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REVIEW ARTICLE

Fifty Years of Chronic Rhinosinusitis in Children:
The Accepted, the Unknown, and Thoughts
for the Future

Russell J. Hopp, DO, FAAP, FAAAAI!=® Jenna Allison, MD;~® and David Brooks, MS'3

Chronic sinusitis is an often-used term in both lay and medical circumstances. In children, it has significant but
largely undefined healthcare costs. Chronic rhinosinusitis (CRS) in children has well demarcated time periods and
symptoms, although the actual pathway from normal sinus to CRS is not well understood. There is reasonable
consensus as to the standards for diagnosis, the selection of a first-round antibiotic, and length of treatment.
However, no recent prospective studies of antibiotics are available. Areas of continued speculation include the
following: the microbiome of pediatric CRS, the best use of standard imaging, alternative antibiotic selection,
ancillary therapy, and treatment of refractory CRS. In addition, older adolescents can present with a more adult-
oriented CRS with or without polyps, suggesting a broader spectrum of disease than is commonly recognized. An
accounting of the accepted elements of pediatric rhinosinusitis, as well as areas for future research, is emphasized
in this review and, where appropriate, suggestions for potential investigations are offered.

Medical History of Chronic Rhinosinusitis:
A Look to the Future

1933 TREATISE on pediatric sinusitis in the Journal of

Pediatrics, second volume, serves as a bellwether for all
future discussions of pediatric sinus anatomy and disease.’
Contained in the article is a detailed description of the anat-
omy of sinuses in children, originally published by Davis in
19182

A 1949 individual physician’s report of his treatment
protocol for chronic sinusitis in children contains statements
about causative factors, symptoms, and diagnosis that have a
direct link to any child with the disease in this decade. A
significant deviation occurs, however, in the treatment
protocol used by the author.? The author reports satisfactory
results with X-ray radiation and Proetz displacement and
irrigation with penicillin in saline. The author’s comment,
“‘the modern trend in treatment leans away from the radical
methods of treatment in vogue some twenty-five years ago,”
points to long-term medical recognition and treatment reg-
imens for the disease.

A detailed search over the past 50 years shows an in-
credible number of published articles on the topic of pediatric
rhinosinusitis, with many mixing details of acute and chronic
rhinosinusitis (CRS). Vast numbers of articles summarizing
diagnosis, symptoms, or treatment are available (partial re-
views), but a significant number provide a comprehensive

review. Consensus reports on pediatric CRS are available and
serve as a substitute for classic systematic reviews. Any en-
deavor to detail a summary of all the partial reviews of pe-
diatric rhinosinusitis would be monumental and has not been
attempted.

Prospective studies of antibiotics for pediatric CRS, in
contrast to the number of partial or comprehensive review
articles, are scant. No meta-analysis of antibiotics but a few of
the surgical techniques in children are published. Looking
over the past 50 years, progress in pediatric CRS, in large part,
consists of rereviews of clinical presentation, minimal ad-
vancement of antibiotic therapy, controversy over radiological
support, and no all-encompassing surgical procedure. Recent
advancements have occurred in microbiological research. In
this review, the knowledge base for this disease over the past
half-century (1966-2016) is discussed, perspectives are pro-
vided, and suggestions for future study offered.

Background of the Normal Homeostatic Sinus
Anatomy and development of the sinuses

The paranasal sinuses start developing in the embryo as
outgrowths from the nasal cavity.* Ethmoid and maxillary
sinuses are present at birth and slowly grow in size; sphe-
noid and frontal sinuses appear later and are well developed
by the age of 7-10. Sinuses have continued growth up until
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puberty. The paranasal sinuses surround the nasal cavity and
communicate with it through small ostia (2-6mm in di-
ameter), which allow for the slow exchange of air between
the sinuses and the nasal cavity.*

The normal sinus environment

Role of nitric oxide. Nitric oxide (NO) is a gas with anti-
microbial and vasodilatory effects found in high concen-
trations in the nasal passageway and sinuses.* It is produced
by NO synthase in healthy sinus epithelium. High levels can
act as a defense against infections, while reduced production
may lead to increased susceptibility to sinus infections.”

Sinus microbiome. Recent studies have shown that the
nasal cavity, middle meatus, and sinus mucosa in healthy
adults have a rich microbiome consisting of multiple or-
ganisms.””’ Past studies asserting that the sinuses were
sterile is thus incorrect. The finding that NO levels are el-
evated in healthy sinuses would suggest that the sinus mi-
crobiome survives in the presence of high NO.*

Microorganisms beyond what is considered the normal
microbiome may colonize the nasal cavity, especially in
children. Single or multiple colonized bacteria may be
present, most commonly in a biofilm environment.

The role of a potentially altered microbiome and its role
in the development of pediatric rhinosinusitis is a fertile
area for research, including serial evaluation before and
after antibiotic therapy. Serial measures of nasal NO might
provide support of clinical status after antibiotic therapy.

Ciliary function and fluid production. The sinuses and nasal
cavity benefit from normal serous fluid flow, mucus pro-
duction, and mucociliary clearance. Ciliary activity could
possibly be altered by nasal microbial biofilm presence,
although this is not known. Ciliary dysfunction is present
with CRS.

Innate and adaptive immunity. The developing pediatric
immune system offers surveillance and functionality, as new
infections are encountered and an immune response gener-
ated, including secretory IgA. Local innate immunity pro-
vides additional benefit.

Sinusitis Definitions in Children
Acute rhinosinusitis

Viral-initiated upper respiratory tract complaints, gener-
ally with a fever that is almost exclusively clinically defined
as a new illness in a patient with no prior concerns, gener-
ally resolved by 14 days. This acute viral condition is
termed as acute viral rhinosinusitis.

Subacute rhinosinusitis

Less clinically defined symptoms but a new acute viral
process not resolved in 21 days.

Chronic rhinosinusitis

Based on an 8—12-week period of persistent disease often
with less obvious clinical symptomatology.®® Depending on
the clinical circumstance, the presentation may be rhinosi-
nusitis, (chronic) sinusitis, or rarely (chronic) rhinitis; pos-
sibly with chronic adenoiditis as an accompaniment.

HOPP, ALLISON, AND BROOKS

Recurrent rhinosinusitis

Multiple episodes with apparent clinical resolution be-
tween episodes.

Refractory rhinosinusitis

Presumably the same CRS that has not resolved after
reasonable therapy; also termed recalcitrant.

Chronic rhinosinusitis

Almost exclusively an adult process,® with a recent de-
scription of its various immunological forms'?; this process
is extremely uncommon in children.

Epidemiology: Prevalence and Incidence
of Chronic Sinusitis

The epidemiological aspect of CRS is a commonly
overlooked topic in current comprehensive reviews. Vir-
tually, no specific studies of this matter in the past 50 years
exist, although several recent reviews provide data, in part,
extrapolating from adult reports.''~'*

Likely, only a small percentage of acute rhinosinusitis
diagnoses become chronic. It is highly probable, however,
that the direct and indirect costs for diagnosing and treating
children with CRS are substantial.

Prospective studies using children in different daycare
environments could provide perspective, as a similar study
by Wald et al."® was valuable for determining frequency of
viral illnesses and otitis media rates. However, the lack of
consistent diagnostic criteria and lack of noninvasive test
procedures would make for a difficult study design.

Predisposition to CRS in Children

Given the normal homeostasis of the sinuses, as dis-
cussed above, the development of chronic sinusitis in a child
must require overwhelming factors to occur. Some of the
possible comorbidities are suggested here and/or have been
mentioned in previous comprehensive reviews.'!1416-19

Daycare

In the setting of modern childcare, daycare has become a
standard in many families. In this regard, preschool children
are exposed to various nonfamily members allowing for free
exchange of viral infections and potentially, nasal bacterial
carriage burdens. Based upon the groundbreaking studies of
Wald et al., daycare children may have 6-10 infections
yearly, often compressed into a 4—6-month season.'” A
seminal adult study of rhinovirus nasal infection and CT
scan changes points to the relative ease with which a viral
nasal infection can change the sinus radiological appear-
ance.”” In this study, a rhinovirus infection caused a change
in the CT of the sinuses that lasted about 2 weeks.

Equally interesting would be the chronology of the local
sinus mucosal changes that occur after a viral rhinitis. A
murine model of chronic (rhino) sinusitis showed a dis-
rupted sinus histology 4 weeks after a single bacterial in-
oculation, with surgical sinus ostial obstruction.?!

A study of the nasal microbiome before and after starting
daycare (or school) might have value.
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Common comorbidities

There are other conditions that have been demonstrated
to potentially impact the development of CRS. In a child
who has recurrent CRS, these following conditions should
strongly be considered as important comorbidities: ana-
tomical abnormalities, allergic rhinitis, obesity, passive
smoke exposure, and laryngopharyngeal reflux.!1416-19

Chronic disease comorbidities

Other chronic disease states are well recognized as hav-
ing a component of chronic sinusitis."""'*'*' 1t is inter-
esting that major changes in mucociliary clearance and
significant aberrant microbiological biofilming (cystic fi-
brosis), or radical reduction in ciliary motion (immotile
ciliary syndrome), or absent or markedly diminished im-
munological function (immune deficiency syndromes) all
have sinus manifestations. Equally, this points out the im-
portance of these multiple components as necessary to
maintain sinus homeostasis in normal children.

Microbiology

There is a report of microbiological involvement in pe-
diatric CRS in the publication of Uhr et al. from 1933, and
the authors referred to additional unreferenced studies in
1930 and 1921." The microbiology of pediatric CRS resur-
faced in a 1981 article by Brooks.?” His report detailed 41
pediatric subjects with sinus symptoms for 3 weeks or more.
In 1988, Otten and Grote reported on 141 pediatric subjects
with purulent rhinorrhea for 3 months or more.** In 1989,
Tinkelman and Silk detailed bacterial cultures in 35 of 116
children with symptoms for 30 days or more.** Muntz and
Lusk, in 1991, reported 105 children after 2 antibiotics, with
cultures done at surgery.” In 1991, Orobello studied chil-
dren undergoing surgery with 12 weeks of symptoms.”® In
1994, Otten et al. published a follow-up in 79 children.*’
These studies, with comments, were summarized in a review
of the microbiology of chronic sinusitis in children in 1997
by Wald.”® Her closing statement was ‘“The failure to re-
spond to multiple antibiotics.... the process causing the
chronic symptoms is not caused by bacterial agents.”” Re-
views on pediatric CRS by Wald in 1992 and 1995 covered
microbiological evidence and antimicrobial coverage with-
out additional conditional remarks.”'® A review of the role
of bacteria in adult and pediatric chronic sinusitis was re-
ported by Brooks in 2005.%° This review provided an ex-
tensive summary of all pediatric microbiology studies to that
point. Three organisms dominated the culture results as
follows: Streptococcus pneumonia, Haemophilus influenza,
and Moraxella catarrhalis. A current summary of microbi-
ology of chronic pediatric rhinosinusitis was presented in a
2015 consensus report. The report states that microbiology
has not altered in the past 3 decades, although there has been
a rise in Staphylococcus aureus and anaerobic bacteria.**

The New Microbiology: Microbiome, Biofilms,
and Colonization

Studies in adults using nonculture-based molecular diag-
nostics have clearly demonstrated the presence of a healthy
microbiome and that the microbiome is different in adult pa-
tients with chronic sinusitis.>' What is currently lacking is any

similar information in the pediatric population. The timeline of
nasal and sinus microbiome development from newborn
through adulthood is also unknown. It is also unknown if early
daycare exposure permanently alters microbiome expression
or whether an altered microbiological presence, with biofilm
development, is of a temporary or of a more permanent nature.
Surprisingly, colonization with pathological bacteria (i.e.,
S. pneumoniae) appears not to result in a local nasal prob-
lem, as isolated chronic (or even acute) bacterial rhinitis (in
children) is exceedingly rare. It is possible, however, that a
chronic altered microbiological presence (colonization with
biofilming) more easily allows for sinusitis to develop.

In the earlier periods of CRS, the sinuses may harbor an
altered microbiological presence similar to what is seen in
otitis media in children as follows: S. prneumonia, H. influenza,
and M. catarrhalis, possibly by extension from previously
colonized nasal cavities.”® If true, this may allow for adequate
treatment if temporally recognized. When chronic sinusitis
goes unrecognized for an extended period of time, the or-
ganisms likely become polymicrobial, at least in adults.?*%3>
Treatment at this point may prove more difficult.

Thus, to actually develop CRS, there must be disruption
of the potentially static microbiome colonization interaction,
possibly by viral infection, serious disrupted sinus hygiene
processes, and/or yet other underappreciated factors, all
leading to a dysbiotic state in the nose, sinuses, and (likely)
lymphatic tissue (adenoid).

Presenting Symptoms

Accurate descriptions of symptoms of chronic pediatric
sinusitis existed in articles from 1933 to 1949."* No addi-
tional studies have emerged in the past 50 years (1966—
2016) to enhance the clinical diagnosis. Surprisingly, a 2014
comprehensive review states ‘‘this condition is often over-
looked in pediatric practice.””"!

In a child who has an underlying CRS, complaints of
nocturnal cough, nasal congestion, and parental comments of
“(s)he keeps a cold” might surface. In older children, weeks
to months following an upper respiratory infection, complaints
of daytime cough, nocturnal cough, cough with exercise, nasal
congestion, sleep disturbance, and/or mouth breathing should
alert a clinician to consider a CRS diagnosis.>"’

An overlooked comorbidity is the fact that children of
any age, who have had unrecognized CRS for an extended
period of time, will likely have had additional clinical
phenomena occur, including Eustachian tube dysfunction,
adenoidal hypertrophy with/without snoring, and conceiv-
ably, even ancillary surgical approaches, including adenoi-
dectomy and/or tympanostomy with tube placement.''
These downstream processes greatly enhance medical costs.

It is very conceivable that a large pediatric otolaryngol-
ogy group could assess the comorbidity of CRS in children
undergoing selected pediatric otolaryngology procedures
such as tympanostomy tube insertion and/or adenoidectomy.

Finally, in the author’s experience, there exist a small
number of older adolescents who will present with a similar
clinical picture to adults with CRS with or without polyps
and with or without NSAID allergy.

This pediatric-age “‘adult-like” process is under-
recognized and the true incidence is unknown. Furthermore,
CRS in adults has distinct immunological variants."® Data
of this sort are totally lacking in adolescents.
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Examination Findings

Examination findings might include the following: pres-
ence of purulent, thick mucus, excessive serous drainage
and/or erythema of the nasal mucosa, possibly with enlarged
turbinates.®> Other findings are posterior nasal drainage
(often demonstrated on slight gag with a tongue blade),
posterior oropharyngeal cobblestoning, and, less commonly,
halitosis. These findings would suggest, by definition, a
pediatric CRS. It is not unusual to find minimal intranasal
changes, implying a process more confined to the sinuses.

Radiological imaging

Just as there have been few prospective studies of anti-
biotics in pediatric CRS (see Treatment section), equally
rare are studies using serial sinus imaging procedures. At the
earliest period of the past 50 years, a retrospective review of
100 children with insidious nasal symptoms, cough, and
otitis media was diagnosed with sinusitis.>* Ninety-six
percent had involvement of the maxillary sinuses, with
ethmoiditis at 37% and frontal or sphenoid 14%. Contrast
this report to the range of recent review and consensus-
based recommendations as follows: from ‘‘sinus radiographs
are discouraged,”'! to “plain x-rays have no role in the
diagnosis of pediatric CRS,””** and to “plain x-rays or CT
scan is not recommended (unless surgery is considered).””®
In essence, the pendulum has swung from using the tools
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available and allowing it to assist with diagnosis to being
reticent to considering standard high-definition or nonhigh-
definition imaging, and apparently, referring to a surgical
decision and radiological evaluation those children who are
refractory to empirical treatment.

A single older study stands alone as a serial radiologi-
cally assisted study of the effect of different antibiotics
used in a double-blinded manner.*® Eighty-four children
were assigned to 4 arms, 3 antibiotics, and 1 assignment of
an antihistamine—decongestant. At each follow-up, a repeat
Waters’ view of the sinus helped to guide the subsequent
step of therapy.

Based on this study, which has never been repeated, one
obvious deficiency about pediatric CRS persists in that the
medical community supports a definition of pediatric rhi-
nosinusitis as a condition that has existed for a minimum of
12 weeks, and it is illogical that there is little consensus to
prove the condition has gone after using empirical antibiotic
therapy, which is being recommended for an arbitrary pe-
riod of time.

Furthermore, since there is no standard for assessing total
resolution of CRS if an infection occurs, it is likely (al-
though never studied) that recurrent chronic sinusitis is ac-
tually the resurgence of nonresolved CRS.

What remains totally unknown is the natural history of
chronic pediatric rhinosinusitis. For example, assuming the
underlying dysbiotic microbial process has resolved after 3
weeks of antibiotic therapy, how long does it take for the

TABLE 1. ANTIBIOTIC RECOMMENDATIONS IN COMPREHENSIVE REVIEWS AND CONSENSUS
REPORTS ON PEDIATRIC CHRONIC RHINOSINUSITIS
References Study type Recommendation Critical comment
37 Review Based on nasal culture
2-4 weeks

17 Consensus Amoxicillin First consensus, variable antibiotics and course time, with nasal
cultures and possible switch

18 Review Multiple options discussed

220 Review A-CP Other options mentioned

- Review ““Antibiotics cannot be currently considered effective in chronic
sinusitis.”” Largely adult data

16 Review A-CP Other options discussed

14 Review No clear recommendation

12 Review Not specific about acute versus chronic. Amoxicillin first line,

" . A-CP second lin.e

o Review A-CP 21 days. Other options suggested

) Review 21 days. No clear recommendation

40 Review Conceptual, no recommendations

13 Review No antibiotics unless ‘‘chronic with frequent exacerbations,”
no specific recommendation

4 Review No studies supporting specific antibiotic or duration

42 Review A-CP

43 Review A-CP With an acute exacerbation of CRS, 3—4 weeks

a4 Review Broad-spectrum beta-lactam oral antibiotic

8 Consensus “Might be a place for longer term antibiotics” third EPOS

45 Review A-CP

46 Review Long-term antibiotics, 3—-6 weeks

¥ Consensus 20 days, no specific antibiotic

u Review 3-6 weeks, options discussed

48 Review Extensive review of nose and paranasal disease in children.
No antibiotic recommendation, but long term

0 Consensus Extensive references. No specific recommendation

“Reviews that have scant pediatric data.

A-CP, amoxicillin—clavulanate potassium; CRS, chronic rhinosinusitis.
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accompanying inflammatory process to resolve on radio-
logical evaluation? The management of chronic pediatric
rhinosinusitis would be greatly enhanced with limited
(number and views imaged) serial investigative radiological
support of the usual clinically based decision of symptom
resolution only.

Treatment of chronic rhinosinusitis

Two older studies standout as attempts to address pedi-
atric CRS with antibiotics without a surgical arm. In 1982,
Rachelefsky et al. published their report of 84 children with
maxillary sinusitis and allergy treated in a double-blinded
manner with amoxicillin, erythromycin, trimethoprim—
sulfamethoxazole, or antihistamine—decongestant combi-
nation.>> Amoxicillin or trimethoprim-sulfamethoxazole
provided good radiological and clinical response. In 1991,
Brook and Yocum retrospectively reported on 40 children
with pediatric CRS treated with clindamycin (n=15),
amoxicillin or ampicillin (n=16), erythromycin (n=6), or
cefaclor (n=3) antimicrobial therapy.*® Clindamycin was
most successful (less antibiotic changes and less surgical
outcome) and erythromycin least successful. These 2 studies
stand alone in the past 50 years as multiarm antibiotic
studies for pediatric CRS.

Subsequently, partial reviews, comprehensive reviews,
and consensus reports started recommending various antibi-
otics, although amoxicillin—clavulanate potassium has ma-
jority support. Table 1 details the Reviews and Consensus
reports of antibiotic recommendations over the past 50 years.

The recommendation for Augmentin, however, ignores
the frequent concern for adverse reactions to penicillin
products. Additional treatment options, which are presented
in reviews (Table 1), include cefuroxime, cefpodoxime,
cefdinir, clindamycin, and trimethoprim—sulfamethoxazole.
Currently, there is no consensus for antibiotic dosing/duration
recommendations for these alternative antibiotics for CRS in
children. Referral for penicillin testing would be of benefit for
antibiotic choice.

What is definitively needed in an investigatory way is to
determine alternative antibiotics for penicillin-allergic chil-
dren and what second-tier antibiotic is a consideration if an
initial choice was not clinically successful. As mentioned
previously, regardless of choice of antibiotic, the critical is-
sue that remains is the appropriate method to assess reso-
lution of disease concomitantly with the cessation of therapy.

A previous study by Gwaltney et al. followed the ra-
diological course of acute sinusitis.® A similar study using
Judicious serial limited cut CT scans in pediatric chronic
sinusitis patients after antibiotic therapy would provide
extremely beneficial information. Caution must remain for
radiation exposure.

Surgical Intervention

The literature available on surgical treatment for pediatric
CRS, recalcitrant CRS, or nonmedical therapy-responsive
pediatric CRS is truly staggering, both in duration of time
procedures reported and for the number of actual publica-
tions. There have been few comprehensive systematic re-
views of these multiple surgical procedural approaches within
the past 50 years, although specific pediatric-directed proce-
dural reviews and a meta-analysis report are available.*’>'

Considering the monumental scope of cataloging all the
possible outcomes of sinus surgery for pediatric CRS, it
seems reasonable to cite the consensus reports published,
with a summary of their review of surgical options. The
evolution of these guidelines through 2013 was reported.’>

The initial pediatric CRS consensus report was published
in 1998, based on a panel convened in 1996.'7 The methods
used to compile the published surgical options they re-
viewed and discussed are not stated. References for the
discussed techniques were provided. Techniques discussed
included the following: adenoidectomy (provisional ap-
proval); antral lavage (provisional); and endoscopic sinus
surgery (ESS) (positive). The panel divided ESS indications
into absolute and possible. Chronic pediatric rhinosinusitis
was a possible indication. They also stated that sinus surgery
for CRS was indicted for a “‘small fraction of all children.”

The EPOS (European Position Papers on Rhinosinusitis
and Polyps) published reports in 2005, 2007, and 2012. The
2012 position paper stated surgical management is an option
for those children who fail ““maximal medical care.”

Surgical options included adenoidectomy with or without
antral washing and functional endoscopic surgery.® No
preference was provided.

A clinical consensus statement on pediatric CRS was
published in 2014.%7 A rigorous survey methodology for
panel opinion was used. Consensus opinions about adenoi-
dectomy and ESS, balloon sinuplasty, and turbinoplasty were
provided. Statements of each consensus opinion were either
in agreement of effectiveness or not in agreement. For ade-
noidectomy (adenoiditis may coexist), consensus was reached
for effectiveness for younger children (up to 6 years) and less
agreement for older children. No consensus for tonsillectomy.
For ESS, consensus was reached for performing a CT before
ESS surgery and doing ESS when medical management or
adenoidectomy has failed. Both balloon sinuplasty and tur-
binoplasty failed to reach consensus support. Extensive dis-
cussions and references were detailed.

A 2015 international consensus statement on allergy and
rhinology provided a 2-paragraph summary of the known
surgical options for gediatric CRS, stating they are age and
anatomy dependent.’® Balloon sinuplasty was considered
too new for comment.

Small case reports have been published showing success
with balloon sinuplasty in children alone or compared to
ESS or adenoidectomy.’>™°

Ancillary Therapy

There is clinical evidence to suggest that ancillary therapy
combined with antibiotics may be of value in the treatment of
pediatric chronic sinusitis. These include the following: nasal
steroid sprays, nasal saline washes or sprays, oral mucolytics,
and oral corticosteroids. In support of oral corticosteroids, a
study examining their effectiveness in the management of
acute sinusitis has been published.”® A recent ex vivo study
reported a role for corticosteroids in modifying biofilm for-
mation by pathological organisms in adults with CRS.>” A
prospective study of ostiomeatal complex obstruction, in a
limited uncontrolled number of children, showed oral corti-
costeroids had the best benefit compared to antibiotics or
nasal corticosteroids.”® Furthermore, a prospective study of
antibiotic with or without methylprednisolone showed the
oral steroid to be of a significant additive benefit in outcome
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and CT scan improvement.”® These findings echo the com-
ments of Wald in 1997.%8

Following intensive antibiotic utilization to resolve CRS,
a potential role for probiotics to repopulate the nasal cavity
and sinuses with a nonpathological microbiome could be
studied in pediatric chronic sinusitis. A study of supple-
menting younger children with recurrent infections using
probiotics was successful.®” The hypothesis that probiotics
could play a role in diminishing pneumococcal disease by
modifying pneumococcal carriage was presented in an
opinion article.°’ An animal model of sinusitis has shown
that inoculation of a probiotic can ameliorate the inflam-
matory response due to sinus inoculation of pathogen bac-
teria.®” An additional strategy, not to the author’s
knowledge yet investigated, is to add unconjugated pneu-
mococcal vaccine (Pneumovax) to the vaccine regimen for
selected children with a pattern of recurrent upper respira-
tory tract infections, including recurrent CRS.

Conclusion

Pediatric CRS is an oversimplified but an extensively
reviewed disease, with largely circumstantial guidelines
without supportive research.

It is clear there is an abundant need for additional re-
search, specifically focusing on treatment, radiological/
technical support, total direct and indirect costs, and the
influence of CRS on ancillary comorbidities.

Acknowledgments

The authors thank Dr. Jeffrey Stokes and Dr. Michael
Cooperstock for their insightful comments.

This review was the basis for a prospective study: IRB Net
number 817969-2: A prospective evaluation of the outcome
of standard medical treatment of pediatric chronic sinusitis
by Allergists—Immunologists, approved by Creighton Uni-
versity IRB-01 Biomedical, Omaha, NE, November 2015.

Author Disclosure Statement

No competing financial interests exist.

References

1. Uhr JS, Pugh JW. Studies in chronic sinusitis in children. J
Pediatr 1933; 2:418-434.

2. Davis WB. Trans Soc Laryng, AMA 1918; 8:23.

3. De Boisseire V. The treatment of chronic sinusitis in
children. Canad MAJ 1949; 60:14-17.

4. Eccles R. The nose and control of nasal airflow. In: Ad-
kinson FN, Bochner B, Burks WA, Busse WW, Holgate
ST, Lemanske RF, O’Hehir RE, eds. Middleton’s allergy:
Principles & practice. 8th ed. Philadelphia, PA: Elsevier
Saunders, 2014, Vol. 1, pp. 640-641.

5. Bassis CM, Tang AL, Young VB, Pynnonen MA. The nasal
cavity microbiota of healthy adults. Microbiome 2014;
2:27.

6. Ramakrishnan VR, Feazel LM, Gitomer SA, Ir D, Ro-
bertson CE, Frank DN. The microbiome of the middle
meatus in healthy adults. PLoS One 2013; 8:e85507.

7. Wilson MT, Hamilos DL. Wilson MT, Hamilos DL. The
nasal and sinus microbiome in health and disease. Curr

Alleroy Asthima Rep 2014;14:485.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

HOPP, ALLISON, AND BROOKS

. Fokkens WIJ, Lund VJ, Mullol J, Bachert C, Alobid I,

Baroody F, Cohen N, Cervin A, Douglas R, Gevaert P,
Georgalas C, Goossens H, Harvey R, Hellings P, Hopkins
C, Jones N, Joos G, Kalogjera L, Kern B, Kowalski M,
Price D, Riechelmann H, Schlosser R, Senior B, Thomas
M, Toskala E, Voegels R, Wang de Y, Wormald PJ. Eu-
ropean position paper on rhinosinusitis and nasal polyps
2012. Rhinology 2012; Suppl. 23:1-299.

. Wald ER. Chronic sinusitis in children. J Pediatr 1995;

127:339-347.

Stevens WW, Ocampo CJ, Berdnikovs S, Sakashita M,
Mahdavinia M, Suh L, Takabayashi T, Norton JE, Hulse KE,
Conley DB, Chandra RK, Tan BK, Peters AT, Grammer LC
3rd, Kato A, Harris KE, Carter RG, Fujieda S, Kern RC,
Schleimer RP. Cytokines in chronic rhinosinusitis. Role in
eosinophilia and aspirin-exacerbated respiratory disease. Am

LRaspiCrCareNed 2015; 192:682-694.

Silviu-Dan F. Pediatric chronic rhinosinusitis. Pediatric

Annals Pediatr Ann 2014; 43:E201-E209.
Zacharisen M, Casper R. Pediatric sinusitis. [ymunol Al-

grev Clin N Am 2005; 25:313-332.

Clement PAR, Vlaminck S. Rhinosinusitis in children. B-
ENT 2007; 3(Suppl. 6) 59-68.

Steele RW. Chronic sinusitis in children. Clin Pediatr 2005;
44:465-471.

Wald ER, Guerra N, Beyers C. Frequency and severity of
infections in day care: Three-year follow-up, ] Pediatr
1991; 118:509-514.

Goldsmith AJ, Rosenfield RM. Treatment of pediatric si-
nusitis. Rediate Clin N Am 2003; 50:413-426.

Clement PAR, Bluestone CD, Gordts F, Lusk RP, Otten
FWA, Gossens H, et al. Management of rhinosinusitis in
children. jnsheiliseseskeshissdebioslaniugg 1998;
124:31-34.

Wald ER. Sinusitis in children. N_Engl J Med 1992;
326:319-323.

Sidell D, Shapiro NK, Bhattacharyya N. Obesity and the risk
of chronic rhinosinutitis, allergic rhinitis and acute otitis
media in school-age children. Laryngoscope 2013; 123:
2360-2363.

Gwaltney J, Phillips C, Miller R, Riker D. Computed to-
mographic study of the common cold. N Engl J Med 1994;
330:25-30.

Jacob A, Faddis BT, Richard A, Chole RA. Chronic bac-
terial rhinosinusitis: Description of a mouse model. Arch
RalancaltleadNockeming 2001; 127:657-664.

Brook I. Bacteriologic features of chronic sinusitis in
children. JAMA 1981; 246:967-969.

Otten FWA, Grote JJ. Treatment of chronic maxillary si-
nusitis in children. IRtelebadiatetiioshinalanmgal 1988;
15:269-278.

Tinkelman DG, Silk HJ. Clinical and bacteriologic features
of chronic sinusitis in children. Am_J Dis _Child 1989;
143:938-941.

Muntz HR, Lusk RP. Bacteriology of the ethmoid bullae in
children with chronic sinusitis. Aich-Qiglacyncgl Head
Neck Surg 1991; 117:179-181.

Orobello PW, Park RI, Belcher L, Eggleston, P, Lederman
HW, Banks JR, John F, Modlin JF, Naclerio RM. Micro-

biology of chronic sinusitis in children. Argh Qtolarvngol

Heand Neck Surg 1991; 117:980-983.
Otten HW, Antvelink JB, Ruyter de wildt H, Rietema SJ,

Siemelink RJG, Hordijk GJ. Is antibiotic treatment of
chronic sinusitis effective in children? Clin _Qtolarynegl
Allied Sci 1994; 19:215-217.



http://online.liebertpub.com/action/showLinks?crossref=10.1001%2Farchotol.124.1.31
http://online.liebertpub.com/action/showLinks?pmid=11405864&crossref=10.1001%2Farchotol.127.6.657
http://online.liebertpub.com/action/showLinks?pmid=11405864&crossref=10.1001%2Farchotol.127.6.657
http://online.liebertpub.com/action/showLinks?pmid=24386477&crossref=10.1371%2Fjournal.pone.0085507
http://online.liebertpub.com/action/showLinks?pmid=26067893&crossref=10.1164%2Frccm.201412-2278OC
http://online.liebertpub.com/action/showLinks?pmid=26067893&crossref=10.1164%2Frccm.201412-2278OC
http://online.liebertpub.com/action/showLinks?pmid=1991059&crossref=10.1001%2Farchotol.1991.01870140067008
http://online.liebertpub.com/action/showLinks?pmid=1991059&crossref=10.1001%2Farchotol.1991.01870140067008
http://online.liebertpub.com/action/showLinks?pmid=16015392&crossref=10.1177%2F000992280504400601
http://online.liebertpub.com/action/showLinks?pmid=1728736&crossref=10.1056%2FNEJM199201303260507
http://online.liebertpub.com/action/showLinks?pmid=18104728
http://online.liebertpub.com/action/showLinks?pmid=25342392&crossref=10.1007%2Fs11882-014-0485-x
http://online.liebertpub.com/action/showLinks?pmid=25342392&crossref=10.1007%2Fs11882-014-0485-x
http://online.liebertpub.com/action/showLinks?pmid=6973029&crossref=10.1001%2Fjama.246.9.967
http://online.liebertpub.com/action/showLinks?pmid=25102490&crossref=10.3928%2F00904481-20140723-10
http://online.liebertpub.com/action/showLinks?pmid=25102490&crossref=10.3928%2F00904481-20140723-10
http://online.liebertpub.com/action/showLinks?pmid=1910729&crossref=10.1001%2Farchotol.1991.01870210052007
http://online.liebertpub.com/action/showLinks?pmid=1910729&crossref=10.1001%2Farchotol.1991.01870210052007
http://online.liebertpub.com/action/showLinks?pmid=2007922&crossref=10.1016%2FS0022-3476%2805%2983370-0
http://online.liebertpub.com/action/showLinks?pmid=23918707
http://online.liebertpub.com/action/showLinks?pmid=3192364&crossref=10.1016%2F0165-5876%2888%2990082-1
http://online.liebertpub.com/action/showLinks?pmid=7923842&crossref=10.1111%2Fj.1365-2273.1994.tb01217.x
http://online.liebertpub.com/action/showLinks?pmid=7923842&crossref=10.1111%2Fj.1365-2273.1994.tb01217.x
http://online.liebertpub.com/action/showLinks?pmid=15878458&crossref=10.1016%2Fj.iac.2005.02.002
http://online.liebertpub.com/action/showLinks?pmid=15878458&crossref=10.1016%2Fj.iac.2005.02.002
http://online.liebertpub.com/action/showLinks?crossref=10.1016%2FS0022-3476%2833%2980004-7
http://online.liebertpub.com/action/showLinks?crossref=10.1016%2FS0022-3476%2833%2980004-7
http://online.liebertpub.com/action/showLinks?pmid=12809331&crossref=10.1016%2FS0031-3955%2803%2900027-0
http://online.liebertpub.com/action/showLinks?pmid=8259141&crossref=10.1056%2FNEJM199401063300105
http://online.liebertpub.com/action/showLinks?pmid=25143824&crossref=10.1186%2F2049-2618-2-27
http://online.liebertpub.com/action/showLinks?pmid=7658260&crossref=10.1016%2FS0022-3476%2895%2970061-7
http://online.liebertpub.com/action/showLinks?pmid=2502908

CHRONIC RHINOSINUSITIS IN CHILDREN

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Wald ER. The microbiology of chronic sinusitis in children:
A review. Acta Oto-laryngologicia Belg 1997; 51:51-54.

Brook I. Chronic sinusitis in children and adults: Role of
bacteria and antimicrobial management. Curr Allergy

Asthma Rep 2005; 5:482-490.

Orlandi RR, Kingdom TT, Hwang PH, Smith TL, Alt JA,
Baroody FM, Batra PS, et al. International consensus
statement on allergy and rhinology: Rhinosinusitis. Int
Eomum Alleroy Rhingl 2015; 6:5S22-S209.

Boase S, Foreman A, Cleland E, Tan L, Melton-Kreft R,
Pant H, Hu FZ, Ehrlich, GD, Wormald PJ. The microbiome
of chronic rhinosinusitis: Culture, molecular diagnostics
and biofilm detection. BMC Infect Dis 2013; 13:210.
Sanderson AR, Leid JF, Hunsaker D. Bacterial biofilms on
the sinus mucosa of human subjects with chronic rhinosi-
nusitis. Larvngoscope 2006; 116:1121-1126.

Leo G, Triulzi F, Incorvaia C. Diagnosis of chronic rhi-
nosinusitis. DedigteAlloraielamungl 2012; 23(Suppl 22):
20-26.

Kogutt MS, Swischuck LE. Diagnosis of sinusitis in infants
and children. Pediatrics 1973; 52:121-124.

Rachelefsky GS, Katz RM, Siegel SC. Chronic sinusitis in
children with respiratory allergy: the role of antimicrobials.
Aleres Clin Tomungl 1982; 69:382-387.

Brrok I, Yocum P. Antimicrobial management of chronic
sinusitis in children. LLarvngol Otol 1995; 109:1159-1162.
Jaffe BF. Chronic sinustitis in children. Clin Pediatr 1974;
13:944-948.

Bachert C, Hormann K, Mosges R, Rasp G, Riechelmann
H, Muller R, Luckhaupt H, Stuck BA, Rudack C. An up-
date on the diagnosis and treatment of sinusitis and nasal
polyposis. Allergy 2003; 58:176-191.

Steele RW. Rhinosinusitis in children. Qurr Allercy Astho
ma Rep. 2006; 6:508-512.

Lusk R. Pediatric chronic rhinosinusitis. Curr Opin QOto-
Laomeal Head Necle Surg 2006; 14:393-396.
Novembre E, Mori F, Pucci N, Bernardini R, Vierucci A, de
Martino M. Systemic treatment of rhinosinusitis in children.
madiatdlleroslmmungl 2007; 18(Suppl. 18):56-61.

Wu AW, Shapiro NL, Bhattacharyya N. Chronic rhinosi-
nusitis in children: What are the treatment options? Im-
Buaal Al Clin Nl 2009; 29:705-717.

Ramadan HH. Chronic rhinosinusitis in children. Int J Pe-
diatr 2012; 2012:Article ID 573942, 5 pages.

Cazzavillian A, Castelnuova P, Berlucchi M, Baiardini I,
Franzetti A, Nicolai P, Gallo S, Passalacqua G. Manage-
ment of chronic rhinosinusitis. DedigteeAllores Tamungl
2012; 23 (Suppl. 22):32-44.

Rose AS, Thorp BD, Zanation AM, Ebert CS. Chronic rhi-
nosinusitis in children Pediatr Clin N Am 2013; 60:979-991.
Magit A. Pediatric rhinosinusitis. Qiglarynegl Clin N _An)
2014; 47:733-746.

Brietzke S, Shin J, Choi S, Lee JT, Parikh SR, Pena M,
Prager JD, Ramadan H, Veling M, Corrigan C, Rosenfeld
RM. Clinical consensus statement: Pediatric chronic rhino-
sinusitis. Qialsamgalllead-Necletueg 2014; 151:542-553.
Stenner M, Rudack C. Disease of the nose and paranasal
sinuses in child GMS. Curr Top Otorhinolaryngol Head
Neck Surg 2014; 13:1-27.

Rizzi MD, Kazahaya K. Pediatric chronic rhino sinusitis:
when should we operate? Curr Opin Otolaryngol Head
Neck 2014; 13:60-66.

Vlastarakos PV, Fetta M, Segas JV, Maragoudakis P, Ni-
kolopoulos TP. Functional endoscopic sinus surgery im-
proves sinus-related symptoms and quality of life in

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

7

children with chronic rhinosinusitis. A systematic analysis
and meta-analysis of published interventional studies. Clin
Pediatr 2013; 52:1091-1097.

Brietzke SE, Brigger MT. Adenoidectomy outcomes in
pediatric rhinosinusitis: A meta-analysis. [n Pediatr

Qiorhinolarvneol 2008; 72:1541-1545.

Kalogjera L. Evolution of guidelines for pediatric rhinosi-
nusitis. (Rl badQtarhinglanmagl 2013; 77:1383-1384.
Thottam PJ, Haupert M, Saraiya S, Dworkin J, Sirigiri R,
Belenky WM. Functional endoscopic sinus surgery (FESS)
alone versus balloon catheter sinuplasty (BCS) and eth-
moidectomy: A comparative outcome analysis in pediatric
chronic rhinosinusitis. JpidRadiatmOiahinglammggl 2012;
76:1355-1360.

Sedaghat AR, Cunningham MJ Does balloon catheter si-
nuplasty have a role in the surgical management of pedi-
atric sinus disease? Larvngoscope 2011; 121:2053-2054.
Ramadan HH, Terrell AM. Balloon catheter sinuplasty and
adenoidectomy in children with chronic rhinosinusitis. Ann
Qtgl Rhingl Tarvpogl 2010; 119:578-582.

Venekamp R, Thompson M, Hayward G, Heneghan CJ,
Del Mar CB, Perera R, Glasziou PP, Rovers MM. Systemic
corticosteroids for acute sinusitis. Cochrane Database Syst
Rev 2014; 3:CD008115.

Hekiert AM, Kofonow JM, Doghramji LA, Kennedy DA,
Chiu AG, Palmer JN, Lied JG, Cohen NA. Biofilms cor-
relate with Tyl inflammation in the sinonasal tissue of
patients with chronic rhinosinusitis. Qfglarynegl Head
Neck Surg 2009; 14:448-453.

Skorpinski EW, Vannelli PM, Yousef E, Brunnell T,
McGeady SJ. Radiologic outcomes in children with chronic
rhinosinusitis and ostiomeatal complex obstruction after
medical management. AieAdlatiamdsthaiataaaainal 2008;
100:529-532.

Ozturk F, Bakirtas A, Ileri F, Turktas 1. Efficacy and tol-
erability of systemic methylprednisolone in children and
adolescents with chronic rhinosinusitis: A double-blind,
placebo-controlled randomized trial J Allergy Clin Im-
munol 2011; 128:348-352.

Leyer GJ, Li S, Mybasher ME, Reifer C, Ouwehand AC.
Probiotic effects on cold and influenza-like symptoms in-
cidence and duration in children. Pediatrics 2009;
124:e172—179.

Licciardi P, Toh, ZH, Dunne E, Wonk SS, Mulholland EK,
Tang M, Robins-Browne RY, Satzke C. Protecting against
pneumococcal disease: Critical interactions between pro-
biotics and the airway microbiome. PLoS Pathog 2012;
8:14.

Abreu NA, Nagalingam NA, Song Y, Roediger FC,
Pletcher SD, Goldberg AN, Lynch SV. Sinus microbiome
diversity depletion and Corynebacterium tuberculostear-
icum enrichment mediates rhinosinusitis. Sgience Transla-
tional Medicine 2012; 4:151 ral24.

Address correspondence to:

Russell J. Hopp, DO, FAAP, FAAAAI
Department of Pediatrics

Creighton University School of Medicine
601 N 30th Street

Omaha, NE 68131

E-mail: thopp@creighton.edu

Received for publication February 21, 2016; accepted after
revision May 12, 2016.


http://online.liebertpub.com/action/showLinks?pmid=21952904&crossref=10.1002%2Flary.21929
http://online.liebertpub.com/action/showLinks?crossref=10.1126%2Fscitranslmed.3003783
http://online.liebertpub.com/action/showLinks?crossref=10.1126%2Fscitranslmed.3003783
http://online.liebertpub.com/action/showLinks?pmid=22007246&crossref=10.1155%2F2012%2F573942
http://online.liebertpub.com/action/showLinks?pmid=22007246&crossref=10.1155%2F2012%2F573942
http://online.liebertpub.com/action/showLinks?pmid=25274375&crossref=10.1177%2F0194599814549302
http://online.liebertpub.com/action/showLinks?pmid=16826045&crossref=10.1097%2F01.mlg.0000221954.05467.54
http://online.liebertpub.com/action/showLinks?pmid=18723228&crossref=10.1016%2Fj.ijporl.2008.07.008
http://online.liebertpub.com/action/showLinks?pmid=18723228&crossref=10.1016%2Fj.ijporl.2008.07.008
http://online.liebertpub.com/action/showLinks?pmid=8551146
http://online.liebertpub.com/action/showLinks?pmid=17099346&crossref=10.1097%2FMOO.0b013e32801000ed
http://online.liebertpub.com/action/showLinks?pmid=17099346&crossref=10.1097%2FMOO.0b013e32801000ed
http://online.liebertpub.com/action/showLinks?pmid=16216174&crossref=10.1007%2Fs11882-005-0030-z
http://online.liebertpub.com/action/showLinks?pmid=16216174&crossref=10.1007%2Fs11882-005-0030-z
http://online.liebertpub.com/action/showLinks?pmid=21033023
http://online.liebertpub.com/action/showLinks?pmid=21033023
http://online.liebertpub.com/action/showLinks?pmid=22762852&crossref=10.1111%2Fj.1399-3038.2012.01322.x
http://online.liebertpub.com/action/showLinks?pmid=22762850&crossref=10.1111%2Fj.1399-3038.2012.01320.x
http://online.liebertpub.com/action/showLinks?pmid=4138636&crossref=10.1177%2F000992287401301106
http://online.liebertpub.com/action/showLinks?pmid=23845536&crossref=10.1016%2Fj.ijporl.2013.06.014
http://online.liebertpub.com/action/showLinks?pmid=19651563&crossref=10.1542%2Fpeds.2008-2666
http://online.liebertpub.com/action/showLinks?pmid=17767611&crossref=10.1111%2Fj.1399-3038.2007.00636.x
http://online.liebertpub.com/action/showLinks?crossref=10.1002%2Falr.21695
http://online.liebertpub.com/action/showLinks?crossref=10.1002%2Falr.21695
http://online.liebertpub.com/action/showLinks?crossref=10.1016%2Fj.otohns.2009.06.090
http://online.liebertpub.com/action/showLinks?pmid=4724426
http://online.liebertpub.com/action/showLinks?crossref=10.1016%2Fj.otohns.2009.06.090
http://online.liebertpub.com/action/showLinks?pmid=12653791&crossref=10.1034%2Fj.1398-9995.2003.02172.x
http://online.liebertpub.com/action/showLinks?pmid=22770596&crossref=10.1016%2Fj.ijporl.2012.06.006
http://online.liebertpub.com/action/showLinks?crossref=10.1371%2Fjournal.ppat.1002652
http://online.liebertpub.com/action/showLinks?pmid=19879445&crossref=10.1016%2Fj.iac.2009.07.007
http://online.liebertpub.com/action/showLinks?pmid=19879445&crossref=10.1016%2Fj.iac.2009.07.007
http://online.liebertpub.com/action/showLinks?pmid=23656607&crossref=10.1186%2F1471-2334-13-210
http://online.liebertpub.com/action/showLinks?pmid=25213280&crossref=10.1016%2Fj.otc.2014.06.003
http://online.liebertpub.com/action/showLinks?pmid=24146231&crossref=10.1177%2F0009922813506489
http://online.liebertpub.com/action/showLinks?pmid=18592814&crossref=10.1016%2FS1081-1206%2810%2960061-0
http://online.liebertpub.com/action/showLinks?pmid=24146231&crossref=10.1177%2F0009922813506489
http://online.liebertpub.com/action/showLinks?pmid=7069074&crossref=10.1016%2F0091-6749%2882%2990150-6
http://online.liebertpub.com/action/showLinks?pmid=17026877&crossref=10.1007%2Fs11882-006-0029-0
http://online.liebertpub.com/action/showLinks?pmid=17026877&crossref=10.1007%2Fs11882-006-0029-0

