlargement of the airway (23).
Adenoids play a role in the occurrence of URIs such as otitis
media (OM) and RS in pediatric age. The close anatomic
relationship of adenoids with the nasopharyngeal orifice of
the eustachian tubes (ET) and nasal fossae (Fig. 1) may favor
infections of the middle ear, nasal cavities, and sinuses.
Adenoids may cause a mechanical block of tympanic ventila-
tion and nasal breathing or act as a reservoir for pathogenic
bacteria (24, 25). If the reason for middle ear and sinonasal
infections owing to mechanical obstruction caused by ade-
noids is intuitive (i.e., the block of ear and nasal fossae
causes stasis of secretion and, consequently, infection), the
role of adenoid tissue as a bacterial reservoir is unclear. In
1997, Lee and Rosenfeld (24) published a study that sup-
ported this concept. During a 4-month period, recruited 84
children with a mean age of 5.7 yr were scheduled for ade-
noidectomy as exclusive surgery or in combination with
another surgical procedure such as tonsillectomy or tymp-
anostomy tube insertion. The results of a questionnaire,
mainly focused on sinonasal symptoms and administered to
child’s caregiver, were correlated with adenoid bacteriology.
Adenoid specimens were used to evaluate the presence and
quantity of both aerobic and anaerobic bacteria. All caregiv-
ers completed the questionnaire, and the majority reported
sinonasal symptoms including nasal congestion (83%), rhin-
orrhea (76%), and nighttime cough (74%), whereas one or
more bacterial pathogens were identified from the core sam-
ples of all adenoids. In particular, group A B-hemolytic
Streptococcus, S. aureus, and H. influenzae were the main iso-
lated organisms. The level of sinonasal symptoms (low, med-
ium, or high) used to differentiate patients was significantly

Figure 1 Endoscopic view showing the anatomic relationship of
adenoids (asterisk) with the nasopharyngeal orifice of eustachian
tube (arrow).
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associated with quantitative bacterial results. Furthermore,
the number of pathological organisms and their account
reported as colony-forming units per gram of adenoid tissue
showed a positive correlation with the severity of symptoms.
In 2006, Zuliani et al. (26) compared the adenoid biofilms of
seven children with CRS to those of nine patients affected by
adenoid hypertrophy (AH). Adenoids removed from all chil-
dren were examined by scanning electron microscopy. The
presence of biofilms on the adenoid tissue of the RS-patients
was statistically greater than in AH-children (p < 0.001). In
2010, Saylam et al. (27) evaluated the association between
adenoid surface biofilm formation and chronic otitis media
with effusion (OME) in a prospective, single-blinded study;
17 children with AH represented one group, whereas 17
patients affected by AH and chronic OME composed the
other. All children underwent adenoidectomy, and the surface
layer of the adenoid tissue removed was assessed for biofilm
formation by scanning electron microscopy. Biofilm forma-
tion was identified in all samples. A significantly higher grade
of biofilm formation was observed in the latter group with
respect to the former (p = 0.001). There was no correlation
between adenoid size and biofilm formation between groups.
Recently, Nistico et al. (28) examined the differences in the
adenoid biofilm in 23 children with chronic OM and 12 chil-
dren affected by obstructive sleep apnea. All patients under-
went adenoidectomy and adenoid specimens were analyzed
by the Ibis T5000 system followed by confocal laser scanning
microscopy. Among several bacteria identified in both
groups, H. influenzae was observed in 67% of samples in the
chronic otitis media group and in 10% of obstructive sleep
apnea group. This difference was statistically significant
(p < 0.005).

As suggested by the ‘adenoid mediator release’ theory, dys-
function of the ET can also be due to the release of chemical
mediators by adenoids, which may cause inflammatory
changes at the level of ET nasopharyngeal orifice and middle
ear. On the basis of this hypothesis, adenoids might act as a
site of allergic inflammation that influences middle ear disor-
ders. This concept was supported by the results of a study
performed by Collins et al.: By analyzing the quantity of his-
tamine in adenoids from children with and without middle
ear effusion, statistically significant higher concentrations
were found in patients affected by ear disease (29). From
these findings, middle ear or sinonasal cavities can benefit
from the treatment of adenoids.

Adenoidectomy for otitis media

Although adenoidectomy is probably the most frequently
performed surgical treatment in the pediatric population,
ranging from 17/10,000 children per year in United States
and Canada to 127/10,000 children per year in Belgium (30),
its effectiveness in children affected by recurrent acute OM is
still a matter of debate. In 1990, Paradise et al. (31) assessed
the efficacy of adenoidectomy in 213 children who received
tympanostomy tube placement for persistent or recurrent
OM and manifested recurrent OM after tube extrusion in
parallel randomized and non-randomized trials; 99 patients
were allocated randomly to either an adenoidectomy group
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or a control group, whereas 114 children represented the
group of the separate, non-randomized but otherwise similar
study, and were assigned according to the preference of care-
givers. The primary outcomes were the proportion of time
with OM and the number of episodes of suppurative OM. In
both trials, outcomes in the adenoidectomy group were more
positive than in control patients. In particular, in the ran-
domized study, adenoidectomy subjects had significantly less
time with OM than the control group and had fewer episodes
than control patients. Findings in the non-randomized trial
were similar to those in the randomized study: Children who
underwent adenoidectomy had less time with OM and fewer
episodes than the control group, but statistical significance
was not achieved. These results indicated that adenoidectomy
has a positive role in preventing OM.

Nine years later, Paradise et al. (32) investigated the effect
of adenoidectomy and adenotonsillectomy on children
affected by persistent or recurrent OM, who had not previ-
ously underwent tube placement, and compared the effective-
ness of adenoid surgery alone vs. adenotonsillectomy in two
parallel, randomized controlled trials; 461 children were
enrolled and randomly assigned to one of two clinical studies.
In the three-arm trial, 304 patients without apparent tonsillar
indications for surgery were allocated to one of the following
treatment groups: adenoidectomy, adenotonsillectomy, or
control. In the two-arm trial, 157 children with indications
for tonsillectomy were assigned to either the adenotonsillec-
tomy or control group. The primary outcome measure was
the number of episodes of acute OM during a 1-yr follow-up
period. The differences in outcome between groups were
small in both trials and mainly limited to the first year of fol-
low-up. During this year, the most important difference was
observed between adenotonsillectomy patients and the con-
trol group (p < 0.001) in the three-way trial, whereas no sta-
tistically significant differences were found when comparing
the other arms in either trial. On the basis of this study, ade-
noid surgery cannot be considered as a first-line approach in
management of recurrent acute OM.

In 2003, Mattila et al. (33) evaluated the efficacy of ade-
noidectomy plus tympanostomy vs. tympanostomy alone in
preventing OM in children younger than 2 yr in a prospective
study with both randomized and non-randomized groups;
137 subjects were included in the randomized arm and were
treated with adenoidectomy and concurrent tympanostomy
tube insertion (54% of the children) or with tympanostomy
tube placement alone (46%), whereas 169 patients whose par-
ents refused participation in the randomized study entered
the non-randomized trial and underwent one of two afore-
mentioned surgical procedures in relation to parent prefer-
ence. The main outcome measures were the rate of acute OM
episodes and their rate owing to S. pneumoniae, H. influenzae,
and M. catarrhalis infection. The estimate of efficacy (deter-
mined as 1 minus the relative risk) in preventing OM was
0.19 and 0.25 in the randomized and non-randomized patient
groups, respectively. A reduction in the rate of pneumococcal
OM was observed in the randomized arm.

In 2004, Koivunen et al. (34) investigated the role of ade-
noidectomy vs. long-term chemoprophylaxis and placebo in
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prevention of recurrent acute OM in pediatric subjects; 180
children, aged 10 months to 2 years with recurrent acute OM
were enrolled in a randomized, double-blind, controlled trial,
and 60 patients were allocated to each treatment group
(adenoidectomy, chemoprophylaxis, or placebo). Antibiotic
therapy (sulfisoxazole, 50 mg/kg daily) and placebo were
given for 6 months at a similar frequency and volume. All
children were followed up for 2 yr using patient diaries and
clinical evaluation. The primary outcome was intervention
failure observed in the first 6 months of follow-up. Interven-
tion failure was considered if the patient suffered from two
acute OM episodes for 2 months, three episodes for
6 months, or middle ear effusion for at least 2 months. Fail-
ures were observed in 25, 17, and 26 children in the adenoid-
ectomy, antibiotic, and placebo arms, respectively, and the
decrease in risk compared with the placebo group was 10%
in the surgical group and 18% in the chemoprophylaxis arm.
Furthermore, no significant differences among groups were
identified regarding the number of episodes of acute OM,
physician visits, antibiotic prescriptions, and days with signs
and symptoms of airway infection. As for recurrent acute
OM, the use of adenoidectomy for the treatment of OME,
defined as the presence of fluid in the middle ear without sign
and symptoms of acute ear infection (35, 36), has always
been controversial. First published in 1994 and confirmed in
2004, the Agency for Health Care Policy and Research issued
guidelines for the treatment of OME. In view of the lack of
demonstrated efficacy in children younger than 4 yr of age
and partial short-term positive outcomes in patients aged
3 yrs or older, adenoidectomy as a primary treatment was
not recommended for uncomplicated OME unless a specific
indication exists, such as nasal obstruction and chronic
adenoiditis, but it was proposed instead of the insertion of a
tympanostomy tube as the preferred initial surgical manage-
ment (37).

Several trials have analyzed the efficacy of adenoid
removal in children younger than 4 yr, older children, or
both. In an old study, Maw recruited 103 patients with
chronic OME aged 2-11 yr (38). All children underwent
tympanostomy tube insertion associated with adenoidectomy,
adenotonsillectomy, or no further surgery. More effective res-
olution of auricular fluid was observed in the adenoidectomy
group compared to controls, but analysis based on patient
age was not performed. A Canadian study examined the
effect of adenoidectomy or adenotonsillectomy associated
with tympanostomy tube insertion in 37,316 children, analyz-
ing the rate of tube reinsertion. A significant reduction in
tube reinsertion was observed in patients underwent adenoid
surgery plus tube placement compared to those underwent
tube insertion alone (p < 0.001), but it is worthwhile to
highlight that combined surgery and tympanostomy tube
insertion alone were performed in children with a median age
of 4 and 2 yr, respectively (39). In 2007, Kadhim et al. (40)
assessed the benefits of performing pharyngeal surgery (ade-
noidectomy, adenotonsillectomy, or tonsillectomy) concomi-
tantly with tube insertion in a large cohort including 51,373
children <10 yr of age. In this trial, the percentage of recur-
rent OM with effusion after surgery needing a second tube
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insertion was evaluated as the primary outcome in all treat-
ment groups. A total of 29% of patients underwent pharyn-
geal surgical procedures at the same time of tube insertion.
The proportion of children necessitating a second tube proce-
dure was significantly lower in both the adenoidectomy
(p < 0.001) and adenotonsillectomy groups (p < 0.001)
compared to children who had an ear tube procedure as their
first treatment. In spite of the retrospective nature of the
above-described studies, the results obtained on very large
cohorts of patients suggested a positive role of adenoid sur-
gery as primary treatment. This has been questioned by a
recent study including 98 children with chronic OME that
compared the efficacy of three surgical treatment combina-
tions (myringotomy plus tympanostomy tube insertion, ade-
noidectomy plus myringotomy plus tympanostomy tube
insertion, adenoidectomy with myringotomy) (41). Patients
aged between 24 and 47 months were randomly assigned to
one of the three treatment groups and were followed up for
3 yr after surgery. At each follow-up visit, signs and symp-
toms of acute OM, otorrhea, or OM with effusion were
recorded. After surgery, middle ear effusion was observed in
18.6%, 20.6%, and 31.1% of the myringotomy plus tymp-
anostomy tube insertion, adenoidectomy plus myringotomy
plus tympanostomy tube insertion, and adenoidectomy with
myringotomy groups, respectively. A larger percentage of
children in the latter group required further surgery com-
pared to the other groups. By 36 months, there were no dif-
ferences in the number of further surgical procedures for ear
disease needed among groups.

Adenoidectomy for RS

Chronic and recurrent pediatric RS refractory to conservative
medical therapy are commonly included among the indica-
tions for adenoid removal. In 1989, Takahashi et al. (42)
investigated the effect of adenoidectomy in 78 pediatric
patients affected by recurrent RS: 45 children underwent ade-
noidectomy, and 33 were included in the control group. They
were followed for 6 months by nasal endoscopy. Patients
undergoing surgery showed statistically significant improve-
ment of endoscopic nasal findings compared to control
patients (56% vs. 24%, p < 0.01). In 1997, a retrospective
study assessed the efficacy of adenoidectomy in relieving
symptomatology of CRS (43). The study cohort consisted of
44 children with an age ranging from 1 to 12 yr. Signs and
symptoms of RS and frequent antibiotic use were analyzed as
main outcome measures. After a follow-up ranging from
5 months to 2 yr, complete clinical resolution was observed
in 58% of patients, and partial improvement was reported in
21% of children.

In 1999, Ramadan evaluated the utility of adenoid surgical
treatment in a prospective non-randomized trial (44); 30 chil-
dren with a mean age of 6 yr were enrolled and underwent
adenoid surgery for CRS. All patients were followed for
12 months after surgery, and a questionnaire was adminis-
tered at least 6 months after surgery that assessed pre- and
postoperative symptom status. At the 6-month follow-up
visit, 47% of patients showed improvement in symptoms. In
2001, another retrospective study analyzed 70 patients with
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CRS (45). All patients received parenteral antibiotics associ-
ated with concurrent adenoidectomy when medical therapy
failed; 37 children with a mean age of 6 yr also underwent
surgical removal of adenoids. Initial and long-term clinical
response rates of the surgical group were similar to medical
treatment alone. In 2004, Ungkanont and Damrongsak
examined the efficacy of adenoid surgery in a group of 37
children with recurrent RS by assessing the frequency of RS
before and after surgery (46). All patients underwent ade-
noidectomy either alone or combined with other surgical pro-
cedures (i.e., tonsillectomy and bilateral myringotomy and
tube insertion) in relation to the presence of other disorders.
Significant reduction in episodes per year of RS (p < 0.001)
was observed after surgery. Ramadan investigated the role of
adenoidectomy in a prospective, non-randomized study on 64
children (47). Assessment of patients was performed by a
questionnaire that included major symptoms such as nasal
obstruction, rhinorrhea, cough, facial pain, and headache.
This evaluation was performed before the surgical procedure
and at 6-month intervals after surgery. At the end of follow-
up (12 months), clinical improvement was observed in 51.6%
of children. Moreover, some patient-predictive factors for
outcome of treatment were identified. These included the
presence or absence of asthma (37% vs. 65%), the exposure
or not to smoke (46% vs. 52%), and the presence or absence
of allergy (54% vs. 49%). After 3 yr, Ramadan and Tiu per-
formed a retrospective chart review of prospectively collected
data on 121 children undergoing adenoidectomy for CRS
(48). All patients were followed on a monthly basis for the
first 3 months and then at 3-month intervals. Successful out-
comes were observed in 49.6% of cases. Another interesting
point, presented for the first time in this study, was the statis-
tical analysis of failures after surgery. This subgroup included
55 patients with the age between 3 and 13 yr; 58% of chil-
dren had asthma and 55% had allergy. The presence of
asthma and age <7 yr were statistically significant predictors
of earlier failure. In conclusion, when choosing the manage-
ment strategy, adenoidectomy with/without tonsillectomy
cannot be considered as first-line intervention in children with
recurrent OM not previously undergoing surgical treatment.
Adenoid surgery is effective in preventing recurrent OM in
children who had previously received tympanostomy tube
insertion. In children younger than 2 yr, concomitant or non-
concomitant adenoidectomy with insertion of tympanostomy
tubes does not offer any advantage compared to simple
placement of a tympanostomy tube. Adenoidectomy associ-
ated with tube insertion has significant benefits for the resolu-
tion of OME in children older than 4 yr, whereas it cannot
be recommended as initial therapy in patients younger than
2 yr. In pediatric patients with refractory chronic or recurrent
RS, adenoid removal can be considered a valid surgical treat-
ment. Further trials are warranted to evaluate the benefits of
intranasal steroid therapy in prevention and resolution of
both OME and RS.

Topical nasal steroids and adenoids
In the latest decades, several studies have evaluated the
efficacy of intranasal steroids such as beclomethasone,
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flunisolide, fluticasone propionate, and mometasone furoate
in children affected by AH (49-54). In these trials, chronic
obstructive nasal symptoms and adenoid size were assessed
before and after steroid nasal treatment. Overall, an improve-
ment in clinical symptoms and a decrease in adenoid size
were observed. However, only one trial has assessed the
effects of an intranasal steroid (mometasone furoate) in chil-
dren with OME in a prospective, controlled, and randomized
study (54); 34 and 29 children were included in the treatment
group and control groups, respectively. Patients in treatment
group received intranasal mometasone furoate 100 mcg/day
for 6 wk, whereas control children were followed up with no
treatment. All patients were evaluated 6 wk after manage-
ment. The ears were examined by otoscopy associated with
tympanometry and audiometry. Unfortunately, data on the
results of these examinations in the two groups were not
reported. At the end of treatment, the rate of the resolution
of OME in the steroid group was significantly higher in trea-
ted than in control patients (42.2% vs. 14.5%, p < 0.001).

Management of CRS

Pediatric CRS is difficult to treat, with resultant frequent
recurrences and failures. There are controversies in the treat-
ment, mirroring the debate over the exact etiology of this dis-
order (55). When the cause are bacteria, the recommended
antibiotic treatment is high-dose amoxicillin or amoxicillin/
clavulanate. According to the data reported from Cincinnati
Children’s Hospital Medical Center, 65% of the S. pneumo-
niae isolated from outpatient children settings are resistant to
penicillin. The rate of S. pneumoniae resistance to penicillin is
increasing, and failure with amoxicillin is likely to be due to
resistant S. pneumoniae, H. influenzae, or M. catarrhalis (56).
In penicillin-allergic patients, clarithromycin or azithromycin
may be used. In any case, macrolides and azalides are not to
be considered as standard therapeutic agents, because of the
lack of data on their efficacy, and increasingly resistant
S. pneumoniae, or both (57).

Local symptomatic treatment with topical steroids or regu-
lar saline nasal washes with hypertonic or normal physiologi-
cal solutions, which facilitates the mechanical removal of
mucus and increases the ciliary beat, may also be used. Anti-
histamines may have benefit in some patients, but no clinical
trial has demonstrated their efficacy. The efficacy of saline
nasal irrigation in treating symptoms is controversial, being
available studied showing no difference between nasal saline
treatment and control. A discomfort was not uncommon,
and 40% of babies did not tolerate nasal saline drops (58).

Adenoidectomy and minimally invasive endoscopic sinus
surgery treatments are reserved to cases that did not respond
to medical treatment. The rationale for adenoidectomy is to
remove a chronically infected or enlarged adenoidal tissue
causing nasopharyngeal obstruction. Enlarged adenoid with
nasopharyngeal obstruction results in continuous mouth
breathing and sleep disturbances. However, in clinical prac-
tice, the distinction between a healthy adenoid and a chroni-
cally diseased adenoid is often made only by clinical
symptoms and signs showed by the child. Actually, for most
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otolaryngologists, adenoidectomy is the first surgical treat-
ment for persistent CRS associated with enlarged adenoid
causing choanal and nasopharyngeal obstruction that did not
respond to medical management. Although children with
CRS often undergo adenoidectomy, it is not known whether
adenoidectomy would have a real effect on resolution of
chronic sinonasal inflammation (59). Controversy exists on
the removal of enlarged or chronically infected adenoid by
adenoidectomy as an effective treatment for CRS. Random-
ized studies have failed to prove that adenoidectomy alone is
sufficient in curing CRS (48). As the adenoid is a prominent
lymphoid organ in the upper respiratory airway that readily
responds to infection of the nose, it could be involved in the
control of airway inflammation and local immunologic
response, and not in maintaining sinonasal infections/inflam-
mation (60). Adenoidectomy reduces caregiver-reported
symptoms of CRS in a majority of pediatric patients. Given
its simplicity, low risk, and apparent effectiveness, adenoidec-
tomy is often considered the first-line surgical therapy for
medically refractory, uncomplicated pediatric CRS. Children
with OSAS depending on adenotonsillar hyperplasia have
oral and nasopharyngeal obstruction and impaired mucous
drainage. These conditions could be one of the reasons for
treatment failure in some cases of CRS. Children with OSAS
who undergo adenotonsillectomy show a significant improve-
ment in respiratory distress and quality of life; CRS, how-
ever, does not resolve in all these children and may be
necessary an additional antibiotic therapy (61).

Balloon sinuplasty is a new technique that was recently
introduced for the treatment of CRS in children. The tech-
nique allows ventilation to the sinuses to be restored with
minimal risk and trauma to the tissues. The procedure was
successful in 91% cases, and no complications or side effects
were noted (62). The initial experience with balloon sinuplas-
ty in children seems to be encouraging. Because there is no
bone or tissue removal, the procedure seems to be suitable
for use in children. Self-assessment after endoscopic surgery
showed improvement of main symptoms in 76% of children
with CRS (63).

Surgical approach to CRS

In the management of CRS, the greatest challenge may be
deciding what, if any, surgical approach is appropriate and
when to use it (64). A thorough understanding of pathophysi-
ology, microbiology, and principles of medical and surgical
management is needed to treat pediatric sinusitis patients
appropriately. Any condition that alters mucociliary clear-
ance, decreases ventilation through a patent sinus ostium, or
interferes with local or systemic defense mechanisms can lead
to a cycle of sinus infection that can be very difficult to clear
without concurrently addressing the associated condition.
Chronic rhinosinusitis usually begins with an inciting event
or process, which leads to inflammation and obstruction of
sinus ostia. This leads to stasis of secretions and impaired
ventilation of the sinus. Absorption of oxygen and develop-
ment of negative pressure within the sinus then ensues. This
draws intranasal and nasopharyngeal contents (including bac-
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teria) into the affected sinus. The presence of a viral infection
also inhibits ciliary function and promotes bacterial over-
growth. However, there are many predisposing factors other
than a viral upper airway infection that can lead to acute or
chronic RS, including allergic rhinitis, asthma, adenoid pad,
gastroesophageal reflux disease, sinus structural anomalies,
and systemic disorders (cystic fibrosis, primary ciliary dyski-
nesia, immune deficiency) (65).

The distinction from ARS is based on duration, but CRS
can also be defined in the context of recurrent ARS. This def-
inition entails six or more episodes of ARS per year, each
lasting at least 10 days, with persistent changes on CT scan
at least 4 wk after medical therapy and with healthy intervals
between episodes (66).

The diagnosis of CRS in the pediatric population is gener-
ally more challenging than in adults for several reasons. Chil-
dren are generally less able to communicate the presence and
severity of symptoms. They are also prone to frequent viral
upper respiratory infections with signs and symptoms difficult
to distinguish from those of CRS. Furthermore, symptoms of
adenotonsillar hyperplasia may overlap with CRS symptoms.

This confers a greater weight to objective examination.
Nasal endoscopy, minimally invasive and well tolerated, pro-
vides an excellent look on the nasal conditions. A CT scan
should be associated in all cases of medical treatment failure,
suspected orbital or intracranial complications, and with a
view to any surgical procedure (67).

In CRS, it is crucial to identify and treat any underlying
factors that may contribute to sinus disease. Amoxicillin/cla-
vulanate and second-generation cephalosporins were sug-
gested as the most appropriate antibiotic agents to address
the polymicrobial and resistant nature of CRS with a recom-
mended length of treatment of 3-6 wk (68).

The role of surgical treatment is still debated. First-line
surgical management usually consists of adenoidectomy to
remove the adenoid pad as a bacterial reservoir for the
sinuses, with a symptomatic improvement in 70-80% of
cases. Middle meatal culture or maxillary sinus aspiration
with irrigation may also be performed at this time, depending
on the affected sinuses and surgeon preference. The role of
endoscopic sinus surgery is still evolving in the pediatric pop-
ulation. Functional endoscopic sinus surgery (FESS) is a
minimally invasive technique which restores the sinus ostia
patency. This limited approach can not only re-establish ven-
tilation and drainage through the natural pathways but also
optimize wound healing, prevent unnecessary removal of
growing bone, and simplify postoperative care. The use of
dedicated instruments, purposely tailored on the narrow
nasal spaces of pediatric population, and the gradually
increased surgical experience lead to an effective functional
approach with beneficial outcome in more than 80% of cases
(69). Moreover, this technique can be considered safe thanks
to the lack of impact on long-term facial development (70)
and a low incidence of major complications (less that 1%).
As pediatric RS is more frequently located at the level of the
anterior compartment (anterior ethmoid, maxillary sinus) in
relation to the chronological paranasal space’s development,
an extensive surgery is rarely required and an anterior eth-
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moidectomy and maxillary antrostomy are often sufficient to
definitively treat the disease. Although there is no clear con-
sensus on when to perform FESS for CRS, the current litera-
ture does seem to support it in the following circumstances
(71): (1) when maximal medical therapy, adenoidectomy, and
culture-directed systemic antibiotics have all failed with per-
sistence of sinonasal disease, (i) when anatomic abnormali-
ties predispose to recurrent RS by obstructing normal
sinonasal drainage pathways, with frequent infections and
worsening of the quality of life, (iii) in sinonasal polyposis, to
facilitate application of topical steroids or as an adjunct to
desensitization in aspirin-sensitive patients, with orbital or
intracranial complications of sinonasal disease, with the
exception of orbital cellulitis that generally responds to medi-
cal therapy. In these cases, an MR is recommended to evalu-
ate the extension of the process, and frequently an external
approach is required, combined to the endonasal endoscopic
one, to drain the abscessual collections; d) in cystic fibrosis,
to improve the quality of life and facilitate application of
topical antibiotics with activity against Pseudomonas aerugin-
osa.

Because blood crusting and granulation tissue may cause
restenosis of the osteomeatal complex after surgery, ‘second-
look” nasal endoscopy has been a common procedure since
the inception of pediatric FESS. The advantage of postopera-
tive endoscopic under general anesthesia
includes a detailed inspection of the surgical site and removal
of crusting, blood clots, granulation tissue or adhesions, and
removal of middle meatal splints. It is usually performed 2—
4 wk after surgery to allow adequate healing of the surgical
site. without allowing maturation of scar tissue and subse-
quent synechia formation (72).

In recent years, several authors pointed out that there are
no definite benefits of ‘second-look’ nasal endoscopy, with no
difference in clinical outcome, but increased risk from the
need for a second general anesthesia (73). On the basis of
these preliminary remarks, it is suggested to perform ‘second-
look” nasal endoscopy study when diffuse sinonasal polyposis
is present before operation, and recurrence is strongly sus-
pected during wound debridement and in case of revision sur-
gery with extensive disease.

In conclusion, pediatric CRS is a condition that is not only
difficult to distinguish from similar related conditions but
also challenging to manage when standard conservative treat-
ment measures fail. The limited approach of FESS is an
effective treatment modality for medically refractory RS in
children with a success rate of more than 80%.

We stress anyway the concept that surgery has to be per-
formed only in selected cases with real demand, after an
accurate evaluation on the patient’s condition and an appro-
priate radiological study. In addition, because of the
increased technical difficulty, only skilled surgeons in dedi-
cated centers should approach this kind of surgery.

examination

Patient-reported outcomes in rhinitis and rhinosinusitis

Respiratory allergy (allergic rhinitis and asthma) and RS are
the most common diseases of the respiratory tract in adults
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and children. Allergic rhinitis (AR) affects an average of 10—
15% of the general population (74), and the peak prevalence is
in childhood and adolescence. The prevalence of respiratory
allergy, especially rhinitis, is constantly increasing, as clearly
demonstrated by large population-based epidemiological
studies. The reason for the increasing prevalence is a matter of
debate, although the ‘hygiene hypothesis’ (westernization of
lifestyle, increased vaccinations, less infections) seems to
explain the fact, at least in part (75). AR is characterized by
four classical symptoms such as rhinorrhea, sneezing, obstruc-
tion, and itching and may be associated with conjunctivitis,
especially in the case of pollen-induced allergy (76). Asthma is
the disease more commonly associated with AR, so that the
term of united airway disease has been introduced to define this
association (77). Keeping into account the patients’ percep-
tions and the impact on the well-being, AR is now classified as
‘mild’ or ‘moderate-severe’ and as ‘persistent’ or ‘intermittent’
(76). AR heavily affects the quality of life (QoL) of patients
and in children may lead to sleep disturbance and significant
impairment of the school performance.

It has been estimated that 15% to 20% of children every
year suffer from RS (78). In children, RS is often a conse-
quence of a common cold, which is followed by superim-
posed bacterial infection of paranasal sinuses. RS may also
evolve toward more severe forms, with purulent discharge
and general decline of health status. The diagnosis is essen-
tially based on clinical symptoms, also considering that ARS
is more common under the age of 6. Predisposing factors
for severe forms of RS are cystic fibrosis, mucociliary dyski-
nesia, or immune deficiencies. Also, AR has been suggested
as a risk factor for RS, because some reports described a
greater occurrence of RS in patients with respiratory allergy
(79), but currently, there is no definitive proof that allergy
causes RS. On the other hand, it is recommended that chil-
dren with RS, especially CRS, should be evaluated also for
concomitant allergic sensitizations (80, 81). Otitis media,
adenoid hypertrophy, sleep disturbance, and asthma (16) are
important comorbidities of both RS and rhinitis, and they
may be present in various associations, so that it is often
difficult to establish which of them is the ‘risk factor’ or the
‘primary disease’. Certainly, if more than one disorder is
present, the well-being of the patient is proportionally wors-
ened. In parallel to the development of the pathophysiology,
microbiology, diagnostic tools, and therapeutic strategies
(82), it has become progressively clear that the aforemen-
tioned diseases are not only limited to the well-known physi-
cal symptoms of the target organ, but also provoke
disturbances in the general well-being of the affected sub-
jects. This means that they can alter the self-perceived health
status, pose limitations in everyday activities, and may affect
the school productivity or the family relations. The expres-
sion patient-reported outcomes (PROs) refers to all health-
related reports coming from the patients, without any
involvement or interpretations by physician or others, such
as symptoms, health-related quality of life (HRQoL), illness
perception, satisfaction, and adherence to treatment (83).
Among PROs, HRQoL is the most widely known and used
in research and clinical trials.
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Health-related quality of life and its assessment

HRQoL is ‘the functional effects of an illness and its therapy
upon a patient, as perceived by the patient himself® (83). It is
easy to understand that such a definition covers a broad spec-
trum of subjective aspects of illness and that HRQoL is at
least in part independent of specific symptoms of a disease. In
fact, assessing the patient’s subjective point of view offers a
more comprehensive description of the impact of the disease
and its therapy on everyday life (84). This approach is particu-
larly relevant to allergic diseases, whose treatment is primarily
aimed at reaching a high level of well-being for patients by
minimizing the symptoms and improving physical, psychologi-
cal, and social functioning.

HRQoL is assessed by means of validated questionnaires
that can be generic or specific. Generic tools can be used in
all health conditions and allow the comparison of HRQoL of
patients affected by different diseases or patients with healthy
status, while specific questionnaires focus on the aspects of
health status which are relevant to patients with a specific
disease or condition.

With regard to respiratory allergies, the assessment of
HRQoL has been attracting a growing interest during the last
20 yr. Many questionnaires have been developed to identify
the consequences of RS and asthma from the patient’ view-
point. This subjective dimension has been also explored in
pediatric age. Although generic questionnaires have also been
used for this aim (85-87), specific tools have been developed
for the evaluation of HRQoL in kids, children, and adoles-
cents suffering from respiratory allergy, and also for their
caregivers (88).

Health-related quality of life in children with ear—nose—throat
diseases

Allergic rhinitis (and asthma) is the most studied disease in
children from the point of view of HRQoL (89). There are in
fact several instruments to measure the impact of respiratory
allergy in children (Tables 1 and 2). The most used of them
are the Pediatric Rhinoconjunctivitis QoL questionnaire
(PRQLQ) and the Pediatric Asthma QoL Questionnaire
(PAQLQ). From a subjective perspective, patients with AR
experience troublesome nasal symptoms (i.e., rhinorrhea, con-
gestion, sneezing, and itching) and have frequently associated
ocular symptoms (i.e., redness, itching, puffy leads, tearing),
headache, fatigue, and lack of concentration. This may lead
to impaired school performance and/or absenteeism (90, 91).
Surprisingly, despite the high prevalence of RS, and despite
its impact on the general well-being, there are few validated
instruments for measuring the HRQoL in children with RS
(92, 93), of which the Rhinosinusitis Disability Index, a five-
item pediatric questionnaire, is the most used. As for AR,
also in RS it was consistently shown that the disease remark-
ably affects the HRQoL of children (94, 95). Of note, the
paucity of studies on HRQoL in pediatric RS is probably
ascribable to the fact that in children RS is usually an acute
condition, whereas HRQoL instruments perform better in
chronic disorders. There is also a specific questionnaire
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Table 1 The most used questionnaires for QoL assessment in children and adolescents
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Instrument Disease Age (yr) No of items References
Pediatric Rhinoconjunctivitis Quality of Life Rhino-conjunctivitis 6-12 23 (111)
Questionnaire (PRQLQ)
Adolescent Rhinoconjunctivitis Quality of Life Questionnaire Rhino-conjunctivitis 12-17 25 (112)
Rhinosinusitis Disability Index Rhinosinusitis
Quiality of Life in Children with Keratoconjunctivitis (QUICK) Kerato-conjunctivitis 5-12 16 (113)
About My Asthma (AMA) Asthma 6-14 44 (114)
Childhood Asthma Questionnaires (CAQ) Asthma 4-7 CAQ-A 14 (115)
8-11 CAQ-B 23
12-16 CAQ-C 41
Asthma-Related Quality of Life Scale (ARQOLS) Asthma 6-13 35 (116)
Children’s Health Survey for Asthma Asthma 5-16 48 (117)
How Are You? (HAY) Asthma 8-12 72 (118)
Pediatric Allergic Disease Quality of Life Allergic rhino-conjunctivitis, 6-16 26 (119)
Questionnaire (PADQLQ) and/or asthma, and/or
skin problems.
Pediatric Asthma Quality of Life Questionnaire (PAQLQ) Asthma 7-17 23 (120)
Life Activities Questionnaire for Childhood Asthma Asthma 4-16 71 (121)
Adolescent Asthma Quality of Life Questionnaire (AAQOL) Asthma 12-17 32 (122)

Table 2 Examples of questionnaires for caregivers/parents

Number
Questionnaire Target of items References
Integrated Therapeutics Asthma 8 (123)
Group Child Asthma
Short Form
Pediatric Asthma Caregiver’'s Asthma 13 (124)
Quality of Life Questionnaire
(PACQLQ)
Children’s Health Survey for ~ Asthma 48 (117)
Asthma (CHSA)
SN-5 survey Sinusitis 5 (92)
PAR-ENT-QoL ENT infections 14 (125)

assessing the pediatric QoL related to tonsils and adenoid
diseases. This is called the TAHSI questionnaire (95), which
is composed of six subscales related to breathing, eating,
infections, behavior, cost of care, and healthcare utilization.
This questionnaire has been used to assess the HRQoL in
children undergoing tonsillectomy, and in one study, it was
shown that surgery significantly improves HRQoL according
to all subscales (96). Also for sleep obstructive disorders in
children, there are specific questionnaires available (97, 98),
known as Obstructive Sleep Disorders-6 (OSD6) and
Obstructive Sleep Apnea-20 (OSA20). Also in this case, there
are studies clearly showing an improvement in sleep-related
QoL after tonsillectomy (99, 100). For otitis media, the most
used questionnaires are the OM-6 (101, 102) and the otitis
numerical rating scale (103).

Special issues of PROs assessment in children

The development of PROs instruments has a long history
dating back to the World Health Organization’s broadened

definition of health as ‘a state of physical, mental, and social
well-being and not merely the absence of disease’ (104). Fur-
thermore, the fundamental role of patient’s perspectives is
now included in the advanced evidence-based medicine sys-
tems, such as the GRADE (105), which represents the best
option in defining the criteria for grading evidence and
developing guidelines. For the pediatric population, the
extensive use of PROs and the development in the pediatric
investigation plans (PIPs) should be strongly encouraged.
PIPs were introduced by the European Commission to help
ensure that medicines for children are included in the main-
stream drug development process in Europe, rather than as
an extra optional (106). It is important to clarify some
aspects about PROs assessment in a pediatric population. In
fact, some characteristics of children may make the ques-
tionnaires difficult to administer, and anyway some special
care may be required at every stage during the evaluation
process. Although most pediatric HRQoL measures have
been developed for children from 6 yr and older, also for
school-age children, several issues must be taken into
account: (i) the ability of the child to read and understand
the questions, (ii) the relevance of the item for children (i.e.,
before age 10 they are able to report on concrete aspects of
health, but they may have problems to reliably report their
emotional and social functioning), (iii) the ability of the
child to use the response options. It is recommended to
employ fewer response choices for younger children, three
instead of four or more, or to use a visual analog scale
(107), (iv) the ability to recall information over a defined
period of time. Since their long-term memory, a short recall
period is recommended to elicit more accurate responses, (V)
the motivation and the availability of the child to fill in a
questionnaire.

Debates have arisen as to whether proxies may be used to
evaluate children’s HRQoL. They can be the only options
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used in case of preschoolers or children with psychophysical
conditions that make it impossible to fill out a questionnaire.
Of note, a poor correlation in the perception of QoL between
children and parents has been demonstrated (108). Therefore,
it is important to remember that the impact of a chronic dis-
ease on the caregiver becomes the central issue when dealing
with pediatric patients. Illness management in this case must
always be shared by parents and children. For this reason, it
is important to evaluate the impact of the disease on parents
(109), rather than on their point of view on child’s HRQoL.
In conclusion, PROs begin to be considered a mandatory
aspect of all clinical evaluations, and it is recommended to
include them, as outcomes, also in clinical trials (110).
Among PROs, HRQoL is the one most widely known and
used since decades. HRQoL can be measured, at a certain
extent, in an objective way by means of validated question-
naires, which provide final scores proportional to the degree
of the well-being perceived by patients. Concerning ENT dis-
eases (e.g., rhinitis, RS, otitis, adenoid hypertrophy), there
are numerous instruments specifically designed for children
and caregivers, and there is an abundant literature showing
that each disease or comorbidity affects the HRQoL of chil-
dren. In addition, by means of the specific questionnaires, the
effects of treatments can be evaluated in a more extensive
and complete manner. This is particularly true for respiratory
allergy, for which a large number of questionnaires are avail-
able. It is also true that the evaluation of HRQoL (and
PROs more in general) poses special problems and requires
special attention in children. Finally, PROs cannot replace
the traditional and objective outcomes, such as pulmonary
function in asthma or endoscopic evaluation in RS, but
should be used in association with them.

Conflict of interest

No potential conflict of interest relevant to this article was
reported.

References

1. Silviu-Dan F. Pediatric chronic rhinosinusitis: the old, the new, and
the reasonable. Pediatr Ann 2011: 40: 213-20.

2. Fokkens W, Lund V, Mullol J. European position paper on rhinosi-
nusitis and nasal polyps. Rhinology 2007: 45 (Suppl. 20): 1-139.

3. Lusk RP, Stankiewicz JA. Pediatric rhinosinusitis. Otolaryngol Head
Neck Surg 1997: 117: S53-7.

4. Clement PA, Bluestone CD, Gordts F, et al. Management of rhinosi-
nusitis in children: consensus meeting, Brussels, Belgium, September
13, 1996. Arch Otolaryngol Head Neck Surg 1998: 124: 31-4.

5. Slavin RG, Spector SL, Bernstein IL, et al. The diagnosis and man-
agement of sinusitis: a practice parameter update. J Allergy Clin
Immunol 2005: 116: S13-47.

6. Van Cauwenberge P, Van Hoecke H, Bachert C. Pathogenesis of
chronic rhinosinusitis. Curr Allergy Asthma Rep 2006: 6: 487-94.

7. Van Zele T, Claeys S, Gevaert P, et al. Differentiation of chronic
sinus diseases by measurement of inflammatory mediators. Allergy
2006: 61: 1280-9.

8. Coffinet L, Chan KH, Abzug MJ, et al. Inmunopathology of chronic
rhinosinusitis in young children. J Pediatr 2009: 154: 754-8.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Management of chronic rhinosinusitis

. Tuszynska A, Krzeski A, Postuba M, et al. Inflammatory cytokines

gene expression in bone tissue from patients with chronic rhinosinus-
itis — a preliminary study. Rhinology 2010: 48: 415-9.

. Brook I. The role of bacteria in chronic rhinosinusitis. Otolaryngol

Clin North Am 2005: 38: 1171-92.

. Brook I. The role of anaerobic bacteria in sinusitis. Anaerobe 2006:

12: 5-12.

. Hsin CH, Su MC, Tsao CH, Chuang CY, Liu CM. Bacteriology

and antimicrobial susceptibility of pediatric chronic rhinosinusitis: a
6-year result of maxillary sinus punctures. Am J Otolaryngol 2010:
31: 145-9.

. Bendouah Z, Barbeau J, Hamad WA, Desrosiers M. Use of an in vi-

tro assay for determination of biofilm-forming capacity of bacteria in
chronic rhinosinusitis. Am J Rhinol 2006: 20: 434-8.

. Prince AA, Steiger JD, Khalid AN, et al. Prevalence of biofilm-form-

ing bacteria in chronic rhinosinusitis. 4m J Rhinol 2008: 22: 239-45.

. Bousquet J, Van Cauwenberge P, Khaltaev N. Allergic rhinitis and

its impact on asthma. J Allergy Clin Immunol 2001: 108: S147-334.

. Lai L, Hopp RJ, Lusk RP. Pediatric chronic sinusitis and asthma: a

review. J Asthma 2006: 43: 719-25.

. Arens R, Sin S, Willen S, et al. Rhino-sinus involvement in children

with obstructive sleep apnea syndrome. Pediatr Pulmonol 2010: 45:
993-8.

. Torretta S, Marchisio P, Esposito S, Cappadona M, Fattizzo M, Pig-

nataro L. Diagnostic accuracy of the nasal obstruction index in
detecting adenoid hypertrophy in children without allergy. Int J Pedi-
atr Otorhinolaryngol 2011: 75: 57-61.

. Marchisio P, Torretta S, Capaccio P, et al. Clinical assessment of

adenoidal obstruction based on the nasal obstruction index is no longer
useful in children. Otolaryngol Head Neck Surg 2010: 142: 237-41.

Leo G, Incorvaia C, Masieri S, Triulzi F. Imaging criteria for diagno-
sis of chronic rhinosinusitis in children. Eur Ann Allergy Clin Immu-
nol 2010: 42: 199-204.

Criddle MW, Stinson A, Savliwala M, Coticchia J. Pediatric chronic
rhinosinusitis: a retrospective review. Am J Otolaryngol 2008: 29:
372-8.

Adappa ND, Coticchia JM. Management of refractory chronic rhi-
nosinusitis in children. Am J Otolaryngol 2006: 27: 384-9.

Jeans WD, Fernando DCJ, Maw AR, Leighton BC. A longitudinal
study of the growth of the nasopharynx and its contents in normal
children. Br J Radiol 1981: 54: 117-21.

Lee D, Rosenfeld RM. Adenoid bacteriology and sinonasal symp-
toms in children. Otolaryngol Head Neck Surg 1997: 116: 301-7.
Tuncer U, Aydogan B, Soylu L, Simsek M, Akcali C, Kucukcan A.
Chronic rhinosinusitis and adenoid hypertrophy in children. Am J Ot-
olaryngol 2004: 25: 5-10.

Zuliani G, Carron M, Gurrola J, et al. Identification of adenoid bio-
films in chronic rhinosinusitis. Int J Pediatr Otorhinolaryngol 2006:
70: 1613-7.

Saylam G, Tatar EC, Tatar I, Ozdek A, Korkmaz H. Association of
adenoid surface biofilm formation and chronic otitis media with effu-
sion. Arch Otolaryngol Head Neck Surg 2010: 136: 550-5.

Nistico L, Kreft R, Gieseke A, et al. An adenoid reservoir for patho-
genic biofilm bacteria. J Clin Microbiol 2011: 49: 1411-20.

Collins MP, Church MK, Bakhshi KN, Osborne J. Adenoid hista-
mine and its possible relationship to secretory otitis media. J Laryn-
gol Otol 1985: 99: 685-91.

Schilder AGM, Lok W, Rovers MM. International perspectives on
management of acute otitis media: a qualitative review. Int J Pediatr
Otorhinolaryngol 2004: 68: 29-36.

Paradise JL, Bluestone CD, Rogers KD, et al. Efficacy of adenoidec-
tomy for recurrent otitis media in children previously treated with
tympanostomy-tube placement. JAMA 1990: 263: 2066-73.

Pediatric Allergy and Immunology 23 (Suppl. 22) (2012) 32-44 © 2012 John Wiley & Sons A/S 41



Management of chronic rhinosinusitis

33.

3s.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

42

. Paradise JL, Bluestone CD, Colborn DK, et al. Adenoidectomy and

adenotonsillectomy for recurrent acute otitis media. Parallel random-
ized clinical trials in children not previously treated with tympanosto-
my tubes. JAMA 1999: 282: 945-53.

Mattila PS, Joki-Erkkld VP, Klipi T, Jokinen J, Herva E, Puhakka
H. Prevention of otitis media by adenoidectomy in children younger
than 2 years. Arch Otolaryngol Head Neck Surg 2003: 129: 163-9.

. Koivunen P, Uhari M, Luotonen J, et al. Adenoidectomy versus

chemoprophylaxis and placebo for recurrent acute otitis media in
children aged under 2 year: randomized controlled trial. BM.J 2004:
328: 487.

Stool SE, Berg AO, Berman S, et al. Otitis Media with Effusion in
Young Children. Clinical Practice Guideline, Number 12. AHCPR
Publication No. 94-0622. Rockville, MD: Agency for Health Care
Policy and Research, Public Health Service, US Department of
Health and Human Services, 1994.

Shekelle P, Takata G, Chan LS, et al.Diagnosis, Natural History,
and Late Effects of Otitis Media With Effusion. Evidence Report/
Technology Assessment No. 55. AHRQ Publication No. 03-
E023.Rockville, MD: Agency for Healthcare Research and Quality,
2003.

American Academy of Family Physicians, American Academy of
Otolaryngology-Head and Neck Surgery, American Academy of Pedi-
atrics Subcommittee on Otitis Media with Effusion. Otitis Media with
Effusion. Pediatrics 2004;113:1412-29.

Maw AR. Chronic otitis media with effusion and adeno-tonsillectomy
— a prospective randomized controlled study. Int J Pediatr Otorhino-
laryngol 1983: 6: 239-46.

Coyte PC, Croxford R, Mclsaac W, Feldman W, Friedberg J. The
role of adjuvant adenoidectomy and tonsillectomy in the outcome of
the insertion of tympanostomy tubes. N Engl J Med 2001: 344: 1188—
9s.

Kadhim AL, Spilsbury K, Semmens JB, Coates HL, Lannigan FJ.
Adenoidectomy for middle ear effusion: a study of 50,000 children
over 24 years. Laryngoscope 2007: 117: 427-33.

Casselbrant ML, Mandel EM, Rockette HE, Kurs-Lasky M, Fall
PA, Bluestone CD. Adenoidectomy for otitis media with effusion in 2
to 3 year old children. Int J Pediatr Otorhinolaryngol 2009: 73: 1718—
24.

Takahashi H, Fujita A, Honjo 1. Effect of adenoidectomy on otitis
media with effusion, tubal, function, and sinusitis. 4m J Otolaryngol
1989: 10: 208-13.

Vandenberg SJ, Heatley DG. Efficacy of adenoidectomy in relieving
symptoms of chronic sinusitis in children. Arch Otolaryngol Head
Neck Surg 1997: 123: 675-8.

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

Don DM, Yellon RF, Casselbrant ML, Bluestone CD. Efficacy of a
stepwise protocol that includes intravenous antibiotic therapy for the
management of chronic sinusitis in children and adolescents. Arch Ot-
olaryngol Head Neck Surg 2001: 127: 1093-8.

Ungkanont K, Damrongsak S. Effect of adenoidectomy in children
with complex problems of rhinosinusitis and associated diseases. Int J
Pediatr Otorhinolaryngol 2004: 68: 447-51.

Ramadan HH. Surgical management of chronic sinusitis in children.
Laryngoscope 2004: 114: 2103-9.

Ramadan HH, Tiu J. Failures of adenoidectomy for chronic rhinosi-
nusitis in children: for whom and when do they fail. Laryngoscope
2007: 117: 1080-3.

Demain JG, Goetz DW. Pediatric adenoidal hypertrophy and nasal
airway obstruction: reduction with aqueous nasal beclomethasone.
Pediatrics 1995: 95: 355-64.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Cazzavillan et al.

Brouillette RT, Manoukian JJ, Ducharme FM, et al. Efficacy of fluti-
casone nasal spray for pediatric obstructive sleep apnea. J Pediatr
2001: 138: 838-44.

Criscuoli G, D’Amora S, Ripa G, et al. Frequency of surgery among
children who have adenotonsillar hypertrophy and improve after
treatment with nasal beclomethasone. Pediatrics 2003: 111: 236-8.
Cengel S, Akyol MU. The role of topical nasal steroids in the treat-
ment of children with otitis media with effusion and/or adenoid
hypertrophy. Int J Pediatr Otorhinolaryngol 2006: 70: 639-45.
Ciprandi G, Varricchio A, Capasso M, et al. Intranasal flunisolide
treatment in children with adenoidal hypertrophy. Int J Immunopathol
Pharmacol 2007: 20: 833-6.

Berlucchi M, Salsi D, Valetti L, Parrinello G, Nicolai P. The role of
mometasone furoate aqueous nasal spray in the treatment of adenoi-
dal hypertrophy in the pediatric age group: preliminary results of a
prospective, randomized study. Pediatrics 2007: 119: 1392-7.
Hamilos DH. Chronic rhinosinusitis: epidemiology and medical man-
agement. J Allergy Clin Immunol 2011: 128: 693-707.

Acute Bacterial Sinusitis Guideline Team, Cincinnati Children’s Hos-
pital Medical Center. Evidence-based care guideline for medical man-
agement of Acute Bacterial Sinusitis in children 1 through 17 years of
age. Guideline 16, pages 1-17, July 7, 2006. Evidence-Based Care
Guideline (EBCG): Cincinnatichildrens.org/svc/alpha/h/health-policy/
ev-based/default.htm

Daneman N, McGeer A, Green K, Low DE. Macrolide resistance in
bacteremic pneumococcal disease: implications for patient manage-
ment. Clin Infect Dis 2006: 43: 432-8.

Kassel JC, King D, Spurling GK. Saline nasal irrigation for acute
upper respiratory tract infections. Cochrane Database Syst Rev 2010:
17: CD006821.

Wu AW, Shapiro NL, Bhattacharyya N. Chronic rhinosinusitis in
children: what are the treatment options? Immunol Allergy Clin North
Am 2009: 29: 705-17.

Shin SY, Choi GS, Park HS, Lee KH, Kim SW, Cho JS. Immuno-
logical investigation in the adenoid tissues from children with chronic
rhinosinusitis. Otolaryngol Head Neck Surg 2009: 141: 91-6.
Brietzske SE, Brigger MT. Adenoidectomy outcomes in pediatric rhi-
nosinusitis: a meta-analysis. Int J Pediatr Otorhinolaryngol 2008: 72:
1541-5.

Ramadan HH. Safety and feasibility of balloon sinuplasty for treat-
ment of chronic rhinosinusitis in children. Ann Otol Rhinol Laryngol
2009: 118: 161-5.

Siedek V, Stelter K, Betz CS, Berghaus A, Leunig A. Functional
endoscopic sinus surgery — a retrospective analysis of 115 children
and adolescents with chronic rhinosinusitis. Int J Pediatr Otorhinolar-
yngol 2009: 73: 741-5.

Ramadan HH. Pediatric sinusitis: update. J Otolaryngol 2005: 34
(Suppl. 1): S14-7.

Lusk R. Pediatric chronic rhinosinusitis. Curr Opin Otolaryngol Head
Neck Surg 2006: 14: 393-6.

Lund V, Kennedy D. Quantification for staging sinusitis. Ann Otol
Rhinol Laryngol 1995: 167: 17-21.

Leo G, Triulzi F, Incorvaia C. Sinus imaging for diagnosis of chronic
rhinosinusitis in children. Curr Allergy Asthma Rep 2012: 12: 136-43.
Goldsmith A, Rosenfeld R. Treatment of pediatric sinusitis. Pediatr
Clin North Am 2003: 50: 413-26.

Hebert R, Bent J. Meta-analysis of outcomes of pediatric functional
endoscopic sinus surgery. Laryngoscope 1998: 108: 796-9.

Bothwell M, Piccirillo J, Lusk R, et al. Long-term outcome of facial
growth after functional endoscopic sinus surgery. Otolaryngol Head
Neck Surg 2002: 126: 628-34.

Lieser JD, Derkay CS. Pediatric sinusitis: when do we operate? Curr
Opin Otolaryngol Head Neck Surg 2005: 13: 60-6.

Pediatric Allergy and Immunology 23 (Suppl. 22) (2012) 32-44 © 2012 John Wiley & Sons A/S



Cazzavillan et al.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Chang PH, Lee LA, Huang CC, Lai CH, Lee TJ. Functional endo-
scopic sinus surgery in children using a limited approach. Arch Oto-
laryngol Head Neck Surg 2004: 130: 1033-6.

Mitchell RB, Pereira KD, Younis RT, et al. Pediatric functional
endoscopic sinus surgery: is a second look necessary? Laryngoscope
1997: 107: 1267-9.

Bjorkstén B, Clayton T, Ellwood P, Stewart A, Strachan D; ISAAC
Phase III Study Group. Worldwide time trends for symptoms of rhi-
nitis and conjunctivitis: Phase IIT of the International Study of
Asthma and Allergies in Childhood. Pediatr Allergy Immunol.
2008;19:110-24.

Matheson MC, Walters EH, Simpson JA, et al. Relevance of the
hygiene hypothesis to early vs. late onset allergic rhinitis. Clin Exp
Allergy 2009: 39: 370-8.

Brozek JL, Bousquet J, Baena-Cagnani CE, et al., Global Allergy
and Asthma European Network; Grading of Recommendations
Assessment, Development and Evaluation Working Group. Allergic
Rhinitis and its Impact on Asthma (ARIA) guidelines: 2010 revision.
J Allergy Clin Immunol. 2010;126:466—-76.

Compalati E, Ridolo E, Passalacqua G, et al. The link between aller-
gic rhinitis and asthma: the united airways disease. Expert Rev Clin
Immunol 2010: 6: 413-23.

Zacharisen M, Casper R. Pediatric sinusitis. Immunol Allergy Clin
North Am 2005: 25: 313-32.

Costa Carvalho BT, Nagao AT, Arslanian C, et al. Immunological
evaluation of allergic respiratory children with recurrent sinusitis. Pe-
diatr Allergy Immunol 2005: 11: 534-8.

Slavin RG, Spector SL, Bernstein IL, et al. The diagnosis and man-
agement of sinusitis: a practice parameter update. J Allergy Clin
Immunol 2005: 116 (Suppl. 6): S13-47.

Scadding GK, Durham SR, Mirakian R, et al. British Society for
Allergy and Clinical Immunology. BSACI guidelines for the manage-
ment of rhinosinusitis and nasal polyposis. Clin Exp Allergy 2008: 38:
260-75.

Principi N, Esposito S. New insights into pediatric rhinosinusitis. Pe-
diatr Allergy Immunol 2007: 18 (Suppl. 18): 7-9.

Braido F, Bousquet PJ, Brzoza Z, et al. Specific recommendations
for PROs and HRQoL assessment in allergic rhinitis and/or
asthma: a GA(2)LEN taskforce position paper. Allergy 2010: 65:
959-68.

Guyatt GH, Feeny DH, Patrick DL. Measuring health-related quality
of life. Ann Intern Med 1993: 118: 622-9.

Merikallio VJ, Mustalahti K, Remes ST, Valovirta EJ, Kaila M.
Comparison of quality of life between asthmatic and healthy school
children. Pediatr Allergy Immunol 2005: 16: 332-40.

Waters E, Davis E, Nicolas C, Wake M, Lo SK. The impact of child-
hood conditions and concurrent morbidities on child health and well-
being. Child Care Health Dev 2008: 34: 418-29.

Seid M, Limbers CA, Driscoll KA, Opipari-Arrigan LA, Gelhard
LR, Varni JW. Reliability, validity, and responsiveness of the pediat-
ric quality of life inventory (PedsQL) generic core scales and asthma
symptoms scale in vulnerable children with asthma. J Asthma 2010:
47: 170-7.

Passalacqua G, Canonica GW, Baiardini I. Rhinitis, rhinosinusitis
and quality of life in children. Pediatr Allergy Immunol 2007: 18 (Sup-
pl. 18): 40-5.

Miraglia DGM, Marseglia A, Leonardi S, et al. Allergic rhinitis and
quality of life in children. Int J Immunopathol Pharmacol 2011: 24
(Suppl. 4): 25-8.

Walker S, Khan-Wasti S, Fletcher M, Cullinan P, Harris J, Sheikh
A. Seasonal allergic rhinitis is associated with a detrimental effect on
examination performance in United Kingdom teenagers: case-control
study. J Allergy Clin Immunol 2007: 120: 381-7.

91.

92.

93.

94.

9s.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Management of chronic rhinosinusitis

Hellgren J, Cervin A, Nordling S, Bergman A, Cardell LO. Allergic
rhinitis and the common cold — high cost to society. Allergy 2010: 65:
776-80.

Kay DJ, Rosenfeld M. Quality of life for children with persistent sin-
onasal symptoms. Otolaryngol Head Neck Surg 2003: 128: 17-26.
Atlas SJ, Gallagher PM, Wu YA, et al. Development and validation
of a new health-related quality of life instrument for patients with
sinusitis. Qual Life Res 2005: 14: 1375-86.

Cunningham JM, Chiu EJ, Landgraf JM, Gliklich RE. The health
impact of chronic recurrent rhinosinusitis in children. Arch Otolaryn-
gol Head Neck Surg 2000: 126: 1363-8.

Stewart MG, Friedman EM, Sulek M, et al. Quality of life and
health status in pediatric tonsil and adenoid disease. Arch Otolaryngol
Head Neck Surg 2000: 126: 45-8.

Goldstein G, Stewart MG, Vitsell E, et al. Quality of life after tonsil-
lectomy in children with recurrent tonsillitis. Otolaryngol Head Neck
Surg 2008: 138 (Suppl. 1): S9-16.

de Serres LM, Derkay C, Astley S, et al. Measuring quality of life in
children with obstructive sleep disorders. Arch Otolaryngol Head
Neck Surg 2000: 126: 1423-9.

Franco RA Jr, Rosenfeld RM, Rao M. Quality of life for children
with obstructive sleep apnea. Otolaryngol Head Neck Surg 2000: 123:
9-16.

Powell SM, Tremlett M, Bosman DA. Quality of life of children with
sleep-disordered breathing treated with adenotonsillectomy. J Laryn-
gol Otol 2011: 125: 193-8.

Ye J, Liu H, Zhang GH, et al. Outcome of adenotonsillectomy for
obstructive sleep apnea syndrome in children. Ann Otol Rhinol Laryn-
gol 2010: 119: 506-13.

Rosenfeld RM, Goldsmith AJ, Tetlus L, Balzano A. Quality of life
for children with otitis media. Arch Otolaryngol Head Neck Surg
1997: 123: 1049-54.

Brouwer C, Maille AR, Rovers MM, et al. Health related quality of
life in children with otitis media. Int J Pediatr Otorhinolaryngol 2005:
68: 1031-41.

Brouwer CN, Schilder AG, van Stel HF, et al. Reliability and validity
of functional health status and health-related quality of life question-
naires in children with recurrent acute otitis media. Qual Life Res
2007: 16: 1357-73.

World Health Organization. Preamble to the constitution of the
World Health Organization. In: Sixth Report of the WHO Expert
Committee on Maternal and Child Health, ed. Basic Documents,
26th edn. Geneva: World Health Organization, 1976: 1

Guyatt GH, Oxman AD, Vist G, et al. Rating quality of evidence
and strength of recommendations GRADE: an emerging consensus
on rating quality of evidence and strength of recommendations. BM.J
2008: 336: 924-6.

Communication from the Commission. Guideline on the format and
content of applications for agreement or modification of a paediatric
investigation plan and requests for waivers or deferrals and concern-
ing the operation of the compliance check and on criteria for assess-
ing significant studies. EUR-Lex Official Journal 2008: 51C243: 1-12.
Varni JW, Limbers CA, Burwinkle TM. How young can children reli-
ably and validly self-report their health-related quality of life? an
analysis of 8,591 children across age subgroups with the PedsQL 4.0
Generic Core Scales. Health Qual Life Outcomes 2007: 5: 1.
Houtzager BA, Grootenhuis MA, Caron HN, Last BF. Sibling self-
report, parental proxies, and quality of life: the importance of multi-
ple informants for siblings of a critically ill child. Pediatr Hematol
Oncol 2005: 22: 25-40.

Majani G, Baiardini I, Giardini A, et al. Impact of children’s respira-
tory allergies on caregivers. Monaldi Arch Chest Dis 2005: 63: 199—
203.

Pediatric Allergy and Immunology 23 (Suppl. 22) (2012) 32-44 © 2012 John Wiley & Sons A/S 43



Management of chronic rhinosinusitis

110.

111.

112.

114.

115.

116.

117.

44

Baiardini I, Bousquet PJ, Brzoza Z, et al. Recommendations for
assessing patient-reported outcomes and health-related quality of life
in clinical trials on allergy: a GA(2)LEN taskforce position paper.
Allergy 2010: 65: 290-5.

Juniper EF, et al. Measuring quality of life in children with rhinocon-
junctivitis. J Allergy Clin Immunol 1998: 101: 163-70.

Juniper EF, et al. Assessment of quality of life in adolescents with
allergic rhinoconjunctivitis: development and testing of a question-
naire for clinical trials. J Allergy Clin Immunol 1994: 93: 413-23.

3. Sacchetti M, et al. Development and testing of the quality of life in

children with vernal keratoconjunctivitis questionnaire. Am J Oph-
thalmol 2007: 144: 557-63.

Mishoe SC, et al. Development of an instrument to assess stress levels
and quality of life in children with asthma. J Asthma 1998: 35: 553—
63.

Christie MJ, et al. Development of child-centered disease-specific
questionnaires for living with asthma. Psychosom Med 1993: 55: 541—
8.

Chiang L, et al. Testing a questionnaire to measure asthma-related
quality of life among children. J Nurs Scholarsh 2006: 38: 383-6.
Sullivan SA, et al. Developing condition-specific measures of func-
tional status and well-being for children. Clin Perform Qual Health
Care 1995: 3: 132-8.

118.

119.

120.

121.

122.

123.

124.

125.

Cazzavillan et al.

le Coq EM, et al. Reproducibility, construct validity, and responsive-
ness of the “How Are You?” (HAY), a self-report quality of life
questionnaire for children with asthma. J Asthma 2000: 37: 43-58.
Roberts G, et al. Development of a quality-of-life assessment for the
allergic child or teenager with multi-system allergic disease. J Allergy
Clin Immunol 2003: 111: 491-7.

Juniper EF, et al. Measuring quality of life in children with asthma.
Qual Life Res 1996: 5: 35-46.

Creer T, et al. A life activities questionnaire for children asthma. J
Asthma 1993: 30: 467-73.

Rutishauser C, et al. Development and validation of the Adolescent
Asthma Quality of Life Questionnaire (AAQOL). Eur Respir J 2001:
17: 52-8.

Bukstein DA, McGrath MM, Buchnew DA, Landgraf J, Goss TF.
Evaluation of a short form for measuring health-related quality of life
among pediatric asthma patients. J Allergy Clin Immunol 2000: 105:
245-51.

Juniper EF, Guyatt GH, Feeny DH, Ferrie PJ, Griffith LE, Town-
send M. Measuring quality of life in the parents of children with
asthma. Qual Life Res 1996: 5: 27-34.

Berdeaux G, Hervié¢ C, Smajda C, Marquis P. Parental quality of life
and recurrent ENT infections in their children: development of a
questionnaire. Rhinitis Survey Group. Qual Life Res 1998: 7: 501-12.

Pediatric Allergy and Immunology 23 (Suppl. 22) (2012) 32-44 © 2012 John Wiley & Sons A/S



