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Abstract: Pediatric chronic rhinosinusitis (CRS) remains an elusive diagnostic medical condition,
largely based on imperfect diagnostic criteria, lack of controlled studies of therapy, lack of measure for
resolution, and lack of information of pediatric sinus microbiome dysbiosis. The true prevalence of
pediatric CRS is unknown, and symptoms often over-lap with other diagnoses. We review the unmet
needs in pediatric CRS, to highlight potential research opportunities to improve understanding and
therapy of the disease process.
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1. Introduction

A considerable body of medical literature has been written on pediatric chronic rhinosinusitis,
with much of the state of the art summarized in a recent review [1]. Despite the weight of the
information, there remain a number of controversial areas. The goal for this discussion will be to
summarize the current status on areas of interest and/or dispute, and then outline the recommendations
for clinical and/or basic research.

A reasonable place to initiate this discussion is a list of the manuscripts on pediatric rhinosinusitis
(CRS) in the recent past, which will serve as backdrop to the lingering issues in pediatric CRS [1-12].

Excluded in this discussion is pediatric CRS that is associated with cystic fibrosis,
immunodeficiency, immotile ciliary syndrome, and anatomical abnormalities. Fungal sinusitis
has been recently reviewed in UpToDate, and is not included [13]. Adolescents with polyps and aspirin
exacerbation of respiratory disease are exceedingly rare, and are not discussed here, but have had a
recent review [2,14].

Focusing on conventional pediatric CRS, without major co-morbidities, the topics that remain as
unmet needs include:

Radiological diagnosis methodology;
Best antibiotic treatment regime and duration of time;
Microbiology (Microbiome issues);

L .

Assessment of resolution and follow-up.

Each topic will include an overview, the current pragmatic perspective, and potential
research opportunities.

2. Radiological Diagnosis Methodology

2.1. Overview

Reviews and consensus statements on diagnostic modalities are recently summarized by
Heath etal. [4] and Chandy et al. [12]. An otolaryngology focused consensus statement was
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published in 2014 [15]. A statement from the American College of Radiology from 2018 provides a
similar perspective [16].

These manuscripts provide perspective on the diagnostic modalities in chronic rhinosinusitis in
children; however, the radiology issues, limitations, radiation effects, and cost have been a constant
theme for years [4,12,15,16]. The reviews do not support use of standard radiography of paranasal
sinuses in children (Waters view) due to sensitivity and specificity issues (as compared to computerized
tomography (CT)) [4,12,15], or the confusion of plain films with upper respiratory tract infection
edema [12]. Plain radiography (waters view only) has limitations of sensitivity and specificity
(as compared to CT) [16], and further details of the history of sinus radiological assessment has
been reviewed [10].

The otolaryngology statement mentions conventional radiography and CT scans and their
limitations, and advocates for evaluation with nasal endoscopy [15].

The American College of Radiology perspective in 2018 placed radiography in CRS, magnetuc
resonance imaging (MRI) with or without contrast, and CT with contrast as usually not appropriate;
while CT without contrast as usually appropriate [16]. MRI is limited due to sedation and less
anatomical detail [16].

2.2. Pragmatic Perspective

Depending on the experience of the provider, a careful history and physical is likely the
best determinant of infectious CRS [1,10]. The treatment and follow-up plan should commence.
The longitudinal decision on the resolution of CRS is discussed subsequently.

2.3. Research Opportunities

The previous limitations of a MR, including cost, sedation and experience, has been weakened by
a recent report of sinus MRI in young cystic fibrosis (CF) children (mean age 2.3 years) and controls [17].
Sinus and anatomical abnormalities were easily detected. In control children 17% had sinus mucosal
swelling, versus 83% of CF children. The authors concluded the potential utility of MRI in CF children,
but the protocol distinctly raises the promise of the procedure for assessing (pre-) post antibiotic
intervention benefit. Exploration of limited MRI for CRS in children is a viable opportunity, especially if
minimal or no sedation and limited views will suffice. In addition, tracking longitudinal MRI changes
after a “sero-specific” rhinovirus would add information of mucosal changes, similar to the single
source CT data of Gwaltney et al. [18].

3. Best Antibiotic Treatment Regime and Duration of Time

3.1. Overview

In large part the antibiotic regimen recommended for pediatric infections CRS has been
circumscriptive, but stable for 25 years, as previously summarized [1]. Historically (prior century),
the antibiotics selected were directed at the recognized or suspected microbiological overgrowth [1,19].
Bio-filming added to the complexity [18], and information about the sinus microbiome with a disruptive
disease dybiosis could provide future therapeutic directives [19,20], but is not yet part of the current
pediatric CRS landscape.

3.2. Pragmatic Perspectives

The primary antibiotic selection had previously, pre-21st century, shifted to Augmentin
(amoxicillin/clavulanate potassium) [1]. Several recent reviews have used extensive search
methodologies to summarize clinical studies of CRS in children, and both find the duration of
therapy is generally three weeks, although longer is reasonable [1,21]. Alternatives for recalcitrant
disease or allergy to penicillin have not been forthcoming, although second and third generation
cephalosporins, Clindamycin and Trimethoprim-Sulfamethoxazole have been mentioned [1,21].
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3.3. Research Opportunities

The potential role of limited-view MRI in CRS needs further investigation. Without an exact
description of the pediatric CRS microbiome and/or less ambiguous radiological methodologies,
using augmentative empirical therapeutic agents for enhancing primary resolution of CRS may also
prove fruitful. Options of potential agents, was previously reviewed [10]. Coupling any one additive
therapy to antimicrobial treatment with a (pre-) post therapy MRI for resolution could serve as a
baseline. For example, adding oral steroids for 14 days with antibiotics for 21 days with imaging could
build on existing data [22].

4. Microbiomic Status of Pediatric CRS

4.1. Overview

Microbiome identification has occurred in the lungs of pediatric cystic fibrosis [23], in in asthma [24]
and phenotypic pediatric asthma [25], the nasopharyngeal space in infants with cystic fibrosis [26],
the nasal space in normal children and infants [27,28], in adults with CRS [19,20,29,30], and limited
information in adults and children with allergic rhinitis [31]. The gut microbiome plays an active
role in respiratory homeostatis [32], as does the microbiome balance of nasal and lower airways in
asthmatic children with exacerbations [33]. A microbiome repertoire analysis in pediatric infectious
CRS has not been performed.

4.2. Pragmatic Perspective

The antibiotic therapies proposed for pediatric CRS in the previous century persists, largely based
on standard culture standard culture techniques. It is uncertain if future microbiome data would adjust
or modify these historical guidelines.

4.3. Research Opportunities

The ability to obtained sinus mucosal tissue for standard culture or microbiome testing is
contingent on the surgical technique used, which also has an age as a co-factor. Recent reviews discuss
surgical alternatives, and in the case of a primary adenoidectomy with or without a balloon septoplasty
procedure scant sinus tissue/fluid would be available [8,9,15,34-36]. With a functional endoscopic
approach, or maxillary wash (with puncture) tissue and fluid would be available [8,9,15,34,35].

Pediatric Otolaryngolgical specialists will need to be at the vanguard, coupled with new and
easier capture technology [28] to provide preliminary microbiomic data in pediatric CRS. Details of
antibiotic used prior to surgery and duration off antibiotic before surgery would be valuable companion
data. The microbiome obtained from the nose just prior to surgery could be a comparer (ipsilateral,
contralateral or bilateral). The recently report of the disease burden of pediatric chronic sinusitis
would appear to provide ample clinical material [37], either for base nasal microbiome determination,
or surgical sinus specimen microbiome identification.

5. Assessment of Resolution and Follow-Up

5.1. Overview

Determining resolution is probably the least discussed domain in the CRS treatment paradigm,
however, some potential aspects have been previously reviewed [1,10].

5.2. Pragmatic Perspective

Mostly, surgical options for medical recalcitrant patients appear to be the current thought [8,15].
The resolution pathway forward in pediatric CRS, short of surgical intervention, has not been a
priority [8,15].
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5.3. Research Opportunities

A recent report provides a critical, largely unreported, perspective on the clinical and economic
burden of pediatric CRS [37]. Using ambulatory care assessments from 2005 to 2012 the authors
estimated 2% of all pediatric ambulatory visits are for chronic sinusitis [37]. This large number
of potential subjects could provide a basis for investigators to sample for longitudinal benefits for
therapy and pre and post therapy nasal biomic changes. This will further allow support for radiologic
assessment, and pre-post surgical assessment.

Several studies point the way for investigators to use the available ambulatory population of
pediatric CRS patients for clinical research. The methodology of rapid nasopharyngeal testing has been
established [28], and a publication from 2019 reported on thirty-one children with acute sinusitis [38].
A population of 237 children were followed for a year. Asymptomatic samples for viruses were
obtained, and re-sampled on the 3rd day of a new upper respiratory tract infection, and again when the
acute sinusitis was diagnose third. Using viral detection technology, about a quarter of subjects shifted
to a new virus at acute sinusitis presentation, as compared to the baseline symptomatic virus recovered.
A longitudinally followed pediatric population for CRS would require a larger base, but could over-lap
with the design of an acute sinusitis protocol.

Another recent manuscript, published in a pediatric journal [39], provides the assessment of an
outcome measure to follow the course of an acute sinusitis, using an instrument published in 2017 [40].
The questionnaire developed for acute sinusitis has 8 domains of questions, scaled from never to
extreme (6 point). Interestingly, the sinus radiography showed strong associations with the disease
activity, in the first (Version 1) of two study groups [41]. A review of the questions shows over-lap
with clinical correlates to acute sinusitis, but also clinical connectivity to chronic sinusitis, such as
cough (day or night) or stuffy nose [1,4,5,7,42]. Cough is debated in some reviews, however [42].
It seems reasonable to suggest a similar scoring system for pediatric CRS with tie-back to nasal
microbiome findings.

The radiological arm of assessment of pediatric CRS has been reviewed in this manuscript.
Although the outcome measures reported [39,40] showed good correlation to a radiological procedure,
the American College of Radiology appropriateness for acute sinusitis in children is termed “usually”
not appropriate [16].

Any future utilization of radiological procedures to assesses resolution of CRS should heed the
unique findings of Gwaltney et al. in 1994 [18]. The importance of their findings were previously
noted [1,42]. Using CT assessment of 31 adult volunteers before and after a confirmed viral rhinosinusitis,
about 80% had abnormal maxillary findings at 2-3 days post onset of symptoms, and of the 14 re-studied
at radiological follow-up 13-20 days, only three of 14 had any residual findings, although the three
outliers were improved from the first CT.

These findings would suggest a combination approach of a microbiome assessment coupled with
pre-post MRI findings and symptom assessment scores could be feasible in a small number of pediatric
patients with CRS. The timing of the post radiographic study could be delayed, but timed to symptom
measurement resolution and/or microbiomic shift.

Finally, an antigenically intact lysate of 8 bacteria (Broncho-Vaxom), as an oral capsule, was used
in an international study in children as a post antibiotic prophylactic therapy. The goal was to enhance
systemic and (local) immunity, and compared to placebo some nasal and symptom score benefit over
one year was seen in the active group [43].

6. Conclusions

This review of areas of pediatric sinusitis controversy has provided pathways for clinical based
research that could open totally new information streams in pediatric CRS.
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